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Protective Effect of Kaempferol on Cultured Neuroglial Cells
Damaged by Induction of Ischemia-like Condition
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This study was performed to evaluate the cytotoxicity induced by ischemia-like condition (ILC) in cultured neuroglial

cells (C6 glioma cells). The protective effect of kaempferol (KAE), flavonoid against the cytotoxicity induced by ILC

induction was assessed. In addition, antioxidative effects of KAE were done by colorimetric assays. Cell viability and the
antioxidative effects such as DPPH-radical scavenging activity, superoxide dismutase (SOD)-like activity and inhibitory
activity of lipid peroxidation (LP) were analyzed. ILC induction decreased cell viability in a dose-dependent manner,
and the XTTy, value (low cytotoxicity value) and XTTs, value (high cytotoxicity value) were determined during ILC
induction for 15 and 40 minutes, respectively. The butylated hydroxytoluene (BHT) antioxidant significantly increased
cell viability damaged by the ILC-induced cytotoxicity. In the protective effect of KAE on ILC-induced cytotoxicity, KAE
protected the ILC-induced cytotoxicity by the significant increase of cell viability, and also it showed DPPH-radical
scavenging ability, SOD-like ability and inhibitory ability of LP. From these results, it is suggested that ILC induction
showed cytotoxicity in these cultures and the oxidative stress is involved in the ILC-induced cytotoxicity. While, KAE
prevented ILC-induced cytotoxicity by antioxidative effects. In conclusion, natural products like KAE may be a putative

therapeutic agent for the treatment of disease associated with oxidative stress such as ischemia.
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e} QoloZ Fadle] JHe F=A7Ith
(Luscher et al,, 1991). ©|¢}= W2 ¥l 3]o| <= arach-
idonic acid”} prostacyclin (PGI2) 2.2 Z3e = djAL&-g-0]
dojuix BEGAE8-S do7A FrkSellke et al,
1990). o]} o] Fto] o]gh} F5o] AP Het] &
2% HAS WA shs A, e mE SaE:
AA gk e A

< gt) 38 Gk BHA o7 o
s HX = dBA5F2 A= cyclooxygenase” |
stu, Q. A o] WP FAsH= oF= T SR aspirin

o] thEAQ! FHAFAAE AREE L Yl TH Verbeuren et

1ol o3t HEF L Al ¥ FFH(cerebral perfusion)”}
%] olst= W X|HA] ATP 714 X lactate®] F7Fe} 2
< AsistA ¥zt 9w A fde] 18] STk =T
(Stanimirovic and Satoh, 2000), ©] 73-%- &84 wWwHe] F4
-l M= 7 A(infarction)©] Forf= WHH FRHHE = o}
2} Aol 7137 ot e dAIA sEE R mxivk
uhbA] o] 22 AElE 27) st Xsdhe 3 Y
=% A=l FH X154 WPe] shtolthLee etal., 2006).

Aok 2 @Al ate] e S EolA =
AR Z(free radical)o] Bo] WAYE a1, o] 2 Ql&] A
Ei= AbslE =2 (oxidative stress)oll 2]3Fe] B3} Wx]=
APgo) o]2 A Hth(Pellegrini-Giampietro et al., 1990). w2}
A, 818 g Al e Y A S AlAS

omM WHlel At RS %F = W) B o
g Aol dete] Paoh} A4 E HE P8 X

=
Sk 9, Aretke] JEks AlAste AR4 avs
o]l At(Jung, 2009) X}Tra}‘q e AMERNE SR
ofn|icibe] HulE E& Ca¥'yf WA #éol e N-
methyl-D-aspartate (NMDA) ™8-A12] &4, M3 x| 2=}
o] kst gl e zae] whgoll o8k peroxynitritet}
v 54EAY AT 22 AxEs) d4S fsitar
24 UTH(Lee et al., 2005).

H, A=) AR Foll AHrHHZS AAsHs it
st 24S vEste] datolu dek, el frash e
G=Ho] vhF FHrE o] ol WAL Stk & &
o] flavonoid?} 72 & 3}5HE (phenolic compound)S- H]

53}F] carotenoids®} 7+ isoprenoid 2 sphingolipid®} 7+

HO

HO
Fig. 1. The structure of Kaempferol (KAE)

2 A T B2 AREe] & AAY

2007). 3] flavonoid Al'&°] &3
noids} 317 A E A b wo] BEE A F9 sht

2 dHA JAthWang et al., 2006).

Kaempferol (KAE)-> ol 2|4E H]Este] A%a}
2L oe] AEEEHE 8% E flavonoid AlES] AT
% R 3709 Hing o2 TAE EATRE A4S
3L AthFig 1) 159 7t el U] B 1 o]de] 5
A71(-OH)E 7HAAL Qlof thE Aditate] A o] Agke
24 35k kslss v Este] detolvt Aol
Hojulrtar &4 A ATHGates et al., 2007). Lo = &
skar o}A7bA] KAE| tgh sHikstel djsh A= wol
ol A grom, o] MYMEE e R g AT
= zlolH 7] o] HTHKim et al., 2010). BJ A E= AAAAE
A5 sty 543 et ZaL s sE Aol A
o7 Fol o] WMo M Aol rhsate] Aol H
ojufth= o]l AUtk YHol s&=9] 3|4 flol= A
Azel Ryt 7hsstthe Aol YrthKim and Jekal,
2016). webs At el Fad AR 2
= 9% dstom AP oR IS gk vk Al
M3zl UFRl C6 glioma AXEE ABZ Yol that Al
S48 EAskaL o]9F sAlel ol thEk KAES] 93
akslt Sl A ZARSHA T

—LJ

5

tlo

H

Al

L
M=

Ql C6 glioma MXEF+
Lls

o}

390 g ARAE

American Type Culture Collection (ATCC)o A &%
Ag33e

- 340 -



| Rz

2 Ao ARE-g A|eko ® KAES H]E3$ trypsin, pyro-
gallol, butylated hydroxytoluene (BHT), isopropanol, ferrous
chloride, ethylenediaminetetraacetic acid (EDTA), hydrogen
chloride (HCI), vitamin E, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
phosphate-buffered saline (PBS), dimethylsulfoxide (DMSO),
2 2,3-bis-(2-methoxy-
4-nitro-5-sulfophenyl)-2H-tetra-zolium-5-carboxanilide (XTT)
+ SigmaAk(St. Louis. MO, U.S.A)oA F+43}Sit) gl
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Qb 40Coll M wiFeSith Mg Shw F A& 30%
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reader (Spectra max 250, Molecular Devices, Sunnyvale, U.S.A.)
2 500 nmel| A FF=E S48l
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Table 1. The cytotoxicity of cultured C6 glioma cells exposed by
ischemia-like condition (ILC) by XTT assay

Incubation time XTT assay (450 nm)
of ILC (min) Mean + SD P
Control 0.54%0.06
15 (XTTy) 0.4940.03
20 0.3910.02
25 0.3710.02 68.23 .000
30 0.351+0.03
35 0.31%0.02
40 (XTTs,) 0.2740.01

Cultured C6 glioma cells were exposed to ILC for 15~40 min.,
respectively. The data indicate the mean £ SD for triplicate experi-
ments. Significantly different from the control.
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Table 2. The antioxidative activity of butylated hydroxytoluene
(BHT) on the hydrogen peroxide (H,0,) in cultured C6 glioma
cells

Concentrations XTT assay (450 nm) P
of BHT (uM) Mean £ SD
Control 0.27£0.02
30 H,0, 0.1010.02
20 0.17£0.01 52.27 .000
40 0.22%0.03
60 0.24%0.04

Cultured C6 glioma cells were pretreated with 20 uM, 40 pM and
60 uM of BHT for 2 hours. The data indicate the mean & SD for
triplicate experiments. Significantly different from H,O,-treated

group.
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ILC =0l et eHitstn|o| dek
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Table 3. The effect of butylated hydroxytoluene (BHT) on the
cytotoxicity induced by ischemia like condition (ILC) in cultured
C6 glioma cells

Concentrations XTT assay (450 nm) P
of BHT (uM) Mean £ SD
Control 0.13+0.02
ILC 0.05%+0.02
18.92 .000
40 0.09%0.02
60 0.11£0.03

Cultured C6 glioma cells were pretreated with 40 uM and 60 uM
of BHT for 2 hours. The data indicate the mean £ SD for triplicate
experiments. Significantly different from ILC-treated group.

Table 4. The protective effect of kaempferol (KAE) on ischemia-
like condition (ILC)-induced cytotoxicity in cultured C6 glioma
cells

Concentrations XTT assay (450 nm) P
of KAE (uM) Mean + SD
Control 0.37£0.03
ILC 0.13£0.01
139.50 .000
180 0.23£0.02
200 0.28%+0.03

Cultured C6 glioma cells were pretreated with 180 uM and 200
uM of KAE for 2 hours. The data indicate the mean £ SD for
triplicate experiments. Significantly different from the ILC-treated

group.

Ueh} 2% ILC Fieel Blgte] fo3k S7HE Baltt
(P<0.001) (Table 3). ILC %=l th3F BHT ¥%=ol W&
A AT} B2 9} 60 uM BHTE A4 02 2}o]7}
glo] AlEAEE] 7 950, 40 uM BHT 60 uM}
SAAOE Aol o s FAA AolE
Btk Le]al ILC frErh AZAESe] SAA o 7}
e AE IRlssith

ILC S=0f CHSH KAES| Y&k

KAE7} ILC 50l uA]&= 9&ke AN A3 ILC
ko] HzgloMs AEAEES] iRl sty 35.1%
(0.13+0.01)% YeERdE] H]ske] 180 pM KAE®] A 2ol A
T 622% (0.23£0.02)= YEFSITE HESE 200 pM A 2]l A
= 75.7% (028+0.03)= YER} BF ILC % A2l 1]
ato] w9 23 S7FE HITHP<0.001) (Table 4). KAE
7FILC friel WA= Fadol] gk A A3 dix

100.00

) 82.70
>
£ 5000 o
3
@
j=]
£
S 60.00
=
g 46.10
- 40.00 5080
5 ¥
S
£ 20001
o /
a
o 0.0

0.00 .

Control 60 BHT 180 KAE 200 KAE

Concentrations of KAE (uM)

Fig. 2. DPPH-radical scavenging ability of KAE at concentrations
of 180 uM and 200 puM, respectively. The data indicate the mean
£ SD for triplicate experiments. Significantly different from the
control. BHT was used as positive control.

Table 5. The DPPH-radical scavenging activity of kaempferol
(KAE) determined at a wavelength of 517 nm

DPPH-radical scavenging

Concentrations activity (517 nm)
F P
of KAE
(M) Mean = SD
Control 1.73£0.24
60 BHT 0.301+0.04
129.74 .000

180 1.20%0.09
200 0.931+0.14

The data indicate the mean £ SD for triplicate experiments. Signifi-
cantly different from the control. BHT was used as positive control.

T, ILC -7, 180 uM KAE, 200 uM KAE =22 A|3ZAS
[e)

Ehol £ AL 4 5 Yk
DPPH-2ICIZ 27 &Y 5%

DPPH-2}t]Zt 2271 €44 574 23 180 uM KAE 5%
Aol A=tz vlste] &40l 69.4% (1.20£0.09)=
ERsk o™, 200 pMe] A 2ol A= 53.9% (0.93+0.14)% 1+
EPTHTable 5). wWebA, 180 uMI} 200 pMoll A 275
717} 30.6%S} 46.1%% WUER} Bt Hlste] &
AF o2 frolgk DPPH-2HZ 2755 K ThP<0.001).
£3], 200 uM KAE®] DPPH-2}Z 42752 82.7% (0.30
£0.04)°] DPPH-2}]1Z 27458 X231 60 uM BHTS] 50%
o]akel Ao w el tHFig 2). AFFHA 23 60 uM
BHT, 200 uM KAE, 180 uM KAE, thZ* =9 & DPPH-2}
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Table 6. The superoxide dismutase (SOD)-like activity of kaem-
pferol (KAE) determined at a wavelength of 420 nm

Table 7. The lipid peroxidation (LP) of kaempferol (KAE) deter-
mined at a wavelength of 500 nm

) SOD-like activity ) Lipid peroxidation
Concentrations (420 nm) F P Concentrations (500 nm) F P
of KAE of KAE
M Mean £ SD M Mean £ SD
Control 0.221+0.03 Control 0.44£0.03
60 BHT 0.3710.03 60 BHT 0.07£0.02
S51.71 .000 197.74  .000
180 0.231+0.03 180 0.25+0.01
200 0.261+0.03 200 0.16£0.02

The data indicate the mean £ SD for triplicate experiments. Signifi-
cantly different from the control. BHT was used as positive control.

100.00

80.00 1
. 68.20
S s
- AN
£ 60.00- AN
Z
[}
(9]
=
= 40.00 1
fa
(o]
» 18.20

20.00 - \

.50
0.08 Lo
0.00 &
Control 60 BHT 180 KAE 200 KAE

Concentrations of KAE (uM)

Fig. 3. The SOD-like ability of KAE at concentrations of 180 uM
and 200 uM, respectively. The data indicate the mean £ SD for
triplicate experiments. Significantly different from the control. BHT
was used as positive control.

Uz 2750 BE Ao vekd
SOD-SAF &4 =5

KAE®] tjgt SOD-fAF &4 SA4S fl8ke] 180 uM}
200 uM FE9] KAES Z17F #2498 A3} 180 uM2] #2]
ol A= tizatell Hlgte] frAF E4do] 104.5% (0.2310.03)
2 LRtk o]oll vl3ke] 200 pMe] A Eloll A= 118.2%
(0.26+0.03)% L}EFHTKTable 6). weHA, SOD-FAF 2445
< 180 pM 200 pMoll A ZH2} 45%9F 182% = YERL
tzatol] vate] RF fold fAF S5 S e

(P<0.001). 53], 200 uMol| A 2] FAF EA5S FATI =T
©l 60 uM BHT &5 k2l 68.2% (0.37£0.03)° o3k
26.7%%1 A S % UJEHTHFig 3). AFEAA A dxT
7} 180 uM KAEE A2 frofgh zfo]7} glglon,

The data indicate the mean £ SD for triplicate experiments. Signifi-
cantly different from the control.

100.00
84.10
-~ R
& 80,001
o 63.60
z »
5 60.00 4 .
= AN
> 40.00 v
k=)
3
=
£ 20001
0.08
0.00 s
Control 60 BHT 180 KAE 200 KAE

Concentrations of KAE (uM)

Fig. 4. The inhibitory activity of LP in KAE at concentrations of
180 uM and 200 uM, respectively. The data indicate the mean £
SD for triplicate experiments. Significantly different from the con-
trol. BHT was used as positive control.

180 uM KAE®} 200 uM KAEZHI = FAH o7 §-23h
2to] 7} il o), ity 200 uM KAEE SAZ o2
o]k zpo] 7} vrebstTh

RIZIABULP) BN &3

KAEZ} LPell "]A]= 98-S ZAFsE7] $18Fe] 180 uM
3} 200 pMe] KAEE A 2]gh 23} 180 uM KAE®] A LP
Ao thztoll Blske] 56.8% (0.25+£0.01)%F YERIE 4
3lod, 200 uM KAE A 2]oll A= 36.4% (0.16£0.02)2] LP &
’d& HTH(Table 7). WEbAl, LP 94152 180 uM =} 200
uMollA Z12E 432%9} 63.6% % UER} o] B oz
of f2]gt LP 9Al5S 1.3 2m(P<0.001), 531, 200 uM
KAEF 84.1%2] LP AAleS Bl AT 60 uM
BHTS] 75.0% ©)’do.= UERTHFig 4). AF5-H4 27
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60 uM BHT, 200 uM KAE, 180 uM KAE, Hlx £O =2
LP o}Also] A vEbst

[l

i

e Al HxAo e datko] YA FobA] HAE A
A QFEEY FHE FUetEE AEY] 4 Y
A= APES 288 ETHLee et al, 2005). ¥&E A 2
BAAETE AY WA BAgstE]o] WA H el vhE B

= A& Ho] 24 Wstel g S 3l &=
A WESA|3E0]7] wli-o|tHEndoh et al., 1994). WEbA,
TFAAME A MES] C6 glioma MAEE wIgSH &
15~40% F¢F M7 AR ILC FEE Aldste] o
g5 ZARBISITE WYAEE ILC frieol =&
2 Azt o)A o= fixatel H|ste] Al
b aeAziom o] IAollA ILC Frie 1583
40+ =Zoll A ZH2E A=A (low cytotoxicity) #ES] XTTy
2k} 3152 (high cytotoxicity) #kQ1 XTTs, o]l YUEFSTH
XTTo} XTTsp> thzatol] Blste] Aol ol A2 4= o
A1 AR o) 22 tiZate] 903} 500] H= whS oV
SHHKim et al., 2010). & A7 A3}= ILC 571 A2
S 7HAAL vk Als EElFal 9leH o= ILC fr
L7 Hjoldh A 39 AAARF AABAE HA4S L
With= A7 ®Baret: I8k tHJung, 2009). S8 A A
Aol ofate] MEAAZF FIEE ko] etz
o] Ao} Aks}A EAfo] WAE=H], o] A¥ AEE
ol oJsf) AEAEE] AT 2 EHAS Aow A
% th(Pellegrini-Giampietro et al., 1990). twhe}A], ¥ AA-tof A
= S8 A Ete] IS AR fleke] W
A gAkstAl e dE<] BHTO| &ilslss Afebe]ze]
JEQ H0,E Bl o & ZAVEGITE 1 AT BHTE
A FLell vl#ate] H0,7ke] Aol vlste] AlEAE
£S5 frolstl S7A w8 dAiksksS et BHT
= vitamin E9} 7] hydroxyl radical (OH-)S- H]%-3+ H,0,
2 superoxide (0)2F 22 Afrett)Ze] A|AsS 74 aL
U A Y] dFo R A4 A UTKKim and Jekal,
2016). 3+, 318 Alolli= nuclear factor-kappa B (NF-«xB)<}
2 FAARIA Y] A HEo] o] 2 QIgE A
(reactive oxygen species, ROS)2] £ interleukin (IL)-1°]1}
tumor necrosis factor (TNF)-a2} -2 Alo]E7Q1e] #H]
o2 <3t WS S 71453} AZ1tKGracia-Lopez et
al, 2007). wEbA, 2 ARl M= ILC st Abksh &4

o frofgh MEAEES] T7HE R RA o
A= AoE YehTh o] 2 Ad= ILC =
of Akshal o] dofsiar e AASkaL 9lem, o]
= o] 3¥o| ApfEfrie] #ejetar Jrkal Hargh A
At} x|k thPellegrini-Giampietro et al., 1990). &3,
KAE+: H=315E2 450 = flavonS H|33F flavanol
2 jsoflavon¥} 22 flavonoid AlE2] AFE o wA] 73l 3t
2FebsS 7FA1 Al A tH(Leung et al, 2007). ¥ Aol A=
ILC %ol gk KAES] 93-S FAMSE A7} KAE, 180
uM} 200 pMe] A gloll A 5 ILC Fi=rke] Aol H]
sto] frogt AEAYEES] S7HE Bolth & A7 Ay
= KAEZ} ILC FFE25E] AZEAS woldt 2o =4
g2 |z ofgh 4hshA Ao 2 RE KAEZF
A EZEAE Wolalgiths A7 Haleks A3 tHKim
et al, 2010). ©] £& A= ILC f=ol os) e A
34 E4-& KAEZF Wolst A3 2 KAES] itshss
AA kAL QATHEL-Sayed et al,, 2001). KAES] 3Hitals-2
=392 UF< polyphenolz} o] )zt A A5 0]

3l flavonoid Al'E<] A& Aol o3k Ao w AZFHTHLI
et al, 2007). welA B Ao M= KAES] ditalss &
o}r 7| $lsted DPPH-2tHZE 4755 HE3ke] SOD-fr
Al &A% 9 LP 9AlTS ZAMIILE DPPH-HZ &
Aol 2JejA KAEE 180 uM3} 200 pMollA] B ti=x
ool HlEke] o3 B 2 S BiYh B Y 2
= KAEZ} 28 AlASH: ditsksel dles 2al
FaL glom, o] e kst e 9lelA9l o] KAE
7} #=3etE AlEol 435k flavonoid AlE2] Al 2
3k Aoz AZETHMa et al, 2003). HE3HEHES BA
Zo| FAI(-OH)E 7HAAL glo] o] = 1k Zgteo] u)
T Holur] wiitell kst 2 A9, A Foll fragh A
7 45 vepdtha oA A THKrizkova et al., 2000).
ShH, KAES] SOD-fAF &459 2AME 918k 180 uM Y}
200 uM2] KAE Ao M= thztol Hgle] 5% %
A S-S BT A3 A¥ KAEZF Q1A|9] st

v
o

)

o

7

Fiksksol e el il 9o, KAE®] SOD-A}
FASS Badk A 2ot s X8I tHKim et al.,
2010). KAES] o] #& ditstse 2 AgoA st
DPPH-#}tZ 47159 43} 97 KAE®] 3tshs<
ST 9tk SOD @H4tsl G4 QA9 diay
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A4 OHY 0,9 22 et s H0,= 113tks)
=2 HIAAA QA= o s WX %
Al 3HLinke et al,, 2005). LP GAl%5 Akl i3k KAEE=
180 uMZ} 200 pM o] A& §% EFolA| djzatel st
of LP &S AA 3] AaAF o2 g LP Al
S HYE B A A= KAEO] Hidk LP oAlTS K
a3k AT Ao} A28 O H(Kim et al, 2010), - A3}
= KAEZF 9] 4S5 o] FaL gl w1 e] AkstE W
Ash= &Akst 2hgo] s AAlskaL Adrk o] Ee d
A2 KAE®] $h3-%o] 21 flavonolS H]5:3} anthocyanin
D iron¥} 2 4k §50] =2 flavonoid Al'Eo] A
=l oJs LP &Ado] AAlE Ao ® BZHATH Wang et al,
2006). LP &/ 2] 742 lactate dehydrogenase (LDH) 24

kI ofy

I S ARE SAT A dEAR A% R
21 WP o] sl <A QJrhHah et al, 2005). o]ke] 2
VZHE] KAESF 22 A2 3187} o] AbslA &4t
PHEE Wl g3k X 8A 2, ks SRR S 93]
FE7A7F 2 Ao A7 e AR g
3 oA el A g A2 ARl st A
sfeb 2L BEE oy 24 9 A SHoA B
= )

o}
I At Zash Aow Ayzhed
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