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Perilla frutescens (L.) Britton var. sprouts (PFS) is a plant of the labiatae family. The purpose of this work
was to assess the preventive effects of PFS ethanolic extracts (PFSEs) on cytokine-induced (-cell damage.
Cytokines, which are released by the infiltration of inflammatory cells around the pancreatic islets,
are involved in the pathogenesis of type 1 diabetes mellitus. The combination of interleukin-13 (IL-1),
interferon-y (IFN-y), and tumor necrosis factor-a (TNF-a) induced formation of reactive oxygen species
(ROS). Accumulation of intracellular ROS led to B-cell dysfunction and apoptosis. PFSEs possess anti-
oxidant activity and thus lead to downregulation of ROS generation. Cytokines decrease cell viability,
stimulate the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), and
induce the production of nitric oxide (NO). PFSEs prevented cytokine-induced cell viability in a
dose-dependent manner. Incubation with PFSE resulted in significant reduction in cytokine-induced
NO production that correlated with reduced levels of the iNOS and COX-2 protein expression.
Furthermore, PFSE significantly decreased the activation of nuclear factor kB (NF-kB) by inhibition of
IxBa phosphorylation in RINm5F cells. In summary, our results suggest that the protective effects of
PFSE might serve to counteract cytokine-induced [-cell destruction. Findings indicate that con-
sumption of Perilla frutescens (L.) Britton var. sprouts alleviates hyperglycemia-mediated oxidative stress
and pro-inflammatory cytokine-induced (-cell damage and thus has beneficial anti-diabetic effects.
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A% e AZ2E FAANTL SHA ATS, 9, 20]. FH 2ol
A% e Aze) g Sl Fe] dst A5 4
ol Atke A7 RAHWEA G B A7 wEr AE
o & e dA AE &4 7FAH EAS g4 E e
AF7F S AP Ti[18, 21].

FeiugtlA e AFE Fo FAREY shE Auje]
2+ S0 (Perilla frutescens LBritton)= & &} (Laviatae)ol 43t
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% HﬂE]' A 2331 RINmSF Al &
gatst g3s gk, %’“
of o Helas g 714 £4E Sl

T stz st

o
o
mr
é

Fake] 40% 011%%
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70CAA 5A3t ¢k 23] FZE6qith 5 98 §F, FEE<
& #7](110 mm, 28, Advantec, Japan)2 7+ A3 & o 3
" F2ES Y 3% AN H FZ23 27 (Lyoph-Pride
Series, llshin, Korea) 2 7123t &2 P2 3]st Ath. 3
T FZE(PFSE)2 80Tl A HAstHA A3t ATh A
AY A FE225 HLAEZAE(DMSO, dimethyl sulf-
oxide)oll =i A-g33Tt.

<
ol
H

NZHH 2

E At Me plFHEZF LY (ATCC, American Tissue
Culture Collection, USA)ol Al T+ & WA #4 wE A2
?l RINmSFE Argstth 10% $-el ¥4 (Fetal Bovine
Serum, FBS, Gibco, Grand Island, NY, USA) 100 unit/ ml9

AUAHE, 100 mg/mle 2EFEnto]4] 8 55 mM EF32
7} 3-8 RPMI 1640 (Gibco, USA) WA & Argst%th 37T,
5% CO, W ¥710l A 3~4%9 HA S At st A A A
At A8L A g AZE A 4F4 5 (Phos-
phate Buffered Saline, PBS, pH 7.2)& 23] A #3}1 0.25%
trypsin-EDTA $ 9402 AZE EAA 5510 cell/ml ¥

b RS ote] 28 AE HASAA AREAT

Steles
F4tst 52 Arnao [1]9] WS WA A8
DPPH (2,2-Diphenyl-1-picrylhydrazyl, Sigma-Aldrich, St

Louis, MO, USA) - 2tz 75 < #43517] 93 A&
9 20 plot DPPH €9 80 plE 96-well plated] &3t} 308
b Ao BAAZ F, 517 nmoll A £33 = A (Perkin Elmer,
Victor2 1402 Multilabel counter)2 &4t E71 A% F
=&Y TFE] gz AAZH S ANEE F7IeHA 4tz
o FREE50%= AN Bad NEY T2 Iy
The half maximal inhibitory concentration)7 Fo 2 e
4. e =287 A8 7 A% FEE9 =R
0.001~100 mg/mli A9, 9719 FEZ Yo £4
sttt AW E Hsto] 84 M9 syl ofx3=
W14} (Ascorbic acid, Sigma-Aldrich)& %422 Ar83}
Atk

ABTS [2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt, Sigma-Aldrich] 2t 47452 Van den
Bergs 9 WH[24]S M¥ st AU 74 mM ABTS &
H3} 26 mM T}%’&%}%(I’otassium persulfate, K5,05) £
< Egste] gaolA of 1247 WS A F 734 nmo A
FHE7F 12010 H=5 X ABTS §94& A8t
ABTS 34§, 285 nlst 2 w24 A& 15 g E¢sto]
Aol A 3023t ¥HEAIA 734 nmol A %%E% AR
o o] o FAETL £844 e E AEA Trolox”
(Sigma-Aldirch)E AH&stITH 23} @2 &= HA7b79 F
A7HE vty Buzde] aAsE ‘ﬂv‘i“%{%)i LHEFA
o ICs AHEs] Ad =7 AR 29 sEESE
DPPH 3}1:]5‘;_} )\A_J,]. 71_0_ tﬂ_ﬂi )\4240}011:].

FHEA & 2 FEo}A(SOD, superoxide dismutase) fr
A} &4 SOD assay kit (Sigma-Aldrich)E AR5l Z4 3}
gqom Adte FE2E A7 FAAFE HlRs] G
gl gl

—_

oﬁ FH

"
m{n i‘

MEZMES £3

AZAYEE Z3E 939 96-well platec] 23 WER AE
%(RINmSF) 1.0x10* cells/well 2 £33} 11, 2447+ FoF Hj ok
T 5 OFSE Yo 4 Y FEES TEEE HJ}
sto] 1A Bk A 3 H % IFE AIEIIG
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ng/ml IL-1B, 10 ng/ml TNF-q, 10 ng/ml IFN-y)& * 2] 3}
48A17F et T MTS [3-(4,5-Dimethylthiazol-2-y1)-5(3-
carboxymethonyphenol)-2-(4-sulfophenyl)-2H-tetrazolium,
Promega, Madison, W1, USA] €& 10 ul# %21 37°C, 5%
CO, W d71el A 4M7E < WEAZ &, 450 nmoll A F3 =

€ 345t dz7ol g AZHETES NEEE FAE]
=

AstE A (nitric oxide, NO) 275 &3

Arstd s Aot Hae FE2Y] 23S ?——_1'0}-“?-7
28t 7 A/ FZFE(100, 200, 400, 1,000 pg/ml)< &
HE Ageta 143 "ol Al ETRIS A2 vs 24/\]7J
5 WA FH T 96-Well platedl] 2+ A3 9] w2 100 pl<}
182 AN %F[Griess reagent, 1% sulfanilamide, 0.1% N-(1-
naphtyl)-ethylene diamine dihydrochloride in 2.5% phos-
phoric acid solution]& T2 Eg3t 1027+ A4
T3 A7 & 540 nm A AR FFEE SASA.
AL YA FE NaNOE EEFOE ot @A e 24

o] Alxtet .

r-?:

MZL] gdata(RO

2 S)

N AR FE2E AZY EHE 275 E FA]
9atel A% wE A EZ(RINmSF) 6-well plates] 1x10°
cells/mE £33 5 37°C, 5% CO, ¥l %7104 24417t &

At 274 AR FE2EE FEE(100, 200, 400, 1,000 g/
il

&3
)

ml)E N7 A2 F A EFRIE Aesta w7 oA
24MZE WA T AZE AMAFHEFE AHT b5
DCF-DA (2,7 -dichlorofluorescein diacetate, 50 uM, Sigma-
Aldrich) & 30%7F A gstgith. Al s A= A
3 o, ¥4d w7 (TE2000-U, Nikon, Japan) &2 413} 9
ot DCF 337450l gt B84 £42 Image J& +X 3
SE =y

Western blot0fl 9|8t CHEE W59 -E-ﬁ".

S AR FEEF Al EFRIE AEsta 4AT F AIE
£ A8t 2335 AAAFAETE AAHF T 100 pY 27k
& RIPA 3£ (10 mM Tris-HCl, pH 7.5, 0.1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS, 1 mM sodium ortho-
vandate, 120 mM sodium chloride, 1mM phenylmethylsulfonyl
floride, 10 ug/ml leupeptin, 1 ug/ml aprotonin) 3 7}at<]
3047k lysisAlZl & 12,000 rpmol A 1087+ 94 Eelstah.
94 FEE BSA (bovine serum albumin)g X F3}3}o]
Sl g A #F 7] E(BCA Protein Assay Kit, Thermo Scientific,
Schwerte, Germany)E A-&-3to] 4% at%{th. 50 ngo w2
S 812% SDS-PAGEE #i3te], ¢]& PVDF membrane
(Bio-Rad Lab., Hercules, CA, USA)9l o] FA ATt &4 9} o
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B o) v ol AdE Adatr] st 25% skim
milk (in TBST) & A 142t 52t 2 ¥k 3H4 T, BlockingAl
21 membrane> Y3} & A [anti-INOS, anti-COX-2, anti-phos-
pho-IkBa, anti-IkBa, anti-phospho-NF-kB, anti-NF-kB, Cell
Signaling Inc. USA; anti-B-actin, SantaCruz Biotechnology,
Inc. USA]E TBST &4 1:25000.2 3|4 ske] 4T A 24
Az HEEA R &, TBSTE 1584 58 Al & 8Hith. o] 2434
(anti-mouse IgH, goat-anti-rabbit IgG linked with horse-
radish peroxidase, SantaCruz Biotechnology)E A&l 4] 24|
sk sy 28a
(ECL) &3} a7 &
nescent imaging system (ATTO Corporation, Tokyo, Japan)
oz WY BEe W Aud vud BHFe
ATTO Densitograph (ATTO Corporation) X2 13-& AH-g3f
of A% stsinh

enhanced chemiluminescence

Gel Documentation chemilumi-

SAHxE|
4719 RE AY A= 33 o)A HE Adsgon nE
AYFe P + FTERULE YA 548 24e

SigmaPlot & 1% (v10. 0, San Jose, CA, USA)E °| 4319
A, 94 AA-E& ANOVA (one-way analysis of variance)
2! Student’s t-testE ©] &3t} p<0.05 FFAA HASsHAH

EM MY F
=7 A+
ABTS, SOD® & ©]$-3}51th. DPPHE 4H8hd Fejoll Al A
grzol AAE FosiFe 22 oo AAE 1 gdH
o] X3 A4 ¢] DPPH7} diphenyl picrylhydrazine & &
AEE e ol goto] Fatsl E3E Felsted de o] &5
I AT, 24]. €70 ¥ F£E9 DPPH #@dZ &A% S
4% 23 0.05+0.01 mg/mle ICs 7S YFERATHTable 1).
ABTSH & ] &3 etz &7 24L& A fr=Ad #3
2+ F (potassium persulfate) 79| H¥H-&-of ol A4 H ABTS
grjzo]l F2& W its 2dd s AAH g EH =
A& ol gsta Add ot S/ AR FE=9| ABTS
gz &7 24 i ICoe Z4 3 23 DPPH v 2

2A%H FYsA 005 mg/mleE I H Y TH(Table 1).
SOD= AA Uol A FHSAE0;)9) &7 #ojstes &
Zoln), AWM FEE A Aae AWM A5 ~
Ef s iﬂ%}ﬂ] HER ofd A< AAlsy] 98 soDst
T SOD FAHZAEE S o] §3te] FH&A

£29 s gy
29 s 2A4E Hrtstr] ¢l DPPH,

o 2 m{

= o] u g s Ah 7 A/ FEE9 SOD &
AR & 3 756& A3} 0.02 mg/mloll A ICs #t-& YEFH AT
(Table 1)
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Table 1. DPPH radical scavenging activity, ABTS radical scavenging activity and SOD activity of Perilla frutescens (L.) Britton var.

sprouts extracts (PFSE)

Sample’ DPPH (ICsy, mg/ml) ABTS (ICs), mg/ml) SOD (ICsy, mg/ml)
PFSE 0.05:0.01" 0.05+0.00” 0.02+0.00"
PC 0.01+0.00 0.01£0.00 -
:}C5o value in the concentration (1g/ml) of sample required for 50% inhibition.
Each value represents mean + SD (n=3).

Atsh 2B 2e vtk ded AR, adst 5o 2 A o] 717 AV A B, e 2E oY
33 A Hol ok YA oz HAEd EAse B F dste] Hldl AH A & Ao AT Ao Az4d
7ol A 24 242 sl dgeRA e vYS B .
ok Sle Aes defA At S/ A% FE&2| DPPH AE W 24444 F7he DCE-DAY 44t o3 g3 =9
Wk ABTSH & o &3 @4tst F4 L ¢4 thz7¢ of2= w24 43 Ah DCF-DAE AE W 84445 543}
N4} Trolox sk A& 55 W0l A Fatslsol e = WEAHQ 2o, M2ets F3ste v 34 DCFHE
gkt SODH O E &A% /4 ¥ FE2E9 F4ts) g ol E g™, DCFHE HO, NO, peroxide, peroxynitrite
¢4 =3 DPPH, ABTSH o2 £4F At fAF w5 o 22 ofg] S44E Fof o8 4hstso] 43 F3& et
el A astE detf sl U= DCF7t = e & ol &8t SH3AT[22]. Aol E7}

Q(TNF-q, [FN-y, IL-1B8)& Agstgle o A== Al=x

SN MY FE29| MEL MM Y AN F1t %Vé An A ek =7 A FEE] A dA Ee <

AOIETLQ A5 F fFEHE MEW S RO 4 datginh 1 A Al 7RIS AR Tel e EA4tA
FALNO)E A% WiEt Aze) 4o 9F& F= Aoz 3 Aol T Hluste Frkshs A Felstglor, of
g A e 53, 2Adae ded FAE dASL A = 58 AghA 2B 2T FEEHEE & AdH =
T AEE FEAVE ASE BIHATM, 7, 20] £ WE A F2ES AP TAME 27 b S TN
Alzell e $3SAE H2FEA(SOD), S FEHE 2 FH4ts} Aol Aol E7H AT Huy A AasH e e A
B 2 (glutathione peroxidase, GPX), 7} e} A (catalase), Bl & Ao g st or(Fig. 1A) A ZHAME Fo o
2] 54l (thioredoxin) &7 22 4389 WhgS 2Hsto & A ZFol & ATh(Fig. 1B).

HALE AEAA FU ERE AL T29 FUHQ

S A7) Rl e AL BHNL FE T4 ST A4 £EBO| ME MES0 CHE Y| &1}
H5SA H1 4A 42 908 B Fuo o2 Bok. 70 A% FEEE A% e Ao EER(100, 200,
2, 420 Sk A4 AL B AE S A 400, 1,000 pg/ml) AH Y & H Aol S Helsh 484

A

Fig. 1. The effect of PFSE on cytokines-in-
duced ROS generation. Cytokines
(TNF-a 10 ng/ml, IFN-y 10 ng/ml,
and IL-1 5 ng/ml) and PFSE (100,
200, 400, and 1,000 pg/ml) were

+ treated in RINmSF cells for 24 hr. (A)

Cytokines-induced increase in ROS

production in RINm5F. On the other

hand PFSE dose-dependently de-
creased ROS production. ROS levels
were measured using DCF fluorescence.

Original magnification, *200. (B)

Images were quantified by Image J

(NH, Bethesda, MD). Values for ROS

production are means * SD from

three independent experiments and
normalized to percentage of control.

PFSE (pg/ml) - - 200 400
Cytokines - + + + +
B 120

= *
Z 100 -
1
g
o 804
<
=
D
2 60
B
]
= 40
g #
T 20 ’J_‘ ##
Q
#H#
= 0 T T T T T
PFSE (pg/ml) - - 100 200 400 1000
Cytokines - + + + + +

"p<0.05 versus blank; "p<0.05, *p<0.01
versus cytokines.



H s gt AEAEES g o] &3t SHFO
ZH ANEZYEE HAE AR E5& Fdstdth 1 2
I AEFY S A FollAe ME AEL] o} FARE
A stA b thzT ol wlEA 52% ZHAaskgl o 100, 200,
400, 1,000 ug/mle] E74 A% F2E5E A Agd w9 A=
HEEE 47 59, 71, 90, B%E YER Ao EFLRIES A g3t
o HIEI A &7t S5 Wolgo] FUlske AE &4
g AT EA AR FEES U522 A 7 AX
BEELS 2T Hst] G938 HE YA ol AR
AA Y 54 gl AE FAF + AT (Fig. 2).

S M% F529| MstEA B L iINOS2H COX-2 &

18 T T4 4079 sturt @354 Ao EFRL
o8 g0 Ak3tA 40l H|[5, 8] Aol EFFel el o3 Ak
3 At AA e AxY I E oste A

U kg9 o] 18 BuW AS5AY & PHOE
I QU Abst A A EQbA st oA Ak o
Z A AsEE Aa9) Thd wl$- 540 E2 peroxyni-
FAGTH4, 7, 20]. =3 AF A% FHZ AHT WY

AMEE 3] A8E FLFIYAAA-a (TNF-0)9} 1E F71-1
13 (L-1B) 5 9% w7} Aol &7l iINOS 2 COX-29)
S SUHAIIEA st AL RS SUHARIT A BaE o 9]
ohi8, 20]. A EL Ao S Y FEES FEHEE A
A & Al ETIIS AElsto] 2447 & v et
HA FE&AA AAH FHE EAste o} FAE S 2F
A A A AE FAAN T = FAAR S 7 INOS COX-
29] A H S FA3y] Yot Y ERES AYH

140 -

120 - T
T
Fon) — =
X 1004
<
=
£ 801
=
s
£ 60 o
T 40
&}
20
0 . - : : :
PFSE (ng/ml) - - 100 200 400 1000 100 200 400 1000
Cytokines -+ - - - - + o+ o+ o+

Fig. 2. Protective effects of PFSE on cytokines-induced decrease
of viability in RINmSF cells. Cells (1x10) were pretreated
with indicated concentrations of PFSE for 1 hr, and then
treated with cytokines for 48 hr. Cell viability was de-
termined by MTS assay. Each values are means + SD
from three independent experiments and normalized to
percentage of control. ~p<0.01 versus blank; "p<0.05,
#p<0.01 versus cytokines.

Journal of Life Science 2017, Vol. 27. No. 5 513

2o AesA) e tzzol vlshe] Ao S Held
Fo 4sds A4%T INOSSH COX2 Bl wHFe §
S5 F7HOL Bl M 328 AAY b Eol
A%5% Aol E7held] o 48d4 445 INOS 2 COX2
o w83 FAL Fo5 oA ATHEg 3). Hebd S
AL 4% w7 Aol EFele] 2L Fahe] Ashda A4
94 5 UE Aoz Azt

Bl At #8582l N8, p-iB BT U5 23 85
A% e AT EE A 2EAN AT, ATDA,
NZF4 5 ZUIE U8 449 BRd 00 AT

= =9 37t NF-«kBe]t}. NF-kBE @593

3 #EE A4 promoterdl] @i}&fﬁ Al E7H1E Tip-
opolysaccharide (LPS) 5ol W& =2 93 &4 3}5of[5]
iNOS¥ COX-29] Hd& =4 o}L 202 %A Slth NFk
B family= Y% S = p65/RelA, c-Rel, RelB, NF-kB1 (p105/
p50), NF-kB2 (p100/p52) 5% 2.2 FAH glow, L
AZWAA 5F F& o]F o|FAE FA AT NFkBe B4
Aol A= Al Z Ao 4341 IkBa (inhibitor NF-xB)} 2%
gof 8 ko g ojFdte AL Wiy, 243 HH kB
ofm Ak Z7] % Ser32, Ser360] Q14+EIE o] ful AR 9%
A Raf 7]do] AstEm AARIA=A &gt INOS,
COX29 4 fr& 2 E3HA A ETIRIY FAo & T
3T}2, 6]. NF-kB family 5 p65/RelAw BizolAl #4 wEt
AE &4 23 988 dte 202 A Sth25]
p5/RelAE E54 Aol EFH 93 4bst 2Ef A2 Q4
S0l A3 AE BHIE fr=stn, ol pesdf ofrlAt 2
7] % Ser529, 536, 276°] Ql4tslo] o5 o2 o] Fata] T
A A5AE 5L FE3E Ao2 48 A Yth25]. NF-kB
p65e serine 14FSH ok &3} 7] o] 9ol tyrosine 14+
Sl i M= SAsEE Ao E dHH T st 2EG 20
3 NF-kBY tyrosine ¢14+8HE +=dte thE A2 tyrosine
kinase® c-Src® HIE v} JTh11]. £ dFA = =4 A%
%% o] NF-kB p65¢} 1kBa2] Ser5367} Ser320l ol gt 2l4ts}
G4 MA= TS A8 h(Fig. 4). p-lkBa (Ser32)&
A% et Aol A FANELY A EFHARE A2 Lol
A Lol ke A A% FEEE 5 EE AY
5t3 S ), 400 pg/mle] &=l A FE Ik-Ba (Ser32)el 2l4ts}
S FolstAl A AT ¥ p-NF-kB p65 (Ser536)] &

01

i

7kl e 7 AR FEE] Z5 B4 A3 200 pg/ml
FEREH 498 JASE Hol= Ao 2 U o]y T
A= 7kelol 23 IkBa$}t NF-kB

e ZAste] wE
BESE Ao A4 A (Fig 4)
=220 Abo| B9l
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Fig. 3. Inhibitory effects of PFSE on cytokines-induced nitric oxide production and iNOS or COX2 overexpression. RINm5F cells
were pretreated with indicated concentrations of PFSE for 1 hr, and then followed by cytokines for 24 hr. (A) NO production
was determined in culture supernatant using Griess reagent. (B) Expression of iNOS and COX-2 were determined by Western
blotting. Equal amounts of total protein were resolved by SDS-PAGE. (C) Quantification of the target protein bands relative
to B-actin. Each values are means + SD from three independent experiments. **p<0.01 versus blank; #p<0.05, ##p<0.01 versus

cytokines.
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Fig. 4. Inhibition effect of PFSE on the expression of NF-kB activation and IxBa phosphorylation in cytokine-induced RINmS5F cells.

(A) The RINmSF cells (1x10° cells/ml) were pretreated with indicated concentrations of PFSE for 1 hr, and then followed
by cytokines for 24 hr. Expression of p-IkB-a, IxB-a, p-NF-kB and NF-kB were determined by Western blotting. Equal amounts
of total protein were resolved by SDS-PAGE. (B) Quantification of the target protein bands relative to B-actin. Each values
are means + SD from three independent experiments. ~p<0.01 versus blank; “p<0.05, “p<0.01 versus cytokines.
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