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Anti-oxidant Effect of the Ethyl Acetate Soluble Fraction
of Sophorae Radix in H9c2 Cells

Kang Beom Kwon, Eun Kyung Kim, Yang Eui Lim', Jong Ha Park’, Yung Sun Song',
Hyung Cheal Moon?, Do Gon Ryu*

Department of Physiology, 1:Department of Oriental Rehabilitation Medicine,
2! Department of Acupuncture & Moxibustion, School of Oriental Medicine, Wonkwang University

To test the cytoprotective effect of sophorae radix (SR) against hydrogen peroxide (Hz0)-induced cytotoxicity, we
investigated the cell viability using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay in the
presence of ethyl acetate subfractions of SR water extracts In H9c2 cells. And to clarify the cytoprotective mechanism
of SR extracts, we evaluated the cellular glutathione (GSH) contents in the presence of subfraction 1, 2, 3, and 4 of
SR ethy! acetate soluble fractions. Among 1~12 subfractions of SR ethyl acetate soluble fractions, 1, 2, 3 and 4
subfractions have an efficacy inhibiting the cytotoxicity induced by H,O» in H9c2 cells. Also, the protective effects of
1, 2, 3 and 4 subfractions of SR ethyl acetate soluble fractions resulted from the anti-oxidant effects. These results
suggest that ethyl acetate soluble fractions of SR water extracts is effective in the prevention of H:O:-induced
cytotoxicity and 1, 2, 3 and 4 subfraction of ethyl acetate soluble fractions possess the anti-oxidant component.
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a, ME40] A4H2 HemocytometerS AME313 20 ¢lulz
L&l&u| 4 (Inverted Microscope, Olympus IX-71, JAPAN)2 A}
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Sophorae Racix (100g)
extd, With H,0 filted.
evapd. In vacuum
H.0 extreact (1009)
extd. Wth
methylene chloride
filed, evapd. In vacuum

Methylene Aaueous layer
chioride exid. With
{1.989) ethy! acetate

filted, evapd.
In vacuum

Aqueous layer

Ethyl acetate fraction (4.69)

extd.With
n-Butanol
filted, evapd.
In vacuum
n-Butanol )
fraction H2%5fg%%t;on
(33079) :
Sllica gel
r | .
EA-1 EA2 EA3 EA4 EA5 EA6 EA7 EA8 EA9 EA-10 EA-11 EA-12

20mg 14mg 22mg 22mg 27mg 25mg 2img 22mg 21mg 36mg 22mg 33mg
Fig. 1. Extraction and fractionation of Sophorae Radix
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1) 52 ethyl acetate(EA) subfraction #1~#4 22 &9 Yoig
EE EA slica gel column BEE % subfraction #1, 2, 3,
4(SR EA SF-1~4)7} hydrogen peroxide(H.Oz)0ll Q& Z4dlk=
HO2 M WEZo) tist Yolang JESP] Aok 2504 M
HO0 le&EA1717] 3AIRY Holl #2E 25, 5.0, 10, 204/ me SR EA
SF-1~4 RS 2|3 = ME WESS MIT Lol 25}
o ZARBISACE I A1 25, 5.0, 10, 20pg/m¢ SR EA SF-1 23 &
g Azt 29 AME HESS ZZE 722, 83.5(p<0.05),
87. 0(p<0 01), 90.9%(p<0.01)E VIER} H0:0t Az)ét 720 M=
J&8 55.5%0] HlIgt] RSt E7H LERE SR SR EA SE-2
g A Y HE HYEES A 612, 667,
5(p<0.05), 92.2%(p<0.01)F LVIER} HORE ME|st 9] A =Z
Z& 529%0 H1gld |3t E71F VERICHTable 1). E3}
SR EA SF-3 BEZg #Hdt 29 Az 4EE8S 47} 797,
80.9, 87.9(p<0.05), 90.8%(p<0.0E IERIHO2F HEISt 29
Mz YEG 57.7%0] visle] F9¢ E7HE UERISH SR EA
SF4 BEIES HEIs 79 ME YESS 717} 751, 734,
86.2(p<0.05), 89.1%(p<0.01)E LIER} HOE RIS 729 ME
NEEF 52.9%0) visld Rt E71& VERITHTable 2).
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Table 1. A protective effects of Sophorae radix(SR) ethyl
acetate(EA) silica gel column fractions(#1~#2) in hydrogen
peroxide(HP)-treated H9¢c2 cells.

Ten A o Viabiit Viabilit
D BG ol comon| S ER T 0 of cona
0 0 100 0 0 100
0 250 565+15 0 250 529+£32
25 250 122+32 29 250 61248
5 250 835+4.1° 5 250 66.7+6.3
10 250 87033 10 250 865+26"

X 250 909237 20 250 R2£317

Cells were ‘reated with 25, 50, 100, 200ue/ml SR EA siica gel fractions(SF) fractions
(#1 and #2) for 3 hours, and then exposed 1o 250x V H:O; for 24 rours, Cell viability
vias measaed by MTT assay and determined as % of conrol The results indicate
the meanSE for 4 expenments. Sgnifcant differences from thre control greup and HP
Yreated group are marked with astensk. *p(001vs controt #p(0.05, ##p<001 vs H:Q,.

Table 2. A protective effects of Sophorae radix(SR) ethyi
acetate(EA) silica gel column fractions(#3~#4) in hydrogen
peroxide(HP)-treated H9¢c2 cells.

—o o~ Vbt e~  Viabilit
St aa %0 cono) Srlat) %O conto)
0 0 100 0 0 100
0 20 57715 0 250 514229
25 250 79.7+07 25 250 75.14£3.1
5 250 809+26 5 250 734425
10 250 879+58 10 250 86.2+34°
20 250 908+217 20 250 3891+49™

Cels were treated wit~ 25, 50, 100, 200ue/ml SR EA siica ge fractons(SF) fractions
(#3 and #4) for 3 hours. and *ren exposed to 250k v H:C: for 24 hours, Cell viability
vas measured by WTT assay a~d determned as % of control. The results indcate
e meantSE for 4 expenimerts. Signhicant differences from the contro' group and HP
eaed groun are marked vath astersk. *p¢001 vs contron #3005, ##0p¢001 vs HO».

2) 5% ethyl acetate(EA) subfraction #5~#8 2 E9] el g1}
E# EA slica gel column B& & & subfraction #5, 6, 7,
8(SR EA SF-5~8)7} hydrogen peroxide(H0n)oll QldH ZtAsh=

H9c2 A YEZol thet HojgHE SHEsP7] fJdled 2504 M
H0.00) =&A1717) 3A17F Foll #2 2.5, 5.0, 10, 208/ m SR EA
SE-5~8 BEEg Arist & ME YESZ MTT gzl dal
of ZARBIATE 2L A3 2.5, 5.0, 10, 204g/ml SR EA SF5 238

g Aelst 79 AE WESS 242} 55.3, 559, 57.2, 57.5%)F L+
Eht HaO0F A28 28] A2 EE 55.6%0 HI5id 728
HE2 JEINA 929tOm SR EA SF-6 BEEZE A|E 79
MiE WEES 717 54.6, 554, 56.2, 56.8% = LIER} H,0.0t
Al 79 AE YEE 54.8%0l v]sld Fe M3lE LIE
WA 94Qkeh(Table 3). B3} SR EA SF-7 B 2g A28 -9l
MZ WESS 737} 523, 548, 55.0, 57.0% 2 LIER} H,O:0F
AElgt 79 ME PEE 53 6%oﬂ Higted woist HalE e}
WAl 929rOm SR EA SF-8 BEIES 2|8t 79 ME YE
22 717} 531, 550, 562, 56.3% % VJER} HOR Mgt 7
o] A2 HEZ 528%0l Hlsl {FATH HILE LIEHHA] &%
T}H(Table 4).

Table 3. A protective effects of Sophorae radix(SR) ethyl
acetate(EA) silica gel column fractions(#5~#6) in hydrogen
peroxide(HP)-treated H9c2 cells.

—Q—— Viabilit ——————— Viabilit
SF%R(u(E;/;\ml) (ij%f) (% of cor%trot) SFi?(;Eml) (ti?%?) (% of cogtroIJ
0 0 100 0 0 100
0 250 556423 0 250 548x21"
25 250 553+35 25 250 546+33
5 250 559446 5 250 554442
10 250 572%23 10 250 562135
20 250 575462 20 250 568+55

Cells were treated with 25 50, 100, 200we/mt SR EA silica gel fractions (SF)

fractions(#b and #6) for 3 hours, and then exposed 10 250x M H.Q. for 24 hours. Cell
viabllily was measured by MTT assay and determined as % of control. The resuits

indicate the mean+SE for 4 experiments. Significant differences from the control group
are marked with asterisk. *p(0.01.

Table 4. A protective effects of Sophorae radix(SR) ethyl
acetate(EA) silica gel column fractions(#7~#8) in hydrogen
peroxide(HP)-treated H9¢2 cells.

e Viabily | Vbl
S P conto Sl i conto
0 0 100 0 0 0
0 0 56x36 | 0 20 R6£24
25 20 2363 | 25 20 BI85
5 D 58+23 5 0 550441
0 %0 550448 | 0 20 56238
2 %0 570436 | 2 2% 56345

Cells were treated with 25, 50, 100, 200uwe/ml SR EA silica gel fractions (SF)

fractions(#7 and #8) for 3 hours, and then exposed 10 250x M HOp for 24 hours. Ceil
viability was measured by MTT assay and determined as % of control The results

indicate the mean+SE for 4 experiments, Significant differences from the control group
are marked with asterisk. *p(0.01.

3) T2t ethyl acetate(EA) subfraction #9~#12 B2l=9] gloj g}
HE EA slica gel column E&8E & subfraction #9, 10, 11,
Z(SR EA SF-9~ 12)7} hydrogen peroxide(H:02)0 218 Z+4-5}

& H92 Az MEg] tidt gl gutg TEs7] f181ad 250 4
M H:00 & A]7l71 3A17Y Aol 32 2.5, 5.0, 10, 20pg/mé SR

EA SF9~12 B E& AEldt & ME Y& MTT FE
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946}04 Z=ABKEC I A3 25, 5.0, 10, 20pg/mé SR EA SF-9 2
g Aglgt T AZE WESS 217} 524, 53.6, 54.8, 55.5% %
b}EM H,0.7+ A2gt 79 MzZ WEE 55.8%0] usldd 74
St HSE UERAAl 234 2r SR EA SF-10 BEE& Al
0] AE WESS 747 531, 534, 549, 552%F LIER
H,O.8F Azlet 79 A E WEE 54.2%0] HIGH 98 M3k
E LIERNA] ¥UTHTable 5). 3t SR EA SF-11 EEEE A
26t 79 ME YESS 717} 53.6, 53.3, 535, 54.5%F LIEL
U H: 008 A2l 79 AE WEE 53.5%9 I Hl'ﬁkﬂ oot
HILE UERAA %%Eml SR EA SF-12 BEEE AEId &
o AE QE 53.1, 54.6, 55.6, 55.3%; VERY H0,
ok Aglsh 29 AE *cﬂ £& 523%0l vl {3 WHslr}
VIERAA] Qtrh(Table 6).

=)

9
l_._"

Table 5. A protective effects of Sophorae radix(SR) ethyl
acetate(EA) silica gel column fractions(#9~#10) in hydrogen
peroxide(HP)-treated H9c2 cells.

Viability Viabilit
SF%R(E/\ al) ('j‘?(i/f) (% of control) SFEE(‘E@A/ ) (*;'f%?) (% of corzltrol)

0 0 100 0 0 100
0 250 558+3.1 0 250 549423
25 250 524135 25 250 53.1£31
5 250 536124 5 250 534+33
10 250 548+55 10 250 549+42
2 250 55535 20 250 552+£35

Cells were treated with 25, 50, 100, 200ue/m SR EA silica gel fractions (SP)
fractons(#9 and #10) for 3 hours, and then exposed to 250# M H0p for 24 hours.
Cell viabity vias measured by MTT assay and determined as % of control. The
results indicate the mean<SE for 4 experiments. Significant differences from the control
groun are marked with astensk. *p¢<0.05.

Table 6. A protective effects of Sophorae radix(SR) ethyl
acetate(EA) silica gel column fractions(#11~#12) in hydrogen
peroxide(HP)-treated H9c2 celis.

Viabilt Viabiit
S mta) (o O cono) I o)
0 0 100 0 0 100
0 2% 55+23" 0 20 53%23"
25 %0 536426 25 20 531%26
5 %) 53423 5 20 546431
0 20 535%46 0 %0 556+26
0 %0 545435 0 25 553426

Cells were ‘rea'ed wrh 25 50, 100, 200ue/m SR EA silica gel fractions (SF)
fractions(#11 and #*2 for 3 hours, and then exposed to 250# M HQO, for 24 hours,
Cell viabity was measured by MTT assay and determined as % of conirol. The
results incicate the mean=SE for 4 expenments. Significant differences from the control
group are marked vath asterisk. *p<0.01.

2. 3525 Ethyl Acetate Silica gel Column E=2E(#1~#4)0] A2

Ul GSHYo|| ulXle HeF

E§ F718m &
& #1, #2, #3, #4 Bo|A] hydrogen peroxideol] 9|gh

taoll thoh Boj EHE VBRI S EE ol

ZAVSEULAF AZEW  glutathione(GSH) &

ZE & ethyl acetate silica gel comumn
HI 5
H9¢2 A E z
e S8 aus
ZALBIAT

1) &% ethyl acetate(EA) subfraction #1 50 g
subfraction #1(SR EA

Py
WEE

=1
23g

%25 EA slica gel column 288 &

SF-1)0] hydrogen peroxide(H;0z)ol Q131 Zadhs HIR2 M
GSHYoll theh ol aate asly] sl 250 ¢ M H:O000 =
ZA1717] 3X]7F Foi) ##E 2.5, 5.0, 10, 204g/mé SR EA SF-1 23

S Helst & Mz GSHYS X6kttt 1 23 2.5, 50,
10, 204g/m¢ SR EA SF-1 23 ES X8t 729} A Zu} GSHYS
717} 9.4(p<0.01), 14.5(p<0.01), 12.5(p<0.01), 12.5 » M(p<0.0)E
VIERL HO:8F A2l 9] 2.8 p Mo Higl |8 5715 Lt
ERAT(Fig. 2).

5

10
SREASF-1 (ugimi)

Fig. 2. A protective effects of Sophorae radix ethyl acetate silica
gel column fractions #1 in(SR EA SF-1) hydrogen peroxide
(HP)-decrease of glutathione(GSH) in HIc2 celis. Cells were treated
with 25, 50, 100, 200ug/ml SR EA SF-1 for 3 hours, and then exposed to 250# M
H:O» for 24 howrs. Cellular GSH was measured as described in Materials and
Methods. The results indicate the mean+SE for 4 experiments. Significant differences
from the control group and HP treated group are marked with asterisk. **p¢0.001 vs
control ##p<0.01 vs HpQs.

CON HF 2.5 20

%2 ethyl acetate(EA) subfraction #2 23&9 1}

2 EA slica gel column 2&E & subfraction #2(SR EA
SFE-2)0] hydrogen peroxide(H:02)0l 9J8} ZAdle= HI2 AlZ
GSHekol ehst ol @ HE #ash] f16le 250 4 M HoO00 =
£21]7]7] 3417t Fol) %2 25, 5.0, 10, 20ug/mé SR EA SF-1 23]
22 Ad & AEU GSHYS SFsIcth 1 2 25, 5.0,
10, 204g/m¢ SR EA SF-2 23 EZ H2l8t 79 A E) GSHS
74z} 10.2(p<0.05), 24.6(p<0.01), 31.3(p<0.01), 14.7 ;2 M(p<0.05) 2
LERY HORE AEI8H 9] 3.4 4 Mofl Hlsl 7t 718 Lt

ERACHFig. 3).

2)

s ]

30
25 5

20

GSH (M)

15 4

5

20

CON 2.5 10

SR EA SF-2 (ug/ml)

Fig. 3. A protective effects of Sophorae radix ethyl acetate silica
gel column fractions #2 in(SR EA SF-2) hydrogen peroxide
(HP)-decrease of glutathione(GSH) in H9c2 cells. Celis were treated
with 25, 50, 100, 200w/ ml SR EA SF-2 for 3 hours, and then exposed to 250x M
H0: for 24 howrs. Cellular GSH was measured as described in Materials and
Methods. The results Indica‘e the mean=SE for 4 experiments. Significant differences
from the control group and H ireated group are marked with asterisk. =*p¢0.001 vs
control #p(0.05, ##p<001 vs H0s
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3) #ZE ethyl acefate(EA) subfraction #3 HE g9 g1

% EA slica gel column E&/& & subfraction #3(SR EA
SF-3)0] hydrogen peroxide(H:Op)off Qe 74k HOe2 H]
GSHRfol st Bl 538 ksl 21610 250 4 M HyOoff &
AJ7)7) 3A17F Mol FZE 2.5, 5.0, 10, 204g/n? SR EA SF-1 —,_r:-;@,g
S Azl & A Zu GSHEE Z"si9ict. I Al 25, 5.0, 10,
20ug/mé SR EA SF-3 BEEE2E Ar|ot 78 AZEW GSHRE. 7+
7t 5.8, 7.8(p<0.05), 12.4(p<0.05), 21.4 £ M(p<0.01)Z UIEN} HyO,
2 Xg)eh 29 3.5« Mol Hleled RS 5748 LIERICHFig. 4).

#&

20 4

15

—
*

GSH (v

SE EA SF-3 (jziml)
Fig. 4. A protective effects of Sophorae radix ethyi acefate silica
gel column fractions #3 in(SA EA SF-3) hydrogen peroxide
(HP)-decrease of glutathione(GSH) in H9c2 cells. Ceis were ‘reated
v 25, 50, ‘00, 200w/l SR EA §F-3 for 3 hours, and then exposed 0 250k M
=0: for 24 hours. Ceuar GSH was measwred as descrbed 1 Ma'erals and
vethods. The resul's ndicate the mean=SE for 4 expenmens, Signifcant differences
G the contro! group and HP treared group are marked with astensk, **p(QCIt vs
convok #p(005, ##p(00° vs HO.
4) &% ethyl acetate(EA) subfraction #4 23|59 g}

25 EA slica gel column 28 E % subfraction #4(SR EA
SF-4)0] hydrogen peroxide(H;On0 98] ZrAdHe HI92 M2
GSHJol| thé} Blol g o #Esly] 218t 250 ¢ M H000) &
FA17171 3R17F Aol 3 2.5, 5.0, 10, 20ug/mé SR EA SF-4 23]
BE Aol & AZTWH GSHYES &85t 7 A 25, 50,
10, 20pg/ ml SR EA SF-4 B2 2S Azst $9) AT GSHAS
717} 41, 6.3, 11.9(p<0.05), 79 p ME LIER} HOUF A2l &

o] 374 Mol BI5I Y3 E7HE UElCKFig. 5).

25 4

20 4

=R @
=
=1
w2
& 104

54 sokok

g 4

COoN HP 235 5 10 20

SR EA SF-4 (pg/ml)

Fig. 5. A protective effects of Sophorae radix ethyl acetate silica
gel column fractions #4 in(SR EA SF-4) hydrogen peroxide
(HP)-decrease of glutathione(GSH) in HI¢2 cells. Calls were treated
w25 50, 160, 200ue/m SR EA SF-4 for 3 hours, and then exposed 0 250x M
AC, for 24 hours. Celiar (GSH was measued as descriped N Ma'enals and
\Vielrods, Tne resu's ndicate e meantSE for 4 experments. Sgnidcant differerces
from The CONTCT group and H° reated group are marked wath astensk. **peOLdt vs
centol #0005 vs HO;

o

ol

aL &

EES 74 Hub TojA MEF7] ol thd HEE
PEsh= gt ok BY 7ol it AIgan”, & gdEn
I 7} e HOE HUHAUOH Okawa S #HHE &2
9] & ABlE e HusIYnt 2 =2 Okawa 79 =&
S EHE &Z ethyl acetate(EA) Zﬁ—%%_i A2 AEZFC] H92

M EA BEAIAEY SHLIel? BAsl4 A (hydrogen peroxide,
H:0))0) 93 ST MZE EXol gl Yl ANE AU
olof k= EE EA EEE
12 ERY ~R2¥EE 9 & IRISEALY HI2 AlE E4

3Tk EA AREE 1, 2, 3, 4= AF)
o2 aMskeio gt AE B4 2 dolsls
og \/}E}L{}D]—(Table 1, 2). B8] 223 1, 2, 3, 4 20ug/miY)
TE E XS F AE MEGS olERL100%)) HISi 2
90.7%, 92.2%, 90.8%, 89.1% % LIEN) 79 DRF 5O
Aslea NEEHo] tigked AAEIgETE I8t Vs X EA
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