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Abstract

Purpose : Though other Citrus spp. have reported their anti-inflammatory and antioxidative activities in previous studies, the
biological activity of Kiyomi (Citrus unshiu x C. sinensis) has not been reported yet. Therefore, this study attempted to analyze
the anti-inflammatory mechanisms of Kiyomi leaf ethanol extract (KLEE) in lipopolysaccharide (LPS) stimulated RAW 264.7 cells.

Methods : The cytotoxic effect of KLEE in RAW 264.7 cells was determined by WST-1 assay. Bacterial endotoxin, the
concentration of nitric oxide (NO) was analyzed by the Griess reaction. In addition, Western blot analysis was applied to measure
the protein expression level of inducible NO synthase (iNOS). The phosphorylated status of the critical inflammatory transcription
factor, nuclear factor (NF)-¢x B, and its upstream signaling molecules, phosphoinositide 3-kinase (PI3K)/Akt as well as
mitogen-activated protein kinases (MAPKs), were also measured by Western blot analysis.

Results : KLEE was not cytotoxic up to a concentration of 200 ug/m¢, and protein expression levels of iNOS and cyclooxygenase
(COX)-2, enzymes that counteract NO and prostaglandin (PG) E2 production, were inhibited by KLEE treatment. The
phosphorylated status of PI3K/Akt as well as MAPKSs including extracellular regulated kinase (ERK), c-jun NH2kinase (JNK), and
p38, were significantly attenuated by KLEE treatment in LPS stimulated RAW 264.7 cells. Moreover, one of phase Il enzymes,
heme oxygenase (HO)-1 which has known for its anti-inflammatory capacity, was strongly induced by KLEE treatment.

Conclusion : Consequently, KLEE treatment significantly attenuated the production of NO as well as the expression levels of
iNOS and COX-2 in LPS-stimulated RAW 264.7 cells. The inflammatory transcription factor, NF-x B, as well as its upstream
signaling molecules, PI3K/Akt and MAPKs, were also diminished by KLEE treatment with statistical significance in LPS-stimulated
RAW 264.7 cells. These results suggest that KLEE might be a promising candidate for the attenuation of inflammatory disorders.
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A ool A WASHe Thpe Bel-stata A3
UA el Aol thg3k7] SIste] W MEEo] Be
FRO 4% W) BASS Bugonn £4E 24
2 Busly] SIF AU P GFgoletn vt
(Lawrence 5, 2002). o|3F @E-Eol Holsh 7o
3 We] AE F el hANEE AE - Eg

A=olv WA o &
necrosis factor(TNF)-¢ , interleukin (IL)-13 ¢} Z& &g
A Bo|EzRelat d= wjsf EAQl nitric oxide(NO),
prostaglandin(PG) E,& YAl Stch(Wautier 5, 2023). A
of ez uete tiriee] AES WA A§Eol
of 3l o] HEO|Y qrgo & o]FE AL AAR
A7]7-(world health organization)ol| A= 7 115}+=,

o] AZL Y3l AL Sukst= 1Rk
o] EthPahwa 5, 2022). E3] THA o
A% A, WA AT Fol
= Fsh7] el vASET] Mo

ox
Lo
w
K
[
o
©
o
g

2019; Tsai 5, 2019).

Gram 4 Alwto] AlZH2
lipopolysaccharide(LPS)of 2] 3}
AeHE Fel Azl Al
3-kinase (PI3K)%} mitogen activated protein kinase(MAPK)
£ A 3}A) 7] 2L, nuclear factor (NF)-x B} 78 o= &
ARRIALS] B EFE fiedts AR e A QUTH(Surh,
2003). NF-¢ Bo} 2 AARIA= A izl =22 A
A& wj7fskE &49l inducible NO synthase(iNOS),
cyclooxygenase(COX)-22} HZAl Ko|E7lele] HHS
ESHE UL FHWu 5, 2023). o] H4& Fal A
ol Brom AHE G4 Aol =elu
A BAEE A 24 Yol 9% e 3

2 Al3A 7Itk(Kawada 5, 2012). ESF 3
A heme oxygenase(HO)-1+= AFS}H4]
she oa wak ool 9%

1L @) th(Prakash 5, 2023).
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Surh, 2008; Surh, 2003).
oolibel Thel AATY] 25 %2 AT 4R

&M Rutaceae)2] 7r=<:(Citrus), %Z}J—(Fortunella
% (Poncirus)o]] &3h= AlE9] dWiE TS To
(Penjor 5, 2013). 181 7= &of = vl (mandarin),
2 9l X|(orange), #|E(lemon), A}F-(grapefruit), 1|3 2}
J(lime) o] %3ku oS WROR EHE(tangor,
Citrus reticulara x C. sinensis), B4 Z(tangelo, C.
reticulata x C. maxima) 51} Z-& t}ofgt HEE0| HH&
o] fth(Hong 5, 2016). °|%F ®=¢2 A (Kiyomi)>
19499 dEox &3UZH(C. unshiu Marcov)d} EZH|
El Q@ X|(C. sinensis Osbeck)ES L 3ste] WES|HL
19789t o @ SolgtkSong, 2008). HAL 7ol
S RS SAAAY FEAD 4TS 2 of
Jg %% Ed ERehchRuml
administration, 2020). A|Fo|A BAEE 2 & 94854
(C. grandis Osbeck)2] -9 wlsitof it FH5 2 &
Akst EAJ(Lee 5, 2006; Lim %, 2006), 18|11 ©-&A}
9 3280 FP% A EFN BAHYOKYang,
2000), Bol AUEIT gl Aol ool chat Aleley
o wasA) g

a >

development

o

2. o] B3

2 Aol FA A4 FAS ES LPSE dF

S FETE RAW 264.7 A|2Eo A A w7 2221 NO9J
AT BHAE AAFeIx}el NF-« B Al 2]
Q1 PI3K/Akt, MAPK S| &4 oAyt ol 3H4ikst &
4 5 3huel HO-19 ¥ f =5 o szt
stairt.
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AF] AN ZFQ] RAW 264.7 A Z(Th=rA| 2523,
No. 40017, KCLB Korea)+= 10 % fetal bovine serum(FBS,
USA), 100 100 ug/ml
streptomycin(Cytiva)©] 7}l Dulbecco’s modified eagle
medium(DMEM, Cytiva)ol v} %3}t KiyomiZ2 = &2
+= A ZA(Citrus unshiu x C. sinensis) ¢ FZ&E(Kiyomi
leaf ethanol extract; KLEE, No. JBRI-10179, Jeju

biodiversity research center, Korea)& | Ay & T}okA] oL

Cytiva, unit/m{  penicillin,

Arof A Hofuto} dimethyl sulfoxide(DMSO,
Sigma-Aldrich, USA)o|| o] A}&3}9itt.  DMSO,
LPS(Escherichia  coli O111:B4), sodium nitrite,

sulfanilamide 59| A]2F2  Sigma-Aldrichof| 4], iNOS,
COX-2, HO-1, phospho-Akt,  Akt,
phospho-extracellular signal-regulated kinase(ERK), ERK,
NH2-terminal kinase(JNK), INK,
phospho-p38, p38, actin® 1x} 3d+H|2} horseradish
peroxidase(HRP)-conjugated anti-rabbit IgG 3}H|= Cell
signaling technology(USA)ol| Al +Qiste] EA o] o]8-3}
Rt

phospho-p65,

phospho-c-Jun

2. AESA BA

RAW 264.7 AM|3zof tfj3t KLEES] E4-2 EZ-Cytox
cell viability assay kit(Daeil Lab., Service, Korea) .2 £
X5 Th 24-well plateo]] TFE% RAW 264.7 A|3Zof 50,
100, 200 wg/ml =9 KLEEE A 25}l 2A]7ko] Xt
02 1 ug/me©] LPSE H2)si ThA] 2047F St vjo}
sty 18]l ZF wellufth EZ-Cytox AJ9F 10 W& A7}
3 & 147t et wiokato] A H formazang 480 m ]
A A TFEE =AY tH(BioTek Instruments Inc.,
USA).

3. Nitrite % &

o

RAW 264.7 A|3Eo| A LPSo| 93 SZ% nitrite}
PGE29] Aj4d€ KLEE7} olAlslizx] 24sl7] 9ol

24-well plateo]] wHE5 A Zojl 50, 100, 200 ug/ml 5 =2]
CEEZ A 2|3}al 2A17F & 1 ug/ml 52| LPSE A 2|3t
T 20MKHER HigEte] dEE =AY A"
nitrite 2] L& BA3FL7] 95te] viR] ASNH 100 w0 e}
SFO| Griess AloFS EFF & 10123 A4 7R
& AL 550 mo] IFlA FFE=E ST

(BioTek Instruments Inc., USA).

4. Western blot analysis

KLEE] oj8] 245 % wal vz 5 wa
23517 9510 100-mm dishof| T RAW 264.7 A
50, 100, 200 ug/ml =2 A|RE AHstaL 2417+
ug/ml Fx=2] LPSE A 2|shgich. Z12|al LPSo] o3t
o4 KLEES] 57}E %5b7] 915ko] 20417059k ThA]
wjoFato] iNOS, COX-29F HO-12 BA8tglch 12z &
AQUARSE AF9) A EASRAL BA3E7] 95kl 100-m
disho]] T+25 RAW 264.7 A|3Zo|| 50, 100, 200 ug/ml ©)
KLEE®} 1 ug/ml®] LPSE FAlo A 2|t 3 4A|17HE3k il
Fekgict oA
buffer(PRO-PREP, Intron Biotechnology, Korea)S ©]-&3}
Q1L FE2E9 FE+= Bradford] 0 2 AHsIoth =&
a2 A2 LDS sample buffer(Thermo Fisher
Scientific, USA)2} 431 10 % SDS-polyacrylamide gelof] 7
7de s APsHAH a9
fluoride(PVDF, Bio-Rad Laboratories, USA) membrane 2. =
A7195E dHAL o] FAIXl 5 % non-fat dry milk=
o]-g35to] Ao A 1A 7HE2t blocking @A S X13Y5}31
ok i Zh4e] vlgm A E 12 A9 4 TolA
2447t FF whgskal Ao A 241 7HEeE 23 A e} vt

1

filo

oN — =2 A

02 Job

FZ2&  protein extraction

e

polyvinylidene

<2 23t & 7]&2l enhanced chemiluminescence
o]-§-3}of
ChemiDoc XRS+ system(Bio-Rad laboratories)o| 4] &2
Z=7413}31, Gel Doc EQ system(Bio-Rad laboratories)2 ©]-&

shol HFEAS QWAL

solution(ECL, Santa cruz biotechnology)<-

5. FAA U
nE

A Ahs 33 wEste] Ay T SPSS Ll

M (version 25.0, SPSS Inc., Chicago, IL, USA)2- ©]-&3}¢]
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Hat + ¥EH 2 (mean +SD)=E E S AL 7HY 1 KLEEZ} RAW 264.7 A|3zo]| A LPSo|| 93l =5 +&=
fO4 AFS AWK BAHEAHoneway ANOVA)  @SWSE oAsheAe] olRE sl slstol
S 2 Z8Y5}H L A E AL Duncan's multiple range test Griess reaction2 £3j] NO BAZFS EX435F 21} Fig 29
g A28kt A B AT Zo] 1 ug/mee] LPS A2lof ofal 2teFo]
NO7} A4 = )lal KLEE®] A 2= ¢l NO2| Aol

SE ojzon Pasts ATE mdon o 2

m Z 3 I= NO9| 3 2AsHE FA<l iINOSQ| WHalo] of

As)= Avtel AAFH AS HelsHckFig 3). E

1. KLEE€] NO A7} iNOS dHal o4 &7} °d54 T3t upARE 4zl PGE29] S 24Hst=

2:0] COX-2 T3t 1 ug/me 2] LPSo] o)) apahal =gl x

RAW 2647 |l w[X= KLEES] 4% T3t7] KLEE4 Az Qs = oEgoz FolnlshA e
F15ke] WST-1 assayS e A= Fig 1914 2= 21 slo1oyFig 3). ujebd] KLEE:= RAW 2647 A ZofA]
J—} 7}’01 50, 100, 200 Mg/m(), "(’5‘ 94 KLEE+ RAW 264.7 LPSO1] 94_5H %E% NO-Q]' }}E*&]-ﬂ]‘ INOS, COX-ZQ/] HE]'?‘_
Aol SA& A vIAA B A JASATE 2 o aggons 93 ABHE AL ¥ 4 AUt

120
a a = a
100
< 80 -
>
5 60
g
S
T 40 -
O
20
0
LPS (1 ug/ml) - + + + +
KLEE (ug/m) - - 25 50 100

Fig 1. Cytotoxic effect of KLEE treatment in RAW 264.7 cells
Cytotoxicity was determined by WST—1 assay and the result is expressed as ratio compared
to the control group (LPS treated cells). Data represent the mean*+SD of triplicate
experiments, Values sharing the same superscript are not significantly different at p{.05 by
Duncan’ s multiple range test
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Fig 2. NO inhibitory effect of KLEE in LPS stimulated RAW 264.7 cells
Accumulated NO concentrations was determined by the Griess reaction, Data represent the
meanxSD of triplicate experiments. Values sharing the same superscript are not significantly
different at p{.05 by Duncan’ s multiple range test

120 OINOS mCOX-2
dd 4y
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= 80 c C
Q
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a C
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KLEE (ug/me) - - 50 100 200
LPS (1 ug/ml) - + + ¥ ¥

iNOS > M
cox2 > e S —
Actin > D Gt Sl el Seeed

Fig 3. Inhibited effect of KLEE on iNOS and COX-2 expressions in LPS stimulated RAW 264.7 cells
Protein expression levels of iINOS and COX—2 by KLEE treatment were decided by Western blot analysis,
All signals were normalized to protein levels of actin, an internal control, and expressed as a ratio, Data
represent the mean=xSD of triplicate experiments. Values sharing the same superscript are not
significantly different at p{,05 by Duncan’ s multiple range test
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2. KLEE®] NF-¢ B 43} PI3K @ MAPK ] ¢lAks} =
4 a3

[e=]
o

ol)l

A A} 2191 NF-¢ B= RAW 264.7 A|3Eo]| 4] LPS
| 9] INOS$F COX-29] s S 7l ah=
dejA ook MEL oA nZAdPoR &)
| AARIA= LPS9F 22 d5A A=rol ol &
Aste] 1, 2H3HE NF-¢ BE Subs Eatsto] o S
N elR}e] HANS 24 3}= promoter regiono]] Ageo =
A 0|50 HARS f=RHtKSurh, 2003). Al&o] A 2o
Q1%+ NF-x B 24 =42 Fig 404 H= Ax ol

T_Eé
(0]

(0]
2

ol
)
fr
(]

120

LPSo| 93] NF-« Bo| +Achuze
a1 KLEEQ] Ao ofs #21%]

4> 9)9ith 18]31 NF-« B9 & %
2 A9 Als Y 2482 PIBK/AKto}
AE ESF Western blotS F3ll £2431%1
59} Zro] KLEE:= Akt, ERK, INK, p382] J

Tt dAlste Ae gdd 4= ATk ©]
53l KLEEx= PI3K/Akt?} MAPKO] ¢l4HSIE ¢
2N 45E 2dste 240l Jtke A8

k.
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Fig 4.
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Inhibitory effect of KLEE on NF—x B activation in LPS stimulated RAW 264.7 cells

Phosphorylated status of p65 by KLEE treatment was determined by Western blot analysis, Induced

signal was normalized to protein level of actin, an internal control,

and expressed as a ratio, Data

represent the mean=®=SD of triplicate experiments. Values sharing the same superscript are not
significantly different at p{.05 by Duncan’ s multiple range test

3. KLEEQ] HO-1 #d ¢&= &}

Al W @ikst maAlo hemeS-
biliverdin, YAFSIE A, GE|d2
e Rks 954 el

shel A4z e] N

2+3t= HO-1&
2 Bajsis Tl wol

. 24

[.g
1o
o
ox
to ¢
TN
o
i:l

L SFith(Iwata 5, 2020). A= 9] Ao ¢Igt HO-1 &
do] 24L& Fig 5004 K= A3 Zo] LPSe| 93
untreated cell2 o= 7}351A SE=E Qo) KLEEQ &

7k zobdol whet vl A wEEE AL FAT S
At o] A5 S8l KLEE= d4kst 5421 HO-1&
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Fig 5. Inhibited phosphorylation of KLEE treatment on PI3K and MAPKs in LPS stimulated RAW 264.7 cells
KLEE treatment inhibited phosphorylation levels of Akt, ERK, JNK and p38 by KLEE treatment. All signals
were normalized to protein levels of unphosphorylated targets, internal controls, and expressed as a
ratio, Data represent the meanxSD of triplicate experiments. Values sharing the same superscript are

not significantly different at p{.05 by Duncan’

s multiple range test

OEIE =ZEZ29| NF— BQ MAPK XMS £3t 885 511 165



ch

o

sgoete|x| M1 M3z

200
d
150
=
< c
= 100
3 b b
I
50
a
ol
KLEE (ug/mQ) - - 50 100 200
LPS (1 ug/ml) - + + + +

HOT b e i s G D
Actin > D G Sl G Seeed

Fig 6. Effect of KLEE on HO—1 expression in LPS stimulated RAW 264.7 cells
Protein expression level of HO—1 by KLEE treatment was decided by Western blot analysis, A signal was
normalized to protein level of actin, an internal control, and expressed as a ratio, Data represent the
mean=xSD of triplicate experiments, Values sharing the same superscript are not significantly different at
p<.05 by Duncan’ s multiple range test

V. iE‘- A3lo] WSt (Hong 5, 2023). £3], L-arginine > 2 5
B NOSo| 93 AJA=EE= NO-= iNOS, neuronal
NOS(nNOS), endothelial NOS(eNOS)2] A 7}x] &Hej7}

2 AFolMe Hd d oS FEFE(KLEE)Y F4

% 718E B481] Slstol RAW 2647 Aol gh g Hohn o) hEw] NOSe] el Sfsf 4= NO
A urg|glo} olHo| ZA|Els =4 AEHo] LPSE ] a] = AL, TS A, FutE Al & ohdEt
slo] d=ulo S owal & o= uiAf 2ol NOS} o H54d AES FEYrH(Huang 5, 2023; Sarmah 3,
= AR A A FAol INOSSH COX-29] Ua Aw 2022). E3F COX-29] 2|3} arachidonic acid= - E] YAl &
£ Western blot analysis® 2+0l5}ch 183 g2 uj7| = PGE2= A E HS- 1 435S s = g
B o] wEl e 2As= AALIAIl NF-x B} A% U] CHNa & Surh, 2006). 12| B2 JF& wi7iste =8
ASAY BAol PBK/AkS} MAPKS| 3hd mah  INOS®F COX-29] WS 2ol gt 4= d5s &

ﬂrﬂ o2 AT 4 e FE 249 ide] e Fa

A 3} HHolr) B 01$o1]/\1 KLEE+=
o esel 4011 ol om Had NO NS EnpHoR
B v wﬁ LPSe| Hel2 TPgE iNOSS
; 13 o] KLEEoﬂ e Ex oE2AHOow ZAsHe Ao}
T s rkFig 1 & 2). B3], 920 N uw BLE|E
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Shi= PGE29] A4S ti7ish= a4¢] COX-2 T3t A
4 glo] B% oEHoR o5t ATk ¥ rkFig
2).

% w7l &3> NF-« B, PI3K/Akt, MAPK®} 7o
AR A9 s BA YEYa o5 =
A=t Kwon & Lee, 2023). NF-¢ B= p503} p65 subunit
0| heterodimerS o] 5w LA E] 11, o] AA}FQIAF= anchor
protein?] inhibitor ¥ Ba (Ix Ba )l ZA¢ste] w|&A <9
Fe = Al o] £z AAFQIAFo|TH(Surh, 2003). H]
g9 e R 248k NF-x BE theFst dzpe] #4=
o7 93 Iy Ba 7} ¢lAFSIE|HA] p503} p65 heterodimer
oA "ojA|al, P o ® v NF-« B= U= o]F
sHA EHol A wiAIAY] HEES Freshe HAAbx
Aolxr= Agsto] 45 FEUthYoon & Park,
2021). PI3K/Akte} MAPK= A|329] E3le} =41 A}
24 g AxZ i 2EY 2o et 2H2E SOl vheet
|6& o= AlsdIGEdE ol 4l

s As

o] 45 AR =4

N

Z19] iNOS, COX-2, TNF-¢ , IL-13 9] &d-8 =435}
= Ao® ®BIEI QQuiHLlu 5, 2022; Zhang & Liu,

2002). o ABALRAL MEARZRE AFo] W
A A5, o) AEALH2E B dFA Ak
A9 BE 2T 1 YL A GFH HolE7
Q] FAS FESAL F2 93 vjf 28 NOst

243 2
SFE #ak objel Aki, ERK, INKSH p38 B4 %
= ozzoz goustA ikt gadlRc

g ABHE AEd Ao B3] S1g AT F
Q3% "o 7] A = 3ltolth HO-1-2 hemeS biliverdin,
free iron Y YALS}eErA R B ST, HO-1¢9] Q&) AA
H A=A S-S R ke @49 sl FES

24 ET Yetdth(Kang 5, 2017). 1222 it} &

~

Ero 2 LPSo| &3 #:=H RA

FoulsH oA sHe B4

og 1l

V.3 &

3} LPSo] 9]&f &= NO<2 AAlF iNOS, COX-29] g
H2 KLEES] A 2jo] oj8] 5= o]zd 0w of = gt
7127 AARIA] NF-¢ B} A5 HEHE A9l PIBK/AKL,
MAPK®] <1415} 3t KLEES] 20| ola) o2 o
AAE L AL ISl 1o AZE Alsle &
o] gl Ao o7l A H49l HO-19 2l
5 KLEES] ola) 2ot SEEgieh ol4ke] Ane
E3] LPSo| 23] ¥g=90] S RAW 264.7 A|EZo]A]
KLEEX= PI3K/Akt, MAPK®} NF-x BQ] A oj#] w

HO-19 M@ =8 Bof 43S oAsgly, ot
KLEEZ} A4 ) 9% w2 22% 4 9 A2e o
% 98t 2AYEA ) H5 4 AN nheb] 2 en
o AWE vlYOR FF KLEES] GEAE BT £
2 97 L FEF 7149 invivo $E o] ARE
W KLEE7} 43082 288 4 9t 9 9% A8
AR 0188 5 Q= AT FRI US AOE AR
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