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Neuroprotective Effect of the Acid Hydrolysis Fraction
of the Roots of Polygala Tenuifolia

Dong Sung Lee”, Hyun Gyu Choi#, Bin Li, Kyung Su Kim, Soon Ai Kim, Seung Ki Chon, Jung Mi Rho,
Ki Mo Kim, Jong Hyun Han', Gil Saeng Jeongz, Youn Chul Kim*

College of Pharmacy, 1: Department of Pharmacology, College of Oriental Medicine, Wonkwang University
2: College of Pharmacy, Keimyung University

The roots of Polygala tenuifolia Willd. is a well-known traditional medicine used as expectorant, tonic, tranquilizer
in Asia including China and Korea. And also have been used to treat amnesia, neurasthenia, palpitation, insomnia, and
disorientation. Glutamate-induced oxidative injury contributes to neuronal degeneration in many central nervous system
(CNS) diseases, such as Parkinson’s disease, Alzheimer’s disease, epilepsy and ischemia. Inducible heme oxygenase
(HO)-1 acts against oxidants that are thought to play a role in the pathogenesis of these diseases. NNMBS269, acid
hydrolysis EtOAc fraction of the P. tenuifolia showed dominant neuroprotective effects on glutamate-induced
neurotoxicity in mouse hippocampal HT22 cells while general EtOAc fraction of the P. tenuifolia (NNMBS268) not
shown. NNMBS269 induced the expression of HO-1 protein that has been proposed to play an important cellular
defense role against oxidant injury. In addition increased HO activity. In mouse hippocampal HT22 cells, NNMBS269
makes the nuclear accumulation of nuclear factor E2-related factor 2 (Nrf2). In conclusion, acid hydrolysis EtOAc
fraction the P. enuifolia. (NNMBS269) significantly protect glutamate-induced oxidative damage by induction of HO-1

via Nrf2 translocation in mouse hippocampal HT22 ce

Ils.

Key words : polygala tenuifolia, heme oxygenase-1, HT22, glutamate, neuroprotective effect
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Agste] ZFEOE A4 &
o] obd 4tstH ZE AR QI XY &84S &A & F 3l
% o

Heme oxygenase (HO)= A 9] 413} Al =8 A Fa 3

A%s F9ete dHAdEZA, HO =4S F F5 7Hs8 3

¢ HO-1& AEWe hemeS Raste] didsigz, A

billiverding THET?. o2 Ral® Al71x Feo AAHE

I HO-1 21 A= Az 2 AR oA, FHS 2 s

289 e Aow dEA glon, B3 Ao HO-19 i3

o gy lob Nlﬂ E”

stel 484 2EY L AW

o] MERZ} s}l Hge E
HAE &AL AA3gE A7 A wuE o,
B A E 2 EEHE B 318tE Wl wa Al

?.
oko]l A4 W3l BluE Ayruz 39.oH, 93 EtOAc

3 E(NNMBS268)3  94#] 4F 7}RES)  EtOAc ®3&
(NNMBS269)] A EZ K3 JJr |nE &1, R3aH7} S5

3 2 E HO-1 HIS &
Yolr 12} g},

3 AT :Q:@Lﬂr 2 7 7 HE

B Ago] AHE3 9AE 20099 32 AbA] AEF 2A) O
shetoFatol A Yo, ety Hrts Bt FAA
3 YA EtOAcE 85 (NNMBS268) 7 4] 4+ 7143 EtOAcE
Y E(NNMBS269)2 A AEAF B3} Al A & o}

—_

2. A g 7))

DMEM 2]} trypsin-ethylenediaminetetraacetic acid (EDTA)
£ Gibco LaboratorieAlol Al 79431$2 ™, fetal bovine serum
(FBS)+ Hyclone LaboratoriesAtellAl Y3ttt L-glutamate,
Trolox 2} 3'-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT)E SigmaAtellA TFH3FATH. 96-Well tissue
culture plates$} 7]€} tissue culture dishes= NuncAl Al#F& ©]
4319 th. FF =+ BioRadAl] Microplate ReaderS ©]-8-3}o]

Zo) MAT 0 e

F4sAt. & A= Zpoli=  MERCKARS]  TLC
aluminium sheets Silica gel 60 F254% o] -&3lo] &1} Th.

SES:

_I

3. ARe) Az

AA 1 kg& AAFE 247 5 7HE B/ FE813 o2
g ARE T FF3] AA E FEF 380 g= AU 9A
E FZE9 EtOAcE £3& vHE9 EtOAcd =+ EI&
(NNMBS268) 31.14 g & 2tk &, 944 & F&E 1 N HCl
1000 mIZ 7}8te] 70~80T ol A 24417t B¢t 719 wHksh % 1
N NaOH 1000 mlE 7}8te] pH7o] &2 FAFh 1 &
EtOAcE E8S WEL EtOAcol & 3 E(NNMBS269)

2748 g AL & Stk 4 AlE = Aol AME-g mjA| o lﬂﬂ
A AH8-8F%h NNMBS268, 269 2F A 85 2.5 mg/ml] &
Hego] &aAA BAES W5, 10 ul A TLC platedl 7‘*316}
o CHCls : MeOH (8 : 1)¢] &w] Ao 2 /A7 ol &
10% b LAste] utEa 2 E IR Z Yo 2 IRINFS A4
39tk NNMBS2699l M= Rf #kel z+2Zh 0.59, 0.6691 A A ellA
NNMBS268el 4= BolA] ¢Fe ~3gto] &<l HJoh

4, HT22 AZajek 2 o NI 1584 =34

A7 dvkfd HIRZ AZFE 593 uF (Heddtn)=z
FH B Agaglon], rEoER 54¢ fdd A
XFo| i3 H33A =4 74424)‘:_4 wol whel A sk o

HT22 AE (2x10° cells/well)E 10% heat-inactivated FBS,
penicillin G (100 IU/ml)$} streptomycin (100 nug/ml)S 33
DMEM 8| o]l BF3}aL 5% CO, vl %F7] Well A 37T oA 244]
7r HH &3 T, 47be] A8 £ (25, 50, 100, 200 pg/ml)2} 5
FEHOIES Mg £ 12417 T 5% CO, vld7] Ul

W HH%%} on, NEPELL MTTHS &&3ld =H3814
o, YA ZGFEZE Trolox 50 ptME A& =3 28
AP = gzl digh X REES meantSD.E EAISHA

ov, 247} 38 W APAE ol Gshel AR

5. ROS =%

WydE  AEE PBSE AHIE  F, 10 M
2,7 -dichlofluorescein diacetate (DCFDA, 35845)% X 33}=
Hank’s balanced salt %ol A 30 F<oF oA w-gA17 &

AZe ¥FZ= (SpectramaxGemini XS, Molecular Devices,
Sunnyvale, CA, USA)E SA39T} (excitation wavelength:

490 nm; emission wavelength : 525 nm).

6. Western Blot Analysis
HT22 A X E 60 mm dishol| 3x10° cells/well @2 24A]7F
M F 47 ARE =¥ A4Sty HI2 Az
RIPA bufferE 713+ ths, 4T, 14,000xg ©l A 2587 YA E
31 ASHAS EdHo) AT dulA 2o BSA wilE A
Nes ol%s}m 27te N8

I nitrocellulose membrane (NC membrane) &2 7

£ 12% SDS-polyacrylamide gel
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Attt AAE NC membranes 5% FA %771 L3 AlA
& blocking buffer (0.1% Tween 20 in Tris-buggered saline)

A} blocking?t ¥ HO-1 antibodyE 1:10002.2 & 4sto] Wi 1
AlZE &<t BESAIAH T ThA] 23F antiboby (Anti-mouse 1gG)E
1:10002.2 3|43t Wi 147 59k 933 ok, ECL §9&
1.1 Z 2}0]A NC membrane $J°l| 7}ste] w34 7] 11 o4 of
A XA FBE 733 & FAegh. 2 WMo E  actin
antibodyE ©|&3}] acting 54 g}

7. Heme Oxygenase Activity

HO &4 #4< Tenhunens o] 3>
SAAT. AEZRE doizl
adenine dinucleotide phosphate (NADPH)<} #2] 7} cytosolol
Al AojA biliverdin reductaseE E 35l ¥FS-8H <l 100 mM
PBS, 2 mM MgCl, 3 mg®] #¢] %t cytosol, 0.8 mM NADPH,
2 mM glucose-6-phosphate, 0.2 U<] glucose-6-phosphate
dehydrogenase 5& #7}8t3 7|4 24 heming 20 uM #2]3
& 37CoNA 1217 T Ao A w3 5§ 1 ml9 chloroform
o2 W& F431 450 nmol A FREES S

o SJa) the3t ol

microsome®l| nicotinamide

=90
=

IEERERIEE P

HT22 Mo protease inhibitor cocktail 1 # 1 mM
phenylmethylsulfonyl (PMSF)& A7}k
PER-mammalian protein extraction bufferE % 7}3sle] 2 3}s}h
3 4TolA 15,000xg2 4R ATk 1083 A& & 4
TAS AZE Bgeor ’\}30}71 Jated -80C oA Attt
Uz JHEL PBSE A &3 3 RIPA buffer [150 mM NaCl,
1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 50mM
Tris-HCl (pH 7.4), 50mM glycerophosphate, 20 mM NaF, 20
mM glycol (EGTA), 1 mM
dithiothreitol (DTT), 1 mM NanO4, protease inhibitors]& %7}k
3ta 4Tl A 1587 £33 3 47T, 16,000xgell A 1583 44

fluoride

ethylene tetraacetic  acid

2 At ol %9 gL oA A3 western blotting W
HE o] &3t

Z o}
1. NNMBS268, 2699 ZFElmo]ER Fitat 2h8)7 ~Ef 2
o thet HT22 AER3 2 ROS A4 oA &7
747+l A]E NNMBS268, 2698 F5W e & 12417

T SFeolE 8o Ax, 9A A TR EtOAcE
FE(NNMBS269) 0] MEEAE UehlA] ¥E 55(100~400 1
g/ml)ol A 92 EtOAcH B (NNMBS268)dl| A= Bl x| ¢k
FoI3 AEXRT 245 el oM (Fig. 1A), 19 FA 9l
7383t &g ik F(reactive oxygen species: ROS) &H &%
veEb Ath(Fig.  1B). €A 2 7R EtOAcR ¥ E
(NNMBS269)¢] A 2] w%=7F 75kl rldste A2 AEs o
Al AL B7bst e, ROS &A F49 A= wd 944 A 7}

L
.
[¢}

B3 EtOAcE 2 & (NNMBS269)9] A2 s=7F S713] w
7}atdth(Fig. 1). AE AEET ROS &A% HAEY 9
FAS A% A xR e P8 E2E ¢ trolox

o

A
=
£
E
]
<
-
]
=
g
a
=
=
Glutamate (smm) - e - B e o &
Trolox(soumy - a + s s s = -
NNMBS268 gimi) - 100 200 300 400 - z =
NNMBS269 ugimi) - - 100 200 300 400
B
=
[
E
5]
o
-
s
=
@
a
5
=]
g
s
]
pr
Glutamate smm) - S TR I T + o+ +
Trolox(sopmy - - +

100 200 300 400 -
- 100 200 300 400

NNMBS268 wgimi) -

NNMBS269 (ugimi)
Fig. 1. Effects of NNMBS268, 269 on glutamate-induced oxidative
neurotoxicity and reactive oxygen species (ROS) generation in HT22
cells. (A) Cells were treated with NNMBS268, 269 and then incubated for 12 h
with glutamate (5 mM). (B) Exposure of HT22 cells to 5mM glutamate for 12 h
increased ROS production. Each bar represents the mean_S.D. of three
independent experiments. *p<0.05 vs. control.

2. NNMBS269] HT224|
HO 24 <71 &3

oA} Heme oxygenase(HO)-1 2@}

9 % 7}5Es EOAcE 3 Z(NNMBS269)e]  Heme
oxygenase(HO)-19] & oF5 Loty H3te =¥

(100~400 ng/ml)E 12417 F¢F HT22 Al Eo Agste] 1 2g
}S Western Blot #4322 &<15}3lth 100 ng/miol A <F
aﬂ_é o] 7] A& AN FE=rt F74Eel wheh 1 @ ol
A 8HA F718H AL (Fig. 24), HO activity 9A] 9A] 4k 7}5E
EtOAcH & & (NNMBS269) 5 ol Hl#ate] FEaatA Z713
H%W(Fig 2B). MEZ4L dehhA g HolA 7+ %
HES BYY 400 ug/mle] FEolA 7} AIZHE(0~24

B3] BtOAcE 8 E(NNMBS269)S A7) 5t
0—31/\] Western Blot 4o 2 <213} t}
OAcHE 8 & (NNMBS269)& 2|3k HT22 A
O-1 wdo] Al&tE o] 18A7 A il F%
Fo] ztarste S B THFig 20). HO
activity ‘ﬁ/‘] 18/‘12_77 A A bl wlgste] HAb F7HAIL 184]
ZF o] F ol e 748 AtH(Fig. 2D). HO-19] @33} HO activity
A OM H24ERZ HO-1 28 =52 CoPP 20 1

r;o

O;
O
e ol e ﬂllo

-
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AR 4 AR

A B
. 3000
Z2E x
38
T L NNMBS269 (ugimi) z0 :
] sl
E g —— o £ 2000 "
b 100 200 300 400 83
c3d
HO41 — e ——— é%
X5 1000
AT s e e e e s 23
| %i 0
T4 100 200 300 400
5L —_—
§ ) NNMBS269
] D
NNMB $269 (400pgimi) »T
32
0 3 6 12 18 2() Bo
o
£
Hoi ———— ﬁé
=84
=
Actin e s o——— - >3
oo
Eo
3

3

§ 12 18 240
NNMB$269 400ygiml)

Fig. 2. Effects of NNMBS269 on heme oxygenase(HO)-1 expression
and activity in HT22 cells. (A) Cells were incubated with NNMBS269 for 12
h. (B) HO activity was determined via bilirubin formation at 12 h after treatment
with various concentrations of NNMBS269. (C) Cells were incubated with 400 uM
of NNMBS269 for indicated periods. Expression of HO-1 was determined by
Western blot analysis, and representative blots of three independent experiments
are shown. (D) HT22 cells were treated with 400 uM of NNMBS269, and HO
activity was measured at the indicated time points. Each bar represents the
mean_S.D. of three independent experiments. *p<0.05 vs. control.

3. NNMBS269¢] HO-1 &&el 9% HT22 Al£K8 5 9 ROS A
A g4 a3

HO-1 34 2AA Q) SnPPE AM&-3le] A ZAE
A AA S APk AxAEE AP 5L
(100~400 pg/mlE YA A 7FFE-3) EtOAcE 2 & (NNMBS269)
< A3t SnPPE A M 7+ HY3A fe Fo=
7ol & stAh SnPPE AR & T2 9A 4 7t
G538 EtOAcE 3 E(NNMBS269)9] % ZF7}ol| vlEsle] A
AEEo] T/t ROS &A &9 A& o 7¥st o,
SnPPE &7 A3 FolE AZYEE] dAFA TA3A
I ROS &A 289 A= 9A F3is
7 8% SnPP 50 M AHAE Al
ATt

o m

%= ROS
9]

o
==

(

P

qYe 3
= H]
= =
a &)

Al

3}
o

k)

b

o)
1w

4. NNMBS269¢] ]&h 3} Wz Nrf2 dAF of F

DA 4k 7h R3] EtOAc 8 & (NNMBS269) 9l 213t Nrf29]
AL RS 8H15}7] 918he] 400 pg/ml =9 ¥A| A TR
3] EtOAcH & (NNMBS269)s AIZHE(0~1.547hE A gsta

Western Blot #2412 AL8-3te] A XA &) o Nrf2 42 4
FHoz IAAsHY. dA A JMEE EtOACE g E

(NNMBS269) 22| % Alzte] Aol wheh AEA U9 Nrf2¢]
¥ A Face whd, 3 YEo Nrf2e A XA djebe whd
gHo g Z7lsteE S Hole ASE Hol Nrf2e] A48
FE 8 W29 HAL o] R SS AT & ASATH(Fig. 4).
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d 2YE) HAE BF g

Viability (% of control)

NNMB 5269 (ugiml) -
Glutamate (5mM) -

100 200 300 400 100 200 300 400 -

+ o+ o+ o+ 2 & x 3

Trolox (50pM) -
SNPP(50uM) -

Fluorescence (% of control)

NNMBS263 (ug/mi) -
Glutamate (5mM) -

100

200 300 400 100 200 300 400 -

e S S S

Trolox (50pM) -

SnPP(50uM) - & = = & = *
Fig. 3. Effects of HO-1 inducton by NNMBS269 on
glutamate-induced oxidative neurotoxicity and ROS generation. (A)
Cells were treated with various concentrations of NNMBS269, 50 uM SnPP and
then exposed to glutamate (5mM) for 12 h. (B) Exposure of HT22 cells to 5mM
glutamate for 12 h increased ROS production. Each bar represents the
mean_S.D. of three independent experiments. *p<0.05 vs. glutamate (5mM), *
p<0.05 vs. same treatment plus SnPP.

+

+ o+ o+

g NMNMB S269 (400 pg/ml)
3 0.5h 1h 1.5h (Time)
Cytoslic Nrf2 | S S T
B-Actin
Nuclear Nrf2 ———
Lamin B

Fig. 4. Effects of NNMBS269 on nuclear translocation of Nrf2. Cells
were treated with 400 pM of NNMBS269 for 0.5, 1, and 1.5 h. The nuclei were
fractionated from the cytosol using PER-Mammalian Protein Extraction buffer as
described in Materials and Methods. Nrf2 protein was detected by Western blot
analysis, and representative blots of three independent experiments are shown.
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(NNMBS268) 3 A 4+ k&3l EtOAcEd=

P R Hm 2P Astel 4D

(NNMBS269) 2]
iiiﬂilwim
91 A1 & o] INNMBS268, 269 Z+ A|2E 25 mg/mle] &
HekLo] &3A1A ANS wET, 10 pl A TLC plated] x‘jxq-:s}
o] CHCl; : MeOH (8 : 1)9] & 7o 2 AL o &
10% 2F whag Az, NNMBS2699l M= Rf gtol 24+ 0.59,
0.66%1 A - oAl NNMBS2680] A= Holx ¢l Asto] ¢l 5
Atk o] 2 &l 2 NEREAE FAA T ARl AL 3
‘ﬂ & 4 AATh Z47he] A8 NNMBS268, 2695 =™ A ]

2A7E Fte SR e olE 289 A3, 4A] At
EtOAclEr 3 5 (NNMBS269)0] Al E=4-S Ul A
(100~400 pg/ml)ol A LA EtOAcE 8B (NNMBS268)o A= 1
of A & FoF AZRS 48 Jehl Y er(Fig 1A), 1
oF FAlo e &d2kAF (reactive oxygen species: ROS)
7 A8 el At Fig. 1B). €4 A 7hER8) EtOAcE3 aE
(NNMBS269) 2] #e] s=7F S7Hgel wdste] A2 AEE o
Al AR FrkseH, ROS AA 289 A= =3 974 *J 7}
S 23 EtOAcCE- 3 E(NNMBS269)¢] A8 s%7} $713o)] ue}
7Vt A (Fig. 1).

AR A 7H R BtOACE 5 (NNMBS269) ] Al 2 H 5
7} e 2EYAZRE Y HAE Be 7]Hd #ost=
83 =2l Heme oxygenase(HO)-19] &de] 7]Qlst= Aol
opdx] dotwr] fste] AA A JheEE EtOAcEHE
(NNMBS269)% %3 (100~400 pg/ml)= 12/\1{} Sk HT22 Al
3ol Hz]3te] g3t 100 pg/mlol A oFst & 110171
AlAetE A FE7E S7He wet 2 dde] A 16} A &7
31(Fig. 2A), HO activity 9A] 4R 4+ 7}4#3)] E
(NNMBS269) 5 =l Hlgste] SFsistA S7hehe H?&E}(Fig.

). AZ=AAE YehlA e HAAAM 71 39 HO-1 2d

HYE 400 ng/mlo] F=olA Zk AZBE(0~24417H 2 A
74458 EtOAcHE 2 &(NNMBS269)S ]2 3te] HO-12] 23
S geolatgnh. 9A A 7HE R EtOAcE 2 B (NNMBS269)
Al gk HT22 A XA 6AIZHEE HO-1 wdo] AlZbx o] 18
}oﬂ/q J,] _1‘:_01] 0].@;] x%;q. ul—zﬂ o] 7L ]..“:_ o}:/\L_CL B
tHFig. 2C). HO activity 94| 18A17P77}2 |Zbel] BlE 3k A
S7FeH L 1841t o] el M= 248k ThHFig. 2D).

AR AF 7hE RS BtOACK 35 (NNMBS269) 2] H A X HE
o} ROS &4 Zg-o] HO-19 TaFE o} G220 o]
J=AE &dst7] fsto], HO-1 274 AAA Y SnPPE AH-8t

AEAEE AP S JAPsAqth A2 3%% A 54T 5
(100~400 pg/mhHE  UA A EtOAcE 3 &
NNMBS269)& %] 2] 8t1 SnPPS 37 A2 3 23 AgstA ¢
TOE o] 43S AYsth SnPPE A2 3A] B
DA A FEEE BtOACE EE(NNMBS269) 9] 55 Z7}
g8kl AZAYEE] F7FFAL ROS &7 289 A&
Z7katd e, SnPPE A A g3 oM e
Al #AsA I ROS &2A 249 25 A Feidt
A H(Fig. 3). 7 A2 g SnPP 50 yM AHA = Al EAY )
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13

FE HAA &gk o] 2
FEHER frd "Jﬁ};ﬁ,
ROS 47 el #oshs el

g9, HO-19% 22 A 273 iat e} dddel g s =4
&9 WAYUF FoIA nuclear factor-E2-related factor 2 (Nrf2)
o AzAolA 3 e AL ml¢ Fag AR &3t
T ¢HA AT AAAAR Nirf2e G 524 fA
oF gt FAAe HEE -t AEA WA Keapl &
WG 3] JAFHAUH Nrf2= 9§ Aoy} 4kghd ~E
gl 2ol e A Keapl S AelA Hojd voA =, 3 =
o] AAL7} o] FojATh & W E HAALE Nrf2E small Maf @ &
7} o] A E A3} antioxidant response element (ARE)<l 2
el First FAAY A I d Y FEFoEN 41t
4 zE# 2o e A o711 e B8 AT, AR 2
7FEE 3] EtOACE 2 5 (NNMBS269)ll )3 Nrf22] dAAp o] 25
lsty] 95te] 400 pg/ml s=9 YA 4 7R3 EtOAcE
9 & (NNMBS269)S A|ZHE(0~1.5A17H 2 A 2] 33l Western Blot

E
:-_l,
i
ol
=(I){£

s

BAHS ALl AZA & o Nrf2 4S8 Aoz 3
Astgth. AA| 2 7HE8 BtOAcE 85 (NNMBS269) #2] ¥

>

7J°l Aete] wat AEF Wel N9 %& Az gasthe
W, & YR Nr2= A EZA Yot= whugy oz =vles
A4S HolE AS R Hol Nrf2e] AXAZHE 3 Ygo| A
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