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In vitro Antioxidant Activity of Sanguisorbae Radix Ethanol Extracts
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Department of Animal Biotechnology in Division of Animal and Life Resources, Sangji University, Wonju

220-702, Korea

Abstract - The objective of this study was to investigate the antioxidative capacity of ethanol extracts from Sanguisorbae
officinalis L. root (Sanguisorbae radix) in vitro. The concentration of Sanguisorbae radix extract at which DPPH radical
scavenging activity was inhibited by 50% was 0.33 mg/mL, which was similar to ICsy of a-tocopherol (0.40 mg/mL), as
compared to 100% by pyrogallol as a reference. Total antioxidant status was examined by total antioxidant capacity against
ABTS radical reactions. Total antioxidant capacities of Sanguisorbae radix extract were significantly (p<0.05) higher than
those of a-tocopherol. Superoxide scavenging activities of Sanguisorbae radix extract were significantly (p<0.05) higher
than those of catechin. Oxygen radical absorbance capacities of Sanguisorbae radix extract were significantly (p<0.05)
higher than those of ascorbic acid. Cupric reducing antioxidant capacities of Sanguisorbae radix extract were significantly
(p<0.05) higher than those of a-tocopherol. Sanguisorbae radix extract prevented supercoiled DNA strand breakage
induced by hydroxyl radical and peroxyl radical. Total phenolic contents of Sanguisorbae radix extract at concentrations of
0.5 and 5 mg/mL were 0.50 and 3.33 mM gallic acid equivalents, respectively. Sanguisorbae radix extract at concentration
of 0.01, 0.1 and 0.5 mg/mL inhibited 0.2 mM tert-butyl hydroperoxide-induced cytotoxicity by 33.8, 79.1 and 96.9%,
respectively, in HepG2 cell culture system. Thus, strong antioxidant and cytotoxicity-ihnibiting effects of Sanguisorbae
radix extract seem to be due to, at least in part, the prevention from free radicals-induced oxidation as well as high levels in

total phenolic contents.
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A¥of AEE ammonium acetate, ascorbic acid,
2,2'—azino—bis(3—ethylbenzothiazoline—6—sulfonic
acid) diammonium salt(ABTS), 2,2'—azobis(2—methyl
propionamidine) dihydrochloride(AAPH), tert—butyl
hydroperoxide(t—BHP), catechin, cupric chloride, 2,2—
diphenyl—1—picrylhydrazyl(DPPH), ferrous sulfate,
fluorescein sodium salt, Folin—Ciocalteu phenol
reagent, gallic acid, hydrogen peroxide, 6—hydroxy—
2,5,7,8—tetramethylchroma—2—carboxylic acid(Trolox),
neocuproine, [3—nicotinamide adenine dinucleotide
(NADH), nitroblue tetrazolium(NBT),

methosulfate(PMS), pyrogallol, RPMI-1640 medium,

phenazine

sesamol, sodium acetate, sodium bicarbonate, thiazolyl
blue tetrazolium bromide(MTT), a—tocopherol, Tris
(hydroxymethyl) aminomethane+ Sigma—Aldrich Co,
(St. Louis, MO, USA)ZHE IU3}%al, dimethyl
sulfoxide(DMSO), penicillin/streptomycin< Bio Basic
Canada)® HE U5ttt pBR322
DNAYX KOSCHEM(Seoul, Korea)2 2HE A5t
GelRed nucleic acid gel staine Biotium(Hayward,
CA, USA)C=2HE F9s15L
(FBS)2 Lonza(Walkersville, MD, USA)ZX¥& 3}
o] ARgsESiTt

Inc, (Ontario,

W, fetal bovine serum
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Rikakikai Co., Tokyo Japan )2 AFESte] 45C oA 7+
o FAAON, FAAE T 62 5O FHES 3951
o A FEES -E—@. A7 =80 C ol A Hakstoict,

o
2
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DPPH radical &7#ZA)-& Malterud et a/ (1993)2] Hr
Hofl whe} Z7438k3ich. DPPH -§-9(45 ug/mL methanol)
2 FEET ZF9t k2, GENESYS 10S spectro—
photometer(Thermo Scientific, Waltham, MA, USA)
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ORAC“ Huang et al (2002)%] B0l uje} F&E9
610" mM fluorescein NS 78}, 37C oA 102
b 7HERE thE, 19 mM AAPH 89S VIR H,
GEMINI XS fluorescence microplate reader(Molecular
Devices, Sunnyvale, CA, USA)E AL&3}0] excitation
1}A4F 485 nm@} emission T 530 nmof|A] 28 7HE o2
6087F HYEE 25T BEAFOR TroloxS A
L3lgon, FEFA|FT FZES area under the
curve(AUC)E &A319th ORACE EFAF =re}
AUC 7}9) 3] AZA1E o]-&38}o] uM Trolox equivalent=
®7)5Fe), ®3F A RO 2 ascorbic acidE AR
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Cupric reducing antioxidant capacity (CUPRAC)
2%

CUPRACE Ejole &g UEhlH, Apak et
al (2004) 9] Wiiol wheh S48ttt FEE0] 2.44 mM
cupric chloride €83} 1,83 mM neocuproine % 0,24
M ammonium acetate &Z8MH(pH 7.0) & A7lstL
SR, AL LIZE AT F 450 nmol ] B
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6001, Precision Scientific In,, Chicago, IL, USA)oJA]
vjeFstict 100% confluento] &8t & t—BHP(0.2
mM) = A FEE] ZFE viRA 2 wA|skaL 5A7k
b iFskleh wjkdle AAS, Alx TSl
Mosmann(1983) 2] "o wg} MTT A|2F(5 mg/mL)<
A7vskar, 37°C, 5% CO; incubatorol| A SA|ZF vjjokst &
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A5 F£E59 =9 DPPH radical 27&4L Fig, 1
of Yef Qlct, Pyrogallol®] AlES 100%2 7|58
S, A§ FEE9 0.01 mg/mL oA DPPH
radical AASAL 11.3%0)7, FE25 =7 2718

2 2ATAE 271510, 0.1, 0.2, 0.5 2 1 mg/mL %
o] 2250 77} 99 7. 49,7, 75.6 W 97.4%9] AATA
g ekl FHEROR A
DPPH radical 2AZA2 0.01, 0.1 2 0.2 mg/mL =&
oAl Z}7} 2.5, 20.0 U 44 8% ZA Lo, AF FEEI]
DPPH radical AA&A0] a—tocopherolo] H|F| 822
0 2(p<0.05) #=A vrEbstth, ¥kl 0.5 2 1 mg/mL2)
F%Lo) A a—tocopherol®] DPPH radical &~AZAL Z+
7zt 1 9 94698 SAE, AR FEFEL «
—tocopherol 7o AAZA = §2&l(py0.05) 20|
7} TAE R okgktt E3E, A|E %9} DPPH radical &
ARy o] HARA AW FEBO AL, Y-
23.11+81.84X; a—tocopherol®] 7%, Y=14 71+88.10X:
Y& radical GA|%o|Y, X= A& BE), A& =25 9

3} a—tocopherol 2]

100 - €
_~
= 90 -
- 80
o=y
83 70
ST e0]
x < 50
()]
I & 40
D_'a
o 2 30
‘32 20 A
S 10
w0 0 .l\
0.01 A 1.0

Concentration (mg/mL)

Fig. 1. DPPH radical scavenging activity of Sanguisorbae
radix extracts. Data results were expressed as % radical
scavenging activity relative to 100% radical scavenging
activity of pyrogallol solution as a reference. Each bar
represents the mean+SD of quadraplicate determinations.
W extract, [ : a-tocopherol (positive control). “**Values
with different letters are significantly different at p<0.05.
*p<0.05 when compared with the extract within same

group.

a—tocopherol @] ICs02 7}
Ao, AT F+=EY DPPH radical
—tocopherol@} FARRRE & 4= QUi 2 AollA B
A g 3259 FHojuk DPPH radical £AAL 7|12
of WFaH A AT (An et al,, 2004a; An et al,, 2005)
ohe Qx5 ot

7} 0.33 ¥ 0.40 mg/mLE =
a7l a

A 2220] SN FASE Fig. 20] Leht 9)
tt, A FEE 0.01 mg/mL =9 EFAE 52 0,14
 3EE 557 27
et S = HEA e Frsto], 0.1, 0.5 E 1
mg/mL FEoA= 22 0,40, 2.60 2 3,01 mM Trolox
equivalentE YEFWRICE Hhdo|, izt oz AR
3t a—tocopherol?] &F8HAIEEL 0.01, 0.1, 0.5 9 1
mg/ml, SEoA ZH7F 0.11, 0.29, 0.83 T 1.49 mM
Trolox equivalent® SAE Ut HE oA A& =
259 F4BH0] a-tocopherolo] HlE| FoFo R
(p<0.05) =A| H&E |, A =52 ABTS radical &
A2/d°] a—tocopherol®] |3 BH&eta & 4= USiTh
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Fig. 2. Total antioxidant capacity of Sanguisorbae radix
extracts. Data results were expressed as in terms of mM
Trolox equivalent. Each bar represents the meantSD of
quadraplicate determinations. Wl extract, []: a-tocopherol
(positive control). “*“Values with different letters are
significantly different at p<0.05. *p<0.05 when compared
with the extract within same group.
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Fig. 3. Superoxide radical scavenging activity of Sang-
uisorbae radix extracts. Data results were expressed as %
inhibition of the activity. Each bar represents the mean +
SD of quadraplicate determinations. HM: extract, [I:
catechin (positive control). “**Values with different
letters are significantly different at p<0.05. *p<0.05 when
compared with the extract within same group.

Superoxide &AEA]

A F2E59 55 superoxide 2AZAIL Fig. 3¢]
veht Qe 2§ 325 0,01 mg/mL 55=9] superoxide
AATAL 5 8%0|9 o0, 2E2E =17t 27135l et
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Fig. 4. Oxygen radical absorbance capacity of Sanguisorbae
radix extracts. Data results were expressed as in terms of
UM Trolox equivalent. Each bar represents the meantSD
of triplicate determinations. I: extract, []: ascorbic acid

(positive control). *“Values with different letters are

significantly different at p<0.05. *p<0.05 when compared
with the extract within same group.

A8 2Z5E9] superoxide 2AZAL 77 39.6, 59.6,
75.5 9 85 5%% JEFJTE An ef al (2004a) = A& =
Z59] superoxide dismutase(SOD) -FAFEHAJo] Hx9]
Ao ® F75to], 1 mg/mLe| FEolA 65.4%2) &
DS Ve ok B gk up Qlet, v, H g2t
o2 AESE catechin®] superoxide AAEAL 0,01,
0.1, 0.2, 0.5 ¥ 1 mg/mL ==X Z+ZF 1.8, 22.3,
38.5, 60.8 ¥ 80.4%= St 1 mg/mLE A &gt
BE sEoA, A &5 27840 catechinof H]
o %9122 2(p(0,05) 7 WHelol, A%l superoxide
arlgiol BEe o 4 AT EE, 2 apdse)
AR, B2 W2 ©]-83 superoxide 2AZY A
TFolA%E 5 ugldry weight)/mL %9 A{ FE&°|
28.6%2] superoxide AATAL et (Masaki
et al , 1995) H 1% H} QJt}

ORAC

ORAC assay— AUCE &7%3tO 24, free redical
ol tiet oA ARbL AAlEE R s ket
574 Wyoltt, ORAC TroloxE HTEHRE AMES}O]
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Fig. 5. Cupric reducing antioxidant capacity of Sanguisorbae
radix extracts. Data results were expressed as in terms of
mM Trolox equivalent. Each bar represents the mean+SD
of triplicate determinations. M: extract, []: a-tocopherol

(positive control). “*“Values with different letters are

significantly different at p<0.05. *p<0.05 when compared
with the extract within same group.

AAPHO| &J3f) A/ peroxyl radicalol tidt £724d&
Uebdith, A FE29] =8 ORACE Fig. 4] Uehd
Atk A+ FEE 5 ug/mL =0 ORACE 41.6 uM
Trolox equivalent®]1 oW, F&E EL7} 275t w
2} ORACE Z7}3}od. 10, 20, 50 @ 100 wg/ml EE2]
26 2220 ORACE 717} 77.4, 108.4, 180.1 2 183.6
UM Trolox equivalent® WEFGTH HhHo|, SRtz
02 ARR3F ascorbic acid®] ORACE 5, 10, 20, 50 ¥
100 pg/mL EwollA] ZHF 11,0, 89.9, 87.8, 1511 U
160.6 UM Trolox equivalent® ZAE|Qtt HE Hxof
A, A FE&22 ORACT} ascorbic acid®] H]3l 24
©2(p€0.05) =7 WHEY, & AFolA T2E A
ZZE9] Hoju peroxyl radical 2AZA-L 7|20 W
% AA3K(Liao et al, 2008)2F%E Ux|kal 9ok,

CUPRAC

A #5589 =Y CUPRACE Fig. 50 Ueftt ¢l
o} A& F=E 0.05 mg/mL =% 9 CUPRACE= 0,44
,FEE T SR
u}2} CUPRACE H|g|@o2 Z7}5}9, 0.1, 0.2, 0.5

mM Trolox equivalent®] ]2
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(B)

Fig. 6. Electrophoresis of pBR322 DNA treated with
hydroxyl radical and peroxyl radical in the presence of
Sanguisorbae radix extracts. (A) hydroxyl radical was
generated by 0.1 mM hydrogen peroxide and 0.1 mM
ferrous sulfate; (B) peroxyl radical was generated by 5
mM AAPH. Lane 1, DNA alone; Lane 2, DNA+radical;
Lane 3, DNA-+radical+0.001 mg/mL extracts; Lane 4,
DNA-+radical+0.01 mg/mL extracts; Lane 5, DNA+
radical+0.05 mg/mL extracts; Lane 6, DNA+radical+0.1
mg/mL extracts; Lane 7, DNA+radical+0.1 mg/mL
sesamol(A) or 0.01 mg/mL Trolox(B). N, nicked open
circular form; L, linear form; S, supercoiled form.

1 mg/mL FEoA&= 242F 0,77, 1.39, 3.19 E 4,72 mM
Trolox equivalentS WERYACE HHHC, AT RL O
2 ARR3F a—tocopherol® CUPRAC: 0.05, 0.1, 0.2,
0.5 ¥ 1 mg/mL ¥%=oA zF2F 0,13, 0,25, 0.48, 1,08
9 1,67 mM Trolox equivalent® 4 E It BE %
oAl 2|3 F+EE2] CUPRACO] a-tocopherole] H|3} &
O] A 0 7 (p<0.05) =A THE], A§ FE2=9] Fejol
3+9lglo] a—tocopherolof H|3)] EHGS & 4= 9U3ich

Supercoiled DNA strand A4 AA| &7}

DNA 2719958 o}gsto] A1 5882 554 hydrosy]
9 peroxyl radical®] 9J8] 3-=% DNA strand 2gho] ]
A= A}+= Fig. 63 Table 19] YERY Gt} Fenton Al
oFo] hydrogen peroxide®} ferrous sulfate #2]of ]3|
ML= hydroxyl radical £A)3}o], pBR322 DNAY]
supercoiled form-2 nicked open circular form %
linear form©o =2 %= Qctlane 1 vs 2, Fig, 6A),

Hydroxyl radical £A|5}o] plasmid DNAE A& F&5&



Table 1. Retention percent of supercoiled DNA strand
with the addition of Sanguisorbae radix extracts in
hydroxyl radical- and peroxyl radical-induced pBR322
plasmid DNA breakage

Retention percent

Hydroxyl radical Peroxyl radical

Extract(mg/mL)
0.01 45.545.4° 78.6+6.7"
0.05 74.248.3° 86.1£10.4*°
0.1 84.9+7.7¢ 93.4+2.6°
Positive Control" 96.04+2.9 87.8+6.6"°

Supercoiled pPBR322 DNA were treated with 0.1 mM hydrogen
peroxide, 0.1 mM ferrous sulfate (for hydroxyl radical generation)
or 5 mM AAPH (for peroxyl radical generation) in the presence
of Sanguisorbae radix extracts or positive control. Retention
percent of supercoiled DNA strand was calculated as described
in Materials and Methods. The values are meanstSD of
triplicate determinations.

D0.1 mg/mL sesamol for hydroxyl radical- and 0.01 mg/mL
Trolox for peroxyl radical-induced supercoiled DNA strand
breakage.

®Values in the same column with different superscripts are
significantly different (p <0.05).

I} A i Fsale ), 0.001 mg/mlL FE8| FE&
& supercoiled DNA strand®] 2%t Ao gk
Skth(lane 2 vs 3, Fig. 6A). 1Y, +&& 7%

7}&bo]l wat nicked open circular form-& 743}
1

N
-

D)

N
lo = — N v

(N rE ofN

=

supercoiled form& Z7}510], A& FE2EL
A0 & hydroxyl radical®| 93] =% single—strand
A2 ARSIt 59, 0.1 me/ml 50| A% $EE
A7 A hydroxyl radicalo] T3t supercoiled DNA
strand®] retention< 84, 9%= UER}, YU Hr=9] oF
A 221 sesamol®] 2J3t retention percent(96.0%)<2t
2ol 7k A tH(p)0.05).

AAPH Ao &l AAE+= peroxyl radical £A)s}
o, pBR322 DNA®] supercoiled form< nicked open
circular form ¥ linear form©.2 Z3t=]tHlane 1 vs
2, Fig. 6B). Peroxyl radical £2}3}o] plasmid DNAES
A F38k @ SIS 1, 0,001 mg/mL, %]
225 #7l= supercoiled DNA strand®] At A
kS F2] 99kth(lane 2 vs 3, Fig, 6B). 134}, 0.01

mg/mL §E9] A &5 7| peroxyl radical®] of

A ofekawel A dAte 24
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Fig. 7. Total phenolic content of Sanguisorbae radix
extracts. Data results were expressed as in terms of mM
gallic acid equivalent. Each bar represents the mean+SD
of quadraplicate determinations. “**“Values with different
letters are significantly different at p<0.05.

3t supercoiled DNA strand® retention percent=
78.6%% LB, §U3t FrollA] A tiEtel Trolox 9]
retention percent(87.8%)2} ZFo|7F $1l(py0.05),
hydroxyl radicalo]]l ™3t supercoiled DNA strand®]
retention percent(45,5%)°] B} =7 YEltti(lane 4,
Fig. 6A vs lane 4, Fig, 6B), W2}A], A& FEE9|
hydroxyl radicale] H|3l| peroxyl radicalo] t3st
supercoiled DNA strand®] At AA| &y} etdg-S <&

% qlgiet,

9=

T FEEY w2 SulE dEE Fig. 7o) ey
otk A #5545 0.1 mg/mL =9 F¥5 TgFS 0.32
mM gallic acid equivalento| oW, &5 =71 Z7}
ool wet Sl A= HEAer FUste], 0.5, 1,
2.5 91 5 mg/mL =%ojA Z+zF 0,50, 1,10, 1,95 2l 3.33
mM gallic acid equivalent® UEFGTH ALEZRA]o] =
o ANEYEN PR Fol GFE | e/l 5=
oA Z}Z} 1,129} 1,25 mM gallic acid equivalent® &Il
= v} 9Jo}(Rhim and Choi, 2010,2011), X|-g F&E9
FolE ol %92 ¢ 4 AU
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Fig. 8. The effect of Sanguisorbae radix extracts on HepG2
cell viability. HepG2 cells were cultured for 5 h in the
presence of 0.2 mM t-BHP and Sanguisorbae radix
extracts. Cell viability was determined using MTT method.
Each bar represents the meantSD of triplicate deter-

minations. “*“Values with different letters are signi-

ficantly different at p<0.05.
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