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Anti-Oxidative and Anti-Inflammatory Effects of Malus huphensis, Ophiorrhiza cantonensis, and Psychotria rubra
Ethanol Extracts
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This study was orchestrated with the purpose of uncovering new nutraceutical resources possessing biological activities in the
plant kingdom. To fulfill our objective, we analyzed several Chinese plants and selected three possessing powerful anti-oxida-
tive activities. The anti-oxidative and anti-inflammatory effects these three Chinese plants, Malus hupehensis, Ophiorrhiza can-
tonensis, and Psychotria rubra ethanol extracts were then evaluated. First of all, they possessed potent scavenging activity
against 1,1-diphenyl-2-picryl hydrazyl, similar with that of ascorbic acid, used as a positive control. Moreover, they inhibited lipo-
polysaccharide (LPS)- and hydrogen peroxide-induced reactive oxygen species, in a dose-dependent manner, in RAW 264.7
cells. Also, they induced the expression of an anti-oxidative enzyme, heme oxygenase 1, and its upstream transcription factor,
nuclear factor-E2-related factor 2. Furthermore, they suppressed LPS-induced nitric oxide (NO) formation, without cytotoxicity.
The inhibition of NO formation was the result of the down regulation of inducible NO synthase (iNOS). The suppression of NO
and iNOS by the three extracts might be the result of modulation by the upstream transcription factors, nuclear factor kB and
activator protein-1. Taken together, these results indicate that these three Chinese plants possess potent anti-oxidative and
anti-inflammatory activities. Therefore, they might be utilized as promising materials in the field of nutraceuticals.
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oxidant enzyme 2. 2 ¢'# Z heme oxygenase (HO)-19] &
T A AEYAE Woldtes T3 7|A F IR car-
cinogen 59 X AFo2HE AEZE HI53= chemo-
preventionol| A 523t 9T Ftrt[s, 35]. 53] AA
9] t}OFSt dietary phytochemical2 nuclear factor E2-
related factor 2 (Nrf2)o] 9J3]] ZZ %= phase 2 detoxify-
ing antioxidant enzyme®] & Z715 %3} chemopreven-
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tive function= U EFWTH19]. ©] 23t chemopreventionS
GAS BHS 722 stol &, 9%, ¥ 9 AEBA A%,
w3 50 o % AR I AE HSHEAE RO I
#AA 7 glo] 1 F2Ao] u)¢ A3, 15, 27, 33].

93e e et AR ol 714 F spol
G A%A 93 We He 290 £42 Ao
< HR3 4% AHE 4, 7. BA W 5§k
4 Al 2 (macrophage) ol A & A4t== A5 wAH<d
(inflammatory mediators)@ FE F-3E 0, 0|23t G= ul|
7J91Z 2 & inducible nitric oxide synthase iINOS)o|| 23}
AYALE] = nitric oxide (NO)?} cyclooxygenase 2 (COX-2)2
g AYAE]|E= prostaglandin E2 (PGE2) 50] ¥2A 9lth.
o]t ¥% w7 ¢A= tumor necrosis factor o, inter-
leukin 1f 53 Z-2 Alo|E7RRISY] HARE f=dto F5 4t
= YoXIt15, 16]. AF W HEA AZ AFA
% 3}tel RAW 264.7 murine macrophageol] €% % ¢l
Z}91 lipopolysaccharide (LPSYS A3l iNOS ¥ COX-2
o W gwel o5} NOS PGE2 59 9% w47 7
F A= o] Alo|EFIQI BH|F F7HE FETT oY
o Y W3S dF AHANE AL 7] M nuclear factor
(NF)-xB2} activator protein (AP)-19] 9J3] 2 A= AL
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A gdS £A4%tY 1 F =2 FASe S Hol= 3%9
A& 2 Malus hupehensis, Ophiorrhiza cantonensis, 1
2| 1 Psychotria rubraS A8 39t M. hupehensis= &
] #}(Rosaceae)ol] &3t YA E 42 9 EojehS A4t
A2 st FopAopR| o d| Fagtrh. YRt Fol=
oF 7mo| L, A|3PA|7]= 4-5€0]n, 108 HE D=t &
e A8 Psae, Qi en ol FY2 2eur. o
W7k ekgo elA glout FAAY BH0l deNE &
A vl7F o} O. cantonensis = ZF=A Y2 Rubiaceae)
of &3t olHE o2 AulA 0 2 Rubiaceae}o] 4Eo] of
Aot AHof de] Exsh=d]| 8kl O. cantonensis= 5=
T EES= AR g A Ytk gutAEQ Fol= 1-2mo]
i, AL B Atolof e, FollA AF Atolo] XE &
Lo o] A% l5e ASE YA Yout FAHY E5
o gasiA= & A vt gt P. rubra T3 Rubiaceae?]|
431 SR BB FopilolA, Ba| £, U2 U ¢
o|ghe] Eagith. UREHQl =0l 0.5-3 mo| 1L, JHSHA| 7] =
41190015, 7-129 Apolol QojE BETE. P, rubra®) A4
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olof| B dLo| M= M. hupehensis, O. cantonensis, L8| 1L
P. rubra® 95% ¥ FZE(°|st MHEE, OCEE,
PREE)o| 23t 3Hitsl 9 495 &4ds AT =N 7}
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B AL A AFESE M. hupehensis, O. cantonensis, —L
23l P. rubra®l 95% ole+& FEE (0|3t MHEE, OCEE,
PREE)2 =1 33t 4, ol QA 47 8] HAIE of A
T (EFHE FBM123-027, 077, 100)5te] ALg-314¢ o
F& 132 t53 2o MHEES PREEE £7] £4
£, OCEEx= £7|5 Z3% AxE Ax3sto £4512,
95% oHH&S SujE 3} 45°Col|A] 3Y%t &S Y519
t} FZ0] T A EE filterZ o] T}sto] THELS Qo
oF=2(N-1000SW, EYELA, Japan) @ 52 AX(FDU2100,
EYELA, Japan)ato] A8 Z71A] 4°Ce] Bat¢ict.
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t}[6]. DPPH= H| 22 ¢t 3l free radical 24, ascorbic
acid, tocopherol, polyhydroxy &% 3-3h&, W3k oyl
7 5ol osf gdE o] & AMo] FAEH o] I g
£ o] &3to] A3t 4L 13 3T 4 e A
A EA 9] gFAtst SATE Aol mi$- &7 fEe] Bol
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of o2 o] 8518 15x 10 M DPPH 40 ek 2 A
160 IS BEG BB A4 3087 AL T,
multi-plate reader (Paradigm, Beckman, CA, USA)E 9]
&3t 520 nmoA FFEE S A RS F7HSHA
4o oA =273} tiH|ElY] free radical &A FE=E WE
&2 YeErY 2, 50% A3 5= (nhibitory Concentration,
IC50)E AAtstsith. i E4Q1 FASHA| = DPPH radical £
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£ A vx BEAs e S-S 33 vHE AR Y B
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RAW 264.7 murine macrophage?| HiQ¥

FAE 2 FES gAY AxZ AY ZEAE murine
macrophage cell line?l RAW 264.72 American Type
Tissue Collection (ATCC®, TIB-71™, Manassas, VA,
USA)ZEE F935te 10% fetal bovine serum (FBS) X
penicillin/streptomycin (Pen/Strep)©] Z3H DMEM Hjj X
ol A i g ATH23].

24 4 8 A A 27 AZAAEE vAe 9F2

t, NZ B4 FEstA g A8y A =5
Ast7] Asl 24 FEE0 Y A=Z 54 L FFEW
assaysS =3 £33t Th 1.0 x 10° cellE 24-well tissue
culture plate] &3k} 24A7F FeF F&AA| 7|1, =
A& A 24A17F B} & WST A¢fo] & v 2 WA}
g A7 3 ¥h3-A1Z1 T multi-plate readerE ©]-§-3t4
450 nmol| A FFEE ST S 33 e A Y
AL A ge s |

| —

Reactive oxygen species (ROS) A5 EAM

ROSE ZhgF AAE Al AL, Thel | 22 59 AA W
Aol 4tsHA AEHYAE fisto] theket AR o] Yglo]
B2 o3 ROSY &AFE 4t o] F a3 A&7}t
Hth20]. Hydrogen peroxide (H;00)+= W 3E2% 2] ROS &
stz A9 ieteS 8s6l7] 913 B2 dFolA ROS
FEAZ AREE I UTH29, 31, 34]. £ 27 4 HHHE
ofo] N ¥ A ¢1A}9] lipopolysaccharide (LPS)= T
HAHQ G5 4L AR 43HH AEHA EI s A
o7 g A o F4sts d FAF E8E FEEH] 4
g e Aol 2EH S FEAE AREH I QITH], 22].
2 Ao e ZF 227 4% F4kssE& Hy0, % LPS
2 9= ROS Y] AR7 AL JFE Fof LA
t}. o] ¢J3 RAW 264.7 cello] cell permeable fluorescent
dye?l 50 uM9] dichlorofluorescin diacetate (DCFH-DA)
£ 2X7t 5¢t A AEd $ A|ASEL 500 uMe] Ho0p -2
1 ug/mle] LPSS 5% 9 A9} 87 Aeid 3 A 2] o3
ROS A AA52 multiplate readerE ©]-&3t fluorescence
EZAE 5ol 245t Hth S 33 vhE A HA %

o2 vehyet.

TAIRIXE Nrf2e| B &S 2M
o] gHikst B4 71 S doti] s dEA A &

7 2
AFsE G491 HO-13F 1 A9 A ARIARI Nrf22] A|& 229
o5k hiE 2 HILE Western blot hybridization® 2 £
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AslA . HO-19 4x8A| = Cell Signaling Technology
(MA, USAZHE T3}, Nrf2 181 Actin®] L2}5}
A2} anti-goat, anti-rabbit 52 ©]Z}3} A= Santa Cruz
Biotechnology (CA, USA)ol A U3t AME-31%th A&
A7t B wjF AlZoA S d S F5510] Bradford
assay® T =5 AT F 50 ugd @S 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z A 7]9%3}a nitrocellulose membrane®]
blottingZt & 1:1,0002. & 3] A5k o4} ohall A o] U2}
¢} hybridizationd} 1 tF. Membrane 4] ¥ horse radish
peroxidase (HRP)7} 325 o]x}3}4)(1:1,0000& g A|7F 5
ot HF-8-A] 7] I chemiluminescence detection system (Fluo-
Chem® FC2, Alphalnnotech, USA)& o]-&3}o] thal 2] uf
A% BAsAT Aol A%E 33 v ABE F9 52
el il v WS Sele ¥ HEA dole S A
A3kt

NO 44K oixlis £4]
EZH QI free radical 5 3F+Ql NO= 83 A|ZAS
AGEA2A 2-gsht Q) B4 A] 418t AEF A9 gt
= 39 4% 2 AlZ &4 dlo] Hohi2]. o]2g NO A
4 JAIEY +42 Park 5(23]9] WHS WFst] b3 2
o] 435It RAW 264.7 cell& 24-well tissue culture
plateo] well @ 1.0 X 105 cell& EF3}o] B2A7] & 1 g/
ml®] LPSE A 25t} NO S F =311 A= FE529
2J3t NO AA A5 Griess reactiond Z3f 243152
o S 33 BhE AP Ao E Uit
f8s &d 71M 2
7 2A7F B33 NO A4 A5 714 9re]7] Y3l
NO A4 f22kQl INOSS dheld s BAsHGih £33
7t 2% 50| 93 NO A4 ¥ iNOS9 #d A3 50| NF-
kB % AP-19] 9Jaff 24d 7Hs4& Yoh7] 913 LPSE
4% % NF-xB p652} inhibitory kBo (IkBor), 18] 31 AP-1
9] subunit?l c-Jun?| QIAtSof| ZF 2EEO| A= FFE
B X35} 9 th. Western blot hybridizationS 9|3t iNOS, p-
p65, p-IkBa, 2182 p-c-Jun® YA}gA = Cell Signaling
Technology (MA, USA)Z H ¥ 13t AM&3t%TH A&
A2 7t Bt wjoF M EoA T A& %34 Bradford
assayZ T A 2S5 AT F 50 ugd S A 10%
SDS-PAGEZ A 7]9%3}1 nitrocellulose membrane®]
blotting?t & thA} Tl 2 9] €A 9} hybridizationd} 4 th.
Membrane $=A] & HRP7} tagging® o] X}3}A| &2 8 A7t
%59F -3 A]7] 3 chemiluminescence detection system-&
o|-§5to] el S BASH AP Y At 33 Bt

oo
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A3 9] A3t= ¥ (mean) + . H 2} (standard deviation,
SD)Z Uet S, 7+ Hlojg 9 $A &4& SPSS 20.0
softwareZ ©|-&3F unpaired Student’s t-testES 3l p gt
°] 0.05 F|¥Hp < 0.05)% F¢ F94d0] Q= AR wdst

3% A9 FAists B4 7 9 I AEE Yot ¢
3 WA FAsHsol 2 A E F 314l DPPH radical &

2 A48t ¢th. 1 A3t Table 19 AAE Hhek o
MHEE, OCEE, 181 PREE 2% & Z7}o] o2 73l
radical £27]5& R4 12.8ug/mle AR Ao <3|
DPPH radical &7 %] ztz} 97.32, 95.42, 95.01%2 U}E}
U A 2 F 22 AFE3) ascrobic acid, & vitamin C2J
97.49%%t ARG A= o] S Hof uf-e Fet AtshsS
B350 slolstglct. zF 4212 DPPH radicale] it 50%
274 22 YegU = IC ¢ MHEE, OCEE, PREE7}
Z+7F 1.10, 1.49, 1.38 pg/ml 2 2 VeRgT). o] o ZF AR 7}
HRe GAstso Ax 9 7|4 A2 24 g1l

2} 9y

Table 1. DPPH radical scavenging activity of MHEE, OCEE,
and PREE.

Reagent Concentration Inhibition rate
(ug/ml) (%)

MHEE 0.512 38.10+0.19

2.56 79.86 £ 0.37"

12.8 97.32+0.29°

OCEE 0.512 33.58+0.27

2.56 67.84 +0.46°

12.8 95.42 +0.25"

PREE 0.512 33.14+£0.23

2.56 73.13+0.62"

12.8 95.01+0.10"

Ascorbic acid 0.512 30.10£0.15

(Positive control) 2.56 96.68+0.18"

12.8 97.49+0.06

*Significantly different from the inhibition rate of each reagent’s
first concentration, 0.512 pug/ml (p < 0.05).
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Fig. 1. Effect of MHEE (A), OCEE (B), and PREE (C) on H,0,-
induced ROS scavenging activity in RAW 264.7 cells. Values
are represented as the mean + SD (n = 6). *, #Significantly different
from the vehicle control [Con (-)] and H,O,-induced control [Con
(+)], respectively (p < 0.05).
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Fig. 2. Effect of MHEE (A), OCEE (B), and PREE (C) on LPS-
induced ROS scavenging activity in RAW 264.7 cells. Values
are represented as the mean + SD (n = 6). *, #Significantly different
from the vehicle control [Con ()] and LPS-induced control [Con
(+)], respectively (p < 0.05).

aMEE 24 HO—1 & A2 TAICIXE Nrf22]
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Ath11, 27]. o] S Y3 & &
ol HO-137+ 1 AH9] A AFQIAHQ
Nrf2o] huld vhg o) n) = G&FL B¢t 1 A
Fig. 30 AAIE vke} ZFo] 10-50 pg/mle] A& 22 o] 23}
HO-1 2 4] AA} Q1zkel Nrf2e] ol W o] Z7hs
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Fig. 3. Modulation of an anti-oxidative enzyme, HO-1, and its
upstream transcription factor, Nrf2 protein expression in RAW
264.7 cells by MHEE (A), OCEE (B), and PREE (C). Actin was
used as an internal control. *Significantly different from the vehicle
control (0) (p < 0.05).
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Fig. 4. Effect of MHEE (A), OCEE (B), and PREE (C) on the via-
bility of RAW 264.7 cells. Values are represented as the
mean £ SD (n=3). *Significantly different from the LPS-induced
control [Con (+)] (p < 0.05).
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Ao Ao At A Z 5L FE6kA e AL el
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Fig. 5. Modulation of LPS-induced NO formation in RAW 264.7
cells by MHEE (A), OCEE (B), and PREE (C). Values are repre-
sented as the mean + SD (n = 3). *, #Significantly different from the
vehicle control [Con, LPS (-)] and LPS-induced control [Con, LPS
(+)], respectively (p < 0.05).
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Fig. 6. Modulation of LPS-induced iNOS protein expression in
RAW 264.7 cells by MHEE (A), OCEE (B), and PREE (C). Actin
was used as an internal control. *, #Significantly different from the
vehicle control [Con ()] and LPS-induced control [Con (+)], respec-
tively (p < 0.05).
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NERFANES dee] 27 71242 B9 0|20l T
He NATET

olgjgt A& Bl T= A 42 M. hupehensis, O.
cantonensis, 18|31 P. rubra®] &L FE&E0] FAslsT
FEF B EREE FAsH olg A= 7154

of thgt 7k AL gl 4719 2400 tigt A2 A
2202 8% AR At 2 of et 2L 7154 ol
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M. hupehensis TEZAZUTE E2|=d dojd ZA
T T, B, FAA, v C 52 geeka, Bl
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