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Choong Je Ma'?

ABSTRACT

Background: In this study, we aim to test the neuroprotective activity of kaempferol-3-O-gluco-
side in HT22 cells originating from mice hippocam against glutamate induced oxidative stress and
to elucidate the mechanisms of action of this neuroprotective activity.

Methods and Results: Pretreatment of HT22 cells with kaempferol-3-O-glucoside increased cell
viability after exposure to glutamate induced oxidative stress. Kaempferol-3-O-glucoside decreased
reactive oxygen species and intracellular Ca*" concentration, which increased with glutamate
induced oxidative stress. Moreover, kaempferol-3-O-glucoside maintained the mitochondrial
membrane potential at control levels, increased glutathione reductase and glutathione peroxidase
levels, and synthesized high levels of the endogenous antioxidant glutathione.

Conclusions: Overall, these results suggest that kaempferol-3-O-glucoside isolated from Lonicera
Jjaponica exerted a potent neuroprotective activity in glutamate injured HT22 cells through the anti-
oxidative pathway and can be potentially used for the treatment or prevention of Alzheimer's dis-
ease.
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@ @ @ Neuroprotection
M A w7} 2 Aozt == Ut} (Fiest er al, 2016, GBD
2016 Dementia Collaborators, 2019; WHO, 2021).
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ATt (Hampel et al., 2018; Lane ef al 2018).
gzstolwge] Wy A1 eS| BrelA YA AT

B-amyloid plaque, 217342 &3, He] A 944 &4 5

3 BHo] g Aoz JeyA a, ol9or AtslEe] ~E
Y A g2 oz 93t AlANEZe Aldae I

Hol & Aoz A Ut} (Seidler and Squire, 2005;
Kuhla et al., 2007; Sultana and Butterfeld, 2010; Srivastava
et al., 2011).

£3], glutamate= Aol EAl5= & ol
A 7 ddel= J,Paoﬂ 01}\-1 FEoZ
AZe] Esg 3} A EL] APEE Holge =l
S 3} (Lin and Beal, 2006). 224 A ol LF
glutamate”} SRS glutamates SAHEHZ 2H&-sle] A17A
AEZ7} S AY ArdsHA ==t old g AAIES] &4
2 Aksld 2B 2ol TRA AASAd o ZAeg BAE
o] At} (Kim et al., 2017).

AAA L] oIt APEL glutamated]] 2l5te] 715
He TR 9% ]:E ol UepA ==t 249
Aol T7ks ME Ul Cat'el ke ZUHE Al
"ok AlZ W Ca'e] T7hs thdst a4 48 S
Al =3 FZH o= AlsldA Aahe] S48 F7HA Al
¥ AR Ao AL 22N ZITE o]l AME Yo E4L
o] A7AAMES] 24 B AP S sl dok g,

&9 glutamate= AF3HAQ1 REHAE U6 H=t
AoA FilelERR 2831 glutathione2] A3z} T
glutathione peroxidase®} glutathione reductase®] &3S A
slo] AH o2 F glutathione?] AAAFHFS Ao ZH 4F
SRl 2EHAE FESIA] Esfar AlAMAEe] &l A
Hg op7|shttar &l Atk (Helmut, 1999; Carrano et al.,
2011; Yan et al., 2013).
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) H AES A BN FaA) sl =
(Eluﬁoye et al., 2017).
ol 4 53t FLe3} (Lonicera japonica)®] & vgr
FE=0| Tr«]”H U YA ke e A el A
AAAE HeDde VeSS ERIE F UATH (Weon
al, 2011a). BREAS 3o 93ke] Zost & wEre
FEEENH 7 Y SFES ] AASL, dA} HH‘*
F oy o AAA A Eeldt sekE «1 AZ3M
Hrtstel 2t B2 F 4 9 2o /‘17*‘/‘1]
UERE-S ERIEINAT ol 5} =2 7zt luteohn,
lonicerin, caffeic acid, kaempferol-3-O-glucoside®] Tt =
23} WEeke FEE 5 kaempferol-3-O-glucoside®] $HF-e
0.086%3A3L, Y} vieFet i o M EelA o] AAAE BS
e 100 mMe] FolA 25.1%2] B 402 Yo
4 F°] siHE & 7P W2 Holqlth (Weon et al., 2011b).
w3k, F23o|A E2]E luteolin, lonicerin, caffeic acid®] 41
BAAIE B3 gk ofE|sha 28r1de Bagk vp 9l
(Son and Ma, 2020; Lee and Ma, 2021; Kim and Ma,

2022).
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shtEe] AEAME B &4 A871AE Eske A7 o
Fo 2 whe-ola] fefelh st AZAAES] HT22 Al 324
kaempferol-3-O-glucoside®] ABME B35 &4S thr] ghi
At} sIaL, APAE BS E2d9] of e 2he71xd
< TFstaat &k
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2 AMAR sle] A Abd ) FEE vl e ‘3}714
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< sk A5 TR ©]F Fste] kaempferol-3-
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1. Aok U R

Dulbecco's modified eagle medium (DMEM), fetal bovine
serum (FBS)Y2 Gibco (Carlsbad, CA, USA)IA FU3IF L,
glutamic acid, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) solution, trolox, nicotinamide-adenine
dinucleotide phosphate (NADPH), 5,5'-dithiobis(2-nitrobenzoic
acid) (DTNB), glutathione disulfide reductase (GSSG-R),
GSSG oxidase, L-glutathione reduced (GSH), 2,7-dichloro-
fluorecin diacetate (DCF-DA), Fura-2AM, rhodamine 123,
triton X-100, penicillin3} streptomycine Sigma-Aldrich
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Fig. 1. Structure of kaempferol-3-O-glucoside isolated from L.
Jjaponica.

(St. Louis, MO, USA)IA FU43I3t}. Dimethyl sulfoxide
(DMSO)= thiAsk=6) (A5, 471, d=)elr st ARS
39t} kaempferol-3-O-glucoside 7] H2]3lal 7% &
A3t FES AT (Qi e al, 2009; Weon et al,
2011A Fig. 1).

2. HT22 MIZ {2t

nhe-2s Sful 2 AlEFQD HT22 AlEe] A wige 7]1E
of WENYY Jung T (2018)°] WL At FsiAh

HT22 MZ= 10%2] FBS9} 1%9] penicillin/streptomycin
S ¥33 DMEM X E ARg3l] 37C, 5% CO2 A=
Z4-== CO, incubator (BB 15 CO, incubator, Thermo
Scientific Inc., Waltham, MA, USAPIA wekslaict. 2443
7Fe flsle] AW SRS AEel] A7 Al HA

o zdom MY S 9ER 22 -3 U v @ W
Al wFstsic.
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3. SRIANIE ©S s =X
HAAME Be &AL 7|2 Kimd Ma (2022)9] #H
g5t X853t Glutamateo] ©]sted 4hsha ~Ed
71 3 Aol AL AEEE MIT assays ©&
skl S7g ket

HjFE HT22 MEE 48 well plateo] 1.7 x 10* cell/well<]
LR seeding 3laL 37C, 5%2] COl ZHO= 24 A7H
BoF widsiit). 24 AIZF 9lF 3 control ZZE3} glutamate
Fo] 280 DMEM HIARF 30 1 S A8k, A8 Fo
Tl F=5 223 kaempferol-3-O-glucosideS ZH2} 1
uM, 10 pM, 100 pM F=2 3fo] Fofsilon, o4 di=
FOZE 50 M) troloxE Tl 18-S A8

FoIgk 2] & A|gke] A T control ZEFS Al9gH b
A 5] 3 mM9 glutamateE 30 4 FEOE FA3IAT
Glutamate®] FE= AEAETT 40% BE APESIS we]
TEZ A4S Glutamate Fo] ¥ 23 A)7F 59t 37C,
5% CO,2| o2 widsitt. 23 Al7F Bet vt & =
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=
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= welloll 150 2] MTT solution (1 mg/ml in phosphate
buffered salineyS 7F5t3ct. 37ColA 3 AJ7bo] At & 7}
wellell @o} 3= DMEM A& 25 271822 DMSO 300
5 A stedrt.

WS Zpegh Aol 30 7 Fol AolSls MEE EA
ste] AAE formazan crystalS FE3| HoFSCH o F
¢l formazan solutione 96 well plate?] 100 0% 33}
2 microplate reader (BioTek EL808, BioTek Instruments,

Winooski, VT, USAYS AFE3le] 570 nmol|A S3=5 =74

=

E

SHATH A2 722 7oA 3 3 dHEElgT
4. M= W ROS &4

HT22 M ¥ol| ZA3H= free radicals} 722> A AHAaF9
&2 2,7-dichlorofluroescin diacetate (DCF-DA)E  A}-& 3t
Goodman3} Mattson (1994)2] WOz =433t

AE AEE 54 Ad@dAMet 2ol control ZH3
glutamate ] Z15°lE DMEM wix|qt Fojslar, 4] tix

+3 AlE Fool= 2} trolox (50 pM) 2 kaempferol-
3-O-glucoside (1 pM, 10 uM, 100 uM)Z 223813

1 AlZke] At & control &S AL EE 2Fl 3
mM2| glutamateE X ZI3FATE 8 A1ZF vlY T 100 puMe]
DCF-DAZ 40 1 22 FH7kslar 1 AlZF &<t vHAIA
ok 1 AJZE RS 5 uiAE AASIRIAL PBSE 3 3] AIHF
T 1.0%9] triton X-10022 MZE 37CoIA 15 #3F o
WAtk ol 898 96 well plated]] %7 B3 microplate
reader (BioTek EL808, BioTek Instruments, Winooski, VT,
USAYE AHS3le] B3=E SH3IATE F3 == 490 nmoj|A]
exciting A1Z1 & 525 nmol|A] emission llght% ZAslH o
e 270004 3 3] §HEEte] AAlER
5. MIXZ W Ca 2+ == Z)C-I

HT22 Al2e] EAlsh= Al2Y Ca*'e] s&e Ca'oll ¥
AetA whgele F3EdY Fura-2AMS ARg-ste] S48t

Ark AlE AEE 34 APk 2ol control 253
glutamate 5o ZFolE DMEM HiX| 3+ Foislar, o4 thx
+3 AlE ool 4 trolox (50 pM) 2 kaempferol-
3-O-glucoside (1 uM, 10 uM, 100 uM)S 2|33

1 A7kl At & control ZLFS A% BE
mM®| glutamateS A 2] stATE 1 A7+ HH T st
HT22 AEo| 20 uM2] Fura-2AM 10 4 S g5 1A
7k B3t 37C, 5% CO, 279149 COo, HH%UMl A HESAIR
ok 1 AZF BES 5 HiAE A ASIIAL PBSE 3 3] Al g
T 1.0%2] triton X-10022 MZE 37CoIA 15 #3F o
Wtk ol 892 96 well plated] &7 H3L microplate
reader (BioTek EL808, BioTek Instruments, Winooski, VT,

5o 3
<
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USAYE AME3l F3EE 543t P8 = 340/380 nm
olA] exciting AlZ] ¥ 510 nmolA] emission lights &2 35151

g8

_?_,3‘_
o ez 3
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6. DIE2=2|0} 9| &2t oM 23 A

HT22 Al oA mlEZEgjo} BEd ] &4
918ted rhodamine 123°]2}a sl FF=2S AHgsl] 24
Elsiiag

Control ZZ5&3} glutamate ¢ ZF9l= DMEM HjA|3t
Fojsla, A Uzad A5 FoFdE 42 trolox (50
uM) 2 kaempferol-3-O-glucoside (1 pM, 10 uM, 100 uM)
£ AHsIATE 1 AlZke] A & control 152 A|LgH BE
a5l 3 mM9] glutamateE At 1 AlZF wiE F,
ujkek HT22 AlEo] 10 2] 20 uM rhodamine 123& &
% 30 87+ 37C, 5% CO, MM CO, vid71l
IESAIZATE 30 & WAL F- HiRIE A|ASIASL PBSE
F 1.0%°] triton X-1002.2 M EE 37Co|A
Ribd=
NS 96 well plated] &4 B3 microplate
reader (BioTek EL808, BioTek Instruments, Winooski, VT,
USAYE AH&38l] FH4=s S5t Fd=e 488 nmollA]
exciting A1Z1 & 525 nmo|A] emission lights 431%™
28 2700M 3 3] wHEste] AAlskint

HE_\O_",U;F-?E

7. SFERIZ2 & o U Mgt g4 g =5
HjoFE HT22 AlZEZ 6 well plated] 2.0 x 10* cell/well]

FER seedingdtal 37C, 5%2] CO0l £710F 24 A7+ &
ot WISt

Control ZI&3} glutamate F¢ Z1&°l= DMEM HjA| Tt
Folstarl, Fd dxadt AlE Fozole 22 trolox (50
uM) 2 kaempferol-3-O-glucoside (1 pM, 10 uM, 100 pM)E
A2t 1 AlZke] At & control ZH-S AlQ|$t BE 1
Foll 3 mM9] glutamateE A 2|3} 24 A7 vl & w)
A& A|ASIZL 0.2 M phosphate buffer (pH 7.4)%2 2 3] Al
23t & sulfosalicylic acidZ2 TAS FE3ITh MEes
3,000 x g, 4C 2702 30 ¥7F LA <
s kst 49} glutathione®] =43t

Glutathione & 3> 2% GSHSH DTNBO] §hgol =
75t] S35 vh, AIE A9 T glutathione 552
5 unit/ml glutathione reductase @ 0.3 mM NADPH”} €71
HEgMoll H7FIaL 0.5 mM DTNBE 71ste] 37CelA
30 < HSAIZl thE microplate reader (BioTek
EL808, BioTek Instruments, Winooski, VT, USAYS AM&-3}
o] 412 oA TFEE A3t Glutathione®] %48 %
¥ glutathione®] ETXE 7|02 sl AT

=
=

o Mz M

o
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Glutathione reductases= NADPHE X33t glutathione2]
SHRkSe ot AAsATE ME AT 1mM
glutathione} 0.1 mM NADPHZ 323§t phosphate buffers
HESAIAY HESAIZ]L & vlZ 340 nm oA 15 & 7HAe =
15 #7F 338 43I Glutathione peroxidase®] €43-2
GSH7} GSSGZ 4t3}s)= g7rstel Sgsisinh Al
4542 04 mM NADPH, 02 mM H,0,, 1 mM 3%

glutathione S 472

-
X

=
Aty

% 1 unit/ml 2] glutathione reductaseE ¥t

SAIZATE HEEAIZ 3 340 nm ol 3L =T
8. S 24

EA EAL& Excel (Microsoft, Los Angeles, CA, USA)
ZZ2IYOF One-way ANOVA tests 312, 3 WhEog

Wtk izl tigh BAIA Fo8S 5%, 1%, 0.1%C14]
AF3A (p < 0.05, “p < 0.01, "p < 0.001).
Zut 3 pE

1. I23M0IM Felst Kaempferol-3-O-glucoside®] HT22
LRENIE BSG0

=23} (Lonicera japonica)o|~1 2] $ kaempferol-3-O-
glucosideo] oJw gk oF2]at4] 2871HE Fste] AAFAE B
3 A4S UelieA gRletarat sk WA ol g
kaempferol-3-O-glucoside®] WF-2= f-2)] sliv} A2 HT22
AlZoM = AZEME RS eli=A] gRlal] 9]k
glutamate2 4812 ZEHAE FHg HT22 Al2E 497
AR ste] AAFME HESA] H7F AHE TSt

Oxytosis= H|EFZEZ|O} 7|5 oo} A8k 2E# 29 &
7t} #AE non-apoptotic FENS] A2 APEe]th (Dolga et
al., 2013; Neitemeier ef al., 2016). Oxytosisthe &oj& Al
AAIES] A APE FHE AF AR 7|x2st A =

dHEAReH, AE W Ee vEZ=gotd &4 AaF
(reactive oxygen species, ROS)o] 4 == EAo] Jot
(Tan et al., 2001). ©]&g Zo] YAo] o] o] &4 F=

How APHre o SAS0] AAEL
of ok MM Ee] APES dzstoln W3}
sle} AAgH Hd AEA Akt vlg- e
o2 FRIFIOH, oxytosisol]l ©]FF MEL] APELS cysteine/
glutamate antiporter system2 A= glutamate®] ool
oJste] FNAIETHAL LA UTh (Reuther e al., 2014).
F3t 9] glutamate= cysteine/glutamate antiporter
systems XFHte] cysteine®] S sl Hof &30
2 it B A 9 kst g4 SS WFo] Ats)
2l 2EY A A & A3 AAAEE APEsiA TETh
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(Maher, 2005).
Kaempferol-3-O-glucosideZ 1 uM, 10 uM, 100 pM2] 5%
2 B3t 3 | AIZF Hol|l 3mMe] glutamateS 2] 8} 3L
24 A7k Foll MTT assaygs F3te] Alxe] AELS Hrist
St} Kaempferol-3-O-glucosideE Fo43 A3l = ¢
THoE FoA e AAE HIES YERAITH (Fig.
2).
2. Kaempferol-3-O-glucoside?} ROS2| 4ofl OfX|= Aot
Kaempferol-3-O-glucoside®] 217M2Z HE8A 2871HS
glab7] fAste] ksl e AET Tk vl e mi 9
Hals Wrlsle A8S JasIst. gAkstel #As vfole
nA 24 AE W ROS, Ca¥' %, RlEZEzlol ubH 9]¢
&4 oA 2 glutathione & $F} glutathione reductase 2
glutathione peroxidase®} 7+ dHitsl gae] &4 37t
skt
Al FFollA glutamate®] FE7F S7FePH AlE W ROS
7 o SA o] AE W ATl STt 4Alzke A
5ol WASA F AL o2 late] AlA|ES] APEo] T}
A Etk (Nicholls and Budd, 2000).
Kaempferol-3-O-glucoside®] 1&%=9] glutamateol] <]gh
ANAAEE] Aol WX FF F ROSS| A=kl mX]|
= J3ke Folslr] ¥ste] &% A|2F DCE-DAES /\}»Q—o]—
T} Kaempferol-3-O-glucosideE FoI31aL 1 A7 & 3mM
glutamateE® Fo3 T ROS9 AAAFES FA3AC
Kaempferol-3-O-glucoside= glutamate®l] 2J3l>] Z7}sH ROS
9 QAL =r oEFHo=Z 0,]/\-] DA A Lg: g]-]

L=
T AT

III[

10uM 100 xM

13-0-gl

= O
[PRE=1

120

100 -

80 -

60 -

40 -

20

Relative protection (% of control)

Glutamate
+Trolox

ide (50 pM)

Effect of kaempferol-3-O- Iuc05|de (1, 10 and 100
mM) on Iutamate-mduceg death of HT22 cells. Data
expressed as means + the standard error of the mean. 'p
<0.05, "p < 0.01, p < 0.001 versus the glutamate-
treated group. The data was analyzed by One-way
ANOVA using Excel software of Microsoft.

Control Gl

Gl

Fig. 2.
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Glutamate 5ol 2]} ROSS| AAS thxtol| vl
1532%=Z 575193, kaempferol-3-O-glucosideZ 1 mM, 10
mM, 100mM F=2 FAsE wf ROSO| Aol thx
ol Blate] Zbz; 132.8%, 121.5%, 112.8%% =718k
glutamate ool Blsle] 2o AA AT (Fig. 3).

3. Kaempferol-3-O-glucosideZ} MIZ
A= g

717k ME 9 glutamate®] = FT7Hs Ca*'e] T7I=
olojA] A7 Alaze] IAF 9 apoptotic A7 AME AMES X
i LEA UATH (Tan er al, 1998). 23} B4z} gk
st 249 AEF 4 ol IS YT& -]

A7 AR H715S GAskr] flste] Aol (Khatri er

W Ca’2 S50l 0]

R

al, 2018). B2 A AL Tt HH AE Ul Ca*
] F=7F S7P7F ROSS| A4 B FH 0= olojRlg I

4= At} (Ishige ef al., 2001; Song et al., 2018).
Kaempferol-3-O-glucoside”’} glutamate@. AF8}%] ~EHXAE
ek HT22 AlZoA ME ) Ca®' o9 Fxol| ojugt
FEFE FEAE FRls] st Ccat'oll MzsA wkSske
3929 Fura2AMS ARE3FATH
Kaempferol-3-O-glucosideZ FI5l2L 1 A|7F & 3mM
glutamateE FoI8t & Ca?'e] =5 X33t Kaempferol-
3-O-glucoside= glutamate®l] &J5te] Z718F A ¥ Ca*e] &

58 Fo] ¥ JTHOE fo4 A A2AUS WA

4 ATt Glutamate FoJol] ¢Jdte] ME W Ca?'e tix+
o] M3t 159.2%2 F7FIA AL, kaempferol-3-O-glucoside
£ 1 mM, 10 mM, 100 mM L2 FJ39L o tjz=s
of "3ty Z}7} 128.2%, 125.6%, 108.4% RHE S7131e]
180 -
S 160 -
s
S 140
E 120
-§ 100 |
S 80
o
2 60
[N
& 40
['4
20
0
10 pM 100 uM Glutamate
Control Gl +Trolox
cl K. p 13-0.gl ide (50 uM)
Fig. 3. Effect of kaempferol-3-O-glucoside (1, 10 and 100 mM)

on reactive oxygen species productlon in glutamate
injured HT22 cells. Data expressed as means = the
standard error of the mean. "p < 0.05, "p < 0.01, "'p <
0.001 versus the glutamate-treated group. The data was
analyzed by One-way ANOVA using Excel software of
Microsoft.
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-
D
o o

140
120
100
80
60
40
20

o

Cellular Ca?* concentration (% of control)

1M 1

Gl

100 uM Glutamate
+Trolox

(50 M)

Control

Gl K.

pferol-3-O-glucosid

Fig. 4. Effect of kaempferol-3-O-glucoside (1, 10 and 100
mM) on calcium ion influx in glutamate injured HT22
cells. Data expressed as means = the standard error of
the mean. ‘p < 0.05, "p < 0.001 versus the glutamate-
treated group. The data was analyzed by One-way
ANOVA using Excel software of Microsoft.

PAT -1

glutamate FoJol] Hlsle] {24
4).

BT} (Fig.

4. Kaempferol-3-O-glucoside?t ODIE2=el012] 2 F|of|
Olxl= Qs

Glutamatee]] °J3te] vwi7i=l= Aksld 2E# 29| wiAY
& HT22 AlEeA sl Ao} ok 548 /e
T e IFE glutamates ATHAG AAE AHA A7
AEo] APES s Hed ole REZ=gole] S48
TR dEA ATk Oxytosis 4 Foll W EZE=e]o}e]

-0 A o
=0 A=A} }5]? lr'i‘o]l

o1 0

=
=]

=

71 =t ol FEZE=go} vre] £
cytochrome CE AXEAR WEA|A nEZ=goke] 7t A9
ZaeAvar defA vk (Tobaben et al, 2011;
Sabogal-Guaqueta et al., 2019).

Kaempferol-3-O-glucoside”} glutamateZ AFs}d] ~EHAE
frdeh HT22 Al2ollA wEZE=gole] &3S Hrtalr] flst
o] FFUE rhodamine 123 AMESl] plEFZ=E|ole] =
AE A3 Kaempferol-3-O-glucosideS T3l 1
7F ¥ 3 mM glutamateEs F3t T glutamateol] 2|3}
gk nEFZEole] v HE A5

Kaempferol-3-O-glucosidei= glutamate®l] 2]3}e] 7+4sH 1
EF=gole] S T FH SR FoA UA IEA
A FAh. Glutamate Foiol] o]ate] mIEF=g]oke] 2h 9
= tEFe vlsle 452%% 7443819 AL, kaempferol-3-O-
glucosideZ 1mM, 10mM, 100mM FEZ FA3IHS o
2ol Blste] ZH7b 54.9%, 67.5%, 91.4%% 7HAEhe
glutamate Foioll Hgte] {94 e 7 BTt (Fig
5).
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Fig. 5. Effect of kaempferol-3-O-glucoside (1, 10 and 100 mM)

on glutamate-induced disruption of mitochondrial
membrane potential in HT22 cells. Data expressed as
means = the standard error of the mean. ‘p < 0.05, “p
< 0.01, "p < 0.001 versus the glutamate-treated group.
The data was analyzed by One-way ANOVA using Excel
software of Microsoft.

AlA2E Ol

5. Kaempferol-3-O-glucosided} glutathione?| ¥k I
glutathione reductase, glutathione peroxidase?| ZHedoll
OXl= Yt

Glutathione> AFSPUAIA| R 2 d#x glom 2hs)A]
Ef iy e Yo 22 AL F de T8 W
o2& dt= AA oM BAHEE ot ol F=E
glutathione peroxidase-} S-transferase S4E59] HZE QAR
2r8-5te] dtksledS Jepdoiy g4 Yk (Dickinson
and Forman, 2002; Ballatori et al., 2009). Glutathione
o] A= glutamate?} 718 ©ANA H7HE L WEEE
glutathione cycleol] ]3] ZH = =0, glutamate®] =7t 5
718t glutathione cycle®] Aoz ZFsA] o}
glutathione®] AJ/de] 7348 €t} (Forman ef al., 2009).

w2bA, kaempferol-3-O-glucoside”} glutathione 2 —12] AY
3 B @49 glutathione reductase 2 glutathione
peroxidase®] ol wX= QS Frslgdo.

Kaempferol-3-O-glucosideE F3}2L 1 AIZF & 3mM
glutamateE FH% $ glutamate©l] oJsted HAgh & glu-
tathione®] & =743 th Kaempferol-3-O-glucoside=
glutamatedl] 2|3} 7HASt F= glutathione®] Y2 T &4
o2 o M FEAA FAnk. Glutamate Fofll €]t
Z glutathione®] =2 el H|3le] 56.3%= 7HAstRlaL,
kaempferol-3-O-glucosideE 1 mM, 10mM, 100mM ==
=39S w gizzol Hlste] 717} 58.1%, 65.8%. 71.2%
2 A3t glutamate FoItol] ISt fo4 e SUHE
BA} (Fig. 6).
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Fig. 6. Effect of kaempferol-3-O-glucoside (1, 10 and 100 mM)

on glutathione level in glutamate |njured HT22 cells.

Data expressed as means + the standard error of the

mean. p < 0.05, 'p < 0.001 versus the glutamate-treated

grouF The data was analyzed by One-way ANOVA using
S

Excel software of Microsoft.
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ig. 7. Effect of kaempferol-3-O-glucoside (1, 10 and 100 mM)
on glutathione reductase in glutamate injured HT22
cells. Data expressed as means = the standard error of
the mean. "p < 0.05, “p < 0.01, ™"p < 0.001 versus the
glutamate-treated group. The data was analyzed by One-
way ANOVA using Excel software of Microsoft.

s
Qe

45.8%% 734819921}, kaempferol-3-O-glucoside®] *]2]ol] 2]
3te] 100 mMe] F=olA glutamate?t Foidlk ol H]Glo]
glutathione reductase2] &/d¢] 763%=% Z718I9H (Fig. 7).
Kaempferol-3-O-glucoside glutathione peroxidase®] &4 =

Z7M = glutamate ] A] glutathione peroxidase®]
BHE 1%Z TAsI 2, kaempferol-3-O-glucoside2] |
2lell 213t 100 mM2] =X glutamateT Fogk ol H]
3te] glutathione peroxidase®] &0l 763 %= S718FATh
(Fig. 8).

Kaempferol-3-O-glucosider= WIZZ3} 21521 WA (Cuscuta

chinensis) 53 7+ ThFst 28] TdEo] e SR
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Fig. 8. Effect of kaempferol-3-O-glucoside (1, 10 and 100 mM)

on glutathione peroxidase in glutamate injured HT22
cells. Data expressed as means + the standard error of
the mean. ‘p < 0.05, ""p < 0.001 versus the glutamate-
treated group. The data was analyzed by One-way
ANOVA using Excel software of Microsoft.

Lol= AdEo|t} (Riaz et al., 2018). =)ol e 1}

e
B3 dRlo] X gele a3l sk}l
glucoside= astragalin®|2tal%= 3pH 3JQF, 3
AAE B, a3n ARS8 53 7o
23 5= ‘4"5]"1”_‘:]'. a3l ol gk
2 in vivo ATE F3t] oFeHAR] 5T D4
23 ok Riaz ef al, 2018).

AAME BF EAo 3k kaempferol-3-O-glucoside .5
Zhg 7] 4 BarE vprh JAIRE, 6-hydroxydapamine
of fr=d AAEA et AAANE B Aol (Li er
al., 2016) ischemic brain injury@ <13 A=Al tsle]
ARAE BE EAJo] IEJ O (Yan and Zhou, 2012),
HT224| 304 glutamateol] ]38+ &i}ﬁol 2Eg 2ol T3k
kaempferol-3-O-glucoside®] A173AE 2% gL gld u}
=

ool Aie 3l kaempferol 3-O-glucoside= B2 &
Fol AEoA 2= e Tedt 1329 flavonoidZEA] ©]
sietze] A7AAE Bs 243t 5}%7]312 Aret A7
glutamateol] 2|3+ 2Fs}d] ~Eg|2of 9|3k HT22 AlE2] &4
2 APES E’lﬂ'@ﬁi AAgTh= AFES GA HAUSL ol
AAME RS 4L kaempferol-3-O-glucoside®] 7FAIAL $)
< st &4 7]@*‘% Fsto] UEPS S S USlTh

ME oM A 43S "SR kaempferol-3-0-

kaempferol-3-O-
A= gaksl, Al

2 PSS oF
o}t in vitro
d 717e] &kl

glucoside® 32|07 U=slo|myzl 2o EaPA HAI77
Age] AgAl R operos AW 71sdol deg AAkel

o G5 BE AF A9 Falel Jlojelt AXs A B
BE WA 9E B9 2 B BV 98 Aoz
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