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Abstract In the present study, the antioxidant and anti-inflammatory activities of ethanolic extracts
from Lathyrus japonicus at concentrations of 50, 100, and 200 pg/mL were investigated in
LPS-stimulated, RAW264.7 cells. Antioxidant properties were determined using 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) and 2,2 " -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) radical scavenging assays and ferric reducing antioxidant power assay. In addition, the
production of reactive oxygen species (ROS) was measured using the 2 *,7 ” -dichlorofluorescein
diacetate (DCFH-DA) probe by flow cytometry. To examine the anti-inflammatory activity of
the extracts of L. japonicus, their effects on the levels of nitric oxide (NO); production of cytokines
such as interleukin (IL)-183, IL-10, and tumor necrosis factor-a (TNF-a); and the activities of
enzymes such as inducible NOS (iNOS) and cyclooxygenase-2 (COX-2) were assessed. The ICs
values of the DPPH and ABTS radical scavenging assays were 476.09 = 1.50 and 34.91 + 0.37
ng/mL, respectively. In addition, L. japonicus extracts not only inhibited ROS production, but
also the production of NO, IL-13, and IL-10, and the activity of iNOS in a dose-dependent manner.
In summary, the ethanolic extracts of L. japonicus could be used as a functional food additive
and an anti-inflammatory agent owing to their antioxidant and anti-inflammatory activities

Keywords : Antioxidant, Anti-inflammation, Ethanol extracts, Lathyrus japonicus, ROS

B, OITAY, IAIRZ, OIFER, UNITZ, AFL, AU, AXIG, BHEL, WHO, oS, 229>

M E

A S (coastal

environments)<

E

oF

[e]

% %
3}
o

2

, AE 5 (salt spray) 53 22 <&
3 A=AdAo]l AFEW, 1=
WaAdE 7HA= o 843 A

2L o of
o o2
i o Az
e 12

4
Lo e

-
i

* Corresponding author

Phone: +82-41-950-0938 Fax: +82-41-950-0931

E-mail: ogwchobo@mabik.re.kr

This is an open-access journal distributed under the terms of the Creative
Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/)



http://creativecommons.org/licenses/by-nc/4.0/

J. Mar. Biosci. Biotechnol. 2023, p. 01 - 11

Vol. 15, No. 1 [Research Paper]

Aoz e v AT A
2 JpgAre] Aol A2

Eé_i

2Ef e = ﬂtﬂ l%
FFS A= FoE dHA
JTH2]. GAAE F AT (Lathyrus japonicus)=
4, okAlol, Fu), A 59 afl QA (coastal sand
dunes)oﬂ AAste thdA F3(Fabaceae)
AEoIH3]. °o] FY FTAE sligolA Ho s5d
S AES A ] EFE el Ak XY
AA e AW, Ggt a7t mep Ad e
npES Fal mErE HHA Polrl @AY A
HUH4). =3 D T2 o] A sk Wl
Azroll o3 AAHA = ol AHAA g
Aoz dHA JY5). o183 AT+ =389
Ao d== FPdasr JA6], 3|=ET
Rl A7), dEd AFA #HAH 542 pro-
tein tyrosine phosphatase 1B (PTP1B) <IA[8],
A DS} AAF lipoprotein-associated phos-
pholipase A2 (Lp-PLA2)% AI[9], nuclear factor of acti-
vated T cells (NFAT) A3l|[10] &% Tl thd
ATRko] P E o] o), AT F=EC
2 ksl G5 e FrhE Q] AL
Aot

HF 325 7HA3L e #4bksha4x(hydrogen
peroxide, H,0,), FHFAOIE o]0, ) %
Slol| =2 A gy %}('HO)% Z3Fele BekA S,
HE-g-Ad o] =2 A 4HAF(reactive oxygen species,
ROS)> 42l =7 A= superoxide dismutase
(SOD), glutathione peroxide (Gpxes) % catalase<}
22 a9 AEA 3P*P§-x{] of &3l ROS FF°l
FAEY Axzo] dzddEdes AEETHI]
SEAI R AFL)A(UV)ol ‘/} seEdy 22
o F-g]lol o3 < AH4HE ROST DNA, Al3E2,
adwd F& AT 4bstd 2Ed 228 (ox-
idative stress) st ¢ & AEH A3 5
oe] AWEd x3E FEdtan dHA
ATH12,13]. wekA HER C, 7IEHxol: ¥
et ol Fo| x3HE HAdH AL HH=
A7 =55 71, i3 7V o] A& star
A 4bo] Thedt A Ak A) 9

I I

ol

fo of

L oot
S ofy

o &

R

=A% e ddA BAES s Qs
AAZGASA ko] @& A4S B JUtH14,15].

¢ S(inflammation)2 w4 E& YAAS=
U =], a4 9 S (acute inflammation)-
Z7Hbgo g2 &4E A OE A (plasma)F
% T(neutrophils) H ™A 3(macrophages) <}
2 "H9A AEY olFol EAoH,
THd & S(chronic  inflammation) =48 2329

<

e} X F7F A Loyt AlEe] HxlZ<I
H 3} o} #H o] ATH16]. A S R34
o] 2] M| 3 (macrophage)= 2] ¥ 2t-8-(phagocytosis) =
53] AAE RE3H, o] IAHo|A interleukins
(ILs), tumor necrosis factor-a (TNF-a), 4F&}2 A (nitric
oxide, NO), prostaglandin E, (PGE,)5 3 £ E54
m|ARJNAES ERIsHA FoH17]. oldd @52

&, %_Lﬁﬂeﬂ TOozRE  AA
5]

.

(5

etA "AoH18]. °olE
& <Al (nonsteroidal anti-in-
flammatory drugs)”} X & AREE AT XA
< ¥ (gastrointestinal bleeding), A % v}1] (heart attack),
ZZ(stroke) 5= LY F Ao FAEo] gl
A FASA el ek Aol =191,
w}a}/\i B dAFNAE e T AYT
Rislec U 5y
sk
7Hs

E

FO ox, OlN

o
=
ﬁﬂzz A Vs B B 9E
3

& okt zAERAC

oxr £ _V_,
oZ

M| 3z eFoll A8 dulbecco’s modified eagle me-
dium (DMEM), fetal bovine serum (FBS), pen-
icillin/streptomycin (PS), phosphate-buffered saline
(PBS), distilled water (DW)+ Gibco (Grand Island,
NY, USA)ol Al Fd3te] ARE-3Ed T 2 Ak(gallic
acid), sodium carbonate (Na,COs), dimethyl sulfoxide
(DMSO0), ammonium persulfate, 2,2
ylbenzothiazoline-6-sulfonic  acid) diammoniumsalt
(ABTS), o}~ 3 2 H 4Kascorbic acid),

" -azino-bis(3-eth-



J. Mar. Biosci. Biotechnol. 2023, p. 01 - 11

Vol. 15, No. 1 [Research Paper]

lipopolysaccharide (LPS),
]F&%(EtOH)—* Sigma-Aldrich (St. Louis, MO,

USA) A 43R T Folin-Ciocalteu's phenol re-

agent= Merk (Darmstadt, Germany)l| 4|
A3t o, 2,2-diphenyl-1-picrylhydrazyl

(DPPH)= Alfa Aesar (Haverhill, MA, USA)<lA]
Ut A3

AGTF Adge F&

ALFE 2021d 68 ALE AT FEIF
FERAHFEF AN FEREAY. FrE
AdF= A F, TAARAA L, 0%
og-&e AHgstd 33 2Sv FESIAH
FEE2 A% ¥ IJHATAEFIE AHESH
Tl FAAZAA 223 st DMSO® 100
mg/mle] FEE A2 F Ao AEsth
F ZgdE ¥

o
fifl
AC)

5l
fufr

9_[:
oy
o
Jot

AT FE2EC = & Ql3}h7]
s, AYF FEFE &H 20 uLbek 1 N
Folin-Ciocalteu #|& Al¢F 100 pLE 96 € vlo]a =
ZHolEd BEF3lar, 2 dAolA W3- AlFTH

ETFE 765 mmolA  EAHIET AFHLe
Y iHgallic acid)E 7IEEEE AMEstd F
ZgdE FqFS ALEaTh

F4tsl &

o
AT FE=E9 F4rs &4S DPPH, ABTS
2 FRAP assay® &2lslith.
olrz 2B EEZAE

A&t
DPPH (1,1-diphenyl-2-picrylhydrazyl) 2}t]Z 47
g4 NEL T=EHE Az AT FE2EF 100
uLe} DPPH €< 100 pLE 96 ¢ nvjojm=z
ZdolEo &3 & 5, oF Ao A 3027 HES AT
o5 EFFEAE A 517 nmoll A §2EE

S48
ABTS oz *74 %*é Al?‘é% 7 mM ABTS

Al ol A 4= 745
nm ]| A] 0.700+0.002°]
SHTE A5 34" ABTS &9 1503
TEEE Az ALF FE2= 50 uLE 96 <
nfo| 42 ZHo|Eo A7, AL %1—/\101]/\1
208 S WS AIX B 745 nmoll A FREE
L

FRAP assay+ sigma’} Ferric Reducing Antioxidant
Power (MAK369) assay kit "7 &ol e} SU+=
oz dde JPgsAnt. s=EE A=
A%TF FZFE 10 pLet FRAP assay buffer,

H 34 (FeCl;) 2 FRAP probe= S3H wHs &9

16-18 AlZF WHS-A]F] AL
FE=  #ol

l

190 uLE 96 & Zd o] Eo] &3stal 37Tl A 60
T W Azl & 594 nmolA FIFEE

Skt

AE=4 9 NO 2 PGE, A4 <A

AT FE2E2 AlZSES &1 8171 fsf Cell
Counting Kit-8 (CCK-8)& AF&3}3Th RAW264.7
A3 3x10° cel/mLE 24 € ZH | Eo| £33},
24412 Fb v FstT. AlZaj Ao FEEE
Mg AST FEES Azl A F, 143
FHoll LPSE A lstAth. 24A1%F vl ¥ %, CCK-8
S-S HUbste] 4/ T WSA7IAL, RS
450 nmol A Edo|EE A5, FAg 1FH
TFE & ¥nE T 54 AEE st
NO A4 A a5E glstr] S, Ax=4d
A1 PHAE RAW264.7 A ZE 24 4 ZH o] E
Foto] 244 E b wiFstAT. Al ZujA ol
TR NT AT FEE=o AX AT
, 1A S LPSE Astal 2443 F<E
v kst Tl 24413t vl 9F & ThermoA} Griess re-
agent kit®] N-(1-naphthyl)ethylenediamine dihydro-
chloride (Component A)$} Sulfanilic acid (Component
B)E L:1E 3 vk 20 L S/ 130 pLo}t
Azefd 4Fd 150 uLEs 96 & wola=
ZHolEq] &3 &, AL oA 30EFS
A7l FFE 548 mmolA wlolA®

ol EE ZA43stH, LPS A 157 F3= #
125 S8 NO A4 <Al a5& H7FekdH
Nitrite standard solution (Component C)& A}-8-3}<

off Mz Jk?l

[

=

ug



J. Mar. Biosci. Biotechnol. 2023, p. 01 - 11

Vol. 15, No. 1 [Research Paper]

off

u|J

e} S S =
e 77 F TEE

nitrite ¢

AN

=
=g
PGE, A4 9AE H71st7] 93l RAW264.7
AEZE 24 4 ZHo|ES T3t 2443 Bt
NgstAt Axzuj=le] F=E2 3|45 AT
Ao A2 &, 1A FHeoll LPSE
24417t F<F B FEF AT 24413 Wi &
y=NS 3|43l PGE, ELISA kit (Enzo Life
Sciences, US) AZA o uwgt AFS
21839} PGE, A4 A== 3% 405 nmol A]

=43tk

X

hud
oS
ol

2y
NS e
2 o

K o @

>

AZUY ROS A A

AT FE2EY AEZY ROS A A &5
B 7}38t7] $13, H,DCFDA (Invitrogen, Carlsbad, CA,
USA)E  AF83te]  flow  cytometryS 53l
Z24359 0. AA RAW264.7 A 3x10° cell/mLZ
6 A ZYo|Ed] BF3}1, 2443t Bk v 3kt
Azufzle] FEEE N3 ALT FEES
Az A s &, 1A7F Hell LPSE A st
24N 7F vioF 3 PBSE 2W A FH Zof 3]sl
AR Al71a, viA] o) 3141 E 10 uM DCFDAE
37CoA 303t ¥HAAHT. °o]F PBSE 2¥
M A3l flow cytometryS 53 ROS A4 JA5&

B7tski

ARl EFFQL &1 A

ALF FEE IL-1B  (abl97742), IL-10
(ab100697), TNF-a (ab208348) H] Ao th3t
E5S syl Y8 LPSE A=H RAW264.7
A Zo| AT FE2ES TEHE APl Ay
2135tk WA RAW264.7 Al E 3x10° cel/mLE
6 4 Zdo|Ed) EF31al, 24413t B3k vl s
AzujAle] FE¥E=E N AT FEFES
Az A F, 1AF FHol LPSE A3t
24712 ERF Ml ol ASdE JHAA
Z} ELISA kits A ZA ol A A A S BFHUIE 96 4
golEo A438S st ¥ A FA=E
BE 450 nmoll A SR T AT FEE9
-1B, IL-10, TNF-a A4 oA A=+ ZF kit
&l=l  standard solutionS AE3SlY FEFE

e 19 F FEE Adstar

Pl T o ==

do e IN
o

MW E

iNOS ¥ COX-2 ¥4d

AATF FEE9 INOS (ab253219)¢} COX-2
(ab210574) T4 G sle] g B35S YolrT]
Y& LPSE A=H RAW264.7 AlXo] ZAYF
FEES TEHE APt HAE dd FEES
grste] A48S TYSATE WA RAW264.7 AL
3x10° cel/mLE 6 ¥ FH | Eo| EF3}aL, 2447
B kAT AlZujRo] FRHE 343
ARF FEFES AE A F, 143 Holl
LPSE A3t 2442t F<F HiFStATE ol
MEZE 3|43} ELISA kits A|ZAo A A A SE
YHUAE AEZ F5 902 Az dwds
FE31aL 96 & EH|o]Eo] e dqste] vl
A3 HAEE FHE 450 nmolA =AHs Ao
iNOS ¥ COX-2 @94 &4 AHA=& kit U+
standard solution2 At-&3sle] T E FA4L 19

% 58 At

of

=

AA =

Tt A¥ds Tl dEe

HA(means + SD)E 3EA|SHS L,
212 IBM SPSS Statistics 18 (SPSS Inc., Chicago,
, USA)= AH&-3te] A8t o, TAIA frol4d
AL =] #4F 74 (one way analysis of var-
iance, ANOVA)¥} 37 Duncan & 53l p < 0.05

FEAA AFsAH

Hit+
S AsHA

4L

5
T =&
U

A

= A

|92

AdF FEEY F e ¥

diixoz HE SHFEY FFo =S

Faist 0 FUF Ggo] 5ty SHA 9
o

S|
37.3142.60 mg/gC 2 FAF AT AT =
ghegoll i dATE
ZelR ol ke AR AR $A|vit & o
Baoy, WE 9 sk AT Y Z Aol
ot BarEo] AuH2]. B2 Lathyrus species©l
&ote 2y A Eo g T ZEjuE gl thal
AHEH, A9 AGE HEgs FE25 s

>

o



J. Mar. Biosci. Biotechnol. 2023, p. 01 - 11

Vol. 15, No. 1 [Research Paper]

3heFol L. aphaca= 75.33 % 22.36, L. aureus= 29.90
2 67.60, L. cicera= 5.8 2 13.85, L. sphaericus<
28889 2 27316 mgelE  RIHTH20]
Pastor-Cavada S[21]9] W=2™ 2H Ao A2 5}+=
1552 Lathyrus species® WS FEE2
s S A3 A 38914 292 mggo®
HEQth o]de] Hie & A=l gk
s S A EH, AAVSF AN Chidium japo-
nicum)2] 80% ONErE 80% WEE, & FE=E9
79 2179, 22.14, 15.66 mg/ge] ZT|¥E FHFS
Holz A& AT F  UATH22] =3,
AW Z(Calystegia soldanella), E-2 X X|(Messerschmidia
sibirica), =R71W-(Vitex rotundifolia), 333K Rosa
rugosa)®] A =7] WEE FE2E9 A5, 74
2125 9 11.22, 63.52 ¥ 22.63, 35.52 ¥ 1230, 110.20
2 6571 mg/gd] EEHE FEFS Hole AES
glstd om[23], ol A EY T/ 79,
= ol w2t Zu =] T Zolvt U=

et 1 fox ol#d F EHE Y
ztol= A E A AV, i, FE2 HH T

wel PGS nX= HoF 4R )

(A) 600

400 j

IC= radical scavenging activity (pg/ml)

L]

L japonicus AA TR L japonicus AA TR
DFPH ABTS
(B) 800
= 600
2z
5
= 400
g
z
E : I
Concentration (ug/ml} 12,5 23 30 100 22

Latlyrus japonicus Ascorbic acid

Figure 1. Antioxidant activities such as (A) DPPH, ABTS
radical scavenging and (B) FRAP of L. japonicus 70% EtOH
extracts.
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Figure 2. Effect of L. japonicus 70% EtOH extracts on (A)
cell viability, (B) NO production, and (C) PGE, pruduction
in LPS-stimulated RAW264.7 cells. Data are mean + SD of
three independent experiments. #p < 0.05 vs. the non-treated
group, *p < 0.05 vs. the sample treated group.
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Figure 3. Effect of L. japonicus 70% EtOH extracts on ROS
production in LPS-stimulated RAW264.7 cells. DCF
fluorescence was investigated using flow cytometry. AA,
ascorbic acid. Data are mean + SD of three independent
experiments. #p < 0.05 vs. the non-treated group, *p < 0.05
vs. the sample treated group.
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Figure 4. Effect of L. japonicus 70% EtOH extracts on (A)
IL-18, (B) IL-10, and (C) TNF-a production in
LPS-stimulated RAW264.7 cells. Data are mean + SD of
three independent experiments. #p < 0.05 vs. the non-treated
group, *p < 0.05 vs. the sample treated group.

N
o
2 v

%'ﬂ
3

o

A 5
S A

Apo
3 e

cytokine)<

A SH= IL-1B, TNF-a 53 22
7}<1 (proinflammatory cytokine)3};
T4

9] cytokines (IL-183, IL-10 & TNF-q)
X
1 E

o2 df oX

o] olN

oL rE—‘

] A

IL-10

flammatory

ojf

Aol E7}FR] (anti-in-
g dE5A8 "ol

_7_



J. Mar. Biosci. Biotechnol. 2023, p. 01 - 11

Vol. 15, No. 1 [Research Paper]

2
b
iy
]
2

A= ATH32]. Wb, AYLF
o] AAFH Ale]EFIQIS Ao &Fr}
A AL 53l FAsHA thH(Figure 4). E5
RAW264.7 Aol =23t Su,
1B, IL-10
HEA Aol EFIRI] dA3] Sk A& gelE
AATH LPSE A 2] RAW264.7 Al Eo] A4S
ZE2S 50, 100, 200 pgmL FE=2 st
IL-1BE &% A3, 100 2 200 pug/mL & =0l A]
LPS A 8] 18(23.42+0.42 pg/mL)¥} Hl w3l zhz}
18.17£0.79 = 4.10+0.11 pgmLZ 743 AS
gl & Ao wRVMA 2 IL-108] 5ol =
AYF =25 50, 100, 200 pg/mL =2 23
A3, LIPS A7 15(283.83+3.00 pg/mL)¥}
Hlwsle]  ZbZE 1945142941,  187.58+8.92,
7.2246.24 pgmLE FEYEHOZ A=
= & 7 AUAR, TNF-a®f B
== o wxUF HAEA EeE
AstFtt old AFAH}E HHEAH HH
FEFAH  AlEIRIE
AAst= AF3319F FEFAE AOlETH
= NS H[34],
APl E7IRIES A FHF4 Aol EF}
= = A1[35],
F4 Aol EFRRle] e Ed ] oa A=A

N B rﬂ{j X0 N e
rO
=
-]
w2
P AT

P

O oo oM o Wt
ot 1o & ox to 4

g mE

4

AE AL & F ATY36,37]. 01T ATFEAHES
o2 AT F2E9 49 LPSol| ol A=
TNF-aoll&= #ofstA]  eFA|qh IL-189F IL-109]
A3 Aol & Bt FHF EAE Y=

e

AT FEEY INOS H COX2 Ed 94 &%

NOS+ endothelial NOS (eNOS), neuronal NOS
(nNOS), inducible NOS (iNOS)$} 22 371#] EFY ¢
chil o] 9lom 3] iNOSE U Ao A LPSS}
A EFRRIF e G5 1At 93] dd =, NO
3 3-& A=3HA FH38]. Cyclooxygenase (COX)+

FE A THF 24 oA EdEE COX-13%
AR, AS8AAeE 22 ATl o) wEE =
COX-27} doem, CcoxX-29 ZH$ PGEAA el
F3tH39]. whekA iINOSeF COX-2 T d - of
g AT F2E B2 g1Isk7] 98l ELISA

kitS AR8-3he] <1819 th(Figure SA and B). LPSE
A=E RAW264.7 A @ d FE5EL LPSE
A etA] %2 ME @Wd FEE 285.63+2.65
pg/mL Rt} ¥ 9717.38+21.39 pg/mLe| iNOS
g4e Vel a8y 24A7 9 AT
FEES 50, 100, 200 pgmLe] F=2 23S v,
LPSZ 37Fe  iNOS &Ao]  5892.38+69.47,
3811.13+56.39, 986.50+97.93 pg/mLe ¥ =

AASHA A== As A AATH COX-2
g4 mEZ LPSE A AS o 2443 FHoll Al

i FEEoA A STkt o, AT
FEE4 93 coX-2 E40o] AAHAE= EAUTH
o83 AH}EL HIFOZ AYTF 70% N
FEES 3 53 HEo iNOS B T
AAE 53 NO A JAlof #Ast= A & F
AR
(A) 12000
10000 -
3000
_,“ED .
:Z:‘ 6000 - —
z ‘
4000 _
2000 4 N
0 N
LPS (1 pg/ml) - + + + +
L. japonicus (pg/mb) 0 0 30 100 200
®B) 100
800 "
:i 600 -
r
200
o 1
LPS (1 pg/ml) - L 4 + B
L. japonicus (ug/ml) ] 0 30 100 200

Figure 5. Effect of L. japonicus 70% EtOH extracts on (A)
iNOS and (B) COX-2 concentration in LPS-stimulated
RAW264.7 cells. Data are mean + SD of three independent
experiments. #p < 0.05 vs. the non-treated group, *p < 0.05
vs. the sample treated group.
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