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AsTh, Eg, FEA} o dotAE| o] E EEE(EAFC) B a—cyperone®| FHF 4 7%’4%5 &3t aF5HIME
Folo] 7164 AAEAY e S g O}Oﬂq EAFC W &] a—cyperone®] 3 &Ist7] 98 HPLC £4&
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Abstract: In this study, Cyperus rotundus (C. rotundus) was fractionated into ethyl acetate to identify o-cyperone, a
representative indicator, and its ethyl acetate fraction were evaluated to confirm the possibilityas a functional cosmetic
ingredient. As a result of HPLC analysis, it was confirmed that the content of a-cyperone was 5.243%. In order to verify
the inflammatory relief effect of the ethyl acetate fraction from C. rotundus (EAFC) and o-cyperone, it was confirmed
that nitric oxide (NO) production inhibitory ability in RAW 264.7 macrophages induced an inflammatory reaction with
lipopolysaccharide (LPS). Real-time qPCR analysis confirmed inhibition of mRNA expression level of inflammatory factors,
IL-1B, IL-6, TNF-a, COX-2 and iNOS. As a results of conducting a clinical study using a simple cosmetic formulation
containing EAFC, it was confirmed that the skin irritation stimulated by sodium lauryl sulfate (SLS) was calming and
relieving itching. Through these results, it is believed that the C. rotundus can be used as a natural cosmetic ingredient
that has the effect of inhibiting inflammation and relieving itching.
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FHACperus rotundus)= A2 ThAAY AlER d
AR A ofdel AollA AAlske fxolrh AlgH
= OFgoR o gu=t| 7|0 YEXl ofejAgo R X
& AFes ole] ARgo] qlow o s AulEs
74E7] Aoflsoll A FoIe] Hofew A it
[1]. ol2fgt ojfell= Eslal A= Heoa dAgt
ShEEe Ao, tRE AEe] AES IAY e
Aok 22 dorl= M52 AlE= Bl Slot
[1-4]. SAPA] Harg At ofgt i 9 21 AR
gt AP dGL== cyprotene, acopaene, Cyperene,
aselinene, rotundene 52| F& v} S A7} St
(5] HEAQl 24 a2 acyperone 0= ATA 3low
o] &4, ik} PRIt XE aate] oisl] gelA e
H[6-8], 53| a-cyperone> NF-kBo| &4 2&E 53
lipopolysaccharide (LPS)oll 2J3f] G- cyclooxygenase-2
(COX-2) &1} prostaglandin E, (PGEy) 2] A/ AAIES
=X SRS AsiAIRITaL Hare v) Qlei9).

U o AT At T8 5 2R 94 2
=olut 35HA Ao miE AAIE Hshe AeAQl vt
SOARE WHdA A 2358 oA Ae o
S7)= HRle] HrH6]. AFHSE &5 1 S/3wte] A
s S =491 LPSof| ofsf Ws= A9 wom, of
A7 LPSof| ofsf A= o} 243} Frf10,11]. &
AolE AMEE ES A AREFIRIQI tumor necrosis
factor-a. (TNF-a), interleukin-13 (IL-10), interleukin6 (IL-6) 5
I 5 w7 AR nitric oxide (NO)O| 'TAY-S FXI3HC}
[11,12]. NO= inducible NO synthase (iNOS)=2 HE] ALz
B Ehom 2w Gelol Algomiy wasiz
Az THgE = ZHAAL Qlof AlA Wol 2= &3
oA QILH13]. cyclooxygenase (COX)= cyclooxygenase-1
(COX-1)3} COX2= UpojAl=t], COX-1-2 /291 A
Al 715l 2FgBHARE COX-2= H59Rs FelolA Hd
Hoi{14]. 4o & COX-2%= iNOSLE PGE9] A3t d<
7k S ahH, oF Fdll NO9| S fi=gith
3 A QI 13,15,16].
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291o] ofa) Fajo] 4ol o d
4 AR Alo]E7Ilo] BH|EEA @Zo] WAlsH
Aj{1s). olefet BESL TR L) RolAw T
of #FZ 7I7F UehA =, 97 7lesS sHRith
olefdt LA slidsh] flsl g A AtellA=
NO A/d oA 2 ookt dF 78 Qx=9] Ed A=
SRIFFe =X AR dF Asfol] aabAQl a4 FAjo]
oJFR|aL 3k

webs] 2 Atofils FRAE o83 Bl A&
/g2l a-cyperone©| LPSe|| A= RAW 264.7 A|3ZofA]
NO A4/ 2 5 ¥ Q=2 Wdof m|x|i= gafol of
sho] A5tk ESE sodium lauryl sulfate (SLS)of] =+
of thgh i 24 a9 e ¢t avE IA1H
BAAS Bl FRlsto] AFRALE o83t HE Asll &
A1 2 E skt sheick

2. M=z ¥ A

21, M= & AISf

B g0 AN gl AR 38 AR A4
AR (Korea)oll 4] +J5te] ARE-3HITE. Dulbeceo’s
modified eagle medium (DMEM) powder, thiazolyl blue
fetrazolium bromide, dimethyl sulfoxide (DMSO), lipopolysacchride
(LPS), l-naphthylmethylamide 2 sulfanilamide  Sigma
(USA)olIA] 19181e] AR&-31SIT) Fetal bovine serum (FBS),
antibiotic antimycotic solution-> Coming (USA) A= A&
315301, NucleoZOL-2 Macherey-Nalgel (Germany)oll4] -
Ql3le] AR3I%IT) HiSenSeript RH(-) RT PreMix Kit=
intron biotechnology (Korea) A& ARE-515.0H, BioFact -
2X Real-Time PCR Master Mix= Biofact (Korea)ollA] 7]
st} AMgsteick 7 olo] Aok B 9 QAR
sle] AHgsIAck

ufo|ARZHE FE2 9J3t hybrid microbubble generator
= O02B-7508 (()5FHIE, Korea) AlES ARSI
High-performance liquid chromatography (HPLC)+= Alliance
Waters 2695 (Waters, USA) AJES Algaiolh Ao
capeell PAK Cig column (Osaka soda Co., Japan) A%, microplate
reader+= spectramax abs plus (Molecular Devices, USA) A=,
rea-time PCRS QuantStudio 3 Real-Time PCR System
(AppliedBiosystems, USA) A2 AMSISATE

TR B 98l AR EEE a-cyperoned: Sigma-
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Table 2. Primer List of Real-time PCR

HPLC Waters €2695 / 2998 UVD
Column Capeellpak Cig UG 120 5 um, 4.6 x 250 mm
Solvent A : 0.5% TFA in Water, B : MeOH
Time Flow rate A % B %
0 1.0 mL/min 50 50
30 s 1.0 mL/min 20 80
Gradient 40 min 1.0 mL/min 10 0
condition 42 min 1.0 mL/min 0 100
50 min 1.0 mL/min 0 100
65 min 1.0 mL/min 50 50
75 min 1.0 mL/min 50 50
Detection UV 254 nm
Temp 35 °C
Injection volume 20 uL
CH3
o CHj;
CHj CH»

Figure 1. Chemical structure of a-cyperone.
aldrich (USA)ollA H9lsto] ARg-sk3ith(Figure 1).

2.2, FEXFE22| ME

ZAz%E A 100 g2 50% O£ 1000 g2 (1 : 10)
50 Cof|A 3 h <2t hybrid microbubble generator 7]71Z o]
galo] vlolARME 25 5, 5 um ojusiE 20k
ofiat Foll ofele B 19t BE1R SEsle] FrA
FEE2 8 g den, 2AE A 80 goll BSiAlA
£ o] ofEoelol=R % 3 5 BollL 559}
o], FHAL oHolAEo|E HE|E(ethyl acetate fraction
from Gyperus rotundus, EAFC)S 1.623 g SHH 31T

2.3. High—performance liquid chromatography
(HPLC) &2Ad
EAFCO| Z|3£/342] a-cyperone 3 2R1517] 918l HPLC
EHS ArBIRL] AlEs R3EAAER] a-cyperone (Figure 1)
2 EAFCO] FAIE ksl 343 5 50% (vv) weh
of] &0 045 ym PVDF membrane filter2 oj1}s}o] AL85}
Ak 1.0 mU/min®] <502 254 nmoj|A] H=313IH ZH

Gene name Sequence

Forward 5’-TGGACCTTCCAGGATGAGGACA-3’
5’-GTTCATCTCGGAGCCTGTAGTG-3’
5’-TACCACTTCACAAGTCGGAGGC-3’
5’-CTGCAAGTGCATCATCGTTGTTC-3’
Forward  5-GGTGCCTATGTCTCAGCCTCTT-3’
Reverse 5’-GCCATAGAACTGATGAGAGGGAG-3’
5’-GCGACATACTCAAGCAGGAGCA-3’
5’-AGTGGTAACCGCTCAGGTGTTG-3’
5’-GAGACAGGGAAGTCTGAAGCAC-3’
5’-CCAGCAGTAGTTGCTCCTCTTC-3’
5’-CATCACTGCCACCCAGAAGACTG-3’
5’-ATGCCAGTGAGCTTCCCGTTCAG-3’

IL-1B
Reverse

Forward

IL-6
Reverse

TNF-a.

Forward

COX-2
Reverse

Forward

iNOS
Reverse

Forward

GAPDH
Reverse

L= 35 TR AFsiall, =47 20 L2 st
o554 0.5% trifluoroacetic acid in water (A)2} HEHE(B)
= gadient 2215 ARESIGICE 0 ~ 30 min F<F (B)E 50
~ 80%=, 30 ~ 40 min F<¢F (B)E 80 ~ 90%= 3319
1,40 ~ 42 min FKB)E 90 ~ 100%= 35} o0 42
~ 50 min 2t (B)2 100%2 9AJ5I}7], 50 ~ 65 min %
e (B)S 100 ~ 50%71%] 135}SIT](Table 2).

2.4, M= HHQE

Agdof] AR82F RAW 264.7 A|3Li= F| 2| macrophage=
A= 2-3(Korea)of| 4] EQFRTo} o] 8514131, 10% FBS
2} 1% antibiotic antimycotic solution 715+ DMEM H[|X|
£ ARSIt 5% C027F 3g%h= 37 C incubatoroi|A]
vfeksielom, 3 dofl g WA Al vieRe A3kt

2.5 M= MZEZ EHIt

RAW 264.7 A3Lo] AJEE2 MIT 4 S AR5}
o] 243150 RAW 264.7 AIZZ 96 well plateo]] 5.0 x 10¢
cellswello] E=2 180 ul EF3510] 5% CO7}F 335 =
37 C incubatorof A ovemight HjSF5}TE EAFC % q
-cyperone & =R A|G3A510] 20 pL A A2t F 5%
CO27} 3F=R= 37 C incubatorofl 4] 24 h 5t BS-A|ZIC)
96 well plateo]] well F 5 mg/mLe] MIT 8948 20 ulA
AEJsial oF 2 h F<F 37 CollA] REGAIFLE ASHe A
AskaL 100 uLo] DMSO]| 48/d%l formazansr $1713] 50
%Itk Microplate reader® 590 nmof|A S35 =451
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o, MIT AJ2FES thiazolyl blue tetrazolium bromideS
g 9] 57k S PBSO] Ba5to] ALgalch

2.6, NO AAfRY O] B}

NO AeES griess AloF HIS-S o}g3io] 245i2it RAW
2647 AIEZS 96 well plateo]] 50 x 10%cellsmell 2 EZF5}0]
5% 07} E3=l= 37 C incubatorof|A] overnight HiOF5IATE
2} vellol] AESo] G FEE A S FAFC 4
cyperone S 2510 2 h WRIE 7, 05 uginle] LPSE A
2fato] 24 h wleIIIc vioele] AEele: Fislo] Sagel
griess /\]Okﬂ} 231519k 96 well plate0ﬂ/\1 10 min =< vES-
AlZ1 3 microplate reader= 540 nmojjA] =5 =45I9ich
Griess A|2F A, B= Z1ZF 02% l—napIﬁhylnBthylannM 5%
phosphoric acid @ 1% sulfanilamide = DWol] €3] 1 : 19] H]
&= Zgslo] ARSI

2.7. Real—time qPCRZ S¢t {IIX} &ed x| &It
RAW 264.7H|ZZ 6 well plateo] 5.0 x 10° cellswell =
H=slo]l 5% C07F 33%E= 37 T  incubatoroflA]
overnight HiCFSIITE ZF wellof] Al25/do] Gz S== A
& 3|45t EAFC 2 a-cyperone= *|2|5to] 2 h ufjdfst &
0.5 pugmL2] LPSE |2f5lo] 4 h vieslict &5 ¥
7o) mRNA LTS vl #A49517] ffsfl Hhe 5 Al
£ NucleoZOL lysis buffer (NM, 740404)E ©]-25}0] harvest
2+ 7, MNARIA A8 protocol - 0}8310] RNAS &
E]o}oﬂ O, E2]%] RNAE microplate readerS- ©]-85}0] A
k51 =] HiSenScript™ RH(-) RT PreMix Kit (intron, 25087)
o olg3le] (DNAZ HJSKICh FFAJE cDNAQF 2X
real-time PCR master mix & premix (BioFACT)E ©]-83]%
sl om, RT-PCR A1SS reaktime PCR  system
(AppliedBiosysterns, USA)f| Tagman probe (Thermo Fisher,
USA)E o]83slo] AA7te =g TFX%X}HE‘ mRNA W&zke 2
2513t Adofl AR primer52 Table 201 3#7] SH3ick:

U% olef Fekske 1k 20 ~ 55A1¢] Agel o4 20
D‘s% EAFC?] sodium lauryl sulfate (SLS) 2}3 2= Gto]]
ot wi AHHE7] b IAEe sk 2
WIAHZ Mgt SPE AT A1 LAlElel| o5t
o} ZIegsiiom, Mgt <4

AP A G
U3 ZAE] IRB 4521(GCC-077-20-001)2 1o} =345}

o) 33} 4358t 3) #), A48\ A 4 F, 2022

oFE - AT - oA - B - W)

ok QAPAIBS W A EAFCO] % B EU A

Hor WYskRom, 7] Yrk BREIA e oz A
F AEsio] AFel A8

TSR} gAFO R 2w 20 +2 C, AEE 40 ~ 60% %
29 7| oAl Al RS AR F 30 min FF T
oS 3t B SLS 1.0%Z TS chamberS A% 5000
24 h 50k BBk AR A A AT 5900l chaber
Afet & Pilo] fiEl 29lo] AE ARS 1 22 3]
SR ARG WO wheh AR 7, 24 h, 8 h, 72 h IHHo =
Sjslo] TR B 98 ENE WSk 24
< HAIE7H[EHEOS 70D, Canon, Japan)= AlEgt X 7]
2lo] Bolg 7 27l0R o] AR R9lE AT
TR0l FHE7] A% AAA|(spectrophotometer
CM2600D, Minolta, Japan)S AMSslo] 71714 243k
(arbitary unit: AU)S 2831900, 24 W=l “a-value
(redness) S =A7lo] AZHLE njFE o] EojAL oln|s}
o, B Aol “a-value] 51*%/%01 s AR Al
F| A4#e7] 9oh b glrka Wrlsieick

29 OE JIHEZ QUMY

7V oA WY, AU REARHTEWL) 24 2 o)
_/\]__‘11:_1_@0111: o]x.“xhq_/\]ﬁlg %SH EAFCOH ‘:H?l’ 7]_3:]%
IS #RIskarat sigick

S 8 IS oS A dde= A3
slglon, olof HISH= wk 20 ~ 554|9] Aol oA 32
B W*Pi EAFC] 7}8e= avl= slolskus} sk
oh 2 YA At EJJ%%!%@;LXI AAIE] 9
o=t %‘_ et om, AEoely R HahEe] Ay
82 91U 2 RE IRB 591(GCC-073-22-001) Wo} 4=
st AT v tll-‘=' 2)2)¥ EAFCo] 5% 3-8% =
e xﬂ?ﬂ_& s on, Al7| Aart sheER| oo o
Z AZLS Azt AFo| ARSIt R} ko
2= 2+ 2 C, AHEE 40 ~ 60% 2719] ti7]AdofA
AJE B2 At ¥ 30 min E9F T obgS ol &
£he] @ Fipopliteal fossa) 5P 5 em o] F91ef) AE A=
£ 1%, 2 3] Yol ARgHo| whet ARE- , 4 5 8 5
Aol 7S AAIsIAH:

291, 7128 x| 7t

7hete H7he Al Al e Al 7H sl gk
10 A HA=E 7182 H7F= ¢l visual analogue scale
(VASZ 7leleick AF dr Sl Tegel 4
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210 on AR o] 24 BASIES s, 1 dolg
SAFte] 1 MES BleIr,

2.9.2. Bulr2EAZHTEWL) E
TEWL2 | 20 Jiiges S48 =

Q)= chamber
7} Q1= 717141 vapometer (Delfin, Phinland)Z ©|85}0] A|
o 7919 TEWLE 3 3] S4siglon, ol9] Huigks
SHck TEWLO| adps 34 $A7F o 24

ol gmh B FABKIT

293 OF sFeRd E7t
o pBESkeer H7H= comeometer CM825 (Courage-

Khazaka electronic GmbH, Germany)E- ©]8-3}0] =43}
o, 3 3] SAslo] 0|9 FHatgks TSIk o] 717=
v o] =53k probes F3f AEE= AR AT}
G A5 oo, 2ol AR AT
= A2 vEshks o] od 2 el e
A AL woAH, 54 Al abitary unit (AU)E
FEASIATE

®)

0.060]

[¢)

CHs
a-cyperone

ha

ol
=]

ofy

| el g ol

5]

& A
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210, EAXz2

2 A7l AR 3 3] whEste] paysiglon, AF 2
= mean + standard deviation (SD)= LRIt A4
OO gudent's testS o]&3o] EAGIon, 9ol
=222 "p <005, “p <001, Tp < 0.001, Tp <001, TTp
<001, Tp < 0012 FABISITE

3. axdzn

3.1, HPLC 2Aizin}
EAFC W9] a-cyperone®] ke E}1s}7| 93] HPLC
B8 3lolst Ak a-cyperone (RT, 27.5 min)o] A|EEZ

S RIS, 11 FRRS 5.243%0] TH(Figure 2).
3.2 M= MEE 5ol

EAFC 9 a-cyperone®| THAIHIEEQ] RAW 264.7 AJ3E9]
S4o] HlA e ARSI MIT aseyS st
Tk EAFC 9 a-cyperonesr LRt w2 A1 34510 A

CHy

CHg
CH,

40.00 50.00 60.00 70.00

Figure 2. HPLC chromatogram of (A) a-cyperone, and (B) ethyl acetate fraction from C. rotundus.
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2|3+ Ak EAFCE: 250 ug/ml, a-cyperone-2 50 ,ug/mL o}
o] FLeollA 95% olde] Al AEES UERIS
(Figure 3), s =5 Zarste] o5

Aol AMlizrdo] gl FkollA Ad

3.3. NO MMz
q]_LX-lo A=

A "o

2 ofx| ol
| 7jE2191 NO2| AL AAsk=A] &
QI5}7] sl RAW 264.7 A|3Eo]l EAFC 9 a-cyperones
AlEz=/do] gle v==2 AQ 345kl NO assays 213y
stk 1 A7k EAFCE 50 ~ 250 ﬂgmLg elst 77+
ol Lpso] 2J5] Z7Fet NO2| AJERS 5 ez om
A2aA71E A& YePdti(Figure 4A). a—cyperone~ 10
~ 50 pugmLE A3t oA NO9| 4% 5% 9
FHoZ A FHFigure 4B). EAFC W 71 | HAJEQ]
a-cyperone> LPSZ Z}=A|Z]1 RAW 264.7 A|3Eojx] d3
7] NOS| e Fold Al Asiizivke A

selsioct

rl

3.4. Real-time gPCRE £35t &
X-ISH Eﬂ}
o= amp oz}l IL-1B, IL-6, TNF-q, COX-2, iNOS2]
mRNA t'eﬁd oA &akE S5 918l real-time QPCRE
28519t Realtime gPCRE E3f de A3 ZAuk=
housekeeping gene?1 glyceraldehyde-3-phosphate dehydrogenase

oM
el

2 QK| Lt

= TTri— =

(A) 120

00
2
= 80
8
S 60
8 40
20
0
Concentration (4/nL) - 25 50 100 250
(8) 120
——
100
2
> 80
] 60
s
é 40
20
0

Concentration (ug/m) - 2.5 5 10 50

Figure 3. Cell viability of RAW264.7 macrophage cell on each
concentration of sample ((A): o-cyperone, and (B): ethyl acetate
fraction from C. rotundus). Each value presents the mean + SD
of triplicate determinations.

o) ksl 43283 %], A48 Al 4 &, 2022

(GAPDHYZ 7]502 AWIslo] UeRoick 1 2k EARC
225 ~ 100 ugmLg H2jgk 3ilA] Lpse] ofs) 571
3l 9= o4} 01z} 5 £ mRNA HHH S =% oMoz
AaeAZls A 2RIk IL-18, 16, TNF-a %
COX-2 QIR}e] 9 Aelgt BE H(25, 50, 100 xg/mL)
o] 1 ukelEke fold Al Asfsllom], iNOS Qlat
o] Ao 50, 100 pgmL SEoA G038t A5 avE 3t
oI5}t (Figure 5). a-cyperone> A3 A&l H=2l 10 ~
50 ug/mLollA 5 F2] A% F QAR mRNA &S &
L oEHoR Asfstglon, HE FrollA 4 S
S ERIsIGITH(Figure 6). o|=24] T§ HF FE B9
Qla} 5 o] wHS @Rzt EAFC % a-cyperoneo]
LPSZ AZFA|7] RAW 264.7 A|EojA o= L3 gal=
7, dF AR 5EE Fod Al AsAAItE A=
GRS

i
IFO

35, O T UMAIR Zut

SLS (sodium lauryl sulfate) S} 722 QJRA}=2lol| ths}
o] EAFCE| ) (27| &8l s grishr] fist
of Alrgehetal Shd=E g ATFAI B oA Q1A A EAI

Nitric oxide production (%)

sksksk

0 |
LPS (0.5 pg/mL) - + + + + +
Concentration (ug/mL) - - 25 50 100 250
(8) 120
= #
c 100
2 sk
3 ®
2
Q Al
. 60 ek
2
8 w0 kkk
©
s
z
0 = L

LPS (0.5 g/mL) N + + + + +
Concentration (ug/mL) - = 5 10 25 50

Figure 4. Nitric oxide production of LPS-stimulated RAW264.7
macrophage cell on each concentration of sample ((A): ethyl
acetate fraction from C rotundus, and (B): a-cyperone). Each
value presents the mean + SD of triplicate determinations. “p <
0.05 indicate a significant difference from sample untreated
group, p < 0.05, "p < 0.01,
difference from LPS-treated group.

Aok

p < 0.001 indicate a significant
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0] 120 r
g é 100
o5 &
<
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== kokok

skskosk
0
LPS (0.5 mg/m)  — + + + *

Concentration (xg/mL) 25 50 100

ol
=]

ol
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(8)

o ® 2
3 3 3

(1L-6/GAPDH)

% mRNA ratio

n
S

0

LPS (0.5 mg/nL) - + + + *
Concentration (ug/m.) - -

120
100
80 r

60

40

20

0

LPS (0.5 wg/mL) - + * + *
Concentration (#g/mL) — -

(0)
kK

% mRNA ratio
(COX-2/GAPDH)

© 120 i
o T 100
°% *
)
R © koksk
=3
Tl skokok
=
=®E 2
0
LPS (0.5 sg/mL) + + + +
Concentration (#g/mL) — - 25 50 100
(€) 120
o~ 100
= T
ks % 80
60
E
TS w
®—

LPS (0.5 wg/mL) -
Concentration (sg/mL) —

Figure 5. Relative mRNA levels of IL-1B, 1L-6, TNF-0, COX-2, and

#

+ + + +
- 25 50 100

iNOS in LPS-stimulated RAW264.7 cells on each concentration of

ethyl acetate fraction from C rofundus. Each value presents the mean + SD of triplicate determinations. “p < 0.05 indicate a significant
difference from sample untreated group, p < 0.05, “p < 0.01, "p < 0.001 indicate a significant difference from LPS-treated group.

(A # (®) #
o ’%? 100 oz 10
TF ® % © % 80
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Figure 6. Relative mRNA levels of IL-1B, 1L-6, TNF-0, COX-2, and iNOS in LPS-stimulated RAW264.7 cells on each concentration of o

-cyperone. Each value presents the mean + SD of triplicate determinations. #p < 0.05 indicate a significant difference from sample

untreated group, *p < 0.05, **p < 0.01 indicate a significant difference from LPS-treated group.
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