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Effects of Water-Extracted Cyperus Rotundus on the Nitric Oxide
Production and Cytokine gene Expression

Young Sun Lee, Ok Kyung Han, Sang Woo Shin', Jong Hyun Park', Young Kyu Kwon™
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1: Department of Pathology, College of Oriental Medicine, 2. Department of Physiology, College of Oriental Medicine, Daegu Haany University

The present study was conducted to evaluate the regulation mechanism of nitric oxide(NO) by water-extracted
Cyperus rotundus (WCR) in RAW 264.7 macrophages. We investigated the effects of cell proliferation in mouse spleen
cell and RAW 264.7 macrophages cells. WCR enhanced mitogenic activity in the dose-response manner in mouse
spleen cells and RAW 264.7 macrophages cells. In nitric oxide (NO) synthesis by WCR, WCR alone had an effect
on NO synthesis. It was found that the production of NO of RAW 264.7 cells stimulated with lipopolysaccharide (LPS)
could be markedly inhibited by WCR. Inhibition of NO production was achieved by reducing inducible nitric oxide
syntheses(iNOS) mRNA expression. The expression of IL-1 gene by WCR was investigated using reverse transcription
polymerase chain reaction (RT-PCR). In RT-PCR, IL-1 family(IL-1 a, IL-1 8) expressions were induced by WCR. These
finding suggested that regulation of NO production by WCR may be, at least in part, associated with the regulation of
INOS mRNA expression and IL-1 family gene expression,
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TPY, {81R 4 (nitic oxide; NO)= ROSS} Y& O nitric oxide
synthethase (NOSs)oll Qls Ed=m AA 9 ciekst el 3
ol Bdk= ASE LEdd AUrk NOSse constituent NOS
(cNOS)$} inducible NOS (iNOS) A F 7KIZ U}E 4 Utk
cNOS ol B Zo]l EAMSH= neuronal constituent NOS
(neNOS)2F WmlM 2ol &5k endotherial constitute NOS
(ecNOS)Z olzie} cNOSol| 28 NOQ| 4342 WA &H4tedo)
2ol 2% G¥E Sk HA2E ¢HA Yt oleke gel

iNOS&= lipopolysaccharide (LPS), interferon-y (IFN-7),
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interleukin-1 (IL-1) % tumor necrosis factor- @ (INF ¢)E9 A}
Soll Qo Az, AFEIANE, WIHE, DT 42
A2 SollA] FAI thEY) NOE 448ske R2Z ¢edA Urt
NO= HHEY K= FIEY Z8E /e ReE g
ol AW I 559 NO 442 sFMAEY 3hy, shockol
o3 e, A5dks Rl At A9 Yilg zl & &
UE 01FH YEH HAS /INE AOZ gEA AP ™. w
£ NO 84 XalAl:= septic shock, T A S, SWHS D &
SUHSZEMZEY 7hsd Soll St 77 EUsHA o]
I Yom, HIolE Polygonum tinctotium', Melia
azedarach™, Cyperus rotundus', Cudrania tricuspidata” S @t
of Bl HASIA olgigt ZEAE 7] f8 W 9 1Y
Ha Aot Wk, 2 dTME 4 FEE FgEANWCR)Q
NO 4424, iNOS RUAL &l Bl IL-1 Al 2710l RAA &
ol plAlE e 4nB A} 4ABIRc

P

CERAR S

1. A F4]

HEol AT e BLUARBER WE @5REIA 7o
S, BEY RE Mgl FHSINCE S5A 4088 585
1200mE E7I5I 2417 S S A 700mE FESHA
o} ££3 Y2 g2 AHZE o|8dldd 1R o o
3,000 rpm3lollA] 15430 & LIRS A8l 4ENTRE MF
St T} ol& 1.2m@} 0.45m2] membrane filter(Milipore Co.,
USA)Z RESIY #FRsSIRC

2. HEEE " A
SES Y% 657HY AT 28 g YT 8¢ ICR vIRAaE
Feh ol QY A2 RE] 7SI thTttidn )Tl
gl SEARRAOIA 2FT 2 (2T 2£2TC, g% 50£5%,
ok 12417t light/dark cycle) 22 1FUL A A7 & A3l
SoIRTt A48 A 7170 S ER AR (MYRAIEF), 2
T AFA)E AT glol SFBIAT

—_—

3. MEZF oY

Ol TiALA E HEFQ) RAW 2647 A ZFE ATCCEH
E] 29} wol 2 mM glutamineo} E/F DMEM uiX|ol] 5%
FBS, 100 U/m¢ penicillin-streptomycinE & 713} vixJollA] vHQF
sl AEo) AE3IAC

4. ¥|EAIE 2E)

OB Z mtF & Aol EHE MF & 70% LIEE B
53t & BREoR A & ol 9 2A & AASIAC
Slide glassZ R=@ A RISl T HIE A EZ ghE & 4T,
HBSS (GibcoBRL, NY, US.A) 8HSZ 23] AMHFIFCE ACK
lysis 84 E 715l HETE 2006] 88 ARl F, RPMI 1640
(GibcoBRL, NY, US.A) BiIXIZ & M ©] MAF & 10% FBS7}
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7V RPMI 1640 BXlo] B AIZiTH YBAUS H5lod 04%
tryphan blue @Aol0) SEB & FTALTE ol83lal Ao}
Yt HlE HE 28 SEsk] ABSIUC.

5. BIZAME B RAW 2647 tHAJMIE Sils A8

Uk A H)AM TS} RAW 264.7 thAIM ZE 2x10°/100
HZ7} HAH AMZSLE £FIA flat bottomed 96 well culture
plateQ] Z} welloll 53} TS of7]o] AEE STEE 7151,
0] 100 w7} TAH ZHFEIA 377C, 5% CO, vi&7lol] 2o 48
AlZF BHBIRTE QI EAEE FEEP] g wHoge
PromegaA}®] CellTiter 96® AQueous One Solution Cell
Proliferation Assay kit& AHSSlod SASIRCY. IeFsiA 71&6}
™ ujd 100 ol AJFS 20 A 78 & 377, 5% CO, uiQt
7loll 20} 1417} 302 w5t & ELISA reader 490 nmollA] £4
Sigo) YoiT B4 B AR (®F OD) - ®F
background O.D)+SD] Z2Z FAIGIXICH

6. Nitrite assay

RAW 2647 A ZFZEE] AMHE nitric oxide (NO)Q 22
A BN Zof] EXEH= NO Y HERFZA] Griess A]2FE 0] &
5l EFSICE TersAl AgolH Mzl 489 100 xe}
GriessA]2F (1% sulfanilamide in 5% phosphoric acid + 1% «
-naphthylamide in HO) 100 & EF5IH 96well platesol A
102 EQ ¥k2)7] & 540 nmojlA] ELISA readerZ S3TE
Z™31Y¥CE NO 9] 55 &= sodium nitrateE 845k FZTE
EF519 TF JFHE It

7. RT-PCR (GHAl S a4 IHELS)

RNAEZIE TRIzolg olE3KH EEISIKct JEHA 88
1, H1A ZolA] RNAE 285171 A8lo] 0.1% DEPCr} &7}
¥ PBSE H|ZAIZE 33 A& & TRIzol 900 wE FHIIsl T
A3} AlFh o7]o] SEEEE 100 w8 11 1587 20
BX) AlFTh 2 & 47T, 12,000 rpmollA] 1527 94 2251
AEE ZAU2YA F$ & B9 isopropanols H71dlA -20
TollA] 452 FXIT & YA, 70% DEPCOlEHSE 13] A
SI2ACH RNAE 4204 ARAIYD F DEPCo} Hrie SR/l
UAZ 3}45l) spectrophotometerdiA] T & ZAEBIIC) 5
x RT buffer 2 pf, 10 mM dATP 0.25 u£, 10 mM dGTP 0.25 ut,
10 mM dTTP 0.25 »f, 10 mM dCTP 0.25 x, MMLV reverse
transcriptase (200 U/u8) 0.25 4, RNase inhibitor (28 U/ uf)
0.25 u8, 50 uM oligo dT primer 0.5 pl, DEPC-DW 4 u& PCR
tubeol] Eo] RT-mixtureE TFE 1L &7)0)] total RNAE A V1619
t}t o] AJE8#E PCR machine (PTC-100TM Programmable
Thermal Controllar; MJResearch, Inc.)ol] 2o 42°CollA] 6087}
GAEISd JHA IS S AFJIKCE PCRE MA 10X PCR
buffer 3 uf, 25 mM MgCl2 1.8 »¢, 10 mM dATP 0.3 u, 10 mM
dGTP 0.3 @, 10 mM dTTP 0.3 x£, 10 mM dCTP 0.3 pt, 50 4 M
sense % antisense primer 0.25 g, Taq polymerase (5 U/ut,

e o
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EHF EFFEES Nitric oxide & Y iNOS RHA} Wl nizls %

Promega Co.) 0.25 (& E§6LL, o710 DW.E @ol & &
oBEo] 20 W= A Sld PCR mixtureE THEQIC) PCR mixture
€ PCR tubeo] EiL o710l GHA HISE 5 & @1 88t
H PCR machineol] o] T}hg9] ZHSE PCRE AAIBINCE
PCR ¥}22 94T 327 1 cycle 91 &, MT 45%, 57C 45
&, 72T 45%7F 35 cycles BFSAIZACH, 72CoA] 1087}
extensiong A& £ WIZE AFAIFCE SFF AUE2 1.2%
agarose gelo] A7) €& 3BlKd UV transilluminaterg ©] &35}l
DNA bandZ 20153  RT-PCRo)| AHZ3} primers (F)H10]
2UJ0}A} (Bioneer Co. Choongbookjol]l Q12151 §Hdslom,
Z} primer®] H7|A1E 2 Table 13 ZT}

Table 1. Primer sequence used for detection of cytokine and
inflammatory related gene expression

Oligonucieotide sequence
5-CCA CCC AGA AGA CTG TGG ATG GC-3

G3PDH 5-CAT GTA GGC CAT GAG GTC CAC CAC-3
i 5-CAC TAT CTC AGC ACC ACT TG-3
5-CTG GAA GTC TGT CAT AGA GG-3
i 5-0CG TGG ACC TTC CAG GAT GA3
L 5-GAT CCA CAC TCT CCA GCT GC-3
oS 5°GAC AAG CTG CAT GIG ACA 103
5-GCT GGT AGG T1C CTG TTG T1-3

8. B4 A2y

48 ZHe mean*SD EE meantSEE LERNAUOH,
ANOVA testd] EAXEIYEOZ EAX 8AY AEE XA
ALt FASES p<O.0SE KT

4 3

1. WCRO] RAW 264.7 THAIA| & B np2 BB E25Al0) o]%)
=g

WCRS] RAW 2647 thAHZ H4l50)] niX|e G 4w
7] 915ld WCRE 2z 82k (0, 10, 100, 100 18/ m)Z 48417} uies
sl WCRO tjalMZS4l0)] TlRls geke H2BIICHFg. 1).

o
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Fig. 1. Dose response of WCR on the proliferation of RAW 264.7
cells. RAW 264.7 cells were cultured with several concentration of WCR for 48 hr.
Control group was Incubated with DMEM only. Results are expressed as

meanxSD. in trplicate cultures.

RAW 2647 thAHES B4l Y dETOE AHES
LPSA}=o] Q84 79 UA E7ERen, WCRY sTd
Kelo] dal i =Zal visl Fad UAA AEFAl0] FS71EIRIC
ESH WCRY B4 WA HZ B0 njx)= 8 AR
71 91510 UL BIEAANIEY F4 5 BES A, iR Tl
Hldld WCRQ RX2JA] BIAAMES F4ls0] WCR EE 100,
1000 pt/meS) BTl MEZA0] E71RIACHP<0.05)(Fig. 2).
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Fig. 2. Dose response of WCR on the proliferation of mouse spleen
cell. Mouse spleen cells (2x 10° cells/mi) were cultured with several concentration
10, 1, 10, 100 w1 /ml) of WCR for 48hr, Control group was incubated with RPMI1640
medium only. Results are expressed as mean+S.D in triplicate cultures. Different
letter on the top of the line indicates significant difference (p<0.05).

2. WCRY NO #yoj n)= &3}

WCR AHAQ) NO MdEsg 4357 8l WCRE s&
=2 RAW 2647 thA M) 2o AEI8ld 4= NO g2 53
BHEcth chRFolA] Bigled WCR S5 (10 4, 100 g, L1000
ub/m) oAl 22} 105%, 105% B 131% & WCR sk 9&EHQ
Z NO #4o| F71gol BE=RCHFig. 3).

7
Z2 5
5

Nitrite concentration(
w

0 10 100 1000
WD e
Fig. 3. Dose-dependent effect of WCR on NO synthesis in RAW
264.7 cells. The cells were incubated with 1 ul/mi to 100 ul/mi WCR for 24
h. NO synthesis was determined by measuring accumulation of nitrite in the
incubation medium. The data present the means for triplicate, and the bars
represent the standard deviation. *p<0.05 compared with untreated sampies.

3. WCRY] LPSE Xi=2¥ RAW 264.7 M ZolA19] NO H48AA
b

fol
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LPS A=l 5} BshAl A& NO 2ol WCRo| bz
FVE BAB) Y5k LPS A=Al WCRE H 71kl NOY
Holl n)xl= aHE ZABIKICE LPSE ©E0 8 ANEEINg 3
213971024 ¢ M9 NOY} HHEAOL, LPSY WCRE &8}
Slod BiQRE Aol Al NO #4452 WCR T8 (10 i, 100 42
9} 1000 ub/me)oll whed 2Hzh 13.45+0.11, 13.08+£0.39 X 1156+
012 & WCR 8% Q&8 2 Z LPSAIZo] 98 NO 44 Zo] o
Agol BEREAJCHFig. 4). = WCR 1000u8/ i E LPSS} 8
Aelsled A1ZE] wE NO dHdol wsio] dEst A1, LPS
HE Ml FolAlE T2 A Foll Hld) 12 AIZFE NO 44
Zo] B7IEIReU, WCRT 84 REIgle g QI5kd NO &9
717t dAEo] BEEIAUCHFig. 5).
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Fig. 4. Effect of WCR on NO production by LPS-stimulated RAW
264.7 cells. RAW 264.7 cells were incubated with or without lipopolysaccharide
(LPS: 1 wg/mt) for 24 hr in the presence or absence of WCR at indicated doses.
The amount of NO released by cells was measured by the method of Griess. Data
are mean#S.D. of three independent experiments
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Fig. 5. Time kinetics of WCR on NO synthesis in RAW 264.7 cells.
The cells were incubated with 100 «1/ml WCR for various time points (1, 4 8, 12,
24 hr) in the presence or absence of 1 mg/m LPS. NO synthesis was determined
by measuring accumulation of nitrite in the incubation medium. The data present

the means for trplicate.

4. WCRol| 9|3} RAW 264. 7 Al ZollA] INOS SFA} wksd

NO 44 & 71z B INOSFHAL wae A¥gE
AlBl7) f15lel RT-PCRE 01851 iINOS SAA} wdol pix]
HEre ZFABIKEE WCR ©HE RHE|A] 1000 glollAlE INOS

fr M

w3lo] okshH #EHJTE IE|d, LPS Aol 23
TR} g0l ZoHA FEEULLL LPSet WCRE S4l
| AEIA] WCR BT IEH2E INOS FHAL gaio] ZAakE

g B B 4 UNCKFig. 6).

2

100 1000 100 1000 WCR(4&/n!)

LPS{ g /m2)

G3PDH

iNOS

Fig. 6. in

Inhibition of
LPS-stimulated RAW 264.7 cells. RAW 2647 cells were stimulated with 1
wg/m LPS in the presence of absence of various concentrations of WCR for 24
hr. Total RNA was prepared, and iNOS mRNA was analyzed by RT-PCR. G3PDH

was used as control genes.

iNOS mRNA expression by WCR

5. WCRol| AMz] Al W iNOS |dA el

WCRoll 9I8h A|7PH INOSRHA}L W] AL E AR
7] 915kd WCR ©F= 8] LPS 9HEA] XI5k RT-PCRE o]
Sl INOS {HA Wl wmile gie ZIARIRCh
WCR(1000p8/ me) 5 A2IA] 4X|THEE] INOS REAL wdio)
oksbA AEEZ) AFHEl Aj7io] Zabgkl wiet INOS FRA}
wslo] A& Frigo] #EFACE IB L LPSeF A2lA] iNOS
FAXL w2 sAI7H A WEEIFoU, AlTio] gl
weh INOS |t whslo] Zhago] HATACHFig. 7).

iNOS

G3PDH

Fig. 7. Time kinetics of WCR on iINOS mRNA expression in RAW
264.7 cells. The cells were incubated with 1000 mi/mi WRC for various time
points{ 1, 4 8, 12 24 h) in the absence(A) or presence(B) of 1e/ml LPS. Total
RNA was prepared, and iNOS mRNA was analyzed by RT-PCR. G3PDH was used

as control genes.

6. WCRoll 98} RAW 264. 7 A ZollA] IL-1 mRNA A} 2l g7}

NO ¥dal IL-1 X HHE U B7] Yol WCRE &
THF RAW 264. 7 M Eoll Al & [L1e & IL-15 FAX}
WU S BEFIACE IL1e FHXF WSS WCR(1044/ nt)ol A &
SHl eEE]7) ARSI S JEFCE wdlo] ErEIR e,
IL-18 QXA arsio] 22 WCR(100, 100040/ n)ollA] QFSHA] w
o] TRFUCE LPS AR WCRe 98t IL-17AA 2a 9
HEE ANE A3 LPS Ao il S5 [L-1e 9 IL18
FEAA 22 WCR 9] 5T AEHOE 0|8 KA @]
ZAEE AE BE g 4 UAUTHFig. 8).

= R=E
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BT E+-5EE Nitric oxide 44 Y INOS FHAN wloll DX EF

A B
M 0 10 100 1000 M 0 10 100 1000 WCR (/m)

iL-1a

N iL-1p

GIPDH

Fig. 8. IL-1a and IL-1b gene expression in RAW 264.7 cells by AL.
RAW 264.7 cells were stimulated with various amount of WCR in
the absence(A} or presence(B) of 1ug/mé LPS for 24 hr. Total RNA
was prepared from each sample and RT-PCR were performed as
described in materials and methods. G3PDH was used as control
genes.
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B F= BER(DEAR] T Cyperaceae)ol| £33} B4 B
AQl BEO RES WP AOTE MO TMESIL ke
HHSI B SEQOE ASIY. HFESAE, BERLLEY
E50F FREME O MBREEED B BRASE, &
1S3} FETEES X BEE BHOT ALY g, S KK
AR CRETIR, olME I TS TR BRE A
BHARR BB 5l &R se 258k Yrb. m
%ol PHOF AN, BERFE £EM/ £7171 2AH 23
Ay olato] @RI NANE ZAGHA RElolT LR (EH) 2
2 Gt Als Gl ol Yol FHSHA LA okgioll

Ao mp)y) go) QB ‘Kt MBSy 8 4 o
o, olZ B3 ‘BRF'Y £50) HPE 4 At o]He FuE
ol THoIA 2 ul %E WEY QAAA B 4 ATt

A ZE HYurS9) X743 HiEo]d WAy}
Yo, 4AulolA 72, @589 diSol Q3 JEs sh=
ACE QB A F7 Al Zold WAEE NOE &
I BOFESH RII7IAR 015 MBS HAg /e RAQE
LEA YTk RS 5L NOE AZFE E3 51 2 &
€ 3, TESH NO B2 - T gFo BAslo, 54
29| ol FEZX HHE Xeisks AT BT ot
T, A Eol 2% NO BM e Tigkst Qolo) s ZEEE
ROZ EA Aetl, F29 JF BAE0 5l F2 4
SHE oAl Al ZolA] NO 44 ZH 2 INOS §HA} wao) Q§h
ACE BRI Uk 2 YL Muel9) g4%520] Ny
9} LPS A1l 93l REV NO UM e Z4 Azem, olgsh
NO 4849] 47} INOS |EAL whalol Zaol 93 2He
BISIFN O, A E72 ethtyl acetate 2EF ¢ofx] x|}
29| ZZHo| IFN 7 &} LPS X=F RAW 26478 EojlA] NO 44
4e ZoAzon, olEg NO9 ZaE INOS mRNA RHA
2 child wsi o] 240 BE ASS B ISINCE Wk iNOS
FARe HEF TP B NO 44 ZIHNE FuA) de
LS dFEo] £ YCHMV. o Uslo WCRY
NO 84 =38 W 7188 &u27) 95l HA WCRY TIrs
L7} WCRY thAlM Zo} QulT Al mixle B&ke XA}

O

0lo
o
v

g 237, WCRE tiAHZS uld Yok HMES e &
YEH O R F7} A=, ol WCRo| Al mitogen2 Z 218
gl MZ BAg BHINIE & ASE VFFHZ AAGk=
Ang} & 4 1o, WCRO] il Z28} Jut7-M Eol| S =}
0] glg€ Ve F&= Zd3lel g = Q) WCRol| 98 o)
MEAG NO 44 L iNOS FHA waloll nlX)= gake
HE 23, WCRQ NO 442 WCR =T JEX O FE NOM
o} E7IHERA LM, LPSE AE] Al ALsHA 718 NO 44
WCR 5% 9EXOZ ZAgArt INOS FHAF wd st
WCR 5T EXOF INOS FHAL walo] BaFJ M, LPS
Z A2l A 45 e INOS FHA LS WCR 5E9&E
Hog walo] ZAFEUCh ol WCRY NO 449l ZHo|
iNOS FA} whdlo] ANBHIL UASE BAFE Aot & 5 A
th 112 Aol J=ZF 548 ggahye B2 & @=7
E01 AHlymphocyte activating factor)gt B8300, thAl M Eol
A 8 BHlEE AQE ERIFJUIL, thEHQ! dES o7y Ao}
E7RICE e UoH, S¥e Ueile 22X k109
IL18 5 747} e AOg dedd ATk, &5k tialME
ollA] AHE IL-12 iINOSE WAL NO 448 437
EACE AT B J7AA HusT Jop?. 8 8Pe 94
E¥ Juu]9] LPSE A% vles SZtAA ZolA] IL-1441
of iXle E8S A2 Zu g4 228 Qb sk 9&
HOZ IL-1 Y4o] Z4aEE A BusIHct WCRY A
FoA IL-1 AL Yol vIXs S8 452 23 WCR 5
T YEHOZ IL1a &} L1187} E71EROH, LPSE A=E8
RAW 264.7 thAIM ZojA) WCR BT JEROE IL-10 9} IL-1
B FEAL wdlo] ZAEE Rol BRHJUC o) INOS FHA}
w33 NO 4ol WCRo 93 HHE IL-1¢9} IL-18 FHA}
wslo] #ol g 4= AS|E VEIE Rolgt & 4 sk

0|40l AEANE & Wl WCRS oM 29 NO dyg
HESA FL & 4 AeH, BT 4HEE NO 32 =38
gl FAHE FAATIE W 99t JEe & £ Y= HE &
A ZFZA} (BMR) #£2k oplel, NO 44 AaiHe 25 €23
AEE 4 ASE AR & 4 Aot T2, SRAE 24
 NO 44 ZREAME AN Hoisie g8 85888
&4 2el5l 0189 28711 Bo) AR OE Wil dF
7} DgElojo} Sictal AMZiECh

o ox @ > 1

4 =

g4 FE8E SFRAWCR)] NO 4824, iNOS FHAt 2
& R IL-1 AIETR] RHA} W niXe Ee ZAKBIN
Tt WCR2 RAW 2647 thAlMZ B vlBHESY B4 &€
WCR 5T Y9&EXOF 711730k WCRS RAW 264.7 thAld
Zoli WCR % QEFOE NOYHE 711z em, LPsg
Helol gsh Bkl 571 NO 888 WCR Sk I&EH2
2 B4 Az oJ2iF NO 44 R Axjols iNOS S8 ¢
& R IL1 AIETRD R} wEio] Fogho] HEEACE
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