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The Comparison between Hot-Water Extracts and Microwave Extracts of
Scutellaria radix for Antioxidant and Neuroprotective Effects
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Abstract — Microwaves are non-ionizing electromagnetic waves of frequency between 300MHz to 300GHz and positioned
between the X-ray and infrared rays in the electromagnetic spectrum. In recent years, the use of microwave for extraction of
ingredient from plant material has shown remarkable research interest and potential. Scutellaria radix has been used as a tra-
ditional medicine for a variety of diseases. It has been reported to exert beneficial health effects, such as anti-bacterial, anti-
viral, anti-inflammatory, and free-radical scavenging. Oxidative stress or the accumulation of reactive oxygen species (ROS)
leads neuronal cellular death and dysfunction, and it contributes to neuronal degenerative disease such as Alzheimer’s disease,
Parkinson’s disease and stroke. In this study, we aimed to compare the neuroprotective and antioxidant effect of Scutellaria radix
extracted by different methods using hot-water extraction (SBE-DW) or microwave extraction (SBE-DW-MW). As a result,
we first examined HPLC analysis of hot-water and microwave extracts of Scutellaria radix. The hot-water and microwave
extracts of Scutellaria radix showed the discernible difference patterns of HPLC analysis. Microwave-water extracts of Scutel-
laria radix increased DPPH radical scavenging activity more than hot-water extraction. Microwave-water extracts of Scutellaria
radix also showed neuroprotective effects and ROS inhibition against glutamate-induced oxidative stress in mouse hippocampal
HT22 cells, but hot-water extraction not showed. In addition, the phosphorylation of MAPKs induced by glutamate insult was
prevented by microwave-water extracts of Scutellaria radix. Thus, these results suggested that microwave extraction can be uti-
lized for improving the extraction efficiency and biological activity of Scutellaria radix.
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HopANT 2 8AS] Fgl QoiA 71 7120l H= el

Ppe AALZVE §8 HES B A 22
Holul, F2 Aol 18 FHPHE AL rh. 1)
U A5 Sl 4G FE0) gAe] hawy FE

Pl FE&o] HWrhe @] ¢
317] Y8l Hodle nlo] AR o|HE o] &3l F= wpHo
th3 A7} 2ol X ek nolagvhe Falr
7} 300 MHz~300 GHzR! 27195 ahs EAll ZALe]
H Y A5 BHES fiesi] 553 7S
AT E4S 7H AFe] =8, slE, A=, w4, vR|
7], At 59 o Fopol AlgHT? rlo|azgo|BE
o] 83} 3=Z(microwave-assisted extraction, MAE)S &2
o] 27 QEuks Melzo g sldsle] 53 5 Qv
E Aol v @321 whgeltt”) B oM & vlo]
AZg o8 FE3 7] dvt 7HE FE3] Aol H]
Rk A = e

n| g2 glo} o] Akslskel g4, o) dldl =&
HAM| 3| e 283l &FA 2= AR e oy &)
2 5ol o) AA Well= g4 AFAF (reactive oxygen
species, ROS)o| A ETh &4 4hago] Ui Bol A4
HAY kst Al2Hle] 7)ol AslEe] S Akl A
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24 thgtekef=el A SUSHFHEE d3) AFoE 7
sto ARE-SFAT

Alek 2 717] —~DMEM HIR|9} trypsin-ethylenediaminete-
traacetic acid(EDTA)= Gibco LaboratoriesAFoll A 13814
© ™, fetal bovine serum(FBS)= Hyclone LaboratoriesA}l|
A 43I} L-glutamate, Trolox9} 3'-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide(MTT)= Sigmar}olx]
TU3FATh 96-Well tissue culture plates®t 7]1E} tissue
culture dishes= NuncAl A& o] &3t SHF ==
BioRad*}2] Microplate ReaderS ©]&-ato] =43} t}.

g3 71d F&E2 0o|3=Hol2 F&EE M=E - S+
10g2 = 500 ml= 80°CelM 15% &% 7HF20d &
=7 80°C =Y F 1SSt oS Y w5l =
2 719 22 E(SBE-DW) 2.533 ¢(25.33%) AT}, &
gh S 10gS & 500 mIgk 37 H)F ol Wil BjA SiF
2 HoE e & 7S Eerh ol W, & 500 mithe
=2 T 3 FoL, mpo] Az 0] B (2,450 MHz)E ©]
B3l 158 FESL ANES Y $FS] S & vpol
(SBE-DW-MW) 3.801 g(38.01%)& &
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E
z
o
o
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HPLC B4 — & AollA ARge 8= & 71E 55
(SBE-DW)3} wlolaZgo]H F& E(SBE-DW-MW)>
HPLCE AM&-3te] Fhy Adie] elS 4181t AMe-gt
HPLC X+ YOUNGLIN-YL9100(Younglin, Anyang,
Korea) ©|2.2™, ZH-S Shiseido Capcell Pak C18 column
(4.6x150 mm, 5 um)<= AHE-3FATE ©] 572 MeOH(UT
Baker, 9=1)7} WaterS ARSI oM, &5+ A0S
o, 452 9 0.7 mlo|lth AZvETHLS 254 nm I}
ol AZEstAnh o] EEE= 10% MeOH[MeOH:
water(1:9)]°141 100% MeOH2| A O= 5047+ HSIAIA
t}.

DPPH Radical 27184 &% -22-diphenyl-1-picryl-
hydrazyl(DPPH) radical 2271842 Malterud®] *g ol w}
2} =33tk DPPH € (45 pg/mL methanolyg 7}2}+2]
FE =3 ¢ ths, ELISA microplate reader(Bio Rad
Laboratories Inc., California, USAYS AFE31] 515 nmellA]
FFL AAE SE HHo =7 3087 =43 Free

Table I. Comparison between the extract amount or yield of
SBE-DW and SBE-DW-MW

TEH@  T5E%)
g= 7t =&
(SBE-DW) 2.533 25.33
g3 nlo]AZgo|H FZ 3.801 38.01

(SBE-DW-MW)
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radical scavenging activity(%e)=(1 — A& H7t TF=AE
FH7F S35)x100 2] 02 T3t}

HT22 MIZHiQF Y & MZE HESEM S - AF v}
21 HT22 MAEZF+E= Dr. Inhee-Mook(Seoul National
University, Seoul, Korea)2 -8 #Fslo] AREsI3leH, &
FEHO|ER 544 st A2 gigt g =4
& A T w0 wet AXEi). 1ekslAl s,
HT22 Al Z(2x10° cells/well)Z 10% heat-inactivated FBS,
penicillin G(100 ITU/m1)2} streptomycin(100 pg/mlyS $H3gk
DMEM #jjR]ol| #3131 5% CO, 7] WellA 37°CelA
24X171 kst U2, Z2ke] AlE 9(5, 10, 20, 40 pug/ml)
3 5mM GlutamateS #2138k §- 12417+ 5<F 5% CO, ¥l
F7] WollA mjgsislon, MEREES MTTHS 283t
o] ZH3lon, FYHEFEZE Trolox 50 pME AR
stk e BE APAE tixae gt AZREES
mean+S.D.E FA|SIOH, 72t 33] WhE HAFA|E o]
sted ALk

ROS &H - uj¥¥ AXZE PBSE A3 ¥ 10 uM
2',7-dichlofluorescein diacetate(DCFDA, 35845y X3$ol=
Hank’s balanced salt -§-2¢] 304 5<t SHAolA] wEgSH &
A|3E2] &334 (SpectramaxGemini XS, Molecular Devices,
Sunnyvale, CA, U.S.A.)E =7 gt}(excitation wavelength:
490nm; emission wavelength: 525 nm).

Western Blot Analysis —HT22 A 35 60 mm dish®]l
3x10° cells/well F=2 2477k W F3HF zH2te] A8 S &
=2 XsIsict. HT22 Al RIPA buffers 371t of
2, 4°C, 14,000xgoll A 2587 ARSI A5e FHE
o &A T T Y22 BSA Tl Ay J|EE o]&3
R Z}7Fe] A|BZE 12% SDS-polyacrylamide gelol|X 3%
33 Nitrocellulose membrane(NC membrane) 2.2 7 A}5}
Atk HARE NC membrane2 5% FAW7F g 414
St blocking buffer(0.1% Tween 20 in Tris-buggered saline)
oA blocking@H5- p-INK, p-p38, p-ERK, JNK, p38, ERK
antibodyE 1:10002.2 3]A3le] Yl 1A)7F &7t RESAIH
o} thA] 22 QTE]H}T](Anti-mouse, Anti-rabbit IgG)E
1:10002.2 3]Aste] ¥ [A]7F 52t §Eg-3F v, ECL
g2 1:12 2 4ojA] NC membraned]ol] F-oA] &gA|
715 GAollA XM e 1hRge & etk 22 W
WO = Actin antibodyE ¢85t Acting 43},

SAXNE - 2 FAAZ = GraphPad Prism,
version 3.03(GraphPad Software Inc., San Diego, CA)<
ARESIATE 7t Ao Ade H A9t BEFeAE U
wilen, 7t A3 7k A= ANOVA tests ARE-slo]
3L FolA]l 2ol e Aol tisiA Rt A3

o} AEE 74e] ZJolE 95% FE(p<0.05)°14 F2lA 2L
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o ZRE A E v FES B 2Fe] FEWYPOZ AL
Sxo] WHE 3 W7 FE(reflux extraction) W o]
Ao} 13] FEsh=t 2817 o)de] 71 AZRE Qe o
o] AT, o] Hlste] mlo]AZ 9 o]H 5 WY
2 SIS ARESl] A7) ks EES 2T
= olFo] &HA om mlo|ARS o] HE ARG BN
ARl 7HEo] 7hsstal &2 ol Zlo] &g nle|=
Eeo|Br} FAke] AT AElE BolwloEA A =
o] 7FeteE wolttt. o] 72 Wi Rzt
WS HIRE 7|2 FERREL FEE80] & Al
2 By H3 Jup P B dgexe) AgelMe 8 10g
< £ 500 mlE ©]&3te 71E FE3 vlolARSo|H S
=5 39S v, 719 F5E(SBE-DW) 2.533 g(25.33%)°ll
Hgl mlo]AZ9o|E. FZE(SBE-DW-MW) 3.801 g(38.01%)
o] B ¥ FERES Bt Tk 5] dvk ke F
3 vlo| AR ol BE &85 FEE ] EF 74 A4
9] 2}o]Z YolH 72} HPLC chromatogram #4202 &
ol SHEl A4S WAL siAThEFig. 1) 2 A% g2 = 71
FZEE(SBE-DW) F8/3%-2] HHFE Al7H(retention time)>

r
o r
30, B

¢

=
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40221 WHA, mlo] AR g)o] B 3Z=(SBE-DW-MW) &
AE-o] HFE Al7H(retention time)S 27O & LIEFGTE
o 7

T FEES 2 BN 21494 AR o peak dES B
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Fig. 1. HPLC chromatograms of the SBE-DW (A) and SBE-
DW-MW (B).
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sovf o) s 3ol Aol7t 9

/\)\——U:] T= o — u‘PF o
&S AASATE FF ATE 5ol 2 4R $Rlo) 2

[e]
o)
8% Ao® Al Hrh

o2 3+ & 71 FZEE(SBE-DW) rlo]AZ4o]
FZE = (SBE-DW-MW)2] gt Zfolel] up2 &4 H
ATE FYstaAt At B/ TFS she AEA
2 Yol Ak EAH0)E A U2 Wolee] nER
glo} Wo] skl §4A) e 9% 3o =2 W
Al ofsf), 2E|al oA 0B WA e oy &
e 5ol 93l €49 A5 (reactive oxygen species, ROS)
T} ZW ROS7} @ol A= AL gitks) Al2=H]
7150] AstEHA A e] AbstAle} itslA|e] B+
o2 <lg| 2HakE ~E#X(oxidative stress)’} LU E
AW FesA 2HEE AR E AE v

01 & fFastal T, 34 FHe Fa3 dle=w
By Fo] 9} wetd, $F B 719 FZE(SBE-DW)
3} vlo] A 2902 355 (SBE-DW-MW)2] DPPH radical
2755 v &haLat siditk(Fig. 2). B9 = 1Y FE=
(SBE-DW)< 10, 50, 200 pg/ml 5 =2 2 s0S ),
10.3, 15.2, 52.3% DPPH radical 27152 X o}, 3=
5 npo] IR Y o|H FEE(SBE-DW-MW)< 10, 50, 200
ugml F==Z 22 HS o 159, 51.6, 90.6% DPPH
radical 2255 RoJM 202 ARSSH vitamin C2F &
AYel 27155 B 3ith. DPPH radical 27158 ¥w23k 2=}
3= E vlolazgo|E FEE(SBE-DW-MW)°] 7}4 3
Z=(SBE-DW)ll H]&ll & ¢t DPPH radical 2715S
HelTE S gl STk

Aol] WG DA e AkshA] REHAES fds)

M Rl

1o dlo oo 18 (0
N gy
I ox o

o

<k

Y
¢

kv [e]
AT e dxsjol] FFE, RIS FFE, A9H
FFET RS FF AAA HYY HAR FRH 8
Q1o delA glow, 1 F FTeo|Ee] g A5

DPPH radical scavenging
(% of inhibition)

10 50 200 10 50 200 10 50 200 (pg/ml)

Vit. C SBE-DW SBE-DW-MW

Fig. 2. DPPH radical scavenging effects of the SBE-DW,
SBE-DW-MW, and vitamin C (positive control). Each value
represents the mean+ S.D. of three experiments. *P<0.05 vs.
control.
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ZEY AR FUEE HAE 42 Fad HASke] 8
3 glog RyEY Qg P Asla AEg 2 3 &
Aol 7107 275 H B4 (Excitotoxicity)o] L3 7]
A F R dEA =t ol Ht #H]E glutamate 5

A ZME AP (neuronal cell deathye] LoJupA & 2
FEMO]E= central nervous system(CNS)<] thz 2 <l
B AAAY BAZ Al 2o)Ae) A4, T 4
I A g AE, dsold S5 2 719Y Foll F83 o
&g gt} ol st A AR 75w Eslal SFEM
|E9] FAo] AAARZ &4 FAY & - 7 H34
AR ity deA dg? FFE o eV} &
Tk A7 AlE &4 IA F 7R 290 e, &
FEO|E 8R40 At Sl ofgh 5495} 8¢ vi
Qlo] Aksld AEYAS s £4S T Aol
Aol AR AJF 9 sllelael AlZFQ] HT22 MEF
FEHO|E 837} 9l NEFEAN FFEolE
A A2 wf 217850] ofd sbslA ~Ed X~
sto] ME7F S48 jrom, skshA ~EF AR Qg
HAZ AT JoA {83 HFARAZFS] shto]
ol 4ksh AEHARERY ¥ BHE EHS Fol 1
1S dslele B A7 18 Ha ok wehA, &
M= = E 7MY FEE(SBE-DW)H o] A2
FZE(SBE-DW-MW)2] AF <] slulta] AlZ521
HT22M| ZEol| A AFsld ~Eg 2o tigh BE &3 H|ws
SRR ST WA HT22 A2 3 & 71 335
(SBE-DW)} mlo]A 2 go|H. 255 (SBE-DW-MW)FHS: 7}
7t A S W AlE F40] YeheA v Bttt
(Fig. 3). 2 A3 F 325 25F 200 ug/ml =7 AE
=48 HolA] ¢Shth(Fig. 3). Wb, B8 A2 200 pg/
mlE 3 FEE 319 st 502 FFEM 0| ER
frasle HT22 Al =430 &= = 719 525 (SBE-DW)
3} npo]l AR Y o] H FZE(SBE-DW-MW)2| B35 a3
HaL S BarA} Sl h(Fig. 4). 2 A3 S & vielaz4]
o]H. FZE(SBE-DW-MW)Z- 10, 50, 100, 200 pg/ml &%=
2 AAE 39S v 2% a3t S7KFig. 4B)sh= Whd,
g 5 719 FZE(SBE-DW)S 10, 50, 100, 200 pg/ml
FEE A2E S W BIEHE HolA PAUTHFig.
4A). T3 FFEMo|ER fksl= HT22 Al X4 9] ROS
A A g T B & 7HE 52 (SBE-DW) &
A 2371 YRAATHFig. 5A), FF & vlo|AEYo]H 3
ZE(SBE-DW-MW)2 5% ¢F2 02 ROSAHAS A
3 thH(Fig. 5B).

sl 2B 2E 23 U o] 2EH 2 Q152
mitogen-activated protein kinase(MAPK) HEAE A=sl=
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Fig. 3. Cytoprotective effect of SBE-DW (A) and SBE-DW-MW (B) in HT22 cells. Cytotoxicity was assessed after 24 h incubation
period with indicated-concentrations of the SBE-DW or SBE-DW-MW. Each value represents the mean + S.D. of three experiments.
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Fig. 4. Effects of SBE-DW (A) and SBE-DW-MW (B) on glutamate-induced oxidative neurotoxicity in HT22 cells. Cells were pre-
treated for 3h with SBE-DW or SBE-DW-MW, and then incubated for 12 h with glutamate (5 mM). Each value represents the
mean + S.D. of three experiments. *P<0.05 vs. control.

A 250 B 250
€ 2001 € 200 .
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Fig. 5. Effects of SBE-DW (A) and SBE-DW-MW (B) on glutamate-induced reactive oxygen species generation in HT22 cells.
Cells were pre-treated for 3h with SBE-DW or SBE-DW-MW, and then incubated for 12 h with glutamate (5 mM). Each value rep-
resents the mean + S.D. of three experiments. *P<0.05 vs. control. Trolox (50 uM) was used as the positive control.

Adste] AE Y §H2-8 Frdlsd =23 I8 3y signal-regulated kinase(ERK), p38, c-Jun N-terminal kinase
AL 9, 3, 2o 2 AL AP S O 3R 20 NK)E AV familyz PR 421 shekel A
Hoele HE2 A Utk MAPK A9 extracellular FEFR0 HT22 Aol SFEHo|ER st A2 &
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SBE-DW-MW (ug/ml) - - 10 50 100 200
Glutamate(5mM) - + + + + o+

p-p38

p38

p-JNK

JNK

p-ERK

ERK

Fig. 6. Effects of SBE-DW-MW on glutamate-induced MAPKs
phosphorylation in HT22 cells. Cells were pre-treated for 3 h
with  SBE-DW-MW, and then incubated for 30 min with
glutamate (5 mM). MAPKs phosphorylation were detected by
Western blot analysis, and representative blots of three inde-
pendent experiments are shown.

2} 719l MAPK AEA)7F 83 A= a4 o™
webd, AlE B3 g7kl ROSAA oA &3t 93 3
= & rlo]azdo]E FEE(SBE-DW-MW)°] MAPKY
v Gl disl Lot Both 1 A3 FFEp o] E
ol Z7¥8P p38, INK, ERK| ¢4k} 8 & mlo]=
Z9Jo]H. FZE(SBE-DW-MW)S 55 H2 A 5%
< o, p383 INK®] QI4Hs1E A 319 ERKS ¢14F
3} Aol = SIS FA FUTHFIg. 6). WA, S= &
nlo] A 2902 :&E(SBE-DW-MW)2] ZFE}H| o] E9
i3k HT224H| 223 7%= MAPK 7= 7184 p38s INK
o] QIS AAIFHS Tl UEhS Ao R Als Hrh o}
A, B AT A3 S5 E vlo]A2go]E FZFE(SBE-
DW-MW)2 3= & 719 $Z55(SBE-DW)l vls| 9 =
S FEES H3oH, ¢ 55 st 9 A He &

& YRt
2 =

B Apoxe 7] B 719 FZE(SBE-DW)I 1o
A2 o|H FZE(SBE-DW-MW)S A| 25| FEHH0
e A AR 2po], 1o WE fa 4 Aols Hw
w2} Btk o) B 71 FZE(SBE-DW)H Hlo]
A2 o2 FZE(SBE-DW-MW)2 -4 vl 248
213+ HPLC chromatogram®-2JollA] M2 o2 sels B3]
o, 37 B 71 FEE(SBE-DW) ]3| vlo]aZ9)o]
H FZ=(SBE-DW-MW)?] F55°] ¥ &tk E3,
DPPH radical 274%, SFEH|0|Ed]| |3t B4 o 2 RE
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HT22 |22 3S 2 ROS AAHHGA &3 nfo]az2go]E
FZE(SBE-DW-MW)°| -3 th. o9} 7+ HT22 Al
¥ ¥3% 9 ROSWAIAE MAPK 4= 712 p38Z INK
o] QIS Aol o3k Ao = Wtk Hr}, o]} e A
TAT= FF B FEES AR A5 7E K 2=
o Bla} wie]ARo|H FE& o]&sh= Zlo] T 3%
ofg] A EHE IS F IS HAFE 7|Z2AA AF
ZAE AXeke AR, 5 TR 7Hed AolE B
ol F& Adite] AHE v At HePElojor F o
Z AlsE)
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o] =2 20129 % AN (@S e )] Ades g
HAFA T A hg ol e E A7 Y TH(No. NRF-
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