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Chemical Components of Cyperus rotundus L.
and Inhibitory Effects on Nitric Oxide Production
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Abstract — Five compounds were isolated from the methanol extract of the tubers of Cyperus
rotundus (Cyperaceae). They were identified as cyperol(1), a-cyperone(2), cyperotundone(3), sug-
etriol triacetate(4) and B-sitosterol(5) on the basis of spectroscopic and physicochemical analysis.
Among them, cyperol, a-~cyperone and cyperotundone were shown inhibitroy effects on LPS-
induced nitric oxide production in RAW 264.7 cells in a dose dependent manner.
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o &k TRARGAEE)EA nisziel Wrte] 4
ZojlA Zb 2lEh, ZAGRK)S dog 1A mom
Bl Ao A7 SRt WY, 739
AL WMol 377} QlaL, d2 FAGEE)EL &
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HPERE 71 RS HEP )L T4l ¢e)
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Cyperussoll B3 AR I1Z2E Cyperus articula-
tus = 58] NyasseE>%0] sesquiterpenic alcohol]
o-corymbolol}  sesquiterpenic ketone?] mandas-
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Balste] BAsIHT) 3, Cyperus capilatus=Z5H-E)
Seabra £ 7 o] 6,3 4'-trihydroxy-4-methoxy-7-methyl-
auroneS HEE0M, AlvesEY0] 119 6-alkyl-
2-hydroxy-3-methyl-1,4-benzoquinone& X 183t}
Cyperus corymbosus | 1= Garbarino5”0] eudes-
mane sesquiterpenoid$] isocorymbolone® corym-
bolone, (+)-o-cyperones RIERS™, Cyperus
rotunduso1 A= Trivedis'”e] cyperenes, Hikino
0] cyperol, isocyperol, cyperotundone, cypero-
loneg, NevilleS™0] kobusone, isokobusones, Motl
ZMo) patchoulenone, sugeonol, sugetriolS:, Ohira
=W¥0] 4 5-secoeudesmanolideS 8] 7+ sesquiter-
penes-S EUEIRT.

A gA e BE AT2E Thebtaranonths ¥
10,12-peroxycalamenene, 4,7-dimethyl-1-tetralone,
patchoulenone, caryophyllene o-oxides©] antima-
larial activity?} &S R 73t} E3) ethanol
extract®] guinea pig A& FFolA Y| AERIZE
I 3ulEAE, o-cyperone, isocyperol, cyperenone
9l prostaglandinfi 4 A =-E-, urethane v} 7}
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sl AgrEs oA, 28107 ol A
o] 2132, %¥E hormone5 %2 hamster <}-z2tol|
gt 7528, 759 A dEe Fa3 g
ZHgo] BWIET, petroleum ether F& H38 o]
carrageenin® & =3 FERF] s v)$- s
Fh a2 ey FA00 s, AEEFT o
ole] BAEAL triterpencidels Hvt Yuk?®

Nitric oxide(NO)= nitric oxide synthase@NOS)<]|
93| L-arginine®] guanidino nitrogen®] N-hydroxy-
L-arginine®] F7r8-E A A=, F, 4 &
Zdga) 18 FdHo) glom, w3 cyclooxygenase
9} Ze AAANE Zw Yol FFAZ YoiA
criticaldt factor= &gk}, 1A)2] NOSHl= endot-
helial constitutive NOS(ecNOS), neuronal costitutive
(neNOS), inducible NOSGNOS)8] 37FA] isoforme]
EZAF}. o)F ecNOSY ncNOSE calcium, calm-
odulin ¢]&42] ¥HH, INOSE cytokine®|t} endot-
oxin®l 93 #=%" calcium, calmodulin ¥]2]&A
o]t} ecNOSol <J8] A€ NO= FdAol 283
o FHEH, dan Faolu $3S JAAE &
£o] glem, necNOS| 2Jsl AdE NO= A7«
Z8-3lo] 7|5 Hol 223 long-term potentiation
o1} depression®] neurotransmitter® g Fic}, w3t
&sp7|#e] S50 $49 W= FHdit)
vhH E3 cytokineo|Y lipopolysaccharide(LPS)el
93 FEHE NOE g5ddoly <3dol71d &
o zr&3it}, ulEhr, o|#%F endotoxins ] A=)
9J8] macrophagedll¥] iINOS$} COX-29] 23lo] &%
xlo] A7A02 NOS prostaglandin®] A443-& 71
}\] Z_]_ q_.zﬂ)-ZZ)

£ Aede Figet dhloA JE, A9, ol
5 Fol Agle] geokoz WL )L Al o
ste] U4 E A3} murine macrophage cell line$)
RAW 264.7 cellol 4] LPSell &3] HX=%+ nitric
oxideNO)?] AR S Asfishs Aoz Jepgon
2, olo tisl] &4 S Hsla, UV NMR,
MSE9 7171848 B3l 2 28 FE3I7100
Bystaat o}

TR

AUEME - SR} Cyperus rotundus L= A
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238 B8l FYsiaL o8 A3 1 F w2
& olgs) AlEsle] AREsIen, FARES &
) &ts oFsh st TEA HaAEo] Utk (CBNU-
99005)

AEII| Y Al9f — 53L& Swiss Biichirle] Model
B-540 $78579718 AMgsld S8R0 HASA
2ottt IR spectrume JASCO FT/IR 300E spec-
trometer, UV Jasco V500 UV/VIS spectrophoto-
meter (Model LE599, UK.)Z o|-&3le] Z&4319c}
'H- & ®C-NMR spectrum Varian Unity-300 spec-
trometer, EI-MS:= Hewlett-Packard MS Engine-5989
A AFRA7|2 A3 Column chromatography
& FAE silicagel (70-230 mesh, ASTM 9385, Mer-
k)E ARE-3FTE TLCE Kieselgel 60 Fy, plate
(0.2 mm, Merck)E AMg-slHoed, H¥= 37°C 5%
CO, incubator(SANYO)lA wli<ksll o, NOAEA
Al gdide] 242 Molecular Devices®] Microplate
ReaderE ARE-3ld =431t

F& gl 22 - 35 5kg2 MeOH(15L)E 33
HrE =2 3lo] MeOH extract 670gS Ltk ©]
MeOH extractZ hexanest &= E2 313 hexane?
$ =3} hexane extract 100gS Atk 4 &
%of| 3}l murine macrophage cell line?] RAW
264.7 cellollA] LPSel 2]8] -F 5= nitric oxide A
3 AEEEE S A E40] hexaneF o &
o83} 2 hexane extractE hexane-ethylacetate
gradientE ©| 542 =2 silica gel column chroma-
tographyS AA131] 6719 fraction® 2 Wr3in). o]
] Fr. 4258 compound 1 (32 mg)e AT} Fr
225 Bl hexane : ethylacetate=10 : 1¢] Buj=
silica gel column chromatographyS 241319 com-
pound 2 (1.2g%Z A3Uth Fr 3°2%EE= hexane-
acetone gradientE ©]F5F 2= silica gel column
chromatographyE A5t compound 3 (31 mg),
compound 4 (274 mg), compound 5 (316 mg)E 7}
7} gesisith

Compound 1—White needle crystal, mp : 111-
112°C; TR vEBrem® @ 3204(0H), 2034(CH), 1643
(C=C), 887(terminal CH,); EI-MS (m/z) : 220
M1, 205[M-CH3]+, 187, 159, 138, 124, 105, 91;
'H.NMR (CDCL, 300MHz) & : 104GH, s, -CH,),
1.79(6H, s, -CH,x2), 255(1H, dd, /=1.7, 5.9 Hz,
H-7), 3.92(1H, s, H-3), 475QH, s, =CH,); “C-
NMR (CDClL, 75MHz) & : 34.54(C-1), 31.18(C-2),
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7026(C-3), 126.18(C-4), 140.64(C-5), 28.09(C-6), 46.
78(C-7), 27.75(C-8), 4265(C-9), 3527(C-10), 150.77
(C-11), 108.80(C-12), 21.26(C-13), 23.40(C-14), 17.58
(C-15)

Compound 2- Colorless oi, UV A (MeOH)
: 249nm; IR vilmem® @ 2928(CH), 1668(CO),
1611(C=C), 889(terminal CH,); EI-MS (m/z) : 218
M]", 203[M-CH,I*, 185, 175, 161, 147, 91, 79;
'H-NMR (CDCl,, 300MHz) & : 1.20 (3H, s, -CH,),
176 (6H, s, -CH,X2), 4.76 (2H, s, =CH,); “C-
NMR (CDCl, 75MHz) & : 33.75(C-1), 32.87(C-2),
199.05(C-3), 128.75(C-4), 149.09(C-5), 26.83(C-6),
45.86(C-7), 22.45(C-8), 41.87(C-9), 35.78(C-10), 162.
10(C-11), 109.15(C-12), 20.61(C-13), 37.40(C-14),
10.87(C-15)

Compound 3 - Colorless oi, UV A, MeOH)
: 244nm; TR vilmem® : 2926(CH), 1713(CO),
1652(C=C); EI-MS (m/z) : 218]M]*, 203[M-CH,]*,
175, 161, 147, 133, 119, 105; 'H-NMR (CDCL,
300MHz) & : 0.62@3H, d, /=6Hz, -CH,), 0.75, 1.11
BH each, s, -CHy), 1.73@3H, br s, -CH,); “C-
NMR (CDCl, 75MHz) & : 59.10(C-1), 42.02(C-2),
211.49(C-3), 133.75(C-4), 182.27(C-5), 30.89(C-6),
45.74(C-7), 27.40(C-8), 28.76(C-9), 34.11(C-10), 41.
56(C-11), 19.98(C-12), 25.23(C-13), 8.76(C-14), 17.
23(C-15)

Compound 4 White needle crystal, mp : 132
°C; IR vilmem™ : 2937(CH), 1734, 1236(acetyl);
ELMS (n/) : 378[M]*, 318[M-HOAc]*, 276, 258,
216, 198, 173; 'H-NMR (CDC,, 300MHz) 5 : 0.88
(BH, d, /=65Hz, -CH,)), 0.90, 1.08(3H each, s,
-CH,), 1.68(3H, br s, -CH,), 2.05, 2.08, 2.193H
each, s, acetyl), 5.60(1H, d, J=6.0Hz, H-6), 593
(1H, t, J=69Hz, H-7); "C-NMR (CDCI, 75MHz)
3 : 625(C-1), 36.9(C-2), 853(C-3%), 136.2(C-4),
143.3(C-5), 75.4(C-6%), 51.2(C-7), 28.6(C-8), 71.1
(C-9%), 40.3(C-10), 42.0(C-11), 20.8(C-12), 26.0
(C-13), 11.3(C-14), 146(C-15), 21.3(OCOCH,), 21.6
(OCOCH,), 21.7(0COCH,), 171.2(0COCH,), 171.4
(OCOCH,), 171.7(0COCH,), *Assignments are re-
versible

Compound 5—White needle crystal, mp : 133-
135°C; EIMS (n/) : 414[M]°, 381{M-CH,-H,01",
329IM-C,H,,1*, 303[M-C,H,,01"; 'H-NMR (CDCl,

300MHz) & : 0.69GH, s, H-18), 1.02(3H, s, H-19),
3.53(1H, m, H-3), 537(1H, bd, J=4.7 Hz, H-6);
BC.NMR (CDCL, 75MHz) & : 37.3(C-1), 31.9(C-2),
71.8(C-3), 42.3(C-4), 140.8(C-5), 121.7(C-6), 31.7
(C-7), 31.9(C-8), 50.2(C-9), 36.5(C-10), 21.1(C-11),
39.8(C-12), 42.3(C-3), 56.8(C-14), 24.3(C-15), 28.2
(C-16), 56.1(C-17), 19.4(C-18%), 11.9(C-19), 36.1
(C-20), 18.8(C-21%), 34.0(C-22), 26.1(C-23), 45.9
(C-24), 29.2(C-25), 19.8(C-26%), 19.0(C-27*), 23.1
(C-28), 12.0(C-29), *Assignments are reversible

Nitric Oxide2§&Hd X{siEHde| £H —Raw 264.7
A ZZ DMEM#ERAINA 37°C, 5% CO, incubatorel
A kst Al E7)F confluentsiAl A5HE W scar-
perE |83} attach¥® celle WolUA single cell
2 UE & 1X10°%cellymlE 8451 96well plate

o] 100w 71813, 5% CO, incubatorollA] vl oka}
Ack Wik 3A17FE LPSE *elA] 2 At LPS
(lugm) 2 ANES %E‘ﬁi b % MEMBH
A9} A 100 WA A& F 2403 5 % CO,
incubatorollx] HiFBIATE. vl 24717F -‘?‘— H c}: 5
A 100 W= 96 well plateo] ‘:2—1, z¥zte] wellol] gri-
ess reagent® T A2 3 550 nmollA FEHE=E
Zx35t0] P EEET) Griess reagents 3355
o] =<1 0.1% N-(1-Naphtyl)-ethylenediamine dihy-
drochloride®} 5% phosphoric acidell =91 1% sulfa-
nilamide 1:12 Egste] Azt

d S g

slege| xEA — Compound 18 BAAAA
o2 mp 111-112“05 vERIeH, IR spectrumel]
A 3,294004 hydroxyl”19} 88704 terminal me-
thylene”12 &21& 4= 319t 'H-NMR spectrume]]
e § 104904 3HES] singlet signal® & 1.79
] 6HE9] singlet signal® 13, 14, 1588 371¢] me-
thyl protono] #HZ=U, § 4.762 AAFT shift=lo]
el 2HES] singlet signal® D19 exo-meth-
ylene7l 223 5= 91tk PCNMR spectrumell A
% 157/0¢] carbon signale ¥ S gl9lom,

6 108.80011)\1 C-12904] 7]1913l= exo-methylene&
geld 4 9ith EIMS spectrumoll A= miz 220
o4 molecular ion peakE WERNALH, m/z 205,
187, 1595o)A fragmentation peakE FERYATE
o) AFe] Z1E spectral data® AEIL o Egsst



A e Y3 vlwsld compound 12 ses-
quiterpene?! cyperol2 F+2E& 43 c)

Compound 2= colorless oil2 UV 249 nmel A
FFIFNE JePARIE, IR spectrumolXE 1,6689]
A carbonyl7]9} 8899141 terminal methylene”] 2
gelg = gtk 'H-NMR spectrumolAlE § 1.20
oA 3HES singlet signal® § 1.76904 6HE<]
singlet signal2 13, 14, 1581 3719l methyl proton
o] JFHL, § 4.762F AT shiftFo] vl
2HE-9] singlet signalZ 1719] exo-methylene”]
4% & itk “C-NMR spectrumelAE & 15
M) carbon signal® #HAE & UYL, § 199.0590
A1 carbonyl7]ell 7]1918HE signal®}, § 109.15904
C-120111 7]1918l= exo-methyleneS 18 4= UA
o). 3 DEPT spectrumellA= 3702] methyl, 67}
9] methylene, 17]9] methine carbon signals &
Ze 4 Uk o1l ZHE spectral datas ZES3}
o] compound 2= sesquiterpene! o-cyperonel &
A8l FAMP3 v)wsle] 128 R

Compound 3& colorless oil2 UV 244 nmol| A
Fr30E JERIY, IR spectrumdMe 1,7137
1,652914 o, B-unsaturated ketoneZ g 4= $]
Atk 'H-NMR spectrumelME § 062014 1499
9] secondary methyl®] 7]13F= 3HE2] doublet
signale #EE 4 AT, § 0.759F L1194 12,
13912] gem-dimethylel] 71913k 2k 3HES] sin-
glet signals& #H&E 5 UAUTE E=IF § 1.73904=
159 919) vinyl methylol 7]1¢18H= 3H® 9 broad
singlet signals #A3 & AUt ®C-NMR spec-
trumolM= & 15702) carbon signalS #E F 3l
3L, § 21149904 carbonylZ]oll 719131 signals
AT F Uk o1 ZHE spectral dataE HE
std compound 3= sesquiterpene?] cyperotundone
o FAsa gAY nmslel 728 543
Ark.

Compound 4v= WHRAFAHoz mp 132°CE
YeEIgleH, IR spectrumol A= 1,734004] carbo-
nyl’1E 31 = dUek. 'H-NMR spectrumolA=
5 0.88014 14192 secondary methylol 71218R=
3HE2] doublet signats &g <= S, § 0.90=
1.08°14 12, 13919] gem-dimethyle] 7]Q13k= 7z}
3HE9 singlet signale #& = AU} F=3FF 5
1.68°04+= 1591919 vinyl methyll] 71218k= 3HE
2] broad singlet signal, & 2.05, 2.08, 2.19ox&
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3709l secondary acetoxyl”]ell 23k Z} 3HE-9] sin-
glet signats #&e 5 glsled, § 5600x= 1H
1] doublet signal, & 59394+ 1HES] triplet
signate #&3 & 9J9ith. PC-NMR spectrumeilA]
E & 2009 carbon signald FEE + AN, §
71.1, 754, 85.3°|* oxygen bearing carbon signal
9§ 1712, 1714, 171.7904 z2}+ acetoxyl7le] 7]
A3k= signake FEE 5 QUATh o)) 2 spec-
tral data® 7 E3lo] compound 4% sesquiterpene
S=A)2 sugetriol triacetate® 38313 E@® H)
aste] F2E 53k

Compound 5= WA LAGOZ Liebermann-Bur-
chardsh&oll UE eI, IR spectrumelx] A
Q) sterol®] spectrumS WERNO] sterolE F73
g 4 d2rh. 'H-NMR spectrumelAe § 0.699}
1.02914 3HY% 9] angular methyl proton signal®]
247} singlet© 2 #ZAFACE E3F § 354004 C-3¢0
ZA5k= 1HES] proton signalol multiplet®= ¥
ZAEAA, § 537904 1HES] olefinic proton signal
o] FFE o] olFgdle] 53 iAo EAFgE FHE
4 99dtt. “C-NMR spectrumolA= & 297119] car-
bon signats ZHEF 4= A3, & 71.8904 hydro-
xyl7loll 719181 signal® & 140.8, 121.7914 olefi-
nic carbobnol|l X 7105k signale FHEE 4 QI
o)e] 7% spectral dataZ® AE3T o E=2)3}s}
A s B3NP3 vwsld] compound 55 A-
stigmasten-33-0l3]1 B-sitosterolZ g3

Nitric oxide &M XaliEMe| &8 - FFAF
9] nitric oxide ¥ ANEDS P4 deld
5%<2] compoundl] thsle EA4dL E4% 23} cyperol,
o-cyperone, cyperotundone< murine macrophage
cell lineSl RAW 264.7 celloiA] LPSe| 25 =
£ nitric oxided] AFAS Fro)EH o7 A=
Ao 2 YEY. °]5 cyperotundone©] 71 7Fgt
B4 JERIR OB (IC,, =78 ugm) I dET=
iNOS9] A9&<l inhibitor® €212 aminoguanidine

R,

Compound 3 R;=0O,R;=R3=H
Compound 4 Ry, Ry, R3=0Ac

Compound 1 R=OH
Compound 2 R=0

Fig. 1. Chemical structures of isolated compounds.
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80 —— Cyperotundone
—v— Aminoguanidine
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20 A

1 10

Concentration (ug/ml)
Fig. 2. Inhibition of NO Production in LPS-induced
RAW 264.7 cells by cyperol, a-cyperone and cypero-
tundone

(IC;=125 pg/ml) B} ¥ &L Jepich(Fig.
2) B3t M¥5A 2443 25 ugmblAsE S48 U
ERRA] eFto™, sugetriol triacetate®} PB-sitosterol
< 25 ug/mell A= nitric oxide®] AFA AMa=E
YERTA] ekt

4 £

A Cyperus rotundus Lo tH3d murine ma-
crophage cell line?) RAW 264.7 cellollA] LPSel] ¢
# === Nitric oxide A3 AN SH3
Z3} hexanew-gollA o)A = Asf2e-L IS
T Ik B LS LA hexaneR-Fo) o
3]¢] silicagel cloumn chromatographyS wHL-2A]5}
o] 5%¢] compound® FHEISIEE ZH compo-
und®] E)5}sH3 44 2 UV IR, 'H-NMR, “C-
NMR, DEPT, MS spectrum%< W) ul7 Edlo
cyperol, o-cyperone, cyperotundone, sugetriol tria-
cetate, B-sitosterol® 53t TE ¢]EF cyperol,
o-cyperone, cyperotundoned =& Z NOAY
S Assien, 22,5, 19.7, 7.8 pg/mlollA] 2kt
IC,#t& WEhHel cyperotundonee] 71 743t 24
S YeRN®lY, sugetriol triacetate®} B-sitosterol
NORRS Asizrgol gldct. aake]l NOAIEME A
| 2Fgol dafiMs Mg Bk Aol

A A

B ATE 109845 FEUS w713 A7
Hle] Agog ool on olo] PAERUL.
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