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This study was performed to evaluate the cytotoxicity of aluminum chloride (AICl3), and the
protective effect of Lonicerae flos (LF) extract on AlCls—induced cytotoxicity in the cultured C6
glioma cells. Here, the cell viability and antioxidative effects, such as DPPH-radical scavenging
activity, superoxide anion scavenging activity, and lipid peroxidation (LP), were assessed. AlCls
significantly decreased the cell viability in a dose-dependent manner; the XTTso value was
measured at 128.8 uM of AlCls. The cytotoxicity of AlCls was determined as highly toxic the y
Borenfreund and Puerner's toxic criteria. The butylated hydroxytoluene (BHT) and antioxidant both
significantly increased the cell viability, which was damaged by AlCls-induced cytotoxicity in these
cultures. In the protective effect of LF extract on AlClz-induced cytotoxicity, the LF extract
significantly increased the superoxide anion scavenging activity and inhibitory activity of LP, as
well as the DPPH-radical scavenging activity. From these results, it is suggested that the oxidative
stress may have been involved in the cytotoxicity of AlCls, and LP extract effectively protected
AlCls-induced cytotoxicity through the antioxidative effects. Conclusively, the natural resources,
like LP extract, may be a putative therapeutic agent for the treatment of dementia induced by
allergen like aluminum correlated with the oxidative stress.
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A gzsto|m ol A T -FA A= 21 A A o *XH 0}
=B- amylo1d precursor protein (BAPP) 2. & ‘é‘% s Eek

o] "ol = apoprotein E (APOE)Y presenilin (PS) G A] AD94
Iy 7ksdes = 3 A A 4], E3], PSe] &1
o]} B-amyloid protein (BA)2] HZ&of oJ3t k=<1 senile

plaque) B4} A17HA4-7-2] HSHneurofibrillary tangle,

NFT)of| wh AlZAIE o] wh]7F AD S ekl &4
ATHS]. B 3hte] ARIC = M2 2 0] 7k A S Sl vlAof

WA E(microglia)tt Eotw Al *E(astrocyte)’} G5H1=2
ol interleukin (IL)-1BY tumor necrosis factor (TNF)-a.2}¢
L2 Ao 7RIS e o] A Ad o Akear A A € HE QITHO]
A4 ADS] A 5ol FE o EET B Qo] W2 EJJ‘—Ur
BRI QLo 11 Hte & 7| Zopil o]y Zutoln i R E Ak
22 o AR AGE | S7FE 4= Sl ofA 7= 9414
07 Q%1 QIeH1]

2, ADC] 49l 4 stu= ApgetrdAd(free radical
theory)o] AAJ%E B} QUek. Q1A W] BAEES- 2g ol 4] Al £
W AP Al (mitochondria)] ARG A o] SJeA] ef7ke] 171
2Afo]=(superoxide)tt 3| ==Alekt] Zihydroxylradical)
e ﬂ***PA(reathe oxygen species, ROS)7} A4 | 2|9t

0|52 FralsHAlo £3l= superoxide dismutase (SOD)U
catalase®} -2 %‘4}9} [ o] ofste] o] o] A E A=
o] whoF 1R A] oFa1 tfof MpeFo] AE A9 W 2 A of &A=
Zeffsto] ADUH-S ool eteH7). webs, ADE HIRS
T 9T SASS (ALY T 22 T A4 w1 gk
o] §lol9] slutE A4 EAHoxidative stress)©] AIAI =L Q1

on o] 5 AR AL ZHof A kA St ot X 7 A W
<= 27] SJet go] A|=E| 1l QIHS]

AD FHEAR A7l AR 0[S F359 dFo= oY)
L} EQFQ Hof| oJgt HAL S-8<F5 Foto] QAo 5012
Al ==y, £3] o]= 3-1AH (blood-brain barrier, BBB)
< A7 FIRO 2 A] k|22 of] 2| E]o] ADS} -2 H RS
Frarstohal A A QITHO). it dFulES v 7t =R
L poah e gyl 28 E.0 o] 50| 53 Al At
ARty A 0 24 o] 59] ZAdo] AkshA Akt v A
o] Q1o AA = At kA, o] 52| =40 tfet o & 3t
3} ZHofl A st A4t ]?01 A| 3L QATH10].

SHOFAE H| 53 W2 Al 50| = gASHE vl el 39, o=
gl gate] fradt 7 *Eﬂ%“é%xéol o 3ha-E o] Qlrkar
gl 23l Qlet. & B9, 7IRE| k0| 5 B EE Hlwo =
gl o] AZEIa} e thefst AR S0 k5 AlE0] Yoy =
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A2 5 F-23K Lonicerae flos, LF)= Q&K Caprifoliaceae)

= WSS &0l s B=(Lonicera /apomca)
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luteolin, tannin, tr1terper101d glycoside, loniceran¥} 22
E}ok—]— E;dl_:_o] 310 1:401 ol o Uﬂ lﬂb:g].o}“ II_‘—_—_ :_’-_ Bl
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1. M2

Al ARG thf A A
American Type Culture Collection (ATCC)of| A -
B33k

°] C6 glioma A|*EF+=
& Hrof A}

2. X Mz

E A o] ARgE A]2F0 & gluminum chloride (AICI)E Y]
S2k trypsin, phosphate buffer (pH 7.5), xanthine, butylated
hydroxytoluene (BHT), 1,1-diphenyl-2-picrylhydrazyl
(DPPH), dimethylsulfoxide (DMSO), linoleic acid, ammonium
thiocyanate, ferrous chloride, methanol, hydrogen peroxide
(H202) %! XTTE SigmaAKSt. Louis, MO, USA)ollA], T8+
t}. AlCl39] A %= fetal bovine serum (FBS, Gibco, USA)©]



= minimum essential medium (MEM, Gibco, USA)= A
8310 Z+2F 10 pM, 50 uM, 150 uM 3 300 pM2] AZFelE 1t
=] ARESHATE XTT (2,3-bis-[2-methoxy-4-nitro-5-sul-
fophenyl]-2H-tetrazolium-5-caboxanilide, disodium salt)
+= phosphate buffered saline (PBS)& ©]-4-5}0] 50 ug/mLe]
AGAE THE & Yotao] Bl o5 D a3 oFS A vl

ool 7}ste] ALgBhoit

I}oF TH3 3,000 rpmeof|A] 30+ Bt FHAIF T 9 & X%
FE7|M ESUUA oh 2.1 g9 AR5 Elom, o] wf
&L 5.3%E et 523k SRk A5 412 Accela
high-speed LC system (Thermo Scientific, MA, USA)of| 2]t
#&E4(macranthoidins A, B, dipsacoside, B, sweroside,
luteolin-7-O-D-glucoside)2] UHPLC-QQQ-MS A5+
A= Table 13} ZeH16].

4. MIZ HHQ

C6 glioma A1 2] B 9FL- Park S5-{1712] Wi ol whe} vk
710 BAE AEZZ 0.025% trypsine ARg-sto] Eelstdct.
Heg A ZEL 9% 3 10% FBS7F ¢-6-51 MEM HjjoFoljof] |
11 1x10°cells/wello] B2 2H3t 2 96-well Hjok-8-7] 0]
wafstelct. 2ulE Al E£E2 36°C, 5%CO= 28H &7
WellAf 72417F F<t v eFstlct.

Table 1. Chemical constituents of Lonicerae flos

Components Content (mg)

Iridoids

Sweroside 0.245
Flavonoids

Luteolin-7-0O-D-glucoside 0.173
Triterpenoids (Saponin)

Macranthoidin B 1.06

Macranthoidin A 3.78

Dipsacoside B 40.96
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5. X|IHSLHI(AICLs) X2
Hjo}=0] C6 glioma Al o] AICI7F 120~160 uM =&
247y ok wjj ool A A|EE 4847t EoF vl oSt T A A

)
283 o273 vlw 2R,

6. BHTS| &itats 54

BHTY] 3MilolsS AKSH| $fsto] &/d4tas] A<l
H0, 15 uME i M 22E A 2|517] 2A17F A BHTZF 10~
50 uM =2 ZF7} 3ot vl QFHof| A A EZE A2t th Al

TAEEE R vla 2ARIG

7. AlC1s01l Cist BHTS| &gk

XTTso =2 AICLE HjokA|zel A7) 2417 Ao
BHT7}30 uMa} 50 uM= ZH2FESHE v of ool A Al 325 | oF
OF TR Al A g0 ofsto] iRt Bl al RAFSHITH

8. B23HLF) ==& Nz

AICLO et LF 25229 J3S 2P Sfste] uiek C6
glioma A3 AICL; XTTso =5 H2]37] 2417+ Hof| 80
ug/mLe}F 100 pg/mLe] LF 25o] 72 31 ujofolof A
MIZE viEE o3 0] 9] Gk AlEAYEE | ofsto] t st
T} v 1 RAFSHTE.,

A| EAYZE-0] A2 Mosmann [18]2] 95 of] whe} sl
o} &, wi Al o] SFAY A S EaS L EE A28 vy
Ay g AZeE XTT (50 pg/mL)E welld 20 ul# ¥il
36°CE A% 2710 A 4A17F Ft viekstsict vl ¢h=
2 dimethylsulfoxide (DMSO)E H o] A-2-of| 4] G x|3t tf2

ELISA reader (Spectra max 250, Molecular Devices, Sunny-
vale, USA)E 450 nmol| 4] S E2 24819t} XT3k Ak
22 ¥4 14140] eJstol Agstsick

10. DPPH-EIL|Z 2715 £F

DPPH-2}t]Z 4:7]%5(DPPH-radical scavenging activity)
9] %742 Blois [1919] W] wheh, wigk&EA|l=el 0.3 mM
DPPH H&-&-8-H 100 uLE H71ske] A-2olA] 3027t X<
St A2] €= & ELISA reader (Spectra max 250, Molecular
Devices, Sunnyvale, USA)Z 517 nmof| Al S =E5 Z451%
o} 2t AT A7 A 57 R EE] Aol &
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P8 & LheRdc), T3 BHTO) €4

11. Superoxide anion-radical (SAR) HHs &4

SAR A 7% 23S nitroblue tetrazolium (NBT)2] 24}
ol wheh, Al 789 0.1 mLe} 0.4 mL potassium phosphate
buffer (pH 7.5)°1l 0.4 mM xanthine¥} NBTZ 7}sto] 37°Co]
A 204 F9ERESAIZT BE3- 5 1 NHCI I mLE 7Foko] ¥k
< AAAIA AYAJE SAR %L ELISA reader (Spectra max
250, Molecular Devices, Sunnyvale, USA)Z 560 nmoA| &
FEE S AlASe S8 A7 7
O] Ztolof| oot W& & FASIGITE Eol BHT S| B4 44
2o 5 ARSI

12. XIZ MK lipid peroxidation, LP) 4

LP 242 Kikuzaki®} Nakatani [20]2] #H o] wle}, 2.52%
linoleic acid®}0.05 M PBS (pH7.0) 84 12.1 mL ofgh&
A5 3.9 mL N 7R 5 24417t F2E 40°Coll A Hjefs}
e}, vl ok b & ofeh23} 30% ammonium thiocyanate2}
0.02 M ferrous chlorideS 0.1 mLE ¥ & 4204 38 5
oF HkS-AIZAT), ¥k$- 3 ELISA reader (Spectra max 250,
Molecular Devices, Sunnyvale, USA)Z 500 nmoA S35
£ Z79013Itk. T3 BHT Q] B/ IR0 =2 ARSIt

13. 84 K2

A A= SPSS/WIN 18.08 o]-8-510] 1-71e] Xjo| & vl
Sl7] 9ste] ANOVAE Al3slalal AR EALS Tukey's
post-hoc teste]] 2/ 0., K= 5419 frof42 p<.05
of| A A eH5tSiTt.

Table 2. The cytotoxicity of aluminum chloride (AICl3) on cultured
C6 glioma cells by XTT assay

Incubation XTT assay (450 nm)
Concentration of AlCls (uM) Mean=S.D. (% of control)

Control 0.412+0.028 100

120 0.232+0.021 56.3***

140 0.173%x0.022 42.0%*

160 0.135+0.021 32.8%**

Z

1. G3IXR0IE(AICL)S S £H
AlCLO] =4S 2P| f1ste] HieF CO glioma Al3Eof]
AlCl3 120~160 pM &= 22 48417 53 A 2fst A}, A4
o] vlEslo] AlChE Al EAYEE-S izl H]slo] &
OfSHA A7 S B A /S LRI EH(p<0.001). o] 2Hg
Al XTTso 4= 128.8 uM 2] A 2fef 4] LreFgtHTable 2).

2. BHTS| gitets £5

BHT9| eAkeks-& 2AFSH] flote] ARfate]Z<l 15 uMe
H,O25 ¥l Al 2zof] A 2fsl7] Aol BHTZF 2442 10 ~50 pME
SR wjokoof| A 2A17E F<t A 2] Rt 1 A} 10 pM
O] H;OxRES X 2] et 7-9- t kel Hlsto] A ZAYEE0] 41.1%
(0.097£0.021)F Lrepd ¥, 10 uMI}30 uM2] BHTS] A 2]
of| A= 217} 53.4% (0.126 +0.016)2} 75.4% (0.178 £0.013)%
YERTE E3h 50 pM 552 BHTE] HoA= 83.0%
(0.198+0.030)t} 0= 55 H,0,2] Ao H]sto] H-2] gt Al
FAYEE] 7 YERITHp<0.001) (Table 3).

3. AlCI0f CHS BHT2| B3t

AICLE] AEE 5/ of) o et 3MAEEFA Q1 BHTS] 8RS Gotbs
7] 915t AICL, XTTso & =5 Bl A3zl A 2{s}7] el BHT
7} 27 30 pM 50 pME SESHE v FH ol A] 24171 59k A4
2] Shlet. 71 A3} XTTso 552 AICKYES] A 2 of A= Al A
E&o] tjz2to] vlste] 42.9% (0.079+0.015)F LRt 2o
vlsto] 30 uMIt 50 uMe] BHTS] AejolA= 2k 63.6%
(0.117+0.022)2}79.3% (0.146 +0.012)= LER} o] = AICl3
9] Heof| Hlsto] B Fofoh Al EAYEES LFERITK p<0.001)
(Table 4).

Table 3. The antioxidative effect of butylated hydroxytoluene (BHT)
on the hydrogen peroxide (H202) in cultured C6 glioma cells

XTT assay (450 nm)

Incubation

Concentration of BHT (uM) Mean=+S.D. (% of control)
Control 0.236+0.018 100
15 H.02 0.097+0.021 411
10 0.126+0.016 53.4%**
30 0.178+0.013 75.4%%%
50 0.198+0.030 83.0%**

Cultured C6 glioma cells were treated with 120, 140 and 160 uM
of AlCl3 for 48 hours. The data indicate the mean=SD for triplicate
experiments. Significantly different from the control.
***p<0.001.
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Cultured C6 glioma cells were pretreated with 10, 30 and 50 pM
of BHT for 2 hours. The data indicate the mean+SD for triplicate
experiments. Significantly different from H.O,-treated group.
***p<0.001.



4. AlICS| M=ol Chet S 23HLF) FE22 FY

LF 250] AICL 2| A5/ n] A= Goks 24| 9
o] wjoF Al o]l XTTso's=2] AICIE A2]817] Aol 80 pg/mL
£}100 pg/mLe| LF 255 717 A 23k A, AICLTH] A2
o A= AlEAYEEO] tf Rtof] Blgte] 36.2% (0.059+0.014)
2 Uehdd Higte] 80 pg/mlL FEE XM= 78.5%
(0.128+0.018)& YrepEoH, T3k 100 ug/mL == A
o A= 88.3% (0.144 +0.018)= UEL} o]= BL5 AICTH)]
Ao vlste] o3t S7HS B ATHp<0.001) (Table 5).

5. DPPH-2tC|Z 2715 £F

DPPH-2}0Z A7 57 }71 9{8to] 80 ng/mLet 100
ng/mL 559 LF 3355 ASE w43 47 80 pg/mL 554
Zlof| A= 750 32.6%= UrE‘r 01, 100 ng/mLe] A o]
A= 47.5%% e o] B tjZgtof] vlste] §-0]8t A7
Lo 2712 Yt p<0.001). £3], 100 pg/mL LF 235
O] 2AT L FANRALOE ARG 50 uM BHT 4&75<1

Table 4. The effect of butylated hydroxytoluene (BHT) on the
cytotoxicity induced by aluminum chloride (AICl3) in cultured C6
glioma cells

Incubation XTT assay (450 nm)
Concentration of BHT (uM) Mean+S.D. (% of control)
Control 0.184+0.024 100
AlCls (XTTso) 0.079%0.015 429
30 0.117%0.022 63.6***
50 0.146+0.012 79.37*

Cultured C6 glioma cells were pretreated with 30 and 50 uM of
BHT for 2 hours. The data indicate the mean=SD for triplicate
experiments. Significantly different from AlCls-treated group.
***p<0.001.

Table 5. The protective effect of Lonicerae flos (LF) extract on
aluminum chloride (AlCls)-induced cytotoxicity in cultured C6
glioma cells

Incubation XTT assay (450 nm)
Concentration of LF (ug/mL) Mean+S.D. (% of control)

Control 0.163+0.013 100

AlCls (XTTs0) 0.059+0.014 36.2

80 0.128+0.018 78.5%*

100 0.144+0.018 88.3***

Cultured C6 glioma cells were pretreated with 80 and 100 pg/mL
of LF extract for 2 hours. The data indicate the mean*SD for
triplicate experiments. Significantly different from the AlCI3-treated
group.

***p<0.001.
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79.8%%k2] 60%0] LA A o &2 VERItHTable 6).

6. Superoxide anion-radica (SAR) HMAHs &H

LF S5 ti3t SAR-4275 Z48S $13te] 80 pg/mLet
100 pg/mLY] L9 &= Al % 7247+ BAs A} 80
pg/mL FEE2] Ao A= AA o] 21.2%= Uerg o,
100 ug/mLe] A 2] of| A= 35.8% 5 e} o= R o] 2o
Hlste] o3t AASe 7 1%E}U*D}(jzxo.oon. E3),
100 pg/mLe] LF F5&9] AASS XL 08 AR
50 uM BHT 8741 75.2%¢2] 40% oVl A O LiebdTh
(Table 7).

7. NEIMHSKLP) 5

AlCLefl tiel LF S:2&50] LP] v|X|&= Je 2AR] 9]
Sto] AICI XTTsos =5 B All22o] A 2] 8}71 o] 80 pug/mL
¢} 100 pg/mLe] LF &= A3t 4} IF %8 80
ug/mLe] AH|ofAE= LP7) 81.4%% ekt T3 100
ng/mLe] X2 A% 62.7%= UeRdth, webA] LF 2559
LP 9 A1%5-8 225 80 ng/mLe}F 100 pg/mLe] A g]of| A zHzk

Table 6. The DPPH-radical scavenging activity of Lonicerae flos
(LF) extract determined at a wavelength of 517 nm

DPPH-radical scavenging

Concentration of activity (517 nm)

LF extract (ug/mL)

% of control

50 uM BHT 79.8%**
80 32,60
100 47.5%*

The data indicate the mean+SD for triplicate experiments.
Significantly different from the control. BHT was used as positive
control.

***p<0.001.

Table 7. The superoxide anion-radical (SAR) scavenging activity
of Lonicerae flos (LF) extract determined at a wavelength of 560
nm

SAR scavenging activity

Concentration of (560 nm)

LF extract (ug/mL)

% of control

50 uM BHT 75,275
80 21.2%%
100 35.8*

The data indicate the mean+=SD for triplicate experiments.
Significantly different from the control. BHT was used as positive
control.

***p<0.001.
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Table 8. The lipid peroxidation (LP) of Lonicerae flos (LF) extract
determined at wavelength 500 nm

Concentration of Lipid peroxidation (500 nm)

LF extract (ng/mL)

% of control

Control 100

50M BHT 73.3%%%
80 18.6°**
100 37.3%*

The data indicate the mean+SD for triplicate experiments.
Significantly different from the control. BHT was used as positive
control.

***p<0.001.

18.6%2}F37.3% & UEFG o 24 o]=
OJ3HLP AA 5 B Hp<0.001).
=8 AoAe Fddx

L5 o Roto] v]sho] £
£3] 100 ug/mLO] LF 3=
<01 BHTE] LP A=3%2l 73.3%

9] 50% oAk A B M‘#(Table 8).
n%
A= 71998 EQ}F QIR 7|50 AAH & Q18 5 5l AT
Q1 A3k °§947} oj gl H A% 21%/\1 o]9] YRIEAF9]
E

A7 WA ES] DE<l Co ghom
AlC F=5 27 Aot At &

F2ISHA| HAE| 9o o] ] XTTspgko] 128.8 uMellA] Liet
wioh whebad, ALCE BiSF C6 glioma Al o] Al E5A40L Let
W o o]= Borenfreund®} Puerner [21]19] AT 7] &0
e} 575 (mid-toxic) ] A 0= UESIT o] &2 oFA 9]
EX48 XTTsogke] 100 pM ©3e] A= 1E=ASFE 100~
1,000 uM o] Z7H=A(mid-toxic) 2. & 7F T4 sl ict.
15+ A3R= Verstraeten 5(22]0] dF0E2 HE5A4S Bl
oF A+ Ay, E3F Kim F2]0] 8ieF Al w Al 3] ot

/]7\ Koz ;\1]41\H_,_go]

rh

-l
<

AICI;®] A1 Ae] Thg 175319} AT, o]72o] AlC
7} BF C6 glioma Aol S41S el 2L& AICl7} A HE
o] SARE Fof AR U ASHLS WO
A A ke 28I AH23], T A 44949
TP QUISHE ZefSto] AlTELA] S UL 7L
ST A T = §IRINH24], T Boh= AlCK7F AR
uls} o g A ALSlA] Ao & oldh A EEAL U

o e %
g}

pan)
o

N
o
o,

(o]
— o
iy
pas

05 AZHETH2. WebA B Aol
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AICI3 9] Al 2=} Aboba] &7
E} o] E fIoto] HA FASHA| o] A<l BHTQ 2tz A AE

ZASE7] f18te] A o] 9521 20 uM H00 5 vl
*ﬂ-r-"ﬂ A2|8}7] Hof 10~50 pM BHT 21242 525 v o Al
3zof] A2 3 A Hy0,2] A 2]of| B|dko] B F-of ok Al 3248
EE&0 Z7FE YENITh 2 A9 Aol BHT] A&7}
H0.9] #J2]o] Hlsto] AlagEgo] fo8HA 571 A2
BHT7F AHrettd2 AAD 4 Qe Hilsks2 7HA AL Sl
= STgokaL Qlek. EO#? JJr—E KlmJJrJek’cﬂ (14]0] AH-=}]
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