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Abstract

This study was conducted to compare the antioxidant, anticytotoxic, and anti-inflammatory properties of Euphorbia maculata
ethanol extract with those of E. supina ethanol extract. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical and superoxide
scavenging activities of E. maculata at 50 ug/mL were 38.3 £ 3.7 and 21.5 + 1.2%, respectively, whereas those of E. supina at
the same concentration were 109.4 + 0.9 and 59.5 + 4.8%, respectively. Oxygen radica absorbance capacities of E. maculata
and E. supina at 10 ng/mL were 14.70 + 0.63 and 26.17 + 1.36 nmol/mL Trolox, respectively. Cupric reducing antioxidant
capacities of E. maculata and E. supina at 10 ng/mL were 10.22 + 0.97 and 62.99 + 5.28 nmol/mL Trolox, respectively. Tota
phenolic contents of E. maculata and E. supina at 50 ng/mL were 29.03 + 0.14 and 87.89 + 0.20 nmol/mL gdlic acid,
respectively. E. maculata and E. supina were reported to prevent supercoiled DNA breakage induced by peroxyl and hydroxyl
radicals in a concentration-dependent manner, where protection against the supercoiled DNA breakage provided by E. supina
was greater than that provided by E. maculata. E. maculata and E. supina a 100 ug/mL inhibited tert-butyl
hydroperoxide-induced cytotoxicity in HepG2 cells by 49.4 + 4.3 and 87.3 £ 4.5%, respectively. E. maculata and E. supina at
500 pg/mL inhibited lipopolysaccharide-induced nitric oxide production in RAW 264.7 cells by 63.1 + 7.0 and 85.2 + 1.6%,
respectively. The antioxidant capacities including DPPH radical scavenging, superoxide scavenging, oxygen radical absorbance,
and cupric reducing antioxidant activity were found to be highly correlated with total phenolic content (0.896 < r < 0.983, p <
0.01) and anticytotoxic activities (0.915 < r < 0.960, p < 0.01). However, the superoxide scavenging activity was not
significantly correlated (r = 0.604, p > 0.05) with the anti-inflammatory activity. Thus, these findings demonstrated that the
radical scavenging, anticytotoxic, and anti-inflammatory capacities of E. supina were more potent than those of E. maculata.
Further studies are needed to elucidate the properties of polyphenalic constituentsin E. supina responsible for these effects and
the underlying mechanisms.
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Total phenolic content
(nmol/mL Gallic acid equivalent)

Concentrations (png/mL)

Fig. 1. Total phenolic content between E. maculata extract
and E. supina extract. Data results were expressed as
nmol/mL gdlic acid equivaents. Each bar
represents the mean + SD  of triplicate
determinations. £ E. maculata extract, Il E.
supina extract. *®Vaues with different letters are
significantly different at p<0.05 within same group.
"p<0.05 compared with E. macul ata extract.
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Fig. 2. DPPH radical scavenging activity between E.

maculata extract and E. supina extract. Data results
were expressed as % radical scavenging activity
relative to 100% that of pyrogalol solution as
reference. Each bar represents the mean + SD of
triplicate determinations. Z4: E. maculata extract,
Il E. supina extract, [ a-tocopherol (positive
contral). d/adues with different letters are
significantly different at p<0.05 within same group.
*p<0.05 compared with positive control. *p<0.05
compared with E. supina extract. "p<0.05 compared
with E. maculata extract.
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Fig. 3. Superoxide radical scavenging activity between E.

maculata extract and E. supina extract. Data results
were expressed as % inhibition of the activity. Each
bar represents the mean + SD of triplicate determinations.
Z2: E. maculata extract, Il E. supina extract, [
catechin (positive control). ®Values with different
letters are significantly different at p<0.05 within
same group. “p<0.05 compared with positive control.
"p<0.05 compared with E. maculata extract.
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Fig. 4. Oxygen radica absorbance capacity between E.
maculata extract and E. supina extract. Data results
were expressed as nmol/mL Trolox equivalent. Each
bar represents the mean + SD of triplicae
determinations. I2: E. maculata extract, Il E. supina
extract, [ ascorbic acid (positive control).
®h/adues with different letters are significantly
different at p<0.05 within same group. “p<0.05
compared with positive control. #p<0.05 compared
with E. supina extract. 'p<0.05 compared with E.

maculata extract.
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Fig. 5. Cupric reducing antioxidant capacity between E.

maculata extract and E. supina extract. Data results
were expressed as nmol/mL Trolox equivalent. Each
bar represents the mean + SD of triplicate
determinations. Z4: E. maculata extract, ll: E.
supina extract, []: a-tocopherol (positive control).
ay/alues with different letters are significantly
different at p<0.05 within same group. “p<0.05
compared with positive control. *p<0.05 compared
with E. supina extract. 'p<0.05 compared with E.
maculata extract.
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3.4.1. H=24 2iC/Zoi| 2lst =LY DNA HHE

AAPH 7411]01] ~l°H AT LA glrjzh 27
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4 5 6 7

Fig. 6. Electrophoresis of pBR322 DNA treated with peroxyl radical and hydroxyl radical in the presence of E. maculata
extract, E. supina extract or positive control. (A) peroxyl radical was generated by 5mM AAPH. (B) hydroxy! radical
was generated by 0.1 mM H,O, and 0.1 mM FeSO.. Lane 1, DNA done; Lane 2, DNA+radical; Lane 3,
DNA+radica+10 pg/mL of E. maculata extract; Lane 4, DNA+radica+10 pg/mL of E. supina extract; Lane 5,
DNA+radical+100 pg/mL of E. maculata extract; Lane 6, DNA+radical+100 pg/mL of E. supina extract; Lane 7,
DNA-+radical+10 ug/mL of Trolox(A) or 100 pg/mL sesamol (B). N, nicked DNA; L, linear DNA; S, supercoiled DNA.
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Table 1. Retention percent of supercoiled DNA strand between E. maculata extract and E. supina extract in peroxyl radical-
and hydroxy! radical-induced pBR322 plasmid DNA breakage

Retention percent

Peroxyl radical Hydroxyl radical
Extract (Lg/mL) E. maculata E. supina E. maculata E. supina
0 50+ 04" 6302
10 88+ 0.7 387408 6.4+ 0.1 28137
100 720+3.3° 740+ 3.0° 705+ 3.8° 80.1+ 3.8
Positive Control? 66.5 + 3.0° 98.8+4.1°

Supercoiled pBR322 DNA were treated with 5 mM AAPH (for peroxyl radical generation) or 0.1 mM H;0,, 0.1 mM FeSO, (for
hydroxyl radical generation) in the presence of E. maculata extract, E. supina extract or positive control. The supercoiled and open
circular forms of plasmid DNA were separated on a 0.8% agarose gel. Retention percent of supercoiled DNA band was calculated as
described in Materials and Methods. The values are means + SD of triplicate determinations.

Y10 ng/mL Trolox for peroxyl radical- and 100 pg/mL sesamol for hydroxy! radical-induced supercoiled DNA strand breakage
@6\ alues in the same column with different superscripts are significantly different (p<0.05)

BRIt 25 A7 2 urfﬂ DNA HH':A 2o9

22188 1 3870 L}, 2vIc) 23 vlo)
o7 gIT FEEo] WSA il oJgt it
DNA Hi=9] Hehe AAXFtHlane 3 vs 4, Fig. 6A
9 Table 1). 100 pg/mL ==2] It} of 7wl
O] 325 H7HA] 24 DNA Wil=9] H.9-g.0 7k7}
72.0 9 74.0%E ERY, 5 3258 1ho] ol A
E)A] okkai(lane 5 vs 6, Fig. 6A 2 Table 1), 10
o/mL ==9] oFAJ T 24<¢] Trolox(66.5%) 2= 20|

gItHlanes 5, 6 vs 7, Fig. 6A 2 Table 1).

3.4.2. S|=EEA 2iC|Zo| 2lst ELHM DNA HHE
A Ax= 0t

ekt ek Ao ofs) A EE sl
=24 wjr]z £A5to], pBR322 DNAS] ZL}41g e
g9 Py A em ek icklane 1 vs 2,
Fig. 6B). 3|=54 2zt ZAjsto] 10 ugml =
o) e} oIl FEE H7HA EUA
DNA Hi=9] B.G-82 717} 6.4 9 28.1%= YELY,
Sl 2580 la) o7 2E80] 5|=%
A e)zho] o]k 214 DNA HE o] Hehs oA
ZtH(lane 3 vs 4, Fig. 6B 2! Table 1). 100 pg/mL =
0] 258 W7 o7l & Wl o

Z1}41 DNA HIE=29] B.9-8(80.1%)-2 S| &
E=(70.5%) 9 H|3] =4 e S (lane 5 vs 6, F|g
6B 4 Table 1), 5 U3t 5=2] SN2 AA=
(98.8%) ]| H]&l XA yelttHlanes 5, 6 vs 7, Fig.
6B % Table 1).

2 AtolA] of 7RIt of FERIY FEE0] ¥
4 9 B|=2A izt S Alsk A2 o3
f=% DNA W= H0hg o7 A]7] Autet GAH,
An et d.(2006)-> HtHE E5EE0] BHiskeao|
o)) Rl Q17h HHT DNAS] £4+8 oA Ak
I B gk ek 9lek

3.5. MZE=N Ax|Sat

St} of 7| gwlY] 2&59] t-BHPZ g4k
Ao djat A EIH= Fig. 7o) Leht 9]
HepG2 A3Zo) 0.5 mM 5%9] t-BHP 371 19.9%
o] Al WEES Lhefol, t-BHPo]| oJ3t Al EEA
= Zlsk3iTk 10 pg/ml 5o Fguichet of 7]t
vt =25 oA AzA=E&Le zkzk 238 2
37.0%= yeht, FEulg) 552 t-BHP 23t
AlEZ=4E AAAZIA] ot ot of 7Rl =
= AAAIZIT 100 pg/ml 5-=2] SgRIte} of 7]
gl F5E AYA] AzAEeS 27 558 9
86.2% = LIElL), t-BHPo)| )5t A2 EAJo] 212 49.4
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Fig. 7. The effect of E. maculata and E. supina extracts on
HepG2 cell viability treated with t-BHP. HepG2 cells
were treated with t-BHP in the presence or absence of
extracts for 12 hours. Cell viability was determined
using MTT method. Each bar represents the mean +
SD of triplicate determinations. 2: E. maculata
extract, ll: E. supina extract. *Valueswith different
letters are significantly different at p<0.05. “p<0.05
when compared with E. maculata extract.

4 87.3% A=) Vidyashankar et al.(2010)>
0.2 MM F=9] t-BHPZ 24A|7F 2 2] A] HepG2 A3
RYZ£-2 5% u|vto|Ql oLk, t-BHP EA|5te] ofast
Ab AR A Al sZAYEE0] oF 25% & Ha1gt HE §l
ol, 2 QoA TAE of7|guIth] +-BHP= £t
Azl gt A Ayt ek o o Ul
t}. 3L GarciaNino and Zazueta(2015)+= o} 7| 411
tje] F4roR oAl diagic adid7} O i A}
Asterao] ol faE e AR £AL o
AlA TP S(A|2=/d oA B Yeplltkal 2ar
3 vk ol

3.6. €5 Axsr

b

=

=T

=

PH BUA, ME £ ST 2 ST AT
g AR MR 2 A ANLS2] Aito]

AT e} o 7]l o 2l 4o, /g oA 9 FEs 24 vlaL

o]
tH{Ferrero-Miliani et d., 2007). NO= <=3H4), WY
Al FollA Bt S44E A= A EdRE 2
£3}= girjZdo|m(Moncada et al., 1991), €3] E
coli LPS #2]o] ©la o443 et NOS 44
sto] d=& 9HhA7Icka(Sehr and Marletta,

1139

—~ 20
_| b
£ 1
g 15 A
.
c
o 10+
"6' [
S
o
e 54
o
O a
Z o0 |
Control LPS 500

Concentrations (ug/mL)

Fig. 8. Theeffect of E. maculata and E. supina extractson NO
productionin LPS-stimulated RAW 264.7 cells. RAW
264.7 cellswere treated with extracts for 2 hours, then
exposed to 1 pug/mL LPS for 24 hours. NO production
was determined using Griess reagent method. Each bar
represents the mean + SD of triplicate determinations.
Y E. maculata extract, Il E. supina extract.
a/alues with different letters are significantly
different at p<0.05. "p<0.05 when compared with E.
maculata extract.

1985) delA], dA=EF=E29 FA5 A+ md=E
# AME-EI ek

Sauldel of 7|uule) SEE0] W7l LPSE &
2 A Azl A NO A/dell mlX)= B vt+= Fig. 8
off trehLt 2dth RAW 264.7 Ajszol 1 pg/mL 5%=9]
LPS #2]A] A NO %= 16.99 nmol/mL & 1}
L, H5 2 E<IskeITE 100 ng/ml 5= &
gHlthe} off 7t 55 224 AAE NO 5=
= 77+ 15.71 9 13.64 nmol/mL 2 vreh), i)
2223} o/l F22S LPSo| ofat 5w}
£ 717+ 8.0 9 20.9% AAAF oY, 7 FEE It
5 AAAT] Aol TEEA] FUTh L,
500 ng/mlL 5= o] SEHIchel of 7|Elt] 2= A
A NO &= 717+ 6.85 2 3.29 nmol/mL 2 1fe}
U, LPSel o8] el @At 22k 631 9
85.2% A =] 3l L, SRIche] vlsh of 7GRt 5
20| JF oM AT} B8 YT Aoz Yeht.
R ATl SA1S A, Park and Son(2011)-2 0.1
% 05 myml o] o7l ofehgFEEol

K
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Table 2. Correlation coefficients among antioxidant cgpacity, total phenolic content, anticytotoxic activity and anti-inflammatory

activity of E. maculata extract and E. supina extract

DPPH radical Superoxide Oxygen radica Cupric reducing
scavenging activity scavenging activity absorbance capacity  antioxidant capacity
Total phenolic content 0.983 0.970 0.896 0.974
Anticytotoxic activity 0.950° 0.960" 0.939° 0.915
Anti-inflammatory activity N/A 0.604"° N/A N/A

"Significant correlation at p<0.01
NSNot significant correlation(p>0.05)

~

RAW 264.7 A4 LPSo] 23t NO A4S 712
38.3 9 74.7% AAA ATt B3} vE glew, Ch

et a.(2015)2 RAW 264.7 A3 4] of 7|l oy o]
S5EEo| TERIY FE=ol vlsl LPSe| o8l ¢
U NO A4S Hot o AN FTHAL H gt vt §)
t}. T3} Seo et a.(2016)-2 RAW 264.7 AJEof|A] off
7lglt o] AR o2 22X dlagic acid7} LPSo
oI5t FFAARIAa S AAAIFH AL, HhH Q1
HE71-6 S S7HIA S 5E vepiicka

rﬂggJ

FARs, Fuli A, MZEA Has W P

of A= Table 2] e}

% B 1 R
itk DPPH 271204, 431 S A 2784, 4k

B
g S 7 gkl ekt Sl o Ak
9] AHAl4== 22 0.983, 0.970, 0.896 4! 0.974=
Z7u]o], AT} Folis o 7he) A
7}-§21% 0 2(p<0.01) Lekgeh i A ute} §Ah
A, 719 FEES AGT AFOIHE Sl T
A 7F =8 AFkAdo] B H) It (Du
et al., 2009). DPPH Aﬂzwa 22 LA T A B,
Az S5, 72 B Pasieat Al
A &5 7He] A= 22 0.950, 0.960, 0.939
W 09152 24 w0}, FAksEA vt AlEEA oAl
5 7he] WA E 5214 0 2(p<0.01) Lrebiteh. vk
o, F A= 27183 FAZF BA Tl T
= 0.604% SFEL, FHEAIE AT

9% WA 710 TS Fezoln] ge Aom

(p>0.05) Lzt
s, 82

& Aol A= 2ot of 7]l oflehS =
O S AlEm A L FEF s vl =
ARskeiTt SEHIY) 50 ng/ml F%=9] DPPH 2]zt
I FHIAE 2AEELS 72 38.3:3.77 215
1.2%0|9 0.0, Who] 5 el of7|uicyel
DPPH 2fe] e} #rol A= 47138 717} 109.4
+0.99} 59.5+4.8%0] It} 2wt} off 7]l 10

ng/mL s=9] AT 5452 712 14.70£0.63
1} 26.17+1.36 nmol/mL Troloxo|%ict. Ealc]e}
o7 uld)] 10 pg/mL H=o] FLe] 3 Akl
Z+7} 10.22+0.971} 62.99+5.28 nmol/mL Trolox©] 3}
o}, Sguldie} of7]gie) 50 ng/ml o] Ful
Sheko 7171 29.03+0.149} 87.89+0.20 nmol/mL 24
olltt. ZgHlthel of7jgHlth= HEA g
3=zl ghrj o] o) = Zub4 DNA W= &
Fe =r oz og AFAFH o, of7|wHitrb

Sulcjo] u]3) ZUb4 DNA W= A0he o =4

2 38Hgc}. 100 pg/ml =0 Seltie} of 7|5l
= t-BHPZ -3-=% HepG2 A|EZ o] Ax=AdS Z)
2} 49.4+4.37} 87.3+4.5% A A Z{t}. 500 ng/ml 5

5= 0] ZRIThe} of 7]t LPSE =% RAW
264.7 Ajare] dakstEs S 247 63.147.0x
85.2+1.6% A Z Ttk DPPH i)zt A4S, 473

SAE 47T, ARl E4s, Te] B9 A

¢
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s o) PAsse Euls et o A
(0.896<r<0.983, p<0.01)= Uehyc}. sHAslsa}
AEEA A = e AR (0915<r<
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