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Abstract

Cudrania tricuspidata fruit has anti-inflammatory and anti-obesity effects. The present study aimed to determine
the effect of C. tricuspidata fruits vinegar (CFV) on lipopolysaccharide (LPS)-induced adipocytes inflammation in
3T3-L1 adipocytes. The differentiation of 3T3-L1 adipocytes was induced by dexamethasone (DEX), 3-isobutyl-
1-methylxanthine (IBMX) and insulin. Differentiated 3T3-L1 adipocytes were incubated with CFV followed by LPS
treatment. The secretion of tumor necrosis factor-a (TNF-o), interleukin-6 (IL-6) and monocyte chemoattractant
protein-1 (MCP-1) were measured using ELISA. The expression of toll-like receptor 4 (TLR4), myeloid differentiation
primary response 88 (MyD88), tumor necrosis factor receptor-associated factor 6 (TRAF6) and nuclear factor kappa
B (NF-kB) were measured by western blotting. The results showed that CFV dose-dependently inhibited lipid droplet
generation and LPS-induced TNF-0, IL-6 and MCP-1 production in the adipocytes. CFV inhibited NF-kB activation,
and the LPS-induced expression of TLR4, MyD88, and TRAF6. These results indicated that CFV inhibits the
LPS-induced inflammatory response in adipocytes by inhibiting TLR4 signaling, including NF-kB pathways.
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H|9ES A3} o 2] HHE QIsh A S2o0] HestA 5
7¥skal, AAIEES] H719} AP AR o7 Frfel W
AYSHA| Eok A 222 HofRt o271l 9 Alo|E7IR1
1o QlojA] 583 AeE 51 (Castoldi 5, 2016), AH=
o HEg ofx] ZHL AAES] vlrhe} o} S
9} ol leukocytes, granulocytes, monocytes/macrophages,
lymphocytes, dendritic cells@} 2= T} HYA|ES] I

T QB IO 2Us] e 529 WA PFo]
AA o7 UepdtiKalupahana &5, 2012; Rose 5, 2015;
Suganami 5, 2017). A9} %7 U] S @=L Al
T 293} MCP-1, 1L-6, IL-1B, TNF- S7} 2+ 24 A}
ohE7telo] o] 28 Uelom A ApolETRIEE A
w24 oo A A2YHE Zee] H1, ol
HRPA Wt Faest 2o gAY Ag e BEd
o] = Ao7 BEI ItiDe Pergola®} Silvestris,
2013; Suganami 5, 2017; Zhu 5, 2008).
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810 SHHAEA AR ESIE]R] AR7E A6Z (2020)

TLRs= AA| L] FFHES F=olA 8 Idg= sk
FEAR vTo A Yeh= TR A5Eksel Hofgith
LPSo|| 9J3F TLR49] W Z71= HZzHo=w el
gdA2Z 8A8h AlA IL-6, TNF-o. MCP-17} 22 =4
RolE71I5 ] S Sdlel AP Y AR
HE $= L 21 ) B2EES ZAA|, vinkt Bls)
o] 9= T A W J1Hol FRT AL Tt
(Suganami 5, 2017; Parkd} Mun, 2014).

HRA B Cudrania tricuspidatayS WIHFT}0] G nEO
2 9%, 9B, 32 eol SRAY SolA] F2 AT
A2 WY, 4, 8F 5Y AR 5Y A= AREESIL
o, guiet AL $5, A, ol %5 sia 5ol ARgE| o
gt i 271 4 @k T, T, T, RS 5 o
I3t EopolA &5 AF7h HarEo] Qlom(Kim¥} Kim,
2005; Kim 5, 2012; Kim &, 2008), Gujjo] st d+= &
At} g, WY 37, AR 7A 5ol tiel Harsjo] Slck
(Joo%} Lim, 2009; Kang -5, 2011; Lee, 2018; Lee 5, 2005;
Oh &, 2009; Park, 2018).

Az 7H odiE RuRE FYAEE E AR A4,
WA}t d IHY o, I Aok, WeE S, =i
59 7lsAo] = Aog AdHA th(Petsiou 5, 2014).
A1%9] 7|40 F& vrom £Q7} F=3511 9o, thoF
ot A2E EEoto] 2raint ofye), 7|64 AFo=EA
&= &85 Qti(Nanba®} Kato, 1985). FA|E- Hufjo]] T3t
A= AAE 23 A B, FYAHE ARRlEo] ofet
O\:ld§ Hg- A aatol tisf| Hare|of QIA|et, H|go] o5k

S A Aol TIF A= mH]RE Ao, E5] HLAE
GuiE S&3F FR AR Wt A= AY itk kA 2
oM e daEIgS AA Axd TAE Guf TFAZ

APAZ W FAF S wEto 24 vldt] o3t A5
O*XﬂE &3 A Aol digt 7154 A=A S 7
2 Sorsterk

R

JFLX]—% go H% B I AuiE A2 AR,
WAl HUSkA ARGt WEIEe] AR dhs
At PR ) 1 ke TR F AR dael
200%(viv)E 7SIk FAR ol Aol e
sto] Y=g 24 °Brix2 HASI FANE A FAE 85T
oAl 1005 B9t A5t 3 25C 2 YZAZ)2L Saccharomyces
cerevisiae Fermivin(DSM Food Specialties, Delft, Nether-
lands)E ZH9] 4-6%7} FHEE FEdlo] 27CA 119 &

barFth Has S5 A FAE Gl 2Rl 90T
A 408 BF Ast & WBZRA71L, ZANHAcetobacter
aceti, KCTC, Jeongeup, Korea) 25 1:1.29 Rou|E2 &
o] 32TolA HaAF Ta 7d $7E 7d HHo=
ulg 2] z0] Ak TR olole W7} 105 ArlsiEA &
214291 B9 WEAA AL 0E H2E FAAZI0] 22
Fe2 ThSo] Ao ARZ3SIATHBack 5, 2015).

HEH 2 23QE

3T3-L1 A3+ 10% bovine serum, 100 unit/mL penicillin,
100 pg/mL streptomycin®] $+3-% Dulbecco’s modified
Eagle’s medium(DMEM, Invitrogen, Carlsbad, CA, USA)
HiZ]E ARESEe] 37T, 5% COZ271004] HHOFP k. 6-well
plated]] AEZ 7+ well F 3x10° cells2 B33 57 Al=27}
confluent stage©]] =EoFH £} 912H0.5 mM IBMX, 2 uM
DEX, 5 mg/mL insulinyS°] X3te vijX|2 wA|slo] 48A|7F
59 AR 2olE fEellt RIS SR F 5
mg/mL insulin®] 7}E 10% Fetal bovine serum(FBS)-
DMEM HIZ|= wA|5to] 48417 B2t HHO‘*}“‘?} 10%
FBS-DMEM HiA| & 2Unjc}h wA5h & 4971 2312 &
oty B37F &Ed 3T3-L1 AJEo] 100, 150, 200 p
gmL &9 HAE duf YRAXE 1A A &
LPS(1 pg/mL)E 24417 2 2]5HTh

NZE d=28 =4

TR Quofj 9k A2 0] AEEASS 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide(MTT) assay< ©J-8-5}
o] 3Fl5t}. 3T3-L1 AEE 1x10° cells/well®] HL 2
24-well plateo]] E5=5t0] APPA|EZE EoA T &2k
3T3LI AR W2 24X17F Helaksich. WAt A2
St & 2T 2 It 48A1%F 3 HiAIE A|ASKLL 5
mg/mL MTT(HE 5% 0.5 pg/mL) 8AL H=511 447
ol wR A7t HIKIZ AASHT ZF wello] MWH for-
mazan< dimethly sulfoxide(DMSO) 100 pLE E5:35l0] &
SJAlZ] &, ELISA reader(Molecular Devices, San Jose, CA,
USAYE ©o]85}0] 540 nmojA] TF=E =459

Oil Red O &M

6-Well plateo]] 555 3T3-L1 A|ZE A=} oA 3k
TE Zd 3 PBSE A5}, 10% formaldehyde 840 &
AEE THAZT AFLNA 147 B A F b
252 AHSL, Oil Red O G4 AlFOE 204 14]
2 GEAZEE G AOKS AT ZRAE AR T
60% isopropanolZ FM= |15 EZEA|H ELISA reader
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(Molecular Devices, CA, USAYE ©]-&5}] 520 nmoJ|4] &
=g 2459,

ELISA 24

vz Yof] AYA= cytokineS] $HHES enzyme-linked im-
munosorbent assay kits(R&D Systems, Minneapolis, MN,
USAYE olgsle] Azl Aget 2ol wet
stof asiaict

Western blot &4

M|3ZE- phosphate buffered saline(PBS)Z oj& &, RIPA
buffer(50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 1% NP-40,
0.5% Nadeoxycholate, 0.1% SDS)o]| @11, 2057} 4T oA
|5HAIZ1 F 12,000 rpm, 4T OJA] 20827 LAlEE]sto] s
Ak /%) TEL FFAE. T 20 gl lemmi
sample loading bufferS 7}510], 100ColA 587t 71L5}o]
HAAAIZl AS 12% acrylamide denaturing  SDS
polyacrylamide gelof|4] #7]%%5}1, PVDF membrane©]
oA Membranes J20l4] 2A17F &< blocking
solution(10 mM Tris, 100 mM NaCl, 0.1% Tween20, 5%
nonfat milk)°]] g1l blocking A|71 &, Z+ ThiAlof jgt 14}
BAIE 3]4s5to] 4TolA SF=HE 539t HESAIFITE TBST(10
mM Tris, 100 mM NaCl, 0.1% Tween20) SHO=F

membranes 3¥H AojF T, 2% FA|(anti-mouse IgG-
HRP/anti-rabbit IgG-HRP)E 5]4l5}0] AR2o]|A] 24|17t HES
AlFt §Rgo] E% membraned 33| #HojE ¥ ECL
detection kit(Thermofisher, Waltham, MA, USA)E ©]-83}
of YZA]Z]l membranes image reader(Microchemi 4.2,

DNR, Neve Yamin, Moshav, IS)Z EX5}9c}

SHAZ

L= AR 33 o4 HiESto] AAlStgl o, Addr=
BFEFUAHSD)E YERglon AR SPSS(Sta-
tistical Package for Social Science. SPSS Inc., Chicago, IL,
USA)E ol-&stoitt. 7 Z2xto] digt f94 A5 i
3} 8] W35}o] Student’s t-test 3F 3 Tp<0.05, “p<0.01 $23=0]| 4]
Relge Ao,
Za ¥ 2
RS Ao HEA2TL 3T3-L1MZES| MZ&0 O|x|=
ks

AGAEE ESFE 3T3-L1 A|29] A AJEgo] A% 4

o ®aAz7} vjR= JFE MIT assayS ©|-8310] 545t

120

100

80 |

60

40 |

Cell vialibity (%)

20 |

Con 30 50 100 300 500

700 (ng/mL)

Fig. 1. Effect of Cudrania tricuspidata fruits vinegar (CFV) on
viability of differentiated 3T3-L1 cells.

3T3-L1 cells were treated with various concentrations of CFV for 48
h. After incubation, cell viability was assessed using the MTT method.
*p<0.05 vs. control group.

AckFig. 1). 1 23}, FAE o YRAZE 30-700 pg/mL
SEE APslolZ o 300 pg/mL oJstollAl= Al AYEEo]
ZHASHA] QRAAIRE 500, 700 pg/mLoA= Al2] A&
BATE RIS wEhA] Al &gl FFS 7|AA|
Ao A =L YERHA] ¢ 300 pg/mL oot F& MY

2% Ao WEA=9| lipid droplet MM &at

Lipid droplet2 Z/JA]H}, perilipin A S22 JLAE]0] Q)
O 3T3-L1 AYAFA| A AFGA|EZ Eook= ©A 0
A AY/3Elet. 23t vpR]e SAER] X424 0= lipid droplet
£ A5 ==, Alzte] A'g4== lipid dropletE°] A%t
slo] 11 377} AR} Z7161A EokBrasaemle 5, 2009). A]
Z 9 AR= AR A4 9 SEAHE Aot dk 5
of &3} Qlof Hgt o 9 thAlSSat AE A oY
of 8= = AL2E ITA Slth(Petsiou 5, 2014). H1A]
B g YR AZ7F 3T3-L1 Al229] E3lrgo] 2-gsto]
lipid droplet®] 23/d2 AASk=A] &RIst7] Yl A7)
£ B2t 3T3-L1 XA zo] a4z A3t & Oil Red O
FA A|2kZ o]&sto] EalE AYAIRE o AFAdE lipid
dropletZ ¥t} SF=E S75IITHFig. 2). 1 A, It
A% Gl I A2E AotA] gl 23t FEet wofA
+ A2 W lipid droplet®] 3/do] @AI5] S7I6l= 2& €21
5199, AR Aol T2 E AEoiS o, FEolEH
O = lipid droplet®] 3/do] AA|=|= A& &RIsISick o] 4
Fof| ofsf} FAE Fuff 'LEAIZ7} lipid droplet /32 A3}
AA A E4 oA B} Qs 20E AlgE
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Fig. 2. Effects of Cudrania tricuspidata fruits vinegar (CFV) on
the lipid accumulation in 3T3-L1 cells.

The cells were incubated during differentiation with CFV (100, 150,
200 pg/mL), and lipid accumulation levels were determined by Oil Red
O stain. Oil Red O dye is dissolved in isopropanol and optical density
at 520 nm. The values were calculated as a percentage of absorbance
of control. "p<0.05 vs. control group; p<0.01, “p<0.05 vs. IBMX+

DEX+insulin group.
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A2AEALGETDA A7A A6T (2020)

S GO waAlxo| AMO|EFIQI MHAX| g}
A= A5 B 45T ARIETRISS
EH[EHH AHA| 2Lt WA 7He] Ao A2 fEsto] ¢
S FESHAY A= IEE H(Chiellini 5,
2002; ParkL]- Mun, 2014; Suganami 5, 2007). TNF-a2}
IL-6= ANt ialA| oA 2 A=, Qled A
L 771 T8 AL F sho|thMaachi 5, 2004).
MCP-12 RA|HPA| 3ol 4] /g =]m, A2 02 tf AL
YT oled AZARIA F83t 9T ARl 5,
2010). B]9E YA APR2|9] AFA APIEZR] S7k=
H|ghof| oJgh vhg&Ql ARk T} 22 thAk] dgH
] Adare|7t =1 itk & oM FAE Guf T
BAZ9 AIAZ Y FAES B 5Y5H] I8l, LPSo]l
oJ5)] FZHkSo] QubE] AHpA| oA THAIA Q] GZo] o]
0]-3:- IL-6, MCP-1, TNF-02] A4 AA] oJE-E ELISAE 0]
gs}o] Bol5t9ithFig. 3). 11 AT, thxol H]s)] LPS Tt
EP =02 A5t #9] 3%, IL-6, MCP-1, TNF-a= AJ4jo]
TS5 S7Fetit. A% drf deAXE AATt o

|14

200 (ng/mL)

400 #
350 -
300 -
250 -
200
150

100 -

50-.
0 .

LPS (1 pg/mL)

Fig. 3. Effect of Cudrania tricuspidata fruits vinegar (CFV) on LPS-induced TNF-0, IL-6 and MCP-1 levels in 3T3-L1 cells.
Differentiated 3T3-L1 cells were pretreated with (100, 150, 200 pg/mL), for 1 h. Cells were further stimulated with LPS (1 pg/mL). After 24

h, LPS-induced TNF-a, IL-6 and MCP-1 levels were determined by ELISA. “p<0.05 vs. control group; ‘p<0.01,

“p<0.05 vs. LPS group.
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ofj4}= LPSo] Qg F=¥ IL-6, MCP-1, TNF-0.2] A3/go]
Er oo 7FATHS EQIstott. olet ANES B
A AR Guf LFAZ7F LPSO| Qg IL-6, MCP-1,
TNF-09] A/3S AARZICZH 3T3-L1 A9 HF ¥k
< JAAES FRlsTh

|0

Ol

o]

12|E Gof wWEsAxo| NF-xB 43t oA 53t

NF-«B+= H|9H} A A5 W34 A543 ARIEZH
Q1 HdS 24Ask= 5a% AARIAZA oS gl IRt
0 & NF-kB= A|lZA Yol EAek= kB2} A9t=0] QU4
THGloire 5, 2006), LPSE A= ¥ AU Eo|A{=
NF-B p657} & Y2 o551 MCP-1, IL-69} 22 H3/3
AR|EZRIS) WS FEohH FFHREE Y2XItHChen
5, 2000; Kim¥} Kim, 2005).

TR ol FFAZ0] HF/3 ARIEZIRI A A &
It S ASHE 7]H 0 Z85l= NF-«B Aledd
T} Aol U=AIE ERIsk] f1sh NF-«xBe} kB2 &5}

LPS (1 pg/mL)

Con 0 100 150 200 (ug/mL)
- A SR S 1B
2
| A Sy - <
SR > Actin
p L o W a8 - < p-P65
7| N e WSS WSy W  Lamin B

2 AT AR Aol Ta4|xo] NF-«B 2/}
oA anE EQIgH Ax}, LPSo s Al FolA Hor
NF-«B p659] @*3] S7FS SIstAARE, 741 Erf
HaA%E 5P v LPSO 23) =¥ NF-«xBo] &
e AMHE SIS Fig. 4). E3E NF«BO] of U
Aol kB s S 2EEERZ A2AA kB2
Qe WAlE FFe SeIet A, LPSofl oJs) fojF 2
2 37Kt kB ileks FANE gl Tasizo] o5) oA
Se Zo= yehgtt wbA, o3t 23E2 FARE g
a4 27} NF«kB2| 8448} AAIE S BS/3 AlRIEZT
191 TNF-q, IL-6, MCP-12] I35 AAA7]H, o]z <Is]
LPSo] ofgt AgA|I2S] A Hke2 AAAHE AT

Ol

ol

TS Eojf 2
T oy &t

EE= TLRs SAS2 XR-5w9] 4SNksol Hofste
Ao defA Qlct. Arte] AgEAolA 10744)9] TLRs7}

ol

A|20]| o3t TLR4 % MyD88%} TRAF6

# *

2 *
= 3t
ot sk
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S 2t
<
£
=)
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[=7
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o 08 ¢
E kk
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.‘= kk
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Fig. 4. Effect of Cudrania tricuspidata fruits vinegar (CFV) on LPS-induced NF-xkB activation and IkBa degradation in 3T3-L1 cells.

Differentiated 3T3-L1 cells were pretreated with CFV (100, 150, 200 pg/mL), for 1 h. Cells were further stimulated with LPS (1 pg/mL). After
1 h, LPS-induced expression levels were determined western blot. “p<0.05 vs. control group; “p<0.05 vs. control group; “p<0.01, = p<0.05 vs. LPS

group.
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LPS (1 pg/mL)

Con 0 100 150 200 (pg/mL)

Actin v WD ——— — e
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Fig. 5. Effect of Cudrania tricuspidata fruits vinegar (CFV) on
LPS-induced expression of TLR4 in 3T3-L1 cells.

Differentiated 3T3-L1 cells were pretreated with CFV (100, 150, 200
pg/mL), for 1 h. Cells were further stimulated with LPS (1 pg/mL).

After 1 h, LPS-induced expression levels were determined western
blot. “p<0.05 vs. control group; p<0.01, ~p<0.05 vs. LPS group.

AFEQlon, 1 % TLR4= LPSE QlAohY @20k

Asl= NF-kBS A5 7IthKawai 5, 1999; Park =,
2009). FAIE Frf Ha A2 0] TLR4S| B2 FFS 4
5t7] 9lsll TLR4S] Hd =g SRIskeitt. 1 23k TLR4
= LPSo] oJ3) Ao] ofs) oo Wakskol F711%)
o, RAF Arj| walzo]| o] LpSo o5 RFi=H
TLR4 TS SEJEH 0 E AA6IGith(Fig. 5).
MyD882} TRAF6+ Toll/IL-1 receptor(TIR) domain©]] &
Afol= adapter A2 TLR4= ©|5 adapter TS &
3 Al Wz shiAl o] o]FojA]A| Hrt. o3t A2
S B3 NF«B7} /3= 0] G54 AllE7IR19] T
o] Z7I5HAl "HChen -5, 2000). FAE TaA 20| o7
TLR4 ‘?—-I’@ 9111]7} MyD882} TRAF6 ol FFZS v|A]
A RS FACHFig. 6). 71 A3}, LPSZ AFHEg0]
=] 3T3-L1 /‘ﬂiq]/ﬂ MyD88%} TRAF6 H.5F& TfZ+of|
o o] 3205 3lol ojSel ByaAHALE oK)
stpom, viz FAE Al FaA2S A3t FojlA=
wae SEoEHOR oAl
TLR4:= LPSE QIR|ol= FH 42432 TLR42] A5 A
g2 NF«B 425 ueh @43ts o] 4562 s
It Arko-Mensah 5, 2007). TLR] A5 HE-E MyD88 2]
& ol wet e e 71gke] wal, 19 whet HhE 7

o[‘[l‘[‘ r

E

sk 2 28Ao|ch TLR4 SASH= MyDss o o] Z4Js} ek MyDs8 9E4el 490l TRAF67H &
ARG AAE Eo] o|2ojX, o2 Eo| P=HeS x A8 H TRAF6E NF-kBE BAHSAA 954 Aol=st
#
6 %k
LPS (1 pg/mL) g
X
Con 0 100 150 200 (ng/mL) 2 2 r
MyDS8S " P S—— W— Ej
0 1 L 1 1
TRAF6 D S — — 3 . 4
A I —— “— — ‘gz
g r
<
5 1
0
Con 0 200 (ng/mL)

LPS (1 pg/mL)

Fig. 6. Effect of Cudrania tricuspidata fruits vinegar (CFV) on LPS-induced expression of MyD88 and TRAF in 3T3-L1 cells.
Differentiated 3T3-L1 cells were pretreated with CFV (100, 150, 200 pg/mL), for 1 h. Cells were further stimulated with LPS (1 pg/mL). After

1 h, LPS-induced expression levels were determined western blot. #»<0.05 vs. control group; “p<0.01,

"p<0.05 vs. LPS group.
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Q19 e fateh. A% ol HaAZI LPso] e
S5 TLR4 9 MyDS39} TRAF6 U2 OIAAI7IE Sl
SIS, ol 23t AT AT TAH Avf WA} TLRAS]
MyDss o}&d A5Hg 4= oIS oA BEE B
2% AN Sk

£ Q7S BN A% g Laszo] AL o)
lipid droplet 142 ©JAI5191.00, LPSo] oJ3} @Zurgo]
R AYAES] MyDSE L2 TLR4-NF-xB 3= o1
2 Bl 434 AolErlel wae Asisis 2 2Ist
ik Teim ool AnEe, A% A waszo] A
W57 oA L 95 WS o4 ANE FolA wgie] o
oAby Astat 45 olAol Thet 754 aEAlel B4 7t
S AN e,

[e] Ok
= =

B 3= LPSo] 9Jaf = 3T3-L1 A2 ¥5 H-8]
A FRABYC. tricuspidata) B YaA 20| oA 815 A
Forct B9hGEQIRHIBMX, DEX, insulin) *{2]of 9Jsf
ol AgA o] FAE grf ARARE AAES &
LPSE #2I31%t}. FAE Gujl ¥E A]2= LPSo] osf &
TS0l fdE E3hE APAEOA A Al BRI
(TNF-q, IL-6 MCP-1)2] A4 7400, 9% uk8o]
Qo] FQ3%F QIxel TLR, MyD88, TRAFS] W& oj#e}
NF-kB 8431& AAAE ERI5t9Ich ESE 3T3-L1 A&
W9 lipid droplet®] /3 A5t ol A& &
o A% Gofj dFA 2= NFkBE E3ol= TLR4 32
AAIE Bl B AlPlEZRRIC] S Asfpto = A|ut
Al Yollx AT a3t E A £ A4 2a3kE Bl
Qlo] gt o3t AT AL}t thald AR et &= Q=
7154 AAEA o8 7T Ao AlmHT

=

A =

2 A7 20209k FEASH AFARIEARR: P
012588032020)2] Ao o8] P =]A5Uct.
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