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Antioxidant activity and NO production of the Alisma orientale Juzep
fermented by Paenibacillus kribbensis AM49
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ABSTRACT

Objectives : The purpose of this study was to investigate the antioxidant activities and nitric oxide (NO) production
in RAW 264.7 macrophages in extract of Alisma orientale Juzep (EAOJ) and fermented extract (FAOJ) by Paenibacillus
kribbensis AM49 (P, kribbensis AM49),

Methods : The Alisma orientale Juzep was fermented with P, kribbensis AM49 at 37T for 72 hours, We measured total
polyphenol and total flavonoid, DPPH radical scavenging activity, FRAP activity and reducing power by spectrometric
assay in EAOJ and FAOJ at concentrations at 0.5, 1, 5, 10 mg/m¢, Positive control was used ascorbic acid, Furthermore,
we examined effect of EAOJ and FAOJ on the cell viability and NO production in RAW 2647 macrophages.

Results : The total polyphenol and total flavonoids content of FAOJ were increased 9.16 mg/g, 2.59 mg/g to 12,58 mg/g,
3.45 mg/g. DPPH radical scavenging activity, FRAP activity and reducing power were dose dependently increased
according to the treatment concentration (0.5, 1, 5, 10 mg/m{¢) of EAOJ and FAQJ, In particular, DPPH radical scavenging
activity, FRAP activity of FAOJ was significantly increased at 5, 10 mg/m¢, Reducing power of FAOJ at 10 mg/ml was
similar to ascorbic acid at 0,1 mg/ml, In addition, the cell viability and NO production in RAW 264,7 macrophages were
significantly increased at the concentrations of 250, 500, 1000 ug/mf,

Conclusions : These results suggest that FAOJ by P, kribbensis AM49 has effects to antioxidant activity. In addition,
the cell viability and NO production in RAW 264,7 macrophages were significantly increased.
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waol AgH 25 ATE L ATAE R £52
25 pesiet, 258 §719) vier RaolA o UgolS
F3td BCP agar HjA|of] Ad=Est 37C vig7]NA 24
AlZE v e & ek HEg-g PAst= =Y Aujgst
Atk AL +F 542 $30 BigDye® Terminator v3.1
cycle seqgeuncing kit2} ABI PRISM 3730XL DNA Analyzer
£ A= Solgent Co., Ltd, (Daejeon, Republic of Korea)
o 23t P kribbensis AM49 #3 Y& S13tATh A<
2| 2= TSA agaret TSB broth& AME-3FITE

5A17F 2&38l9) ;‘_IE]_Tl —.':—H}i autoclave 12174 15
B7) aehd At 3 & Ao A 83| A3 te P kribbensis
AM497} g-55 o] & TSB (5x 10" CFU/m¢) brothE 1%
FEE XEste] 37ToNA 7247 2AoE A E|YF S
o}, A oAmste] udEH T F, 5o 524
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(Sigma—Aldrich Co., St. Louis, MO, USA) 0.4 mE 7}3}
o] T35 38 & R4 1.4 m0T 10% Na2CO3 0.4 mlE
A7Vste] Ao A 1A7F WA E L 725 nmollA FFE (X-
MA3100PC, Human, Seoul, Korea)E &43}9t E&&E
A& 719|214 (Caffeic acid; Sigma Aldrich Co., St. Louis,
MO, USA)& 0~100 ug/mf9] F=2 A|Zsto] A2} 22
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Moreno 5'V¢] Wol wtel 245t 2 AR 0.5 ol
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0.1 m¢ ¢ ethanol 4,3 W& =2 7}ste] s, A-2ofA
4087 X% & ZFE 415 nmE SHsQc FRELLS
quercetin (Sigma Aldrich Co., St. Louis, MO, USA)2 0
~100 ug/m9] FE== A|Zsto] A2 T2 YHoz 24
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7. Ferric—reducing antioxidant potential
(FRAP) &4 &4

FRAP 242 Benzie & Strain'®9] ¥ wet 4819,
Z+ A& 0.05 mo] EQ‘E L5 mE 7Ft & &3kste] 37T
oA 5EZF ¥R A7l & 593 nmol| A Y] SUEE

8 i"‘{. = %26]

Oyaizu'”9] W& $-83dta] ZAs AT AR 0.5 meoll
200 mM sodium phosphate buffer (pH 6.6) 0.5 md, 1%
potassium ferricyanide 0.5 m{= &3t & 50T A 20&
7t B85l th, 10% trichloroacetic acid 0.5 m-& 7}k
S35 £ 2000 RPMOA 1587 d4l&2 o3t 45
1 m¢ef 0.1% ferric chloride 0.2 m{S &3+3t & 700 nmoll
A S E 2A3HT. AL ascorbic acidE AHE-3H
A 7ote] kst A4S vlaLst gt

9. Nlazu

ule A thRAM|EZQ Raw 264.7 celle IIZANEZFL
(Seoul, Republic of Korea)olA] EFuteton 10% FBS,
penicillin—streptomycin®] 375 DMEM v R & A}-&5}o]
37T, 5% CO; incubator (SANYO, MCO—18AC)ol| A vjF
st ALgatsi,

10. NZEE 573

96 well plate®] RAW 264.7 cell& 1x10° cells/well2]
cell& 100 w¢ BF3}t9 371C, 5% CO; incubator (SANYO,
MCO-18AC)II A 2412 Wystsach, ZH2ke] A2 g Azl
o] theFdt & (0, 15.625, 31.25, 62.5, 125, 250, 500,
1000 ug/m)E T3t AZujFd 100 W E A7Fst NZE
24X)7t v e & MTT assayE AAISHY Aolgle M2
243t MTT assay W2 u]EZE2]0}9] dehydrogenase
7F MTT (3—(4,5—dimethylthiazol—2-yl)—2,5—diphenyl
tetrazolium bromide, Amersco, Solon, OH, USA)E 3¢
AA FEAN £4Q formazans TE= Yo 7|23 AL
E Ao A& formazand DMSO9| €341 T2 570 nm
9] o N FF=E ZSAHAT

11, Nitric Oxide (NO) assay
24 well plate®] RAW 264.7 cell& 1x10° cells/well®

BAte] gatsl 24 9 NO A4 &3 25

cell& 1 m¢ & BF3}] 37°C, 5% CO; incubator (SANYO,
MCO—-18AC)ol| A 2417t w5t e}, 10 U/ml =2 IFN -y

(R&D systems, Minneapolis, MN, USA)E 6A]7t &gt
T RAW 264.7 cellof theFst 5= (250, 500, 1000 ug/m¢) L
F d22d LPS (1 wg/m)Z 48A1ZF A=F38H%th. NO<
£73L 96 well plateo|A] AZ vigFH 100 w2} Griess
reagent (1% sulfanilamide in 5% phosphoric acid, 1% a—
naphthylamide in Hy0) 100 uE Egste] A-2oflA 1587F

HH-2-A]1Z1 & microplate reader (EPOCH, Bio—Tek, USA)
2 540 nmo| M FFE=E SHSA.

12, AEA

2 AN Ao BE Zit= FF £ EFHAE YEY

Poem, SAF §949-2 SPSS (Statlstlcal Package for the
Social Sciences, SPSS Inc., Chicago, IL, USA) program
< o] &3t EAstTh 2z ﬂi% “?V"J—PEE o Auf x| &
AR AL g/\] 3] SoldL AZ3 T AFE7FO] S9N
<0,05 =]l A Duncan’ s multiple range test AA|3}H},

m 2 I

1. & E9¥s 9 S0l IF

HAEEE (EAOJ) B HaEAEESE (FAOJ)Y F4tst
& Brel] 8 & EYuled F SYErolE e
Z4stgeh. EAOJO] B & E2vls 9 SehEeolE &
T2 27 9.16 mg/g, 2.59 mg/goleH, FAOJS & &7
Hz H SThE o= RS 242 12,58 mg/g, 3.45 mg/go =
UERsE Tt (Table 1),

Table 1. Total polyphenol and total flavonoid contents of EAOJ
and FAOQJ

Total polyphenol Total flavonoid
Con c, (mg/g GAE)? (wg/g QE)?
(mg/mp) 9 Y 9 "
EAOQJ FAQJ EAOJ FAOJ

5 9.16 £ 0.13 12,58 = 0.01 2.59 = 0.14 3.45 + 0.07

The results are values represent mean =+ SD of three
independent experiments,

Y Garlic acid equivalents,

2 Quercetin equivalents,

9 EAOJ : Extract of Alisma orientale Juzep.

Y FAOJ : Fermented Alisma orientale Juzep.,

2. DPPH radical &A% &%

EAOJ % FAOJO] @4ket 842 #H71517] $1s) DPPH 2t
Z 27A%5S 2389 0.5, 1, 5, 10 mg/me] FEE EAOJE
Hegt A3} 242+ 1.35%, 2.24%, 11.73%, 21.10%S EH
or] FAOJE 242+ 1.98%, 4.18%, 22.26%, 37.46%% et
Wk, FAAHRZL ascorbic acidE 0.025, 0,050, 0.075,
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[ EAOJ
100+

DPPH radical scavenging activity (%)
3
[

2:;_=.r1||-|l ﬂ

Vol. 36 No. 4, 2021

Hom $oI4e Mot AL 5. 10 ng/nte FAOJZ Lieht
t} (Figure 1),
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Figure 1. DPPH radical scavenging of EAOJ and FAOJ. The results are values represent mean = SD of three independent experiments.

@ Means with the different letters are significantly different (0< 0.05) by Duncan’ s multiple range test. EAOJ ;

Juzep. FAQJ ; Fermented Alisma orientale Juzep.

3. FRAP &4 &3

EAOJ ¥ FAOJQ] 3iks) 348 H7lsl7] 93l FRAP &4
2 &A3s9ck 0.5, 1, 5, 10 mg/mQ——] =22 EAOJE A3t
At 2+ZF 0.059, 0.075, 0.264, 0.3569) &F =& YEe
o FAOJ= Z+2F 0.071, 0.102, 0.395, 0.5979] &3==&

Extract of Alisma orientale

etk AR F¢] ascorbic acid= 0,025, 0,050, 0.075,
0.1 mg/m 9} F== A A} 242} 0.230, 0.449, 0.667,
0.889¢] T¢=E Yetditt, EAOJ, FAOJ ¥ FAhzZ<l
ascorbic acid 2% & &F oz ZUlstgon o4
Hol= AL 5 10 mg/ml e FAOJZ YElgt} (Figure 2).
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Figure 2. Ferric—reducing antioxidant potential of EAOJ and FAQJ. The results are values represent mean * SD of three independent
experiments, ™ Means with the different letters are significantly different (p< 0.05) by Duncan’ s multiple range test. EAOJ ; Extract of

Alisma orientale Juzep. FAOJ ; Fermented Alisma orientale Juzep.

4, 348 3

EAOJ ¥ FAOJY 4kst E4-& Hrlslr] 93 S98S
23359tk 0.5, 1, 5, 10 mg/mY] =& EAOJE 23t
Ax}t 47+ 0,057, 0.109, 0.404, 0.8549] FZ=E ekl
ow FAOJE Z+z} 0.120, 0.218, 0.712, 1.7439] TP S

Elith A EQ ascorbic acide 0.025, 0.050,

L

0.075, 0.1 mg/m®] F== A A3} 22+ 0.449, 0.904,
1.341, 1.7719) S2=2 vehdith, EAOJ, FAOJ @ oAl Y]
Z7¢l ascorbic acid 2% = QEZF o7 Zylslgon,
E3] 10 mg/m¢ F=A FAOJZ} 0.1 mg/m¢ <] ascorbic acid
o FARE AL 2 et (Figure 3).
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Figure 3. Reducing power of EAOJ and FAOJ. The results are values represent mean =+ SD of three independent experiments. 27 Means
with the different letters are significantly different (0 ¢ 0.05) by Duncan’ s multiple range test. EAQJ ; Extract of Alisma orientale Juzep. FAQJ ;

Fermented Alisma orientale Juzep.

5. NIZAEE A

ol A A AL Q] RAW 264, 7 celloll Al EAOJ 2 FAOJS]
A ZAZEES AT}, 15.625~1000 ug/ml 2] EAOJ L

1000 wug/ml Q) s=oA EAOJE Z+2ZF 109%, 108%, 110%2]
NEZQZLS Ehd on FAOJE= ZH2) 116%, 120%, 126%
o] A ZAYEES YEPHT (Figure 4).
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Figure 4. Effect of EAOJ and FAOJ on the cell viability in RAW 264.7 macrophages. RAW 264.7 macrophages were treated with different
concentrations of EAQJ and FAQJ for 24 h, and their viability were determined using MTT assay. The results are values represent mean =+
SD of three independent experiments. ®© Means with the different letters are significantly different (0< 0.05) by Duncan’s multiple range
test. EAQJ ; Extract of Alisma orientale Juzep. FAQJ ; Fermented Alisma orientale Juzep.
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Figure 5. Effect of EAOJ and FAOJ on NO productions in RAW 264.7 macrophages. RAW 264.7 macrophages were treated with different
concentrations of EAOJ and FAQJ for 48 h, and LPS (1 ug/md) was used as a positive control for NO productions. NO levels were
determined with Griess reagent. The results are values represent mean =+ SD of three independent experiments, 2 Means with the different
letters are significantly different (0 0.05) by Duncan’s multiple range test. EAQJ ; Extract of Alisma orientale Juzep. FAQJ ; Fermented

Alisma orientale Juzen.
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6. NO ¥4 &4

k-2 A Z ] RAW 264.7 cellol 4] EAOJ @ FAOJ9]
HYZA &I} el 98 NO9| AL EAstgch 250,
500, 1000 wg/mee] FE==2 EAOJ % FAOJE A3t At
FAOJE ®E Q&ZH o2 NO7I $7Fstqtt. ¥ EAOJ&
NO A& F&skA] gt (Figure 5).
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BAE Aoy 504 At oAl 2EoE Y&,
AR, ke gl Faro A opist Uyt 2 A
A oA Al L AYAE T QH Bzxsto) A BAlE Aol
BAA}, Alisma orientalis (Sam.) Juzepczuk® A2 A
2o utE27] A ZE o st =FR Y AA-S AASL
Azsjol AHRIE ACE eiA Aow, 20164 |EoE
Sab msof Tt gHaket AL 670 BaE o ok,

At os was 7|49 F718EC] EalE i 4t
Bo] 413}, @Yo} ATPE HAsH= w-golth?, Wit Yo
U7 fsixe dart 7hsd ndE, A9 259 S5,
HjAE 282 s Az FFYS THA7]7] Y3 A=H
= IAMAEE AALae gy R YRS BRE sk
theFst 27o] oA ot HrEFHeRe] 7)Ao hEt
ATE Park 5770 9 fAFOR WaT ZuH] FEEC
2719 A &3}, Oh 529 gt 25C oA 7247t &
ad FAYEF7HLY] =g FFE9 AR AT, Shon™
of oJFt MAFAAZ Hagt BP 1} ko] ks 9 Q149
ZHHAI oA oted o] aatyt Rug vt Qirk, o] e A
Shore] Ao 2= AR, Ayt ghefof H|sto] glo] Eo}, EA),
oFa7F W= Fojum A3tE §olstal fa/dw] S0l
A Eoh AR, Fae oA @2 aavt AikEn UA,
AL 5oz a5 A0 oA, e Tag 2
ato] 2% FEA 1AL Fof s FFHLERE kA
sk, gt dsAdol Aet steriu 54E Ad ghek
A= A 2AE 7HA ¢a EaTF ThesstEE =4S
Alojshed Ego] "k,

=2 hydroxyl7| & ZHe WS SFEE AEY 22HAL
Abgoln] Tl Wl vet B A 2Fet 4k 3
59 thaket HgAS JHthn g A Yoph?), Zetnne
ol EfHEol &t AELE BT oY E HE5HA
oQl, Ab, Wt e Z2 ok Kot BF, IR, FAE o
£ A EA HAAY, E3F E2FE 1 o|EE anthocyanidins,
flavonols, flavones, catechins, ¥ flavanones® 2 FA =
Fos ¢ Fed 27 a9E 2@ A9 o adE vt
A3 ok A Y0 A0 4 £ EZeHE
9 FetE ol E S 242 9,16 mg/g, 2.59 mg/gol e
FAOJO| & Ed)9E 9 EetE 0|t 32 217 12,58 mg/g,
3.45 mg/gL 2 UgyT ol EfFEe] EgEkolEE
ZZete 2 WFol7] Wl vehte Zateta AtrdEd

DPPH radical 2452 JAEY 84 &2 5718+
FEEY 4T 4 SAHeR s 4SSt Ul
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BZQ Edoltt, L AAE == DPPH radicalo] 3H4ks}
EAd 93 AAE Fo] wol FARU o] oA T
Ao g gAgTl? B Ao EAOJ 2 FAOJS 5=
¥z xa)ste] DPPH radical 274%2 &Asgon 5, 10
mg/mlol| A FAOJ&= EAOJHTE folF oz Z7heh A &l
SHATE Lee 572 o A A 2A AL Yoz Hard
+53&ES 0|83l DPPH radical 24%5& &33t9oH
4, 20, 100, 500 mg/ml FENA 22+ 7.3%, 18.6%, 49.8%,
84%9] £~AGE o B AFAnte}t fAg DPPH =
Fol5S yehlith, E3F Choi 52 nf BL o] 7A4S
Az3te] AMgShe Abeke] @3EE DPPH radical 2452
Z234% 43 1, 0.1, 0.05, 0.025, 0.0125 mg/ml FEo]A
Z¥7} 8.1%, 45.8%, 43.4%, 43.1% X 37 6%= et oH
2 5 AMEShe SoRAet v uste S W YAdSEE
B2 v @ A S 7M1 Yota waE

FRAP assaye % THABsS SHste #Re=
Fe’ ~TPTZ B&A|7} Fe* ~TPTZZ Y& el o] 83t
Ao2, 52 FUYL /A BHL FREY AV A U
ehdthn gejA ok FRAP assayel 9@ EAOJ H
FAOJ9| g4tst 84& &4% 23, & 25 2F 5= 9
THOoR FHE7L SV ER 5, 10 mg/mlA FAOJ=
EAOJE T fold o2 Z7st A& st

FLE L F+EFE] 45 FoIsto] fajatde o
3lsle] Fe'+2 gYsts FAHOR FFEo $37} S71S
$2 Az gdgo] Hojdk AL YA g
oJ%t EAOJ ¥ FAOJS] &4t &4 4% A}, 10 mg/me
oA FAOJ+= EAOJET {9& e g2 ZF71et A& Zelstqirt
E3] FAAI=EA 0.1 mg/mle] ascorbic acid®} 232l
Zpo)7b vepA] gttt

B AFoA afeA hAINEZQ RAW 264, 7 cellol] EAOJ ¥
FAOJE 15.625~1000 ug/mle] S =2 A7gt & 37T A
2477k wFSt & A|Eo] A& MTT assays 53 &<lst
%At EAOJ ¥ FAOJE BE FZoA AEZEAHE FEstA|
dokom 3] 250 ug/ml 0142l HEollA FAOJE AZAY=
o] AA3| F7tste AL FelstAt

NO<+= nitric oxide synthetase®] 23] L-—arginine©]
L—citruline® 2 H&== Aol Y= 234, "G
23 53 g2 QFoz Fad I gystn Yo,
Z4stE dANZA BEH|EE NOE HIASHIRZ A
HIANEZE SHTAIA FAEZof et 54 L oF HaA=
BE o] AFAS F7IA 7= AEFH mjAf ol 42 n}
o AN EZQ RAW 264.7 cello|A] EAOJ U FAOJS] H
A57 53k gl $j8) NO9| S IstE o FAOJ&=
250, 500, 1000 ug/mlol|A] FE o2& 02 NO7} 716}
AL Felskirt. W EAOJE NOSJ A& frdshA] ofstet.
wtebd FAOJE uheA di2lH|ZQ] RAW 264.7 cellS A
slste] WHHlSS =S AORE AT W)
upo] @b of] gt 71 Q1 Z7go] B astct,

wh2kA P kribbensis AM49E o]-&3lo] BAS:EEL dta
o 24 DPPH radical &A% 22 4kst @49 S7t,
RAW 264.7 cell?] AZAZE 9 NO7} SIS &<l

St ol euAh, Aol 8 A FFY FFYFEE




Paenibacillus kribbensis AM49% WA A|7] BAL2] gHASE 4 9 NO A a1t 29

o X= P kribbensis AM497} A E31A] £33 Ao Z Hof
At w49 QeE Sston, Bap) wael $7] St
A 24L& FEA7)= Ao, 3FeHE HP oA WAEE=
F71EC o3t Ao 2 AzrErt, a2y NOo| Higt W75
TH violeubA W b gof mE B gt F7HE<l At
R Fojof & Aol Atz HTh

v.Z2 &
2 dAFogAEe A5 9 AFAA B ndE
kribbensis AM49E 0]-83}¢] FALE gt
9 RAW 264.7 celld|A 9] ®3LE ERlste] thS3} &2

=2 T A

]@1.
o
o
odh
2
e
m {
Y ox U

1. EAOJo| &#4E £ Efve ¢ EgtixolE ke
27k 9,16 mg/g, 2.59 mg/golew FAOJS & &4
e 9 Sftirolt 2 447 12,58 mg/g, 3.45
mg/gL 2 UreRsiT

2. EAOJ ¥ FAOJ9] DPPH ¥ FRAPS &AL 5= 9
Moz ol ZAEHAL, Fo4e Holk AL
10 mg/m¢ 2] FAOJZ vrebgte),

Y

ot

3. EAOJ 9 FAOJ9| &2 5= YEZ o2 {57
Z7}st9 3, FAOJE 10 mg/ml =14 0.1 mg/ml<]
ascorbic acid®} FAFSH A4S T

4, uf9 A dIAAMEZQ RAW 264.7 celloA] EAOJ ¥
FAOJE RE SEoA] AZEAS §usHa gharom,
250 ug/nt OAH) FEAA FAOSE Al EAEEO] 27}
AT, E3F FAOJE 250, 500, 1000 ug/méolA 5=
gE5 02 NO 4ol F7kstart,

o|Ae]l Atz Hol YAl P kribbensis AM499] 2]3)
AEjgo] F7tE= AL BRIt L™ PaenibacillusSt ¥
Abe] &8 TS AlARSHE AR AFREHT, EEE oo o
gt 743 A7t "asith
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