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Abstract

Purpose : Cymbopogon citratus, also known as lemongrass, has widely spread around the world and its essential oil is usually
applied in food, perfume, and other industrial purposes. In addition, C. citratus has also been used for the treatment of inflammation,
digestive disorders, and diabetes in traditional medicine. In this study, the antioxidative activity of C. citratus ethanol extract (CCEE)
was analyzed in RAW 264.7 cells through the induction of one of phase II enzymes, heme oxygenase (HO)-1 by nuclear
factor-erythroid 2 p45-related factor (Nrf)2, mitogen-activated protein kinase (MAPK), and phosphoinositide 3-kinase (PI3K)/Akt.

Methods : The antioxidative activity of CCEE against oxidative stress and its underlying molecular mechanisms were analyzed
by the cell viability assay, intracellular reactive oxygen species (ROS) formation assay, and Western blot analysis in RAW 264.7
cells.

Results : The results exhibited that CCEE potently attenuated tert-butyl hydroperoxide (t-BHP) induced intracellular ROS levels
in a dose-dependent manner without any cytotoxicity. CCEE treatment significantly induced the expression of HO-1 which is known
for its antioxidative capacity. In addition, CCEE treatment significantly upregulated the expression of Nrf2, a corresponding
transcription factor for the regulation of antioxidative enzymes, which was in accordance with the HO-1 overexpression. MAPK and
PI3K/Akt were also evaluated for their important roles in the regulation of cellular redox homeostasis against oxidative damage.
As a result, the potent HO-1 expression was mediated by not extracellular regulated kinase (ERK), c-Jun NH2 terminal kinase
(JNK), p38, but phosphoinositide 3-kinase (PI3K) phosphorylation. To confirm the antioxidative activity of CCEE-induced HO-1
expression, oxidative damage was initiated by t-BHP and attenuated by CCEE treatment, which was identified by HO-1 selective
inhibitor and inducer.

Conclusion : Consequently, CCEE potently induced the HO-1-mediated antioxidative potential through the modulation of Nrf2
and PI3K/Akt signaling pathways in RAW 264.7 cells. These results suggest that CCEE could be a promising strategy for the

mitigation against cellular oxidative damage. 7

Key Words : cymbopogon citratus ethanol extract, heme oxygenase-1, mitogen-activated protein kinases, nuclear factor-erythroid 2
p45-related factor2, phosphoinositide 3-kinase
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I oA7el wd 2 =ak

AR el TmebA AT 2ARAF(reactive
oxygen species; ROS)-2> A3 U] =
ez o, =3t S5 HEes & et 2
o] Yl Al&gtrh(Sies, 1997). o] =gt
Aol At 915k A= gt A2
Fes ol SFH4LTY S AA
HAUSS 7HAA Tt (Ma, 2013). 0]
oxygenase(HO)-12 413} AEd| A2 R E Az F44
& gASlEY FaT He o mazA WAUY
2l nuclear factor-erythroid 2 p45-related factor (Nrf)-29]|
ol5f] A= th(Keum, 2012; Yoo %, 2017). Nrf2= 3}AF
ShE Ao eEEHAY A4S} 2Eg 2o oJsf 24d3}E L,
A 5tE AARRIALE= o 2 0]%3}] promoter region?l
antioxidative response element(ARE)Q} AgIgFO 2 x A2
4 AT SPUQIHO-19] Wde F=gtth 53] gitst
ZAFQIAFQl Nrf2= mitogen activated protein kinase
(MAPK)2} phosphoinositide 3-kinase (PI3K)&} -2 A9
A ASEAO] s P45k cHFarombi & Surh,
2006). MAPK+= 3% 0 & extracellular regulated kinase
(ERK), c-Jun NH2-terminal (INK), p38
MAPK(Johnson & Lapadat, 2002)2 A =11, &ASH &
ol leEHAY A} 2EHAS vrow sk Al
SAGEA o) Nrf27} &3k ez iakst 7134
o] ZFFH th(Yu 5, 2000). wehA] Nrf2= A|329f gH4tst
aNE Y= A2 a4 5 skl HO-19) '
o] Fa% 98-S sk, o] HARIAEY FAol=
MAPK®} PI3K7} A28 3dlth(Johnson & Lapadat, 2002)

AA7IA LSS AT = e o 1A
E2o] glE 9 (Kim, 2020; Kwon %, 2019), 9]
AA W AFSFAE G 20 ofsf YT 4 Sl e
gho] A ofstild 4 Q= A=mA=AS 7F
IRl ITK(Kim, 2020). 71 F #le= ekl Qo= &
s EFE2 flavonoid, myrcin, quercetin, rutin,
selenium S-o] Z83}A 3+GH =o] 9thlee & Lim,

2016). 3+ hydrogen peroxide, hydroxyradicals, nitrogen
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vitamin C2] A S 7| AE 02X FFASE A7tE Hol
Ao 2 XuE thFrancisco 5, 2014). =18t A 9o
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RAW 264.7 A 34| 3323 (No. 40017, KCLB,
Korea)of A &-fHrof
medium(DMEM, Cytiva)o]] GFAE 2l 10 % fetal bovine
serum(FBS, USA)Q} 3FAAIQl 100
penicillin, 100 pg/m¢ streptomycin(Cytiva)S 7 7}s}o] Hj|
o5} th. CCEE+= dimethyl sulfoxide(DMSO)o]| 83} 5}
AFE-51 L, 12} A1 21 HO-1, Nrf2, phospho-ERK, ERK,
phospho-JNK, JNK, phospho-p38, p38, phospho-Akt, Akt,
actin®} horseradish peroxidase(HRP)-conjugated anti-rabbit
IgG 3}A| %= Cell signaling technology(USA)oj| A ¢l 5}

e B ) 7

Dulbecco’s modified eagle

Cytiva, unit/m¢

2. AZ=A 24

CCEES] RAW 264.7 A|EZof| T3t =4S EZ-Cytox
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cell viability assay kit(Daeil Lab., Service, Korea)S ©]-&
slo] BA3lTt TEH RAW 264.7 Al3zof 10, 25, 50,
100, 200 wg/ml H=9] CCEEE A3t & 24A17F &<t
v oFslar Z} wellof] AJeF 10 WS 2 & 1417k FoF uj

¥stAS W BAHE formazan®] HEE 480 mmo| %
o A} =73} th(BioTek Instruments Inc., USA).

CCEEQ] ROSO| A7]% HAS 9l3lo] wEH RAW
2647 A|Zol| 50 4 Me] DCFH-DAZ #7}3he] 247+ =
oF FASkaL TRkt F= O] Al RE 2417t FF A E 5k
of 28 a AlEZy Ed4kaEe e flshke] 30% &
ol 100 ; M| t-BHPO| i-235}%]ch(Park, 2018). ROS 4
ALEL 7FzF 485 mme} 530 nmQ] excitationT} emission 3}
Zro]| A EA(Bio-Tek Instruments Inc.)s} Tt

4. Western blot analysis

CCEES] A elof oj3t gatet abe 2A5H] $1akol
TFE RAW 2647 Ajxof] Almg F=4E& sl
20A17F FQF v Fste] HO-19] g, 4417F &<t ek
g AlZof A= AARRIARSE oAl e dgEd e s
bloto. 2  EAs}ch
buffer(PRO-PREP, Intron Biotechnology, Korea)E O]Q—E}
o] thil S 25531 AR 9] %5 += BradfordY =
A5ttt AlE= 4x Laemli sample buffer(Blo—Rad
Laboratories, USA)Q} &35 &
gelof| A7]99%5S AA|SHAL polyvinylidene fluoride(PVDF,

Western Protein  extraction

10 % SDS-polyacrylamide

Bio-Rad Laboratories) membrane©]| blotting - 5 % non-fat
dry milk(Bio-Rad Laboratories)® A2 4 1A|7F 5o &

WE A% A 33 wHESto] A#sla SPSS E
134 (version 26.0, SPSS Inc., Chicago, IL, USA)S ©]-&3}
o HF + FZHAH(mean +SD)E Yol 11 AT T 719]

Folreses ASch] fsl deviA EARERAH
(one-way  ANOVA)S  AA|stlom, AMSHFTS

&3t

Duncan's testS ©]

II.

(ih]
=

1. CCEE®] HO-1 W3 §& &3}

CCEE®] A|Z U 34
scavenging assayS A A|SF
o] CCEE7} RAW 264.7 A
“*éé “Zﬁlo% RS Felstkal u} 1)1 CCEEZ} A2
A A4 5 skl HO-19) Il fkeof wAl= avE
Qf?_??l A3} Fig 29} 7Po] CCEE % 200 ug/mlo] HE &
2417k Fet AYsiele o 7MY ZsHA HO-1& &35}
= A& & & %k 193l CCEE= thefet kol A
24 ol &= Fig 30| 4] Hi= A1} o] A

mEe FustA o

A1) SHAJ-S 0151 7] 93l radical
A1}t Fig 104 B= A 2
320 A

0

© A2 YEhgth

2. CCEE9Q] Nrf2, MAPK 9 PI3K/Akt QAFs} 2A #3}+

A4 &0 AARIAR N2 RAW 264.7 AJ3E9|
A garet Bl =2 S ol HO-19] wharal g vy
sk Al A Sl Mz HoA mEdgos

A of AN Fiiat 2ol ofof 2

27¢ ettt 2eln ZA7te] Wi M 14 1, BSE NE S9he Felo] ARy 5ol A
FAZ 4 ToAlA 2443 FF Bubg ¢ & A& AMS 22 3}= promoter regionq! AREo] AgHgho 2
oAl 2A17HEt 2z FAeL WSS AYPs T o590 AALE §EstrH(Surh, 2003). Fig 494 Hi= A
enhanced chemiluminescence solution(ECL, Santa Cruz I} Zro] CCEES] AP of 93] N2 §-2]& o 2 g o]
Biotechnology, USA)Z ©]&3}¢] ChemiDoc XRS+ Z715= AL E2 4 ok g1 Nrf2e] S48 2F
system(Bio-Rad Laboratories)o| A T2l whe]-S B A5} Sl= Aoz AdHA A AlsAGE EZQl MAPKe}
11, Gel Doc EQ system(Bio-Rad Laboratories)2 ©]-&3}¢ PI3K/Akte] A= E3F Western blotO. 2 BA3t A}
AEFEAS stk Fig 504 = A3t Zro] CCEE+= Akt9] QI4teE 79
Ao §w5bal, ERK, INK, p389] QlAtsto]= & o &F
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Fig 1. Inhibitory effect of CCEE against t—BHP induced intracellular ROS formation in RAW 264.7 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. Potently induced HO—1 expression by CCEE treatment by a dose— and time—dependent manner in RAW
264.7 cells
Panel A shows various concentrations of CCEE were treated to induce HO—1 expression for 24h, Panel B
exhibits indicated that 200 ug/md of CCEE was exposed as indicated time in RAW 2647 cells, Data represent
the mean=xSD of triplicate experiments, The values sharing the same superscript are not significantly
different at p{.05 by Duncan’ s multiple range test

I a [
50 100 200

Fig 3. Cytotoxic effect of CCEE treatment in RAW 264.7 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

120

100

80

60

40

Cell viability (%)

20 |

0
CCEE (U/0) 0

RAW264.7 MIZO|M Cymbopogon Citratus O|EtE FEE9| HO-1 K2 S8t shater gat 77



ch

o

sgostex| M1 Mz

A)
3 C
c2r b
2 b
g a
z 4L
0
CCEE (ug/m0) 0 50 100 200
Nrf2 0 ““
Actin O
B)
4 L p-ERK/ERK 1 p-JNK/JNK d
m p-p38/p38 m p-Akt/Akt
C
— 3 r - c
[<]
=
S
- 2 r b b
@
2 a
= ] aaaa a i aa ? a
0
CCEE (ug/ml) 0 50 100 200
PERK [ . — ——
ERK ] — . A——
pINK O
INK [
pp38 D i —
I —
pAkt O | — S E——
Akt [ —
B ——

Fig 4. Nrf2 activation and Akt phosphorylation by CCEE treatment in RAW 264.7 cells
Activated Nrf2 (panel A), phosphorylated MAPKs, and PI3K/Akt (panel B) status were
determined by Western blot analysis, Data represent the mean+xSD of triplicate experiments,
The values sharing the same superscript are not significantly different at p{.05 by Duncan’ s

multiple range test
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Mzo] =%F ROSE AZS] A4, Thild, DNAS
A7 EANDORA AZAEE SET 4 Slth
2 AT ML §7] TEes F il
hydroperoxide (t-BHP)Z o]-&3}o] RAW 264.7 A|3E o] Ak
sy AEd AR AR ARAES fEsiEt 1 A
& Fig 694 H= A3 2o t-BHPo| o3t x]& w4l
Stz Ala=/do] g43] S7ksk3laL, o]«= CCEEY A
2ol o8l frejAem ¢hstE et el o] A=

AT AGEDY A9a AsiAl U0I26(ERK A 3l
Al), SP600125(INK A 3| A]), SB202190(p38 =] 3l Al),
LY294002(PI3K A 8}jA]), CoPP(HO-1 -3-%=A]), SnPP(HO-1
AAA) A2 3 t-BHP of 2J3k M|22=5/d - == Western
blot assay ATE HASY 4 AU A=, o|#3t
ZA1}= CCEEQ] Nrf2 uj7] HO-1 #}grd o] RAW 264.7
Aol A PI3K/Akt AT 74 29 24S& Faf o] Fo AL
o|= t-BHPo|| o3t fHtH Alstd AEHAS 840
2 Ao =N A iEsE ARkt A

A|AFEbeY,

Cell viability (%)

20

0

t-BHP (500 4 M) - +
CCEE (200 wug/mf) 0 - -
selective inhibitor (20 x M) [ -
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ERK JNK p38 PI3K SnPP CoPP

Fig 4. Enhanced antioxidative potential by CCEE against the t-BHP—induced oxidative damage in
RAW 264.7 cells

The data represent the mean = standard deviation of triplicate experiments, The values

sharing the same superscript are not significantly different at p{.05 by Duncan’ s multiple range
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test

AL 71517 93l radical scavenging assayS E3f i
3t A7} CCEEL: %= o|&% 02 t-BHPO| 93 4=

FEg ROS AHS OAsHE A0 Mo} CCEEL:
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2 hemeg TAHEQL bilirubin/biliverdiny, CO 2 free
frono. 2 HEsl= g =Q3t AL s, o] A3k
&4 9% ATl it B S s Hom B
1% 91 thChiang 5, 2021). Bilirubin& A]E ¥ Yol A o
tocopherolo] WHal FAbsh TG Mol 7
peroxy radical?] AAAZ HIE QA IASIA0f 9
o) SuUEE A8y EdomnE HEE B3
g 3= th(Jansen & Daiber, 2012). T35t 3 tf
Zhes RAMEQ] COE A 9% HAE AAAY)E o
a1, ferritin®] S EX= AbA X8 oz AJAJo =9
el e A=z de aeFom AHste] g
Fitet sEe I35ke Zom HIuH|E S
(Al-Qenaei %, 2014; Ryter & Choi, 2009). & A&

3 200 ug/m0©] CCEES 24417} A 23S wf 743t HO-1
9% G3le Bolths AL SIFAT AESA Eot
Ho]7 o}oh:].

A &2 3
H= gt v;ﬂx} 1S 2205 93hS ?EE}(Loboda

==
vl AR EA

=, 2016). Nri2= =2 A3z oj A v|gA A
3y, ANz ZZF I whzle]l  Kelch-like
ECH-associated  protein(Keap) 19 &3l &%,

Nrf2-Keapl A= ROS U 7|4 2A=3} 242 9 F
A=l ofal Z/dstEh sfeE Nrf2= A2 A 3
© 2 o]E3tA EHu o]Z <l HO-1, NQO1 ¥ GCLCE
R AkeE w0l Ipdo] f{¥th(Loboda 5,
2016). Nrf29] A5t A& EX517] 93l Western blot
& ST AT CCEES] A2lol olso] Sk ozHo
2 Ni2e] B4o] SEHE A BT 4 Usich

MAPK = PI3K/Akt 7 2+ RAW 264.7 A|3Z 9] t}oF
A9 Az dG A Hofshs EAF 5 Nrf2ef ¥+
HO-1 3o xdo| Fast 9T stz 208 &
75t} (Yoon & Park, 2019). 7]2¢] oI5Lo] A HO-1
24 #¥H g2 oy
phytochemicalo] tj 2] A 320l 5] MAPK 9 PI3K/Akt 73 =
o FA3HE Fol HO-1 WL Aol fEols Ao
2 X 13} tH(Chow 5, 2005; Kwon %, 2018). & o
o A= CCEE®] A= Qlsf o] Al dd=49] Qlits}
7 e BT A3k CCEES] A2l Ak QAT
3= dASHA sk HHH, ERK, INK 9 p389] &4

(o ok

l_‘

intracellular  kinase

E R s YA etk 2ea o] 4l
S

SRAYEAY 9P Belsty] §istel 712 Byd
Hdeld oA AQl  UOI26(ERK),  SP600125(JNK),

SB202190(p38), LY294002(PI3K/Akt)Z A}-&3t0] RAW
2647 AEO) A HO-1 S5 A5 AY BAE shelsl i),
TheaA A4 E ROSO| wEE W AlE A, thg g
DNAo| 4440] 7sj# A= Ajda ojofd 2= 9lr}.
7] pAEStA £ el +-BHPE 500 ¢ M2 *]2]5}
S u) RAW 2647 AlEO|A AHH < A5 £44S
T 519 th(Song & Park, 2014). CCEEZ 200 ug/m(E 124]
7+ ot Aejsla Aldd oAyt ohzh snpP @
CoPP(HO-1 91714 @ S=A)E Azl 500 4 Me]
¢BHPE A|%AMES §w3F A7}, tBHPo o3t x| 2 3}
Asle @8] Z7hE AZEALS CCBES] A 2lof o5}
o] &3lE]¢la1, 1Y294002, CoPP(HO-1 AEHA S =A)E
A2l gk AT A 2 Aol AukE glat 4 gt
12t U0126(ERK), SP600125(JNK), SB202190(p38) 1!
SnPP(HO-1 A8 oiAIA)E Held AlEo|AL HO-1
wrgo] 4AEo] tBHPo| ot Akt &Abo] tfst
CCEES] A% 5 Fab= vpehibx] ool

olejgt AuE | CCEE H2lo] o|F Nrf2 uj7
HO-1 ¥t&o] RAW 264.7 A|3EZo|A PI3K/Akt A& A<
Fi5t ZHE Yehits AL
slat 4= Qlolr). o] @at AT ATE Ea CCEE % A

o]
AN

Jo 32 :lo h

W 264.7 A|3Zof CCEES] HO-1 &&
ok 78S FARIARe A9 Al

Aol Nrf29} A1 AGEZ Q] PI3K/AKtY] QAAHetE &
L Aoz yehgt) a8 oldt 2
=]

He Bg A2 5]_0ﬂ1q_ ]ng
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