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Immunomodulatory Effects of Fermented Curcuma longa L.
Extracts on RAW 264.7 Cells
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ABSTRACT Curcuma longa L. (CL) is a well known traditional medicinal plant that is also used in curries and
mustards as a coloring and flavoring agent. However, CL is not usually used as a food source due to its bitter taste.
We investigated the immunomodulatory effect of CL fermented by Aspergillus oryzae (FCL) on RAW 264.7 cells.
FCL was extracted with cold water (CW), hot water (HW), 20% ethanol (20% EtOH) and 80% ethanol (80% EtOH),
after which its effects on phagocytic activity, tumor necrosis factor-alpha (TNF-a), nitric oxide (NO) production, natural
killer (NK) cell activity and mRNA expression of LP-BMS5 eco were investigated. Phagocytic activity was increased
in HW and 20% EtOH when compared to the control. The secretion of nitric oxide (NO) from RAW 264.7 cells
did not change significantly relative to the control. However, TNF-a was significantly increased by the addition of
FCL extracts. Moreover, FCL 20% ethanol extract showed a four fold increase in NK cell cytotoxity relative to the
control group. Finally, we observed suppressed mRNA expression of LP-BMS5 eco in FCL extracts, especially in the
20% ethanol extracts group. These results indicate that the FCL extracts can be used as a functional material due

to their effective immunomodulating activities.
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250 A18-3F RAW 264.7 A3} SC-1 Al¥+= American

Type Culture Collection(ATCC, Manassas, VA, USA)ell
A ool A3l YAC-1 A& 471 d)shal(Suwon,
Korea)ol| A &&Fko} 218310tk RAW 264.7 A9} SC-
1 A3+ 10% fetal bovine serum(Hyclone Laboratories,
Logan, UT, USA), 2 mmol/L glutamine, 100 mg/L pen-—
icillin-streptomycing % 7}$+ DMEM(Hyclone Labora-
o] &3l% 1, YAC-1 M¥+= 10% fetal bovine
serum(Hyclone Laboratories), 2 mmol/L glutamine, 100
mg/L penicillin-streptomycing 3 7}3 RPMI 1640
ake] 37°C, 5% CO»2 %
incubator(Heraeus BB15, Thermo Scientific,
Waltham, MA, USA)oA] w3}l ).

tories)

(Hyclone Laboratories)S o] &
kRl

MZz=EAM

g S5 3559 RAW 264.7 Al 3t 248 =4
3171 9131 96 well plateol] 1x10* cells/welle] H &= F
3T ay & FEES TR Austa 2447 vk

3 t}t.  3-(4,5-methylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide(MTT; Sigma-Aldrich Co., St. Louis,
MO, USA) A ¢FS 20 pL A& 3ske] 37°C, 5% COL2 =4
stell A 3AIZF wi e & 5 AE A7 8kaL, DMSO(Sigma-
Aldrich Co.) 200 uLE 7}3ted 560 nmoll 4] ELISA read-
er(VERSAMAXSL-20, Molecular Devices, Seoul, Korea)
& ol gatol Z4ar.
RAW 264.7 MZ0|AQ] EfAMXIR M =X

RAW 264.7 AIXZ 96 well plateo] 1x10° cells/well®
B33 5 24A)7F 5o v¥A)A Cytoselect 96 well phag-
ocytosis assay kit(Cell biolabs Inc., San Diego, CA,
USA)E o] &3le] tlANZe] BA%S =H351oc) B 2
Pl A EE S A B S 57417171 91380
kitell 8+% zymosan YAE A3 TE Zymosans
7¥skar CW 200 pg/mL, HW 400 pg/mL, 20% EtOH 200
ng/ml, 80% EtOH 100 pg/mL& *e]sto] 158 5k uj %
33t 2 ¥ serum free DMEMO.2 A2 % fixation
solutions F7kstal 5% F<F Ao WA ST BE
Dulbecco's phosphate buffered saline(DPBS;
Welgene, Daegu, Korea)2 & A% % 1X blocking re—
agentZ F7}8lal orbital shaker(Daihan Scientific Co.,
Ltd., Wonju, Korea)& ©]-&3}] 603 &<t B3t
EE well& DPBSZ A% % 1X permeabilization sol-
utions H7FstaL 53 F<t 2ol WAl BE
DPBS® A% % 1X detection reagentE 3 7}3F 3 orbi-
tal shakerg ©]-&3}4] 60 5o WA TE BE wellS
DPBSZ A& ¥ detection buffer® X 7}8}al orbital
shakerg ©]-&3fto] 10 &<t WA A7tat

ol

wellS

wellS

3 substrateE
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I 108 &9 vjekstdtt. ELISA reader(VERSAMAXSL
-20, Molecular Devices)& ©]&3}o] &33%= 405 nmoll A
S48k

™

NOQ TNF—a 2H|Z &X

RAW 264.7 AZE 1x10" cells/welle] FEZ 96 well
platedl] &5-8F31 24A)17F vl FSE o] CW 200 pg/mL, HW
400 pg/mL, 20% EtOH 200 pg/mlL, 80% EtOH 100 ng/
mLE A5l NOE YA dxwe=z 0.1 pg/mLe
LPS(Sigma-Aldrich Co.)E A 2late] 72413 v ks & &
= 50 pLo} 5] Griess reagent(Sigma-Aldrich Co.)
= E313}o] 1548 % ELISA readerZ ©]-83}¢] 540 nmoll
A FBEE SASUTE TNF-a9] 45 ¢4 fxzwo=zes
1 pg/mL2] LPSE He|ske] 241t v ek 5 A4 % TNF-

a %5 DuoSet sandwich ELISA mouse TNF-a kit(R&D
System, McKinley Place NE, MN, USA)E ¢]-&-3}o] =4

St

YAC-10]| 8t natural killer(NK) M= &M =X

C57BL/6 k-2 HH HIA-S A Eake] nhals 5 10%
fetal bovine serum, 2 mmol/L glutamine, 100 mg/L
penicillin-streptomycin< % 7}3F RPMI 164022 A& 3t
% red blood cell lysing buffer(Sigma-Aldrich Co.) & &
75 SYAA HZHEL FFYS E] 96 well plate
o 7t welld 1x10° cells/well¥)
2 o] &3} Target AlEE YAC-1 AIEE o] &
o effector Al ¥} target A|FE Q] B &S 5112 ZAH8L
CW 200 pg/mL, HW 400 pg/mL, 20% EtOH 200 pg/mlL,
80% EtOH 100 pg/mL= A2 sk3let. 37°C, 5% CO0ll 44]
7+ ok wjok3t & f-2]9 lactate dehydrogenase(LDH)S
cytotox 96 non radioactive cytotoxicity assay kit
(Promega Corporation, Madison, WI, USA)E A}-&3}%}
t}. ELISA reader& °]&3t9 3% 490 nmol A =73}
o Axketar YAC-1AES] AFEAHEE NK cell activity
(%)= JEFA AT

B33 5 effector Al
sF3le

Real—time polymerase chain reaction0|| 2|gt LP—-BM5
eco Y3l £

SC-1 AEZZ 6 well plated] 5x10° cells/well?] FE&
10% FBSE #7}s DMEM HjA] ol &53te] 12413t &<F
QFg3kA)Z1 3 CW 200 pg/mL, HW 400 pg/mL, 20% EtOH
200 pg/mL, 80% EtOH 100 nug/mLE Al X 3} ).
4AZF 3 trypsin 0.25% solution(Hyclone Laboratories)
o7 MXEIE 33l RNeasy extraction kit(Qiagen,
Gaithersburg, Maryland, USA)& #| ZA}F] protocolol] wh
g} RNA &8 A A5t iScript ¢cDNA synthesis kit
(Bio—Rad Laboratories, Inc., Hercules, CA, USA)E A&
alod cDNAE @38ttt 3= 2dE SA67] 9

3le] SYBR Green(iQ SYBR Green Supermix, Bio-Rad
Laboratories Inc.)& ©]-8&% AA17F A% PCR& A AI35H31
a1, 7]17]+= Real-Time PCR(Applied Biosystems, Foster
City, CA, USA)E AF&3ksith. Z+7h9] f-x o] tigk PCR
primer?] @714 g3} v} GAPDH forward pri-
mer 5° CAT GGC CTT CCG TGT TCC TA 3’, reverse
primer 5° GCG GCA CGT CAG ATC CA 3’, LP-BM5
eco forward primer 5° CCA ATG TGT CCA TGT CAT
TT 3, reverse primer 5 GCG ATG AGC AGA GAG AGA
AAG 3. Real-time PCR W52 & 20 pL el ¢cDNA 2
pL¢ 2X SYBR mix 10 uL, forward, reverse primer+
Z+7F 100 pmol/uLE 1 ulLA 718l a, Y A= H0=
A FAJAk BE FdApe] gigte] PCR T% A= v
23 F#E cycle 40 cycles A3}t Hot startE
3 95°Coll A 8+, T3 A9 denaturations 95°Coll A
152, annealingS 60°Coll 4] 45%, extensions 72°Coll A
45%7F WHE5t | 7k cycle«] extension Z-of gto] 7] =]
At ZE cycleo] ¢85 H F primer?] Eol|AE &<ld}t7]
&l melting curve ¥A1S A3, Aye] A
Applied Biosystems©l| 4] #|%3}= One step system soft-
ware v2.12 #4313t

7 o

SA XM

E ATt A= SPSS(Statistical Package for Social
Science, version 20.0, SPSS Inc., Chicago, IL, USA) &
AZzaHE 01“‘13}04 7ZF AE Y] Fd T H A (mean
+SD)Z EAISI AL, 25 Fe] SAIA 948 Duncan's
multiple range test® AASATE F 1F 19 Apol&
Student's ~testE ©|-&3le] EAsom 7+ At 1ol
o8& X0.05 FFEell A AAskdt.

2 o
MEZ=Y
HE 2w FEeY AdeEE 24 e 2a ew
80% 7 FE8(80% EtOH)- 0~200 pg/mL, Y+ 3
=50

T2 RAW 264.7 AlXZo A7t
A} Fig. 194 e
oAzt

52 0~1,000 pg/mL
T AEe] AEES SASSITh 49
o upel o] CWet 20% EtOHE= 200 pg/mL 5%
} 81.81+4.20%%} 88.38+2.85%, HWE 400 ug/mL FE
A 80.17£7.70%, 80% EtOHE 100 pg/mL ¥ =0l A
68+3.11%°] AEEE Wk wpebr] oj2fdh 2t gvj
%%ﬂ Oz} H1E 7Htste] 80~100% o)’ dE&

?l Aejste] 5 dddol AHEslrh(Fig. 1).
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Fig. 1. Effect of fermented Curcuma longa L. (FCL) extracts on the cell viability of RAW 264.7 cell. The results are mean+SD
of triplicate from a representative experiment (P<0 05; significantly different from the control). (A) FCL cold water extract, (B)
FCL hot water extract, (C) FCL 20% ethanol extract, (D) FCL 80% ethanol extract.

Fte] 37.23+£3.21%HT FH 02 63% TUHE AR
Ko} zymosan©] BdH o ® A&l eS AT = AN
tH(/X0.05). HW2} 20% EtOHel A+ zymosan®t 2] 2] 3k
ol M8 2zt felH oz oF 123.79+4.71%, 118.41+
11.21% F7tetd5s & + AATHHK0.05). ¥+ CW+=
103.38+£2.91%, 80% EtOH+ 104.23+1.69%= zymosan
WAL 23 foHom Fel7t YelrhFig. 2).

NO2t TNF—a

2z £
LPS A2 @50Hg& Qo7 NOst TNF-a 5] 9
AR RS ek Ao okelA vk FAHE NO
S

¢} TNF-a& HAlA 95 fFdste] AAe] o8 71A 5
A e n| X7 % s}, A v AA k] NO9F TNF-a

o] AL 93 AHA Wl FR3 AR o AA] 7
fFof], B Ao A= LPSE A3k o3} Bl usle] LPSE
A etx] e AMAF TE £ A w AA
H9S A AL NOS TNF-a7t A= EA

RAW 264.7 MEE AFE3te] #Zegint

NO<] 4% LPS7} A2 = A &2 A (control)ol] H]
3l LPSRE A2 e H(LPS)IA FelA oz of 200 B2
NOE AA sttt whd CW 0.67+£0.44 pM, HW 1.25+
0.18 uM, 20% EtOH 0.87%+0.13 uM, 80% EtOH 0.58=%
0.15 pMe] NO A4S 717 YEhglom EA44 oo
HolA thFig. 3).

160

120 1

Al

20% EtOH 80% EtOH

Phagocytic activyty (%)

Control positive HW

control

Fig. 2. Effects of fermented Curcuma longa L. (FCL) extracts
on the phagocytosisi of RAW 264.7 cells. All data are presented
as meantstandard deviation. Statistical analyses were performed
by Duncan's multiple range tests after one-way ANOVA using
SPSS software. Differences were considered statistically sig-
nificant at P<0.05. Control: cell only, Positive control: cell+
zymosan, CW: cell+FCL cold water 200 pg/mL, HW: cell+FCL
hot water 400 pg/mL, 20% EtOH: cell+FCL 20% ethanol 200
pg/mL, 80% EtOH: cell+FCL 80% ethanol 100 pg/mL.

TNF-a2] 29 NO$} npt7bA] o] f-=2 A A o] wa
EH FEETS AYsS W LPSE A s +H(LPS)<]
7A9- LPS7F A== A] ¢k A dwtol vlal] oF 358 {2 Ao

2 ¥ TNF-oE A3tk CW, HW, 20% EtOHHS:
A g A9 Z+7 1,313.07+£254.40 pg/mL, 1,256.69+
150.21 pg/mL, 477.35+139.13 pg/mL=Z LPSE &3t
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Fig. 3. Effects of fermented Curcuma longa L. (FCL) extracts
on the nitric oxide production by RAW 264.7 cells. All data
are presented as meantstandard deviation. Statistical analyses
were performed by Duncan's multiple range tests after one-way
ANOVA using SPSS software. Differences were considered stat-
istically significant at P<0.05. Control: cell only, Positive con-
trol: cell+LPS 0.1 pg/mL, CW: cell+FCL cold water 200 pg/mL,
HW: cell+FCL hot water 400 pg/mL, 20% EtOH: cell+FCL 20%
ethanol 200 pg/mL, 80% EtOH: cell+FCL 80% ethanol 100 pg/mL.

TAPS)RTYE fFoFog Fgth(/X0.05). ¥whd 80%
EtOHZ A g]8 4% 222.07+£79.04 pg/mL= BATT &

Q]Q-O—E i]' ]7]' H)\/\)\E]'(Flg 4).
YAC—10f| CiSt NKMZ &M &3

YAC-1 M3Ee] AbE s S4FTOEN NK Axe] &
e Brbsldeh thzT3 CW, 80% EtOHE +3F #2913
¢l zpolE Holx| gkoktt, whdl AT} W wEte] HWE
oF 2Hl, 20% EtOH= oF 4v] &2 &A1& HolwA A4
o2 fFoHl Aolg B ATH/X0.05)(Fig. b).

2000
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TNF-a level (pg/mL)

400 +

LPS cw HW 20% EtOH 80% EtOH

Control

Fig. 4. Effects of fermented Curcuma longa L. (FCL) extracts
on the TNF-a production by RAW 264.7 cells. All data are
presented as meantstandard deviation. Statistical analyses were
performed by Duncan's multiple range tests after one-way
ANOVA using SPSS software. Differences were considered stat-
istically significant at P<0.05. Control: cell only, Positive con-
trol: cell+LPS 1 pg/mL, CW: cell+FCL cold water 200 pg/mL,
HW: cell+FCL hot water 400 pg/mL, 20% EtOH: cell+FCL 20%
ethanol 200 pg/mL, 80% EtOH: cell+FCL 80% ethanol 100 pg/mL.

WEG A o)l
80
~ 60
5
2
2
& 40
3
o
X
b4
) ' I i
O j T
Control 20%EtOH  80%EtOH
Fig. 5. Effects of fermented Curcuma longa L. (FCL) extracts

on the NK cell activity by splenocyte. Effector cell : YAC-1=
5:1. All data are presented as meant standard deviation. Statisti-
cal analyses were performed by Duncan's multiple range tests
after one-way ANOVA using SPSS software. Differences were
considered statistically significant at P<0.05. Control: cell only,
CW: FCL cold water 200 pg/mL, HW: FCL hot water 400 pg/
mL, 20% EtOH: FCL 20% ethanol 200 pg/mL, 80% EtOH: FCL
80% ethanol 100 pg/mL.

HI5

Real-time PCRO| 2|gt LP-BM5 eco &sd
LP-BM5 ufo]e]z=e] 7dH SC-1 Aﬂ}%
] LP-BM5 eco & JA|d ¢
= FEES xqao};q oo LP-BM5
nlol ol 7w SC-1 Al E(control)9] LP-BM5 eco gt
7} vjaste] wa S5S A e oA CWE 0.599+
0.099, HW+ 0.60740.134, 20% EtOH 0.321+0.079,
80% EtOH 0.598+0.0730.2 RE 7oA foz oz ud
o] ZAHATHX0.05). 53] 20% EtOHo] 714 f2] 2 o

[e]
=0 FEEC

dEsY. 2a &5

2 3go] AAHASS FHEE F AATHAXKO0.05)(Fig. 6).
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o 04+
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k&

g 02+
0 4

Control 20%EtOH  80%EtOH

Fig. 6. Effects of fermented Curcuma longa L. (FCL) extracts
on genetic expression of LP-BMS5 ecotropic virus in SC-1 cell.
All data are presented as meantstandard deviation. Statistical
analyses were performed by Duncan's multiple range tests after
one-way ANOVA using SPSS software. Differences were con-
sidered statistically significant at P<0.05. Control: SC-1/LP-
BMS virus cell, CW: FCL cold water 200 pg/mL, HW: FCL
hot water 400 ng/mL, 20% EtOH: FCL 20% ethanol 200 pg/mL,
80% EtOH: FCL 80% ethanol 100 pg/mL.
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< W 4w EY TNF-a7t o8 o= Frlatglom, o)
g A V2A 0w dFolv AwkEeS SUHTIE A
o Basiint washA 2 2w AN S of
2.5 mg/gelR o™, A oryzacg ol&sto] wast g &
=9 AN FFE F 2.2 mg/ge 2 SHHJ AL Bag
vk QlvH24). ek WE &5 FEES] TNF-a #H] 57}
o A= wE ol 23¥ ARV asolgal o
T ATk TS A A o] FAstell €3k TNF-a &1 o]
SR & Jow ojyd A= e a9 FEE W
ANkeS ST =S & A stk

vpol ] 28} 2 WS Aol S0l HAE Sl =
FAE Hz Tt olefd yete] Alxw So7tke
As AdstAY E0l7t A2 E Ztol AAFToZHN Ao
WS T HYnkgo] dojipof gt} whEbx A4FA <l
A A o] FEfell M= B etol Al Eol7br] Hof A
Al o] a2kl ofste] AAEA Y NK AlEe] e
AZE A Gt AFEA7] = ghgo] dojdth NK Al X
interferon®]t} A M3 2] cytokinesol| ¢]ste] &4 3}

™ MHC class I #& 2] H3lE Q1218}e] H] 7 A9
E SAElE oo ma AT HelF oz A EA
WS FEAIZITHE2). B Ao = A EQ] YAC-1 Al¥E

E AFg3Elo] NK AlE9] YAC-1 AXE A1E 5% SATo

24 NK A 448 dnusteh 2 dat 95 2553
20% 73 FEENA 77 2u), 4v) 7 Rl 2L
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