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To determine the potential function of R/us javanica in Korean medicine, it was fermented with each
strain of Lactobacillus spp. Each strain of Lactobacillus spp. was inoculated in lactobacilli MRS broth,
and 5 mg/ml of methanol extract of Rhus javanica was added. In mouse hippocampal HT22 cells, ethyl
acetate extract of K. javanica fermented with L frevis KCTC 3498 induced heme oxygenase-1 ex-
pression and showed a significant cytoprotective effect on glutamate-induced oxidative damage. The
cytoprotective effect was related to the transcription of the nuclear factor E2-related factor2 (Nrf2),
which is responsible for the induction of heme oxygenase-1 within the nucleus. The antimicrobial, an-
tioxidant, and heme oxygenase-1 expression activities of fermented R. javanica were measured after ex-
traction with ethyl acetate. K. javanica fermented with L plantarum subsp. plantarum KCTC 3108, L
fermentum KCTC 3112, and L. Arevis KCTC 3498 had higher antioxidant activity than nonfermented R.
Jjavanica. The fermented R. javanica with L plantarum subsp. plantarum KCTC 3108, L casel KCTC 3109
after ethyl acetate extraction showed antibacterial activity against Bacillus subtilis PCI 219, Escherichia
coli KCTC 1682, Shigella flexneri KCTC 2517, Vibrio parahaemolyticus KCTC 7471, and Pseudomonas aeru-
ginosa KCTC 2004. An ethyl acetate extract of the fermented K. javanica with Lactobacillus brevis KCTC
3498 exhibited stronger antibacterial activity than a nonfermented one against strains of B subtilis PCI
219, E. coli KCTC 1682, S. flexneari KCTC 2517, and V. parahaemolyticus KCTC 7471.
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Table 1. Used Lactobacillus spp. strains
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HE 2L HO-19 Wd 55 53 HAE e 539
Ak st 83 9 Peeudomonas aeruginasa®)
df FA2E PSR

>

Aol MyYnt #
3]

of AHEE

ne ok
fol 19

7E’1_ A=
A2, B, FET 10704 GAs dggA] oz s
Fepgol A F]lste] AHgeRlth 878 E2 GRAS A
E2A FAE[51e AA A, Table 1904 B nhe} 2
of A EeAdTd FAALANH FdA-E3 (KCTC)ol
A RS ot Jactobacilli MRSH) ] (proteose peptone NO.
3. 10 g/1, beef extract 10 g/1, yeast extract 5 g/1, dextrose

>

20 g/1, polyoxyethylene sorbitan monooleate 1 g/1, ammo-
nium citrate 2 g/I, magnesium sulfate 0.1 g/1, manganese
sulfate 0.05 g/1, dipotassium phosphate 2 g/1, sodium ace-
tate 5 g/1, pH 6.5, Difco Co.)oll Althuj st & T4 20%
glycerolo] ZFHE A7gtel] Hof -70Ce] RaAstglon, 43
of AR&-3t7] A Athul = DA

st LgE S8 Ethyl acetate &2 M= ¥ TLC

oo wa= AHE FoFA 9] methanol & &9
5 mg/ml9] FEZ MRSH| A H7tete] EistdTt. 4t
WA AHEd FEE Table 19 ehpRlon, A2
1x10° CFU/mIZ stock}S A 23+ & f2-7FS 02%(v/v)
HES 598 AUkt 2dE MRS iAol HEsH3H
W Al 22 37CoA 7U7 wjFahiet. W g2 4T,
1,000x goll A 10£7F dalde] & A Lt ¢a
grofrj o) FE2 2a &5 50 mle] ethyl acetate
100 mlE 7}sto] et on, 23] whEste] AAST.
%E 7 methanol 5 Al & WO 2 ethyl acetate
100 mlE #7135t 2 At F& A methanol F% ¢

ethyl acetate 8 E7} g kA ethyl acetate FE &2

X o &l o

Strains Sources
Lactobacillus plantarum subsp. plantarum KCTC 3108 Pickled cabbage
Lactobacillus casei KCTC 3109 Cheese

Lactobacillus fermentum KCTC 3112

Lactobacillus brevis KCTC 3498

Lactobacillus helveticus KCTC 3545

Lactobacillus delbrueckii subsp. bulgaricus KCTC 3635

Fermented beets

Human feces

Emmental (Swiss) cheese
Bulgarian yogurt
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270 NaSOs& 37bsto] -5 Al A8l filter paper® o
7}k $ rotary vacuum evaporator (EYELA, Tokyo Rikakikai
Co. A-3S. Japan)E ©]&38to] 3t FFotqich Tl 2%
groFAf o] AEwists #dstr] 98l TLC pattern £4E 3
A 6xtFE LA FHUF-Y ethyl acetate FE& ]
HO-1 el 845 Bl KCTC 349822 WaE HUHF eth-
yl acetate FZE3 MehE FEE40 TLCE 53 Ha ¥}
o] A E ] patterns FI3FATH F U] methanol F
%9 ethyl acetate %8 & (10 mg/ml)Z 27 HH S ethyl
acetate %% (10 mg/ml) TLC plate (Silica gel 60 F254,
Merck Co.)oll Zt7t 10 plE F A st AxA7 $ 7H-&v)
(Hexane:Acetone=1:1)7} ] $)+= TLC chamberol A A7) A|
Atk AMAIZ TLC platew= U.V. lamp 254 nm, 365 nm¥}
10% kol wAyste] glstgith. 2 A3 wa Hol Hls)
WE g FUF ethyl acetate =504 Re=0.35, 045, 0.72
SollM TE ARG B3 spoto® YEhdS At

o=

>

=
)
=]

I

)

MEH S X ME HSEy =8 i

o2 alo} ol HT22 AZFE 213 55040 8h)
ZREH Eoqutol ALEs4th HT22 ME+= 10% heat-in-
activated FBS, penicillin G (100 IU/ml)$} streptomycin (100
ug/ml)S &3 DMEME| Aol 531 37C, 5% CO, vl &
7] Woll A 2441 7F w3l dTh. HT22 Ml25% 96 well plated]
wellZ 1x10° cells W& BF3ke] 24A)7F W% 3 247}
A& §d7 5 mM glutamateS A g § 1247k &<t 37C,
5% CO, Wl 7] ol A viFstdnh. AE AEES MITH S
=38 gelstgon, FANZFEL 50 M9 TroloxE A
St th B 534S ELISA readerS AH8-34] 540 nmo| =74
A4S 7FoE 3t FHEE S5t s

EHMAT A0S BEH WY

HT22 AZ(2x10* cells/ml in 24-well plate)E A &84 7}
5 mM glutamateE A 2]g+ & 12417t F<F 5% CO, vl %7] ol
A B kstal, PBSZ Al 33 %, 10 uM 2,7 -dichlofluorescein
diacetate (DCFDA, 35845)& X33+ Hank's balanced salt
Sl A 302 T GAAA FEEAF T ¥ & PBSE T
W A F3FAL 1% Triton X-1000] Z 3 PBSY| 37 C oA 10%
ZF WA % A2 3B (Spectramax Gemini XS, Molecular
Devices, Sunnyvale, CA, USA)E 374 3}%lThexcitation
wave length: 490 nm; emission wave length: 525 nm).

Western blot analysis 2t

HT22 A% 60 mm dishel] 3x10° cells/well®] WEZ 24
AlZE Hstgl o, 2t Alse FES AZbE 9 sty
A& 3tAth. A8 Ae & HI22 AIEE RIPA buffers 7}
T 47T, 14,000¢ gl A 2587+ A8t AA AL, 45

2 Bradford ¥ < 53l Quick Start Bradford Protein Assay
Kit (500-0201, Bio-Rad Co.)E& ©]-&3to] ©ruldS sl it
g ds A% ABE 12% SDS-PAGER #7953,
NC membrane®.Z HA}stth. HARE NC membrane2 5%
T Adfr7F £FE blocking buffer (0.1% Tween 20 in
Tris-buggered saline)2 blockingd}e] HO-1 antibody &
11,0000.2 X8 F H7ksto] 123 5 /EEAIZ T, 2
Z} antibody (Anti-mouse IgG)E 1:1,0002.2 3] A3} 7}
g 1A F v A 2 E4 L 3AE A NC
membrane?| o] ECLEH & 1:112 7}8le] @33A]7]31 94 ol
M XA g 7B 5 ddste] ST Actin® Y
3 W0 2 actin antibodyZ ©]&3le] =433tk

CEREREEE e

HT22 A|3z¢] #d8}= protease inhibitor cocktail 17} 1
mM PMSFE 77}t PER-mammalian protein extraction buf-
ferS H7}ste] 488313 .2H, 4T A 15000 g2 1087+ Y

AR Bel A5 A5G AEAe HEd pYoz

i

AHgE7] $J8ted 80Tel| BAstGon, YA AHELS PBS
2 A H3}o] RIPA buffers H71stal 4C oA 1587 £33t
T 47T, 16000% gl A 1587 A41E] stk o] %] AA&

kol A} A3 western blotting o2 S35}

ZYs=dE 52 Iy

ZHE S Folin-denis WH[21]S W43l 96 well
of 2&3ste] S TE LA kA ¢ ethyl acetate &
< SHTE N5t 47 60 plE 24 34 g folin reagent
60 ploll Z7FAIA 387 ¥H--A17]111, 10% Na,COs= 60 uld 7}
ato] 3027 AEolA wEA A ¥E &2 microplate
readerE AH&3tY 700 nmol A R E=E =34 Z29
& e tannic acidE AFEZZ 0]83]

W

Aoz AEsch
H

ABTS free radical &7
ABTS free radical S ©]-8-3F d4tsle 4L ABTS cation
43} ). ABTS radical

decolourisation assay ®H[14] 2.2 2%
2 7 mM ABTS &7} 245 mM potassium persulfate &%
112 Eghete] A9 FadA 2447 WAL 5 A4
ZAon, 732 nmilA FFE ztol 0.7:0.027} H == PBSZ
3| A5ted Abg-atgiTh 8418 20 plo] AlEE ABTS free radi-
cal &4 180 ploll &3t 187 §HEAIZ £ 732 nmell A
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L

g &g S 34 F F8dth Methanoldl]l §31A1A &%= pH7} &2 vA=A &491317] 9
HE 343 A8 20 pule methanolo] &3]A171 0.15 mM pH meterg ©]§-3}3 .
DPPH &4 80 plo} E¢skal A9 ohaol A 303t ¥hHE-Al
A % 517 nmol A FFEE FHNAG 4 AR FEE z 1
free radical £2AEAE& AEE H7letA & iz &3
S1/22 BT 223 A8 TR RG o2 SHE HEEY U HMALER0S) M4 o T
SEITeR, EESE THAR A [eE 2Ed 2 4 AL £ IS ZFE, 0
FEER 53 2 B $37, g2otoln] 37 53 22 HAA HAS%Y F
FEHAE agar diffusiont] 02 23 AF FHE & 20F A dor, I FolA glutamated] o3
Table 2014 B wvpe} 22 Al AEHATE AHESHA T A3A AEYAR FEEHE HAE 48 B HEdg
A1t LB Hl A (peptone 10 g/1, yeast extract 5 g/1, sodium F83 8902 Husa oI5 wepM £ Aol =10
.8), MB 8l A (peptone 5 g/1, yeast extract BT &3, A%, A, enAL sy, A% A4 3
1 g/1, ferric citrate 0.1 g/, sodium chloride 1945 g/1, magne- =, 39) doA vgs FEES Lactduallus spp. 5 67)
_ i A2 waste] F 70749 AES o8] SFEHER
i ~ I AE S4 i HHE Bs a5 249 Bt
! : 71 A3} Lb brevis KCTC 3498 93 2&® HUF9 ethyl
acetate F& &2 HT22 4| X 9l| 50, 200 ug/ml= A A] 75,
85% 9 A Hsadrt gilon, va A Wes FEE0
Hls) F718k R ads Bk &g, 4 e F5E%
S Lb brevis KCTC 3545 HEH FEE9 200 pg/ml =
ol Ztzt 50% 9} 69% <] AE BE E37} Ak e 859
g FE2ES R 2ad F2E ZFA
). FAUEFERE 50 iM ]
AH}E o Fubre] 4¢ Ea
oA E| o] E FEE9
£ 088 F2E

chloride 5 g/1, pH 6.8)
suim chloride 8.8 g/1, sodium sulfate 3.24 g/1, calcium chlor-
Aokl
Ho a3t goloh(dst A
]
WE F o
Z HUF
59 ethyl acetate
o u&

ide 1.8 g/1, potassium chloride 0.55 g/1, sodium bicarbonate

0.16 g/1, potassium bromide 0.08 g/1, agar 15 g/1, strontium
chloride 34 mg/1, boric acid 22 mg/], sodium silicate 4 mg/1

sodium fluoride 2.4 mg/l, ammonium nitrate 1.6 mg/1, diso-
dium phosphate 8 mg/1, pH 7.6)2} Nutrient B Z|(beef ex-
tract 3 g/1, peptone 5 g/1, pH 6.8, Difco Co.)oll Altul <
stRom, AEH Y-S PDA vl A (potato starch 4 g/1, dex- i
trose 20 g/1, agar 15 g/1, pH 5.1, Difco Co.)el 7 thulj o3t s
-
4T BEsEA gk FTRHE AR 20 1S
: X 40 TroloxE AH&-3} .
paper disc (#=6 mm Whatman Co.)ol| #7}ste] AZ2A1Z1 A Wee 22z
F A4 57 S5 A Slol el AT 193 ) o
o alzwteleo o] ws w37 AR 17} gon
F, AEH YT 797 ol & A4 H inhibitory zoned] .
- £ /A gud 24 49 A9 s,
#% 9 2715 g4 Boddd : i
Lb brevis KCTC 34982 LEAZ &
pH 24 uhy FEELS 52 AT BEEAS Yehlo] g
Stk FE A7} ethyl acetate F+E & 12|31 ethyl acetate HAE HEEA 2 FANAZROS) IA EHE =
2 FE3a F2 B9 pH 242 4 A5 EY 84 o}k 71 A3 Fig. 1A%} 1Bl A = uke} 20] LA hrevis KCTC
Table 2. Test strains used for determination of antimicrobial activity
Test strains Medium
PBacillus subtilis PCT 219 Nutrient
Bacteri Escherichia coli KCTC 1682 LB
actenia Pseudomonas aeruginasa KCTC 2004 Nutrient
Shigella flexneri KCTC 2517 LB
Vibrio parahaemolyticus KCTC 7471 MB
Fusarium oxysporum £ sp. Iycopersici (Saccardo) Snyder & Hansen KACC 4003
Rhizoctonia solani AG(IA) Kuln KACC 40101
Rhizoctonia solani AG Kuhn KACC 40142
Phytophthora capsici Leonian KACC 40476 PDA
Marssonina rosae (Lib) Died KACC 40490
Colletotrichum orbiculare (Berkeley & Montagen) von Arx KACC 40808
Botrytis cinerea Pers. KACC 40554
Fusarium oxysporum £ sp. niveun W.C. Snyder & H.N. Hansen KACC 40902

Plant pathogenic fungi
Botryris cinerea Pers KACC 40965
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34982 W EA| 7] B9 ethyl acetate F+EE0] #2]3

AE BogA 3 ROS A4 oAl 235 Yehfile
o 2 g $E& 25, 50, 1003 200 pg/mlE 343}
Hee FE83 vl 39 Fig 1C9 1DOIA HE nho}
7o) Lh brevis KCTC 34982 HEA)T] FUF-9] ethyl acetate
FEELS FUTFY HEE FEEEY HAX HsgY 9
ROS A A 537} & &R F7tshe S F1lst

o, ol&

Ak
Heme oxygenase-1 2t8! 3 Nrf2 MAF 51}
Lactobacillus spp. T2 HEI FUF9 ethyl acetate

uE o

FEE9 93 HO-1 L& western blot analysisg 4+
sto] 18kt Fig. 24004 B ukeh o] Lh brevis
KCTC 34982 &3¢ ethyl acetate FEE0| Ta d Hu

7 methanol F&E% O& 732 WA FUF ethyl
acetate FEEHT =& HO-19 #d< gelstgty. HO-1
o] w8 S =7A17 Lb brevis KCTC 34982 g3k Bt

9] ethyl acetate FEE2 FEE 25, 50, 1007} 200 ug/ml
2 xHste] HO-19 2dS st 1 Ay wasgt
FUT9 ethyl acetate F+=E° HO-1 ¥dL Fig. 2B%
2Co A B npe} o] g A FUF-9] methanol FEF

1;]_ TE
HO-1 w2
ol A v -¢-
A2 A 9 Nrf21_ HO- 144'
A 3l= antioxidant response element (ARE)l]
TR B ) gl YA AL
Ed 2o tig Aol 7|de A 98-S
Lk brevis KCTC 34982 a3 HUHF 9 ethyl acetate
of o3k Nrf29] & uf HAF oAF= FEE= 200 1
Z 319 AZHEE AP T western blotE o] &
P Alto]l ZAFete] whel AlEF S Nrf2e=
3wk, @ YR Nef2e F7hehs $48 B
lﬁﬁ 275 B8l Lh brevis KCTC 3498
ethyl acetate F&E©] HI22 A|EofA
3—“, 1Hi HAAA HO-1E HAAOZH cluta-
fred Ay S4c2fy AZE Haste Ao

i

S [
e
% i

ok off’
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|

Of

PSS

L ok 92
ol ©om 2 5

ol
H

—
o2
="

aQ
w

=

o
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L
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mE

Heme oxygenase-1 E&40f|
ROS MM N g1 &8
Lh hrevis KCTC 3498 g A

HMEES got

al
=

170 FU5-<] ethyl acetate

A (o 120
;‘: 100
3 H
£ 5 80
8 o
8 o
3 % 60
® ]
2 5 w
= [
T =
g >
0
Glutamate (5 mM) L S S S S SR S SR + Glutamate (5mM) T
Trolox (50 M) 0 Trolox (SDuM) - - + - - - - - -
Samphe (ue'nt) 50 200 50 200 S50 200 S0 200 50 200 50 200 50 200 Control (ug/mi) - 25 50 100 200 - -
Control  KCTC  KCTC  KCTC  KCTC  KCTC  KCTC KCTC 3498 (s/m) = 25 50 100 200
3108 3109 3112 3498 3545 3635
[
= €
B [}
E o
g s
<
5 2
R @
g H
=
£ 2
. :
3 £
Glutamate (5mM) -« + + e 4 + P + Glutamate (5mM) - 0 . + + + Tt + + o+
Trokox (50 M) . Trolox(sopmM) - -+ - - - - -
Sample (u/ng) - 50 200 50 200 50 200 50 200 50 200 50 200 50 200 Control (ug/mi) 25 50 100 200
Conkol  KCTC  KCTC  KCTC  KCTC  KCTIC  KCTC KCTC 3498 (m/at) - 2 25 50 100 200
3108 3109 3112 3498 3545 3635

Fig. 1. Effects of 6 ethyl acetate extracts from various KCTC fermented R/us javanica on glutamate-induced oxidative neurotoxicity
(A) and ROS generation (B), and effects of Rhus javanica fermented with KCTC 3498 on glutamate-induced oxidative neuro-
toxicity (C) and ROS generation (D) in HT22 cells. Cells were treated with indicated concentrations of extracts, and then
incubated for 12 hr with 5 mM glutamate. Each bar represents the meantS.D. of three independent experiments. Trolox
was used as the positive control. (Control=Methanol extract of Rhus javanica)
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KCTC KCTC KCTC KCTC
3112 3498 3545 3635

A | . KCTC KCTC
= Q
g5 & Control 3108 3109
(=]
28 O 50 200 50 200
HO-1
B-Actin
B

Control (pg/ml)

50 200 50 200

© 25 50 100 200

HO-1 [ ....H

B-Actin - e — - — -

50 200 50 200 50 200

KCTC 3498 (pg/ml)

CoPP

25 50 100 200
HO-1 e - e— e

p-Actin ;ﬁﬂ ”h'; I

Fig. 2. Effects of 6 ethyl acetate extracts from fermented Rhus javanica (A) and effects of control (B) and KCTC 3498 (C) on HO-1
expression in HT22 cells. Cells were incubated for 12 hr with indicated concentrations of extracts and CoPP (20 uM). Expression
of HO-1 was determined by western blot analysis, and representative blots of three independent experiments were shown.
CoPP was used as the positive control. (Control=Methanol extract of Rhus javanica)

£ KCTC 3438 (200 ug/mi)

=

=]

© 0.5h 1h 1.5h (Time)
cxtosic 2 |

p-Actin

Nuclear Nrf2

LaminB

Fig. 3. Effects of KCTC 3498 (ethyl acetate extract from KCTC
3498 fermented Rhus javanica) on Nrf2 nuclear trans-
location in HT22 cells. Cells were incubated with 200 ng/
ml of extract for 0.5, 1 and 1.5 hr. Nrf2 protein was de-
tected by western blot analysis, and representative blots
of three independent experiments were shown.
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Table 3. Antibacterial activity of culture broth, ethyl acetate extract and aqueous layer from fermented R/ws javanica (A), antifungal
activity of ethyl acetate extract from fermented RAus javanica (B), and pH pattern of fermented R/us javanica by Lactobacillus
strains (C)

A Test strains  Sample Control ~ KCTC 3108 KCTC 3109 KCTC 3112 KCTC 3498 KCTC 3545 KCTC 3635
Inhibitory zone (2, mm)

1 - 18 175 12 9 12 -
PCI 219 2 - 7 - - 9.5 - -
3 - 10 9 - - - 9
1 - 7 7 - - - -
KCTC 1682 2 13 - 8 12 16 9.5 -
3 - - - - - - -
1 - 14 13 - - 9 -
KCTC 2517 2 18 - 16 16 20 16 15
3 - 6 6 - - - -
1 - 11 11 6 - 9 -
KCTC 7471 2 9 - - - 13 - -
3 - 8 85 - - - 85
1 - 12 7 - - - -
KCTC 2004 2 - - - - - - -
3 - 8 9 - - - -
B Strains Control KCTC 3108 KCTC 3109 KCTC 3112 KCTC 3498 KCTC 3545 KCTC 3635
Inhibitory zone
KACC 40037 - - - - + + +
KACC 40101 - - - - - - -
KACC 40142 - - - - - - -
KACC 40476 - - - - - - -
KACC 40490 - - - - - - -
KACC 40808 + + - - - + +
KACC 40854 - - - - - - -
KACC 40902 - - - - - - -
KACC 40965 - - - - - - -
Cc pH\
Sample Lactobacillus strains
Control KCTC 3108  KCTC 3109  KCTC 3112 KCTC 3498  KCTC 3545  KCTC 3635
1 5.8 3.8 338 43 4.8 42 4.7
2 45 3 3 34 3.7 3 3
3 5 4 4 4 5 4 4
- Un-inhibition. +: Inhibition.
1: Culture broth of fermented Rhus javanica 2: Ethyl acetate extracts, 3: Aqueous layer after ethyl acetate extraction.
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