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Abstract

To investigate the optimum extraction condition for Elaeagnus umbellata, the antioxidant, anti-inflammatory and
antibacterial effects of the extracts were assessed under different extraction conditions. Gallic acid and kaempferol,
known as major components, were quantitatively by HPLC. Extracts of E. umbellata were examined in terms of
their DPPH and ABTS radical scavenging abilities in addition to their polyphenol and flavonoid contents to determine
their antioxidant activities. In addition, their inhibition of nitric oxide (NO) production in LPS-stimulated RAW264.7
cells was examined to determine their anti-inflammatory effects, and paper diffusion assays were used to examine
their anti-microbial activities against Propionibacterium acnes, Staphylococcus aureus, and Escherichia coli. It was
found that the extract obtained using 70% EtOH at 80°C for 6 h showed the best radical scavenging activities
(ICso; 8.64+0.31 pg/mL against DPPH, 9.44+0.48 pg/mL against ABTS) and NO inhibition in RAW264.7 cells
(39.6% at 500 pg/mL). In addition, the extract obtained using 50 - 70% EtOH at 20 - 80°C for 6 h exhibited
an excellent antimicrobial activity (7.0+0.4, 6.5+0.5, and 9.0+£1.0 mm against P. acnes, S. aureus, and E. coli,
respectively). This extract also contained the highest contents of gallic acid (45.60 pg/mg) and kaempferol (1.16
pg/mg), and the highest extraction yield (16.83%). Our data therefore confirm that the gallic acid-rich E. umbellata
extract exhibits enhanced antioxidant, anti-inflammatory, and antimicrobial effects, and can be used as a functional
food to protect against skin aging and/or dermatological issues, such as acne and atopy.
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M B A HelF U, HE Ay Helare deA vk =
Wellxde 2 T AdA 7], 2188 o= Al
B e (Elaeagnus umbellata Thunb.)E E.2]4U-5 =, dujo} & 28 7hedt Ajolth. Hulj= g
}(Elacagnaceae)®l] &ot= GF LY TR ZA I Me SR AR E) e} 5hH, A AKRafique 5, 2016), =&
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(Lee 5, 2011), &3H=H(Lee 5, 2011) Sl A7} 2l
glo]F3lo] EntES] 7-8u] FE FHiE] = Aem
dH A U3, Helaur do] A @4 e HaRe
A g g3 5l v, S50 Gk Park 5, 2019)
2 et EA(Kim 5, 2016) T et E5o] HuER
o} slA|RE B 9o o =Rt )i At tigh
8% Ase 2ud v gith

Helaur Ao Fa g4 Aol dig A= mlegh
A7 o, gallic acid, kaempferol, catechin 5-°] F8 J+
o= FHFAUE Ao LA UtkYoon &, 2007;
Abri®} Maleki, 2016; Kim &, 2016). Gallic acidE 3H4+3}h
2z g9 9Jom(YenZt Duh, 2002), &4 A4
(Kroes &, 1992), W& o] A AFE - (Inoue 5, 1994),
e« EIHKim 5, 2006b), H <+ Z2] <A (Ohno %,
1999), 77 W Btel|2jote] g5 Al|(Kang 5, 2008) 5°]
Huxo] e} 53|, gallic acide] o] w2 F2te]
Hold ksl a5 2 Al Utk Kaempferol = gallic
acid®} FL3HA A& Ul thF &A1= phenolic component
% shtold, & A (Devi 5, 2015)°] -3, 217
W A EL] A3tA ~E# 4 943} F3K(Sharma 5, 2007)
T A7t AUk

is A 2 FiEs e 2H o2 Aofidoly
Faf o} 22 QRASolv 38t EHEREH BV
7, LA rlAE] digh WolAAlE Z2E=THKim 5,
2010). SFAIRE, &5 2=l A|HZA 07 wFo] Ho] &4
= 7] gtk A=ES fEvet o A8 Sxk] 6-8%
£ 2Aete 23 g dstor g9l A=FS Fegh
2EY 2 e A diEld wE oF g EFoz st
o WAL, 23 ] D)=]e] ¥4 F7L, Propionibacterium
acnes T8 HE=gF F2, 95 oA o] HF whg Fol
oz 2gste] WAYthSohn 5, 2006; Kim &
2006a; Kim &, 2009). 12|11 ¢ X 89} &0 &34
oA A=o] AL sE] Fado] FAE A HA
sl tigk walel H5sta Urh

I RAS-S FEA]T]= v AE-S Staphylococcus aureus,
P. acnes7} B0} At} S aureuss T H AT o R
olE3] 1|79 g} n)Fol|X 95% ©]°e] S. aureus®]
el &l olEFr} fETiE Ba AlElEe] gloH,
P. acnesv T2 A=ES FEstE HH otz dH A
o, mgz} w|A| el Eate] Bg WFellA P acnes
o] AW Fal Eav) A E e,
dote] g 99 Ao s doth o
5 g o)t T4l 9 H3E A e
ofye}, BF 799 MEy A 7|5 &85 ©
4 SATHHan 5, 2009; Weon -5, 2011).

AA B A=F X E5A JE2= triclosan(Lee 5,
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1998), benzoyl peroxide(Leem®} Jung, 2005), azelaic acid
(Bojar -&, 1991), retinoid(Pechere &, 2002), tetracycline
(Leyden “s, 1996), erythromycin(Lim ‘s, 2007), roxithromycin
(Kobayashi 5, 2009), clindamycin(Lim &, 2007)°] 1A%,
=8 AmAle] Fwg AFgel o W AL A1
o 9Tk wWeba Batgo] ehix) g 95l eg
Q% Aol vk AN FIE 2 Al ] BAE
Agolth A=F A e g Tr 4D wNE
el = AA FE2ES AYWelumbo nucifera)(Lee 5,
2019), ¥ Z(Centella asiatica L. Urban)(George®} Joseph,
2009; Shen 5, 2018), X.ZX|(Psoralea corylifolia L.)(Chen
5, 2017), S8 Magnoliae officinalis)(Park 5, 2004; Oh
5, 2009), =-3HInula helenium L.)(Wang 5, 2018), 74 %
(Chrysanthemum zawadskii var. latilobum)(Kim 5 2012b;
Ku®} Park, 2018) 5°] Sth.

2] 4FA~F(reactive oxygen species, ROS)l| ]3] A1
W A 28 B Al ZAT ] 9, 2 Y 5 ok
& A1A Al gfle] vEhdth A4 U ROSE A A5}
9J8l vitamin C} 22 EHS FFFCRA A E S
tH(Wang 5, 2000).

2 Al e Bl gle) 8 AE I, o5
A5 A feo] Susts a8 F= vl v =, FE
L&, FF AR FF 270 WhE FE2ES @42
skt Heleur o 5] gallic acidst
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AT G4 9 IR dFS Fdste ZRATFEES
aureus), V=5 (P, acnes)°l| et et 3 2L 3 R4
ol et F-858 AEst] sl Nt (Escherichia coli)

& Ahgstel YRBYL ST

A Z

B Aol AHEE By A HAMRG 52
©l(Gyeongnam, Korea)©. ZH-E] A|-F wro} Al-8-3}%T}
Ascorbic acid, prethanol A, sodium carbonate, sodium
chloride= Duksan Chemical(Seoul, Korea)ol| 4] -l 5}54
11, agar= OCI Chemical(Seoul, Korea), dextrose= Samchun
Chemical(Seoul, Korea), 2,2’-azino-bis(3-rthyl-benzthiazoline-
6-sulfonic acid)-diammonium salt(ABTS), chloramphenicol,
2,2-diphenyl-1-picrylhydrazyl(DPPH), aluminum nitrate, beef
extract, Folin-Ciocalteu reagent, gallic acid, L-cysteine
hydrochloride, peptone, potassium acetate, phosphate buffer
saline, potassium persulfate, soluble starch, sodium acetate,
kaempferol, quercetin, yeast extract~= Sigma-Aldrich-Chemical
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Co.(St. Louis, MO, USA) A Fulatsith. I (E. coli),
EETTS. aureus), GV E=F T(P. acnes)= ABEAL A
EJ(KCTC, Seoul, Korea)Z%-E] kol AL-8-3}%)

He|puR o £ dx € 2 &3

2 Ao AHEE Helaur o2 BALRG w2
©1(Hapcheon, Korea) &2 H-E] #|F-Rto} Al 3}
H Bl Ao 35 212 olekEe] HE(0, 20, 50,
70% ethanol), T3 25(20, 60, 80T), 53 AIZKG3, 6, 12,
24, 48 S WS R alglon, Axd HelFuy 98 +
= S‘“ng =3 5 wRAlA FESIin Helau o
= Oiler](Advantec No. 5A, Tokyo, Japan)= ]2}t
%@ Z7](FDU-2100, EYELA, Japan)i AN Z5}]
o e 2 i) 3] % 20C°ﬂ/‘1 H
Hste] ARgstith Helaur o %—%a—«l = =
A BEeUE o 27 FAC g F
o] FA WstE F7dste] WMikE

0 e

o
Ao
BN oE

o

o)

HalLg 9 FE=2 HPLC &4

ReyE o ’_‘% 9] gallic acid(Fernandes %, 2015)
9} kaempferol(Wang &, 2003)9] &= ¥4 HPLC
(Shimazu, Kyoto, Japan)E& ©]&3}%1 2™, UV detector
(HPLC-20A, Shimazu)E A}-8-3t¢] gallic acid= 270 nm<]
& ol| A kaempferol 370 nme] I A A8 T
Gallic acid®} kaempferol®] &= A ol= FL3A Cis
column(ProntoSil 120-5-C18 ACE-EPS, 250x4.6 mm, 5 um,
Bischoff chromatography, Stuttgart, Germany)E AF8-3}53 2
™, 1 mL/min®] flow rate, 30C2] ovend] == FX|5}1,
S (with 0.05% phosphoric acid, solvent A)<} ™ eh-&
(with 0.05% phosphoric acid, solvent B)S Z7] A]7Fe]
solvent A9} B2 H] &5 80:209] 7] &7] &E|& dlo] 10%
ol solvent B9 H]&°] 100%7} H =2 Zdsiit) B4

U A FEES é'ﬂ shFe] ¥ E 918l 1 mg/mLe]
TLE F=E ARESRI e, 10 ule] 3= injection
sttt ﬂ/“/]'u A FZE9] gallic acid®} kaempferol

o] gek2 standard gallic acid®} kaempferol& HPLCE ©]
T AFAE At A s

DPPH 2tHZ &H &4 &3

Zh =¥ Belauy 9 %5 100 pl(final concen-
tration: 2.5, 5, 12.5, 25 pug/mL)®} 0.2 mM DPPH &< 100
uLE 96-well plateol] ¥ 1 Zate] 302 Bt A2, 4
Jefoll A WH8-A1Z1 5 microplate reader(CA 94089, Molecular
Devices, USA)E ©]-&3}o] 517 nmol| 48] S35 5%
sttt T 1A 33]9] W AF & ‘ﬂ‘%k
Artete] Abgstslon, Helauy o 3559 D

832 #2748 A3Z (2020)

gz 2AgH e
2 JepA dix
o HElFur o

'nhibition concentration 50%(ICs) %t
O =2 gallic acid®] ICs #t= A4S
az e o mach

ABTS 20z ~HEM &H

14 mM 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt2} 4.9 mM potassium persulfateS &
grole] g2t b AdEellA 2447 E<t HEEAIA ABTS
radical & A7 3 734 nmol| A9 S3 =71 0.700] H =
= A5tk 7zt v Heleuy o 5= 20 ul
(final concentration: 1, 2.5, 5, 10, 25 pg/mL)®} ABTS
solution 180 puLE- 96-well platec] Ho] Z3FAIZTE 1 &,
oA 308 Bt U4 HES-AlA microplate readerE ©|

&3] 734 nmell A o] FREE A Heleuy
o FEEY AHZ AL S ICy #eE etk o
X2 quercetin®] 1Csp gk Al4kste] B o)
FE=3 Hlwskelth

Helgeue o 35259 & ZYdls $%S Folin-
Denis'H & ©]-&3t3ith 7zt w24 HelFuy o 585
(final concentration: 100, 1,000 pg/mL) 60 pLE 96-well
platec]] ¥5=5}31, 1 N Folin-Denis reagent 60 uLE &35}
of 33 T A2oA] HESAIZ] T 60 L2 10% NayCOs
L8 53l5)q] 01-/\1011/\1 308 wheA ] 1:1r Hke- o]
microplate readerE ©]-83F] 700 nmo| A 9] FFLE =
3T Gallic acidg AHg-3te] T 45 23]
Helgeur o 559 3 o9 S Tk

l

& B3R HY 53

Be|euy o 550 F FehiEieo|= 2 Moreno
WPEE o gote] ZAFATh 74 e HelFuy o
ZZE(final concentration: 500, 1,000 pg/mL) 100 pL<}
10% aluminum nitrate 20 pul,, 1 M potassium acetate 20 pL,
100% ethanol 860 WLE A2 E3tate] 4204 404
F<t RESAIZ T} 96-Well plateol] 200 uL? 531 415
nmel| A 2] FFEE 43 TE Querceting AHE-3t] E
% 20S Aol welay o $ER F Behu
S

Mz BHf

B Aol ARSI A EFH(RAW264.7, KCLB400T1)=
M| 23 (KCLB, Seoul, Korea)oll4] F-FRigkom,
1% penicillin-streptomycin(Welgene, Daegu, Korea)Z} 10%
fetal bovine serum(FBS, Welgene)©| Z3HE DMEM(Welgene)
£ AH&Ske] 37T, 5% CO8l £31 atol] wi sl
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He|puR o FEE0| cfst MxE dEE 53

A2 ABEE S5 918k 96-Well plateol] EH*—,/H] xF
= 1x10° cells/welli seedingd}al, 24A]17F B2t 5% COZ
oA wket &, ket Bl o ‘%‘%ﬁ/] &=
(100, 250, 500 pg/mL)= * 2]} 24/\] 7¢ v ekseiT). |
G olF, AT T 5 pgml7t HES MIT 845 ¥al
37C, 5% C0p ZANA 4X17E F2b M-2A17] %, microplic
readerE ©]-83}o] 550 nmol| A9 SF =S 48, X
o gk AE AEEs WEEE FAETE No
-nitro-L-arginine methyl ester hydrochloride(L-NAME, 250 p
M)= positive control 2 A3}

He|u R o FE5E9 M5EA(NO) MY X &3
A A Aol tig By o FEE Eﬂrﬂ
dolr 7] 1381 Griess reagentE AF&-51e] NO2| A &<
=431t WA, RAW264.7(1x10° cells/well)ol] 500 ng/mL
o] LPSE HFuF o FEE(100, 250, 500 pg/mL)3}
7 Aelskar 24/\17J L HESAIZATE ZF AT A
100 pL®} griess reagent[1% sulfanilamide, 0.1% N-(1-
naphtyl)-ethylene diamine dihydrochloride in 2.5% phosphoric
acid| & B2 E33slaL, 540 nm oo FFEE
7ottt ks A A B2 sodium nitrate(NaNOs) & 3%
TO R Agate] S 2dste] AlLksESiTt. Positive
control 2 iNOS®| 2785 A& gFo 24 NO9| A4S
A&} inhibitor?! L-NAME(250 uM)S A&t

o HiQS

E. coli, S. aureus= 5 mL2] NB vjA]ol] 50 L= HFdkaL,
37Coll4] 24213} shaking incubator(HB-2012SF, Hanbaek
Science, Bucheon, Korea)S A}-g-3te] wljFalATh. P acnes
= 5 mLe RCM A9 50 pLE &3 & gas pack
anaerobic system®] 37C, 5% CO, ZZ1 A 48A17F &<t
A2 v gt

HE|FUR o FEE2 &0 &M 53
By o FE259] gy 232 disc diffusion

method - ©]|-83}9 T} E. coli, S. aureus, P. acnesS A48

Ao, E coli®t S aureuss 1x10° CFU/mLS] T2 &
NB wiA]of] = 3}t P. acnes= 2x10° CFU/mLS] 112
42 RCM A 8| X o] =% S}AT}. E. coli, S. aureus?}
=" wAulA] 9ol paper disc(6 mm, ADVANTEC,
Asan, Korea) 5 ?1X|A17] 31, He|5FU o 25100 pe)
S FUFt 37T A 24217 Fot vjekatitt. 242413
vl %, E-E]/\]/}‘T‘ FE== «1 H AY7d % clear zone=
=33 A Tt T3, P acnes7t =E A HiA] o] paper

discE ?1AA17] 3, Helaubr o135}

) ‘if‘%%(l mg)=

o 37T, 5% CO, 7104 24A13F B2t B3I T. Positive
control 2 chloramphenicol(0.1 mg/mL)S A&} th

EAEA

£ AgoA dojzl Aol BE ke 33] o]/de] wkE
Aol ZHghe] FH+E T2 Yeplen, 44 4
3} gholl tigk A F E-21-2 SPSS® version 11(SPSS Inc.,
Chicago, IL, USA)& AH&3te] 2 Al &4 23E
one-way ANOVA testE AA]8}5] 0™, AFZEA -2 Tykey
Moz AAsITE pakol 0.05 oldte]H fejAo] dtta
R A=

FE x=Ho e FEFE9 FE, gallic acid %
kaempferol &z
Heus d8 gt & =
&2 Table 19 JERHUT}. o
Z(0 - 70% EtOH, 20C, 6 h)<>1 A BElguE o
5o F& F&2 deg =t Sl wet
311 2.1 (10.87 - 8.07%), 70% EtOH, 6 h X710 A 3=
= 257} 57l nek %% FEE T7HFATH60C,
14.77%; 80°C, 16.83%). T3, FF Al7te] IS 70%
EtOH, 80CA] 3-48 h %" S vl A3} 24X 7771

P
T
=

e e Ay
W ﬂ*{}l' e e

1

N

FE FEL FAHAATH14.33 - 16.83%), 48417He] 7
- 11.58%= tha A ESh

oy FF AR, 25, "]7})"1]"14 R e
FZEE2] gllic acid$} kaempferol®] &S HPLCE o] &
sto] EA8 A3 Table 16 YERHQITE 5 2110
w2 Bt o] 3559 gallic acid®} kaempferol 2]
FFE F AT BT oﬂ %"Eg]r 2t =255 7t

£ YEHTh 70% EtOH, 80C

o FF A FF AIFE el ¥sleld
AlZko] 6A1ZFY ) galhc acid®] gtako] 714 =gith. f,
70% EtOH, 80°C, 6 h”7} gallic acid 2 kaempferol &&©

]'7‘} < FF 20de gRlsdh

ATelA = EEVF‘%J?— A FEEY FE ST
3‘5‘}7] sl F= 80, = =
ARste] BeElaui o] FE2ES Axsh & AT
Aol M2 FZEo| AREEE A EE0] FEE 70%°]H,
80Ce] F=& &M 6A3E Bt =2 Wl M w2 5=
&7} gallic acid 2 kaempferol®] =S UERI T Gallic
acid®] Fe] Ertia Hud 53}, 531 3} Fol=
Zpol| A 242} 0.74 mg/g, 142 mg/g, 2.06 mg/g, 5.53 mg/gO 2
HE|FUR 9l 2580] 82-6L6W] B2 AS & Utk

=
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Table 1. Extraction yield, and the contents of gallic acid, and kaempferol of E. wmbellata leaf extract by solvent concentration, temperature

and time
Extraction condition
Extraction yield (%) Gallic acid (ug/mg) Kaempferol (pg/mg)
EtOH (%) Temperature (C) Time (h)

0 20 6 10.87 18.11 0

20 20 6 10.86 20.70 0.23
50 20 6 8.61 22.49 0.21
70 20 6 8.07 26.87 0.80
70 60 6 14.77 29.83 0.92
70 80 6 16.83 45.60 1.16
70 80 3 14.33 29.45 1.04
70 80 12 14.82 37.39 1.01
70 80 24 14.35 37.56 1.10
70 80 48 11.58 30.05 1.14

(Zuo 5, 2002). TE3h =2k U] $HG-H kaempferol®] e
0.053 mg/gl.= By o 253} vlwshd 21.94)<]
ek 2pol & HGItHZhao &, 2011).

F& o E FEEQ| s 51}

742 Q1 A EEol| A= superoxide dismutase(SOD), catalase,
peroxidase 52| @At} 4o ZHg o7 A AR HE
Hoata ok ey o7 oA g o] o] =W
ROS9| A o] F718lA = a1, 2ksls 2~E# 2(oxidative
stress) & o7 dth B AfdA = HElFui 99
oxidative stressE oW = J= 28 AR VA
AABH7] Hal BeeuF o FEE] itsl 24
H7Vet7] ¢35 DPPHS} ABTS 2tz 24 %3 % Ze)9)
T 92 ZgHwols dH3S Segon, O Aye
Table 20l YJERJSIT}. DPPH radical 22750l o3}t ICsp&
F= 8u9] vlgo] 7K wEt By o FEE
©] DPPH tt|Ze] it 27 5ol ¢, % §vils
Z3H3t og] & 24 DPPHE| )z &7 %] 7}
£ RSy A 35 1S 70% EtOHC A 80T,
A7 Bt 33 2H O R [C5°] 8.64+0.31 pg/mLS=

TS ABTS 2tz &7 5o vk Belau

o
=1
23 2ol A 1C5°] 9.44+048 pgmL= 71 £&
ABTS &z 2755 Bt Helauy o 259
3 = 9 FgHolE e 35 gule] v &0l
whe} Z71849 AL, 70% EtOH A 80T, 1247t
Bt FET A FYulE, SepEeolE Eio] 7t
7}k 243.65£1.96 pg/mg, 41.44+0.88 pg/mgl = 7Hg =

kS JERYE ey o FEE9] gallic acid9}
kaempferol®] sy} gits) &3-S vlwelH K|
9! $%E9 DPPH, ABTS &)z &7 %52 70% EtOH

A 80T, 6AI1ZF B FE3 oA 7P T2 AT E
e 9HH Be|auR o] 25| EEEes 2 &
gtHwol= & 70% EtOHOA] 80T, 12A]17F Bt &

3 214 7P A YErs T

Pibsl 5 9 R AS BAd tigk Kug A28
o (Lee 5, 2018), aLne](Gwak¥} Kim, 2018), 7 Aj
(Jeong 5, 20147 FUAAYA & FEE(Kim 5, 2012)
ol don, Feluedy S rolE o] S5
kst g3 ko, 53], AN E FEE
DPPH &}tz A7 5ol ek 1CspS tF5 12.5 pg/mL
ooz yeh} HeElaur o &5 vlwskd of
13 e] zto]l & Ho] Helauy o F550] Bad &
o vlaste] gk kst RS 7S ¢ T ok

FE ZUol| ME FE=2| LS 4

Nitric oxide(NO)&= tH2] A7} LPSE A543 u) inducible
nitric oxide synthase(iNOS)7} & o] A E o F-=2 M A
= ARSI NOE A/d3sk, NO& Ipqtshda gof it
& AdEl dall 4SS vEhdith ek IS
35S &213l= biomarkerZA A A2l NO A4 o
Al'se 75t Wio] dukdolth & AFedx= B
FUE ol FZEl gk RAW264.7 A O] A EYES
< MTT assay= &1ttt g 5%, 5 =%,
FE AR By o FEE] i RAW264.7
macrophage®] A AEEE BE A FZoA AxE
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Table 2. Anti-oxidative activity of E. umbellata leaf extract by solvent concentration, temperature and time

Extraction condition

Radical scavenging activity (ICsp, pg/mL)

Content (pug/mg)

EtOH (%) Temperature (C)  Time (h) DPPH ABTS Polyphenol Flavonoid
0 20 6 50.11+13.412™) 15.38+0.62° 152.98+3.20¢ 6.78+0.70°
20 20 41.38+13.41® 12.95+0.18° 195.89+2.38" 7.83+0.28¢
50 20 6 26.85+1.64™ 10.870.06° 231.3142.75™ 10.30£0.59°
70 20 6 22.51+0.66™ 12.02+0.25° 221.51:4.99% 17.10+0.56°
70 60 6 15.16+0.94% 7.85£0.21° 212.60+1.71% 31.33£0.57°
70 80 6 9.54+0.66% 6.69+0.34" 241.15+7.93% 37.45+0.94°
70 80 3 12.26+0.69% 9.96+0.14% 203.43+3.41° 33.4740.44°
70 80 12 13.92+1.26% 7.36+0.71° 243.65+1.96" 41.44+0.88°
70 80 24 15.23+2.50% 10.76:0.22° 230.83+1.67™ 38.82+0.40°
70 80 48 16.96+7.76% 9.12+0.05¢ 222.12+41.59% 38.25+0.47°
Gallic acid (positive control) 2.51+0.51¢ 1.65+0.16¢ NAP NA

UNA, not applicable.

DResults are expressed as meanstSD (% control) of three independent experiments.
deValues with different superscript letters are significantly different (p<0.05) by Tukey’s multiple comparision test.
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Fig. 1. Anti-inflammatory activity of E. umbellata leaf extracts by extraction conditions (solvent concentration, temperature, and time),
(A) cell viability of RAW264.7 macrophage by E. umbellata leaf extracts, and (B) nitric oxide (NO) production of LPS-stimulated

RAW264.7 macrophage by E. umbellata leaf extracts.

L-NAME (250 uM) was used as a positive control. Results are expressed as means+SD (% control) of three independent experiments. Values
with different superscript letters are significantly different (p<0.05) by Tukey’s multiple comparision test.
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Table 3. Anti-microbial activity of E. umbellata leaf extract for P. acnes, S. aureus, and E. coli by solvent concentration, temperature and time

Extraction condition

Clear zone (mm)

EtOH (%) Temperature (C) Time (h) P. acnes S. aureus E. coli
0 20 6 0.0£0.07® 5.020.0™ 5.540.5°
20 20 6 0.0£0.0° 5.540.5 8.0+£0.0°°
50 20 6 4.240.8° 6.5+0.5" 8.8+0.8"
70 20 6 6.240.6"™ 6.0+0.0™ 9.0+1.0°
70 60 6 6.7£0.6™ 6.0+0.0™ 8.0+0.0™
70 80 6 7.0+0.4* 6.3+0.5® 8.8+0.3°
70 80 3 5.3+1.0% 5.3£0.2% 6.5+0.5"
70 80 12 5.7+£0.9% 5.5£1.0" 5.8+0.8%
70 80 24 5.340.5™ 5.5+0.5 6.0£1.0™
70 80 48 6.0+0.8™ 4.540.5° 4.541.5°
Chloramphenicol” 5.0+0.5" 5.24+0.4> 10.0+£0.6°

UChloramphenicol was used as a positive control.

YResults are expressed as means=SD (% control) of three independent experiments.
Idyalues with different superscript letters are significantly different (p<0.05) by Tukey’s multiple comparision test.
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