ORIGINAL ARTICLE

Korean J Clin Lab Sci. 2017;49(1):8-14
https://doi.org/10.15324/kjcls.2017.49.1.8
pISSN 1738-3544  elSSN 2288-1662

The Protective Effect of Rosmarinic Acid on the Aluminum
of Dementia Inducer

In-Ju Jung', Young-Mi Seo?, Seung-Joo Jekal’

'Department of Cosmetology, Dongshin University, Naju, Korea
ZDepartment of Nursing, Seonam University, Namwon, Korea
Department of Clinical Laboratory Science, Wonkwang Health Science University, Iksan, Korea

X[ L9l 2d=0]=0| CHet Rosmarinic Acide| 3 51}

g Alch ok 4 €] ] 5}, 24 ook 2k ek, g n Aceha APy ot

o

To examine the protective effect of rosmarinic acid on the aluminum of dementia inducer, cultured
C6 glioma cells were treated with various concentrations of aluminum chloride (AlCls) or rosmarinic
acid. The cell viability, electron donating ability (EDA), superoxide dismutase (SOD)-like activity,
and inhibitory activity of lipid peroxidation were evaluated for the antioxidant effect of rosmarinic
acid. In these cultures, AlClz sowed a cytotoxic effect by decreasing the cell viability in a
dose-dependent manner; then, the XTTso value was measured at 142.2 uM of AlCls after treating
the cultured C6 glioma cells with media containing 120~ 160 uM AlCls. Therefore, its toxicity was
determined as mid-cytotoxic by Borenfreund and Puerner’s toxic criteria; while, vitamin E of
antioxidant markedly increased the cell viability on AlCls-induced cytotoxicity in these cultures.
This study showed the antioxidant effect of rosmarinic acid via several assays, such as electron
donating activity (EDA), superoxide dismutase (SOD)-like activity, and inhibitory activity of lipid
peroxidation. From these findings, it is suggested that the oxidative stress is involved in

AlClz-induced cytotoxicity, and rosmarinic acid was effective in the protection of AlCls-induced Corresponding author: Seung-Joo Jekal
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oY E(Meynert) 7| A1 0] A ZAFEIL oA th3£2]Q1 A4
shtolt}4]. £3], B-amyloid+= amyloid precursor protein
(APP)®] C-terminal fragmentZ} ZHb Al E]oA|(y-se-
cretase)of] &Jsto] Ze]A TR0l A 02 A] LQIHke] XX
ol T8 &S SITH5]. whebal, ADS] A 5.4 W o] Skt
2 B-amyloid®] AAIAE $Iote] APPL] thAL: secretase
O] & AR = ZHANA N EE 913 F=7ide] A+
7Fo]5o1 R 2L eH6]. ADE] HAYolli= B-amyloid 2]ofl %= apoli-
poproteing H|53F presenilin (PS), neurotrophic factor
(NTR)2F 22 of 2] Helso] 534 0 & Fhofskal QleH7]. &
<, AD9] ¥ 219 SR ]l AJAIE Bl =], EFr]
2 IALT|E vt #HRIEAR, ookEolv 54Tl

2 TR S = ARSI QlTk. 1y QIAlof S4E 73
- ADQ] v} g ot A o] Qekal AA|EHA] o] 9] ARl
EW%015 g5kl QITHE]. ool 4 e 22
T4 019 BIHAl AT EE AT R A
(Parkinson’s disease)= H|&8F AD2}F -2 A
IO R AAEHA, o5 Aeso] ARFA &/4Hoxidative
stress)Z ARt o] Qlrkal G A ofof gk A7k Al
o o= W @ =A HITHIL. AkeH4] &4 super oxide
radical (+O2 " )°]4t hydroxyl radical (*OH )T} Z-& AFAA}
G719 2Jste] uho] A& 7AkSKlipid peroxidation)E H]ES
o] N-methyl-D-aspartate (NMDA) 48-4] 2] ¥4 9l A| 32
W ahitol Ao S A ofjef 22 of o] Al ZE YA HIkE x
gl g A QeH10]. 22, oFg-AlEolu oA o=
AFLE BISRSH Y, O, Sl 2 A2 e el
AESo] v SHrEe] Qlokal BarE]ar QIeH11]. A%
£ 3 rosmarinic acid= A4 (FPerilla frutescens) 2 &2 HE
THLabiatae)oll &3h= AlZol A F=5= 4w sh=
polyphenol®] 4% 2 & &2 9JtH12]. Polyphenol-2 H|
EFY RO EA o] 59 BARE R A |(-OH)E 7HA 1L
o] v abgEate] Adeke o] Aoy wiiell FAFE v
ok 3ot e Soll 583 B5-S 7HA AL qlokal g A Stk
[13]. 181} rosmarinic acid®] SHakstof| dfet A= 1] W
o] Efo] QIA] ghr}. & ¢A+t+= AJufjel] th3t rosmarinic acid2] @
G A fI5te] Bt o] A WA EE AR ]
URFEA| 21 ST URE(AICL) 9] =37t o]of] thet rosmarinic
acid®] Gk A S SHoA] ARSI
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1. ez
=z

C6 glioma A3+ American Type Culture Collection
(ATCC, Maryland, USA)ellA] 124} o} ARg-5}3iT.

2. M| M=

2 Aglo] ARl rosmarinic acidE BIESE 1,1-di-
phenyl-2-picrylhydrazyl (DPPH), pyrogallol, ethyl alcohol,
Tris-HCl buffer (pH 8.5), linoleic acid, phosphate buffered
saline (PBS), trypsin, ammonium thiocyanate, dimethyl-
sulfoxide (DMSQ), vitamin E %! 2, 3-bis-[2-methoxy-4-ni-
tro-5-sulfophenyll-2H-tetrazolium-5-caboxanilide,
disodium salt (XTT)+=SigmaAKSigma Chemical, Saint Louis,
MO, USA)ol| 4] 4] 8153t} Rosmarinic acid] Al &= of ek
o[t} working solution®l] =1 Z¥Z} 10 uM, 20 uM, 50 pM %
100 pMO] Aol whEo] ARE-61 01, XTT= PBSE AR
Sto] 50 mg/mL FE2] AFHS ThE F Pokao] Yol Bt
T A Y BaskE A wiFH ol d7Fske] ARG

3. Vitamin EQ| Srlsls =X

Vitamin E¢] §48s 2ARE $13te] HI5-<1 C6 glioma
Al 20 pM H.025 A efst7] 2A417F Aol vitamin E7F 212F
10 uM3}+ 30 pME ZH2F ok wjokoof A A 2S5 X]2]et &
A EAYEEo] o3to] tiz-3) B ZARSFATH

4. AlC1s2| X2

AlCL37} 8 C6 glioma A3 ol] 1] X 3RS 2AKSH] ]
3} AlCIs7} 22 120 ~160 pM 552 F8H] jofoofl A A
X5 Rt the Aol osto] 2T} vl 2ARS

ATt

5. AlCI30f| CHet vitamin EQ| &

AICL;0] T3t vitamin EO] 3RS 2ARSH ] $Jote] vl C6
glioma A 2Z0f| AICI-E A& 8}7] 2417+ A of| et vitamin E7F
10 M} 30 pM s == 242} 3251 vl R oA A 22E vt

5 Mg oste] AICK2] A 2]} vlal ARSI

6. AlCL301| CHS rosmarinic acid2] ek

AlCLol| Hot rosmarinic acid®] QS Lol 7] 3o
AICIE vljoF Alj3Eof| H2]8l7] 2A17F Ao rosmarinic acid”}
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717} 20 WMTH 40 M2 SESHEL vjopolo] et 3 A EAEE

of ofgte] o] Fa AR

7. M2 HH

AIE2] Hjoke Park S{1412]
= ARkl A EE l‘%ﬂl 12 10% B o] S35 MEM Hi
ool o # 43} o ok A ES7H x 107/ wello] =] =% A
A }od HHO]:_Q_7] oﬂ /\1041;]. L7 0] AEE-L 7247 501 5%
CO2/95% air= 7)ol A vk T A ¥ o] A&t

Hol wha}, 0.025% trypsin

8. MIZMZEE(cell viability) £

Borenfreund®} Puerner [15]9] ¥ o] wh2t, C6 glioma Al
irof| of 2] Fo] OFAIE A 2ok th A E Aol Al 29 XTT 50
mg/mLE HIFE71 F 10 pLAE P2 F 44K 53 v gstel
t}, vijofo] 2k ¥ DMSOE ¥ Uh ELISA reader (Spectra
max 250, Molecular Devices, Sunnyvale, USA)E ©|-8-5}¢]

450 nmol|A] T E Z=H3}o] o] 271} v ZARTICH

9. MXAB0S(electron donating ability, EDA) &8
ARF01 2] 242 Blois [16]12] W ol ulel, HEkS: Als
o 0.3 mM DPPH H[&H-&-8-9 100 pLE 718te] 30871 X 2]
SIS}, A2 $h= 3 ELISA reader (Spectra max 250, Molecular
Devices)E ©|-§5F4] 517 nmol|A =5 S48kt AR
Foli5-& AR} A| BRI ol S MBS 1t
ERH O™, T3t vitamin BE] €4S A 202 slof v
ZAFSH
10. SOD-SAIZM(SOD-like activity) &3
SOD-F-ARHA] 278 Marklund & Marklund [17]2] ¥
of| whz}, Al gl Tris-HCl buffer@} 10 mM pyrogallol< 7}t
31 25°Cof A 104 53t A 2lstelet. X ¢hm & HCIR Wk
AlZ] Th ELISA reader (Spectra max 250, Molecular De-
vices)E o]8sto] 420 nmollA SFEE SA oIt 3ot
vitamin E& JAAHRTOZ dlo] Bl ZARIY o1, SOD-

AR A 47 547 1Ee] Afolof| ot wiEa = 5
ATt
11. XIZRSKlipid peroxidation) &8
A AT Kikuzaki&Nakatani [18]2] Sl whel, A]

F3.9mLE oflgHE&} TFskaL ofgh& o] 521 2.52% linoleic
acid®}0.05 M PBS (pH 7.0)&% 12.1 mLE 7F5ke] 40°Ce]l
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A 24A17F QT vl BRI, HjoF 2k - of &3 30% am-
monium thiocyanate= * 2|3+ 2 0.02 M ferrous chloride
0.1 mL 7Foto] Ao Al 3571 wh-g-stoict. vhgo] gh=d &
ELISA reader (Spectra max 250, Molecular Devices)E ©]-&
Sto] 500 nmollAl FEEE S0 SRS xR

ARESFA o PRI C R vitamin BE ARSI

12. SHXE

Al 2k o] gt 2412 SPSS version 12 (SPSS, Chicago,
IL, USA)ell &J5F%1 A mean+SDE FATSFGICE A=0fl SJ5
ol AL dH EJ&—E#( OVA)ll &fstalem p-value
7F0.05 ulvte] B9-5 Rol3t 2 0= sjoirt.
4 1

1. AICLe MEEH &Y

AICI 9] M= ZARE fIste] AICI7F120~160 uM &
= v FRo A Al 25 Helet At A els =
ojEAow *ﬂi L85 T HaAlF o, XTTsodt->
142.2 pM o1 A] %E}kkﬂ}(Table 1). 2 Al A AIC2] XTTso
Zrol 142.2 uM= YR © 2 A Borenfreund®} Puerner [15]
o] =47zl whet 21439 A O & Uit

i==4 7171 Zoly]
El

2. Vitamin EQ| & sts X

Vitamin E9] $4oks5 doti7] 91sto] 10 uM} 30 uM
9] vitamin EE 217} A 2|3t A3} 20 uM 2] HyO, T A 2] ]| A]
L AlEAZEEo] dixael 100% (0.362+0.02)0] H]3}o]
41.7%(0.151 £ 0.0 D= YERLTt, o]of] B]5ke] 10 uM vitamin
ES] Xl ol A= 80.1% (0.290+0.01) & LFERY o)1= H,0, T

Table 1. The cytotoxicity of aluminum chloride (AICl3) on cultured
C6 glioma cells

Treatment XTT assay (450 nm)
Concentrations of AlClz (uM) Mean+SD % of control
Control 0.324%0.03 100
120 0.228+0.02 70.4**
140 0.206%0.02 63.6°*
160 0.134%0.01 41 4>
142.2 (XTTs0) 0.162%0.01 50.0%**

C6 glioma cells were treated with 120, 140 and 160 uM AlCls.
The data indicate the mean+SD for 3 times on triplicate
experiments. Significantly different from the control.

**p<0.01, **p<0.001.

Abbreviation: AICI3, Aluninum chloride.



= Aol vlsto] §-oJstA F7FFATHp<0.001). E3E, 30
uMe] A 2jof A= A ZAYEE-0] 90.3% (0.327 £0.02)5 LiE}
HO 8 A o] JA| HyO, T A 2]of] v|sto] §-2J51A] 571515
CHp<0.001) (Table 2). £ A% A= vitamin 7} A&l 5=
of vlg|sto] PARRks-9] S-S HelEglom, £3] 10 uM &
T A= 80% o142 12 WA s YERITH Table 2).

3. AlCI501 CHEt vitamin EQ| FEF

AlC9] =AJo] tf¢l vitamin BS] J -2 Z2AR1H7] $13td Hi
&F M2 XTTso%ke] AICIE A efst7] 2417 Hefl 10 pMt
30 pM] vitamin E& 22+ A 2]et A3t AICI; @5 A 2o A=
Al EAEgo] 221 100% (0.297 +0.02)0f] vl 36.4%
(0.108£0.01)F eS¢ ¥|8}o] 10 uM vitamin ES] A 2]
A= 72.4% (0.215+0.01)F UER o]= H,0, B A 2o
vlsto] G281 S7F8FATH p<0.001). E3F 30 pMe] A ]
ol A= Al ELAEE0] 83.5% (0.248+0.02)F LFEFE O 24 o]
A AICK; T A 2]o] Blste] §-2J3k 5715 B rH(p<0.001)
(Table 3).

Table 2. The antioxidant effect of vitamin E on H20; in cultured
C6 glioma cells

Treatment XTT assay (450 nm)
Concentrations of vit. E (uM) Mean+SD % of control
Control 0.362+0.02 100
20 uM H202 0.151+0.01 417
10 0.290+0.01 80.1***
30 0.327+0.02 90.3***

C6 glioma cells were pretreated with 10 and 30 uM vitamin E
for 2 hours. The data indicate the mean+SD for 3 times on
triplicate experiments. Significantly different from the positive
control (H202).

***p<0.001.

Abbreviation: Vit. E, Vitamin E; H,0., Hydrogen peroxide.

Table 3. The effect of vitamin E on AlCls-induced cytotoxicity in
cultured C6 glioma cells

Treatment XTT assay (450 nm)
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4. AlCL30fl it rosmarinic acid2| Fk

AICLOl T3t rosmarinic acid®] ke go} H7] ¢}l
rosmarinic acidZ ZFz} 20 uM} 40 uMO] 3% & A| o] A 2]
ot A 20 uM Aol AlEZAEEEC] 51.8%= e
AlC; @5 A e]of vlsto] tha Z71eE 2 0 & LRyt o]
HJsto], 40 pMe] A 2o A= 63.9%5 WERL o]+ AICL T
A 2lof vlste] folgt 57 Brh(p<0.01) (Table 4).

5. MXZ0S(EDA) &8

Rosmarinic acide]l t3t HdA}g-ol5-2 Z74817] $fsto]
Z+ 20 uMIF 40 uM 552 rosmarinic acid Al 55 F-A4]¢t
¥} 20 pM A 2ol A= AR5 21.3% (p<0.0DE U}
o, 40 pM A oflAE= 39.5% (p<0.00DE Ueft of=
HE tfj2tof| vlste] o9t 57F8 B9t 3] 40 M 5%
oAl rosmarinic acid®] HAARg-o 5 AN 20 2 ARS-SH
10 uM vitamin E€] &3kQ1 77.1% (p<0.001)%+2] 50% o
ol A0 & UERTth(Table 5).

RN

Table 4. The effect of rosmarinic acid on AlCls-induced cytotoxicity

XTT assay (450 nm)

Treatment

Concentrations of

rosmarinic acid (uM) Mean=SD % of control
Control 0.305+0.01 100
AlCls (XTTs0) 0.130£0.01 42.6
20 0.158+0.01 51.8
40 0.159+0.02 63.9**

The data indicate the mean=SD for 3 times on triplicate ex—
periments. Significantly different from the positive control (XTTso
AlCl5).

**p<0.01.

Table 5. The electron donating activity (EDA) of rosmarinic acid
determined at a wavelength of 517 nm

Treatment EDA (517 nm)

Concentrations of

Mean=+SD % of control

Concentrations of vit. E (uM) Mean=+SD % of control rosmarinic acid (uM)
Control 0.297+0.02 100 Control 0.258+0.02 0
AlCls (XTTs0) 0.108+0.01 36.4 10 uM vitamin E 0.059+0.02 77.1%*
10 0.215%0.01 7247 20 0.203+0.04 21.3**
30 0.248+0.02 83.5%** 40 0.156+0.01 39.5%%*

C6 glioma cells were pretreated with 10 and 30 uM vitamin E
for 2 hours. The data indicate the mean+SD for 3 times on
triplicate experiments. Significantly different from the positive
control (XTTso AlCls).

***p<0.001.

Vitamin E was used as positive control. The data indicate the
mean+SD for 3 times on triplicate experiments. Significantly
different from the control.

**n<0.01, **p<0.001.

Abbreviation: EDA, Electron donating ability.

www.kjcls.org
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Table 6. The SOD-like activity of rosmarinic acid determined at
a wavelength of 420 nm

Table 7. The effect of rosmarinic acid on lipid peroxidation
determined at a wavelength of 500 nm

Treatment SOD-like activity (420 nm)

Treatment Lipid peroxidation (500 nm)

Concentrations of

Concentrations of

rosmarinic acid (uM) Mean+SD % of control rosmarinic acid (uM) Mean=SD %o of control
Control 0.274+0.03 100 Control 0.346+0.02 100
10 uM vitamin E 0.431+0.02 157.3%%* 10 uM vitamin E 0.130+0.01 37.3*
20 0.319+0.02 116.4* 20 0.262+0.01 75.7%
40 0.357%0.01 130.3*** 40 0.202+0.02 58.4***

Vitamin E was used as positive control. The data indicate the
mean=SD for 3 times on triplicate experiments. Significantly
different from the control.

*p<0.05, **p<0.001.

Abbreviation: SOD, Superoxide dismutase.

6. SOD-SAFZA(SOD-like activity) 5

Rosmarinic acid A& tidt SOD-F-ARH 24 o] 3lo]
Al 20 uM FEA 2o A= SOD-FARE/] S t 2ol H] st
116.4% (p<0.05)% Uepged, 40 uM sEAolA=
130.3% (p<0.001D)E YERL} o]i= FL5 t R1tof] u]ste] §-9]
SHA 718 A 0 & YERTh £3], 40 pM 5 =2] rosmarinic
acid Ao A&= FAAH 22 vitamin E 244k 157.3%
(p<0.001)9] 80%2}t A 2] 553t gt= UEtRITH Table 6).

7. XI= 1 Klipid peroxidation) £

Rosmarinic acidof] thgt A &apatake] ZAte] glofA] 20
uM 552] rosmarinic acid A 2] o 4= A A IS o
of vlste] 75.7% % WP om, 40 uM =4 2ol A= 58.4%
T B Rt zgtof] HISto] o] ok A UERiT wtbA,
A AT} A5~ 212F 24.3% (p<0.01)2F41.6% (p<0.001)
B H5 FOloHA Z7F6FAE E3], 40 uM F A 2ol A= %
e 242l vitamin B9 /3441 62.7%2F 9t gk Kol
tHTable 7).

mak

i

AICI3 2] AL 9] ZAMf| A AICTs+= Bl C6 glioma Al
of A2t s ieof HlHSto] Al EZAYEE-S FoJsHA AR o
2A =48 E e ™ Borenfreund®} Puerner [151€]
ST 7| S ot} Sk Ao UEHT & A
Ai+= Crapper -5{1910] ¥ Z2A]of 2]t dFnfgo] A7A|
Y A7 AR ESRE B oA AlEsAdE etk
L5 A1 Han “5-{20] 0] Dol AICIE A 23t A} 7Hart
ol 4134 548 etk 1730] Aol QXBsi

“
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Vitamin E was used as positive control. The data indicate the
mean+SD for 3 times on triplicate experiments. Significantly
different from the control.

**p<0.01, **p<0.001.

chaldoh g A o &=
Zgo|u} = DNAY RNAS -2 A2 o &/4tof o3t FoF e
Zhave 2= QA1 T Bk gFu)Ee] EA4do) Ak}
A &4} 71 T o] Qlk= Ae a1 Wj[22], oukE AlCk
of SJ%F A2 BpATR} 3 A O] SAfo|ut AP A o] S A
o} 22 ¢glo] B & A 0 & A7t o] T2 o] o] SRR
A B A 0| A AICL] Al EEAJ o] SFAFSIAI ] vitamin Bl 9
sto] ZAE QT APt o5 SrEskal Ut
ShH, vitamin EQ] GAISRs 2] QlofAl, Ap-atti o] o
Fo] IS A(H00)0f et vitamin EQ] A 2]of| A vitamin

E= A efet w0 vl#|sto] HyO& &4 AZEES
OJSHAl S7HA1 2 2 H(p<0.001), E3] 10 uM =X o A=
80% ol =2 Aks-S UEItHTable 2). whbAl,
vitamin E7} 72 ek A2 0] 4591 Ha0,0] =72 o]
oo 2 A B Al A ASslom Eel o] e SAR
L= Vatassery [23]¢] 23}l vitamin E7} vitamin C2} 2] pero-
xynitrite@} 22 =40 7ot At A A A= Fah
A& YERItk= B Cho S{24]°] ARfahe] 2l xanthine
oxidase (XO)= &4 AZAYEES vitamin E7F 5-2]5H
73R $19t A3HE0] vitamin E7F 78k oFASkA 2t

Aol M AIC1;2] EAdo]l tit vitamin BS] 8RS ZAISE
A3} vitamin B= AlCK 9] 54 F-30HA Wolgh A o= et
HORM AICK O] =A4Jo] ARsHA &4t o] Sltk= e &
o= UStt. EFrlE2 A -3 (blood-brain barrier,
BBB)= “5-ote] HA| o 44 2| Bl o] - Al
Ayo] AbalA] At ofgt 79 AICI 7420 | -2} Zho] A&
2H] 2 A Asto] Alaze] 23 ks FUAVH25], T oAt
ShAol] &81= BPAl} A0 7|5 A IV AR G Aol S =

o0 5 HTAEE REOI3E TR0l 2 A0 R Az
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oA, AICI2] EAJof| Hi3t rosmarinic acid] gkl

ZAF Q11 A rosmarinic acid7t AlCL 9] =432 Hofs)
t], o]= ol rosmarinic acide] Ao Galkso]
polyphenol & o]Fo14] 3lef[12], o] & QIsf| AlClsofl 2]t
O} SRS Holdt Ak A 0 2 AY7HE T o] 22 o] -9

A Lee 512619 2J8fl rosmarinic acid”} &4 (re-
active oxygen species, ROS)o|U} A4k (nitric oxide
species, NOS)¥} = A-feft) 2 A A St - Kt
7} o]& 5189l =37 )t} Polyphenol flavonoidt isoflavone
I HisoleEe] AF 0 8 BA Y o] $24H7]|(-OH) 2
2180 & Qlsto] 7ot At s F Ao B A JAISHE HI et
ol ahmat 22 fadh Aej 84S 7HA AL itk o
A QJEH27). $loflA] Al ulel Zho] rosmarinic acid vitamin
EX® -39k hatols it opu 2} 7L Htoll e 3l ARg-ofl ke B
A3k g50] 9lom, o]o] JEEo] WIER (mints)9h 2 51 E.
of| thef ohfrEl o] Qlo] ZHHSHAMN & AHsHA = 4= A=
ol&o] 9lt}. B2-o] rosmarinic acid= HAAE o2 A 7|1&
O] sfstx| g A|of| H|sto] Qb Bte] FAl-Go] glom Eol 85
o] HoUth= A o] QleH12]. whebA, B Ao Ai= rose-
marinic acid®] @Atelsof tiste] gol Bk,

WA ARREsoll tigt RARIA 20 pMIF 40 uM9
rosmarinic acid A& ol 4] thz=to]] B|ste] 3-f-50] F-2J5H
=7 Y0 2 A] rosmarinic acid7F AHEHH 2 Al S-S &
7} Q3-S Tol 01 Q. o2 -5 A= rosmarinic
acid®] 4% polyphenol ¥t g2 gHAlsls-o] 733t AJH-2] o
FQ Ao g AZHETH28]. & A= Osakabe [12]4 Lee &
[26]°] rosmarinic acid®] AH-f-2HH 2 A Ao A1 2k}
A5 Hargt A+t Aot Aot AAs-olE 574
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XJul-3-8EA4] 91 AICL o]l B3t rosmarinic acid®] G¥F 2ot
H7] $15te] w221 v C6 glioma A2 HiFet 5 A3
R8-S v]53E MARo5{electron donating ability, EDA),
SOD--AFA (superoxide dismutase-like activity) 3 2|2
IH4F8Klipid peroxidation) S Als= ZAFSHITE, 2 ol A]
AlCL= Ml Al 2o ke o4 0 8 N FAEES it
lsto] §-of5kA AR 2 A] M| 2540S YERITH 3,
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