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Maclura tricuspidata fruit vinegar improves the inflammation and
insulin resistance in 3T3-L1 adipocytes
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Abstract

Obesity is associated with chronic low-grade adipose tissue inflammation, leading to insulin resistance. Inflammation
associated with insulin resistance is an interesting area of biomedical research and is expected to affect insulin signaling
pathways via the downregulation of glucose transporters. In the present study, we investigated the inhibitory effects
of Maclura tricuspidata fruit vinegar (MFV) against TNF-¢-induced inflammation and insulin resistance in 3T3-L1
adipocytes. Differentiated 3T3-L1 adipocytes were pretreated with MFV at various concentrations and then cultured
with TNF-o to induce insulin resistance. Then, lipid droplets, inflammatory cytokine and glucose uptake, PPARy
and GLUT4 expression, and IRS-1 phosphorylation were analyzed. MFV attenuated the TNF-o-induced decrease
in lipid droplets and glucose uptake and inhibited TNF-o-induced inflammatory cytokine, IL-6, and MCP-1 production.
MFYV reversed the decrease in adiponectin produced by TNF-o. Furthermore, MFV upregulated the TNF-o-induced
suppression of PPARy and GLUT4 protein expression and reduced the TNF-o-induced phosphorylation of IRS-1.
These findings suggest that MFV effectively ameliorates TNF-¢-induced insulin resistance; accordingly, we recommend
the use of MFV for the control and management of insulin resistance and its associated complications.
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N 2 (MCP-1), IL-6, TNF-02} 3}5ZA4] Al|EZ}RIQI adiponectin

= HTe 2 R TRl 95 € e’ A

H|Th} Qlad A2 G, AguAAe} 22 ﬂi Hxo] Q= Ao =E HE T QIti(Ahima 5, 2012; Fontana
ARSEY] 5 1o g dEA Uurt H|Tho 9%t Qe 5 2007). B]Ftof| ofsf| H]chsfzl XlHJAﬂMH FH]E MCP-1
AL Q&) 28-S Asfsls wgF 9l e *Zﬂ 2 AR oZ AN HES oty thAAEe]
S HEgo] EAF o R vepdth A RA2 AA| ZEgt TNF-a ¥dE F7HIZITH Coope 5, 2016). ©|= Isf th4]

ofUje} CAlHES EFels YY) JITHOR interleukin-
6(IL-6), tumor necrosis factor-o( TNF-a), adiponectin, leptin
S} Z-2 adipokine2 E-H]3H(Erin 5, 2004). A|HIZ2]0]
A GF4d Ao]EF121Q] monocyte chemoattractant protein-1

2] Gugel 2oL e TNFak Al ¢
FUE Z7HA7I0] oeTle) TelE FAstol YRzl

A&AQ] d=al Q& ?ﬂ S L3t Suganami 5,
2005). TNF-a2l= &2] adiponectin, peroxisome proliferator
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activated receptor(PPARy)= A2 oA =Y olad
T, TBF 716= o ol IE vk Qe A
A 7hAe F83 84E ZRER

A W Zed 530782 Qledl ASHI=E mij7fEch
Ql&do] l&d =840l Z%SHH insulin receptor substrate
(IRS)9] tyrosine F7|E QAISIA7] 1L, QUAISHE IRSE SH2
domain 71 TS} 23] ARE BHEA| o] %

£ &3] Glucose Transporter Type 4(GLUT4)7} translocation
Ew L} 4=F0] o|FolZItWhite, 2003). 124 Q&
g Ag}do] WAYSHH IRSY serine F71E QA7 1L
GLUT49] translocation ¥ ®do] 7hAsto] Qlad] AT
Gof) ofg mE ol 7P HltkLee 5., 2003)

Az e, SuAsel 2L GAERE o, BaA
HlE Aot @ A 24, HelE 23, P 5o mkol
QIZERA thest 2o] 80 A7} 7|54 g
T Qlom fa/dEat F744R1 71s/del Hisl Al
Q] A7} o]F0jR| 1L ItH(Cho &, 2013; Kwon 5, 2000;
Lee 5, 2009).

FRE( Maclura tricuspidata) Enf= polyphenold} flavonoid
A 49 o] =om AA|x Eolet wE |AA
o A, e AP AN, IR FES, T T
Al ARAE B 9 WY 37 83 & 7HA AL Qloka
B3 FHthJoo2} Lim, 2009; Kang 5, 2011; Kim, 2015;
Lee 5, 2005; Park, 2018; Yoon 5, 2016). &84t oy
2t HaE o83t bioconversion = 754 FX1of thgt A
7} o]F0fR| 1L UtkKang 5, 2011; Seo, 2013). FAE &
o) g AZo] tidt Ae FE AR ARt AR 40
FE OIF Qlom 11 9of XA B3} oA H FF vt
& A Bajo] tisf] Hare]o] QIX|e Qledl ARpdat v
H Aol tisliale ulH|gE A7golthKim 5, 2020; Park 5,
2020; Yim 5, 2015).

weba B dFoAE XY Auf #aA]z7}t TNF-00]
ot ela® Aol viA= T &8 € fA I
HILE FARSIGITE RS drfl HaAxo] o] &t A
Ao A Qled S ol B Sl HlRE € <l
&9 Aol g ASET A5E 2T 715748 A=A
9] ol& 7Fsd< ERIsHAT.

Az 2

o
It

L R ES

o AT0IA Kim 5(2020)9) WS Fasto] a7
AT A% I RARS SAAZST By
whSo] AR Q) WEAlR UL 4T0] HatsheA PBS
2 3)4jsto] Aol AAgloich

olsisty 54 24
pHE= pH meter(Thermo scientific, Waltham, MA, USA)
£ ARESto] S619loH, & Ale= AR 1 mLE SF5=E
208 3435 & 1% phenolpthalein M-S 71513l 0.1 N
NaOHE 7[5t th, 0.1 N NaOH 89| %} 7|Fo=
acetic acid2A & AI=E ARSIt & Edjus T2
Folin-Denis®-S o]-8&5lo] 245t} A& 100 Lol Folin-
Denis reagentZ 100 pLE 7}5t0] &35fslal 387 A 204
HES-AJZ T 10% sodium carbonate solution 100 pLE 7|5}
of sl 117 REGAIX & A5 W& Foto] Microplate
reader(Molecular Devices, San Jose, CA, USA)E 0]-&5}o]
760 nmoJ A FFEE Sl & EFHlE AHLE eallic
xid® olgsto] YT FEBUE 7o) FFHAE

NzZHY ¥ &3t R

3T3-L1 XHATAE ESE 98l Dulbecco’s modified
Eagle’s medium(DMEM)(10% Bovine serum(BS), 100 unit/mL
penicillin, 100 pg/mL streptomycin $-F) BjX]E ]85}
5% CO,, 37T HiF7|0lA] BigstSit. BigSr A7t 100%
confluento] E=E51H £3} FEQJRH0.5 mM 3-isobutyl-
methylxanthine, 2 M Dexamethsone, 5 mg/mL Insulin)& 3E
3}ol= 10% Fetal bovine serum(FBS)-DMEM HjA|2 1A
Sto] 29 B9t APA|EE EIE FEoaL, 73 e &
240ttt 5 mg/mL insulin®] E3$HE 10% FBS-DMEM Hf%]
& WA viksigith. 3T3-L1 AMALA 2= 23 f
T FRE Gl R A 2} TNF-oF AZstal 245131t

MTT assay

3T3-L1 AFAZAZE 1x10° cells/wellZ 96 well plate
o Zt wello] #5¢ & APA|E= FoAZTh wekd
3T3-L1 AlZo] == FA1E g Fas|2E 24417t A
23t & TNF-o(5 ng/mL)E 24A17 Z|2]5130H. HiAIE A
A%t & 5 mg/mLY] 55L& phosphate buffered saline(PBS)
o] =91 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT) €9 34510] 100 pL(HZE % 0.5 pg/
mL)4 A2]elal 4471 52t ¥REAI713L MTT &S A|As}
At ZF wello] ‘B2 formazang dimethly sulfoxide(DMSO)
2 83171 &, ELISA reader(Molecular Devices, San Jose,
CA, USA)E ©l-&3to] 540 nmolM S-S S451390H
FAE g2 o] E-EE A AELS YeRfIch

Oil Red O YAt
3T3-L1 AYAFLAEE 24-well plateo]] E55}0] Bl &
T3k & A R 412(100, 150, 200 pg/mL)E 5EEE
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2417 A2I3t 3 TNF-o(5 ng/mL)E 24A17F A 2J513iH. Al
5 PBSZE 23] A|A5}2L 10% formaldehyde 8O & AL
£ A=0A 1A B9t 1G5kl A AlEe SRS
2 33] Al&3}al 60% isopropyl alcohol2 5E-7F X2 & &
A3 AZ3IATE Oil Red O FA A|QFo g AlLojA 147
QUAT F ZReE AT, ZR0E AT 41
5] ARAIZ] & isopropyl alcoholZ oil red 05 SEA|A
ELISA reader(Molecular Devices, San Jose, CA, USA)E ©]
&35to] 520 nmoA FFEE S

Glucose uptake

A g A12(100, 150, 200 pg/mL)2} TNF-a(5 ng/mL)
A2 3, 1A7F B<9F 100 M 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-
4-y1)Amino)-2-Deoxyglucose(2-NBDG)7} I3 glucose-free
DMEMH[A|E o]-&-5to] HiFsigint. v & PBS= AlZ&
Kol T 2-NBDG S22k g1ola}r] 915 485 nm/535 nm
o4 FHES Zelsict

ELISA

Hi2] Yo AAE FZA cytokine X adiponectin®] =
+= enzyme-linked immunosorbent assay kits(R&D Systems,
Minneapolis, MN, USA)S o] §5le] Zsigict. 7412 @
o A 29F TNF-aF A|2|5to] Hido] B & A&
Slo] Ay=ole Hasly -70T o] Bastch A RARA
A5t Aol wEh =35tal ELISA readers ©]-8-t
o] T30 &% T cykokine ¥ adiponectin®] $FFS AAE

sloict.

Western blot 24

Higol €t & AZE PBSE A|Ast] 7t Al
RIPA buffer(50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 1%
NP-40, 0.5% Nadeoxycholate and 0.1% SDS)°f| €1l 20&
7+ 4ColA BHEHIEE T 12,000 rpm, 4TOfA 2087k
ARSI SRS si5ste] Tl ok stk
SUst o] thlFof 5x sample loading buffersS 715},
100CoIA] 587t Felstol WAAIZ] S 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)

2 ET5} PVDF membrane©] ZoJA)F Tt Skim milk”}
E5HE] TBST(10 mM Tris, 100 mM NaCl, 0.1% Tween20)
£ o]&sto] A=ollA 2417 53F blocking A7l &, 13}
antibodyZS 1:10000.& 3]A5}0] 4T o)A 3124} 59t Wk
AlZTr TBSTZ Membrane2 33] AlA &, 22} antibody
1:2500°= 3]AJsio] AF20lA 2417 BESAIFAH: §E3o] S
membraneS TBSTZ 33] A& & enhanced chemiluminesce
kit(Thermofisher, Waltham, MA, USA)E o]-8-5}o] EPA|ZTY
Membrane©]| A4]%E bandE image reader(Microchemi 4.2,
DNR, Neve Yamin, IS)= Q1 & thuld] HHgkS FAI5H
At

SAHAz

HE A9 33 o]} whEsto] AAsiSlon, AdAT=
BHEFHAE YR ZF Aol oigt fold HE2
o) 273} ¥ w5}o] Student’s test 3F 3 p<0.05, p<0.01 &
oA fedE Atk

PR A wEAZ| O35y B4

P g ] SAES pH, B
S 543 A3k Table 13} 2ot 4)29] & A= AR
7 Sl BE F Aol wEbA] A4t (4-5%), RFAE
(6-7%), 280(12-14%), 3H(18-19%) AlZ2= U= 2= 9lo
Yol g B TFA0R B4 TES 420% WA=
EUTHKFDA, 2020). E3F ZAbto] IS x| Yt
g 7|A2 ARRSto] AN dhart Z8jo] =W acetic acid”}
AY/g%7] whizell AF=7F oML pHZE WOk Al "k FA]
B g TaA o] A=} pHE S A3, pH 34, &
A 7.4%% WERh

Erls e dAEC] ERE0] e A= 270
0]A+9] phenolic hydroxyl(-OH)7|E 7} 9lon, gHAlsH
Qo= 9 9 gt Felol=, S S 22 HgRt
A7 15E 7= o2 LA Urh(Lee 5, 1992).
A Grfj HEA 20| EjHlE ThS AT A, 3334+
19.3 mg GAE/mLE UERjch

Table 1. Physicochemical properties of vinegar samples used in this study

Sample pH

Total acidity Total polyphenol contents
(%) (mg GAE/mL)

Maclura tricuspidata

fruits vi 3.4+0.0
Tuits vinegar

7.4+0.0 3.334419.3"2

UGAE standards for gallic acid equivalent.
YResults are mean+SD of triplicate data.
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3T3-L1MIZ2| N=MZE 2 lipid droplet 440] Ojx]=
qE

TR Guf 27 A%} TNF-o7} 2351 3T3-L1 A 329
A A2go] v)R]= FFE MTT assayE of-&ot0] Elst
Sch(Fig. 1). 71 A}, FXE Guf FHA]Z(100, 150, 200
ng/mL)2t TNF-a(5 ng/mLyE A5l o Al APEE0]
HaolA] S ERlskor

TNF-o= ZEobA G AR 9] 715 oS
oo} AESIE S7HA1712L EF FEAA] 55
7IAA QlEd A3 Mo oiE 7hAet Qled AP
S (Shulman, 2000; Yang 5, 2021; Ye, 2008; Yu 5,
2002). FLAE o WEA] 27} TNF-aof] 25 ARAIE W
lipid droplet ZHAE AANZI=AE EsH7| sl 23t
3T3L-1 Alxo] A8 grfj FA % d #2] F TNF-oE
A2J5tL Oil Red O FAE o]-85to] FRIstSirhFig. 2). 11
A3} FA2o] vl TNF-oft ©E02 A3t FoflAls=
lipid dropleto] 53%% ZrAstAA|qE, A& Iof Bha 2]z
£ Aol W, sS40 = 60, 73, 87%= F7Iot
lipid droplet 7H47F AA|=| I}, o] AIE Fof AHAIE
A AE o LFA 27} TNF-00] gt AE1E A
ste 8IS 7ML 22 SRIsH:

oN do

3T3-LTALE W AOIETI M40 Ojx1= B3

H[RS. gHYAOl e Szo] EuRSe] B
et AR G54 Ao|ErlIES Bujgich o
2 3} WSl GEUgo] A%Hn e AP
HhRCSuganami 5, 2005). AMRZolAE FET} T
Y} Alo]EARISS FHlsh XA WA 7}

0 100 150

200 (ng/ml)
TNF-a

b
o

© i o

9:{

100 -
80
60

40 +
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Fig. 1. Effect of Maclura tricuspidata fruit vinegar (MFV) and
TNF-a on cell viability of 3T3-L1 cells.

Differentiated 3T3-L1 cells were treated with or without MFV for 24
h prior to TNF-a (5§ ng/mL) treatment for 24 h. After incubation, cell

viability was assessed using the MTT method. Values are expressed
as meantSD (n=4).
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Fig. 2. Effects of Maclura tricuspidata fruit vinegar (MFV) on the
lipid droplet formation in 3T3-L1 cells.

Differentiated 3T3-L1 cells were treated with or without with MFV
(100, 150, 200 pg/mL) for 24 h prior to TNF-a (5 ng/mL) treatment
for 24 h. Lipid droplet formation were determined by Oil Red O stain.
The values were calculated as a percentage of absorbance of Control.
The data presented are the means+SD of three independent experiments.
#p<0.05 vs. control group; ~p<0.05, 'P<0.01 vs. TNF-a treated group.

AEARES Frote] G3HEeE AstAY A= I
& K Chiellini 5, 2002; Qatanani¥} Lazar, 2007; Suganami
5, 2007). AFRAA BE= ASY APIEIRIE F
SIUQI IL-69F MCP-12 Ql&d AFE /M7= 8
QIAfolct. MCP-12 A& 02 thAA| Lo} LA JA| L E
FUsh 9% AHE |AEH A& AFAHS o=
APO|EZIRIO] XS GEdHk(Kahn 5, 2006; Rull 5,
2010). IL-6%= GLUT49} IRS-19] B QA A o2H 9
€9 AP ok A2 LA UTHChen 5, 2015;
Maachi -5, 2004). F-A|%- Fof HF A 20] AZA Alo|E7}
1 A IA aIE FIsk] o B3k A2
TNF-o 2] & T2l A3 HoIsk= IL-6, MCP-1 A
3 Al RS ELISAE ol-8sto] ZRlslithFig. 3). 7L 2
3, Aol s TNF-o T Aol 49, IL-6,
MCP-19] AJ/do] 17} 170 pg/mL, 120 pg/mLE S7}5I3
o} 1R E dufl BgA2E AT Fo e IL-65 159,
120, 95 pg/mL, MCP-1%= 96, 80, 69 pg/mLZ AJ/Jo] 74
stct. olgst AFEE B4 A GHf HEAZTt
TNF-qof] oJgh ZJ9A| o] /g 2Ql AF ¥he-E JAok=
BT} 9SS ERISHAH

3T3-L1M=E L glucose uptakedf| Ojx|= Sk
Aedl Axd Yg gy} AHike] S48 G
ot S/ T AR S5k vlgkol] oJgk why
A A5 U A Aol 7]ofeh AR Qe
ol tfgt At 2= 55 Asfiob ohekst ikl
319 WS Z7AIZIc(Cawthornd} Sethi, 2008). FLA[E &
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Fig. 3. Effect of Maclura tricuspidata fruit vinegar (MFV) on TNF-¢-induced inflammatory cytokine levels in 3T3-L1 cells.
Differentiated 3T3-L1 cells were treated with or without with MFV (100, 150, 200 pg/mL) for 24 h prior to TNF-a (5 ng/mL) treatment for 24

h. Cytokines were determined by ELISA. The data presented are the means+SD of three independent experiments. “p<0.05 vs. control group;

p<0.01 vs. TNF-a treated group.

UH LR A %o o3t A ZoA et A4 JiA a3t
£ glucose uptake assayS ©]-&5}0] ERI5}TE. TNF-0 T
&5 Aol A= FAEol sl 43%E glucose uptake”}
AASIGARE FLAE ol HEAZ AP FoA= 58, 63,
87%= glucose uptake”} Z71=|ACHFig. 4). o|E{st 2= &
3 TNF-0r= A ZOA] Ql&d A3HdE Folo] glucose
wptakeS: ZHAAIZLOR RAE Fo) SRAZE dgel A
A& NAXNZIOZH glucose uptakeS Z7HA]7 = AL &
sttt

3T3-L1MIZ L adiponectin MAdof| O3] Ak
A ZA]of| A ]| E]= adiponectin IL-69}F 22 A5/

Con 200 (png/ml)
TNF-a

100

80 r

60

40 +

glucose uptake (%)

20

Fig. 4. Effect of Maclura tricuspidata fruit vinegar (MFV) on
TNF-¢-induced suppression of glucose uptake in 3T3-L1 cells.

Differentiated 3T3-L1 cells were treated with or without with MFV
(100, 150, 200 pg/mL) for 24 h prior to TNF-a (5 ng/mL) treatment
for 24 h. Glucose uptake was determined by amount of 2-NBDG. The
values were calculated as a percentage of absorbance of Control. The
data presented are the means+SD of three independent experiments.
#p<0.05 vs. control group; ~p<0.05, p<0.01 vs. TNF-a treated group.

"p<0.05,

RolE7lele] AL Adfele Feus TS verd Bt
offe} gt AT ek Q1 P BIIE 71
11 9Jo] ol&alyl TaEE 29| 9l&adl AS ZTAF=
282 31t} TNF-0= PPARy I& Qixﬂe %3)| adiponectin
9] /3= AAlehH o] = QIgk vHIARIl A5 Qe AR
45 R FAE Ao a2 %9 adiponectin A4 5
71E &QIst7] Y3l adiponectin AJ4] 955 ELISAE o]-&
sto] FRISIACKFig. 5). 11 23}, F-Ajg)zo] ¥lg] TNF-o &
= XYY 72, adiponectin®] A§/Jo] 11 ng/mLE 734
ot R Ao HFg A2 E A A 2|5t Fof|A]= adiponectin
9] 4ol 17, 22, 34 ng/mLE Z7}3kS olslgict ol#gt
ATE EA AE Huf ¥FEA]27] adiponectin AL

%
*
| I I
0 . I . .
Con 0 100 150

TNF-o

adiponectin release (ng/ml)
15 (%
[=} o

. *

*

)

200 (png/ml)

Fig. 5. Effect of Maclura tricuspidata fruit vinegar (MFV) on TNF-
o-induced suppression of adiponectin in 3T3-L1 cells.

Differentiated 3T3-L1 cells were treated with or without with MFV (100,

150, 200 pg/mL) for 24 h prior to TNF-a (5 ng/mL) treatment for 24

h. Adlponectm was determined by ELISA. The data presented are the

means+SD of three independent experiments. "p<0.05 vs. control group;
“p<0.05, "p<0.01 vs. TNF-a treated group.
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FNBOEA A& APHE A GG Pk
e stk

3T3-L1MIZ i PPARY L30f DO|x|= Ak

PPARy: AMHAE 5} W B4 T 2ae
HARIA ejhe S, gl ululo] jat T el AFHE
& RESHE IL6, TNF-q, MCP-1 59] @54 oftj271R1e)
W o] B adiponeetind} 2 el ofelErlele] Wl
2712 B9l Q1ee 154 271 ER3 AT FriRoter
5, 2003; Maeda 5, 2001; Yamauchi 5, 2002). TNF-o+=
A2A oA QledAY g Frohes AR dEA Sle
o, o]z AMA|ES] FH £EARI PPARy2] Ao 23]
7= cH(Cawthorn} Sethi, 2008). E31E Z|HlA|ELof A IL
A% gl R AlZo] oJ5F PPARy U WSS ERlsh|
Sl8) TNF-o2 Aeloha b e SelskthFig. 6),
71 A3}, FA2Eol| Bl TNF-o T X2}-9] 7%, PPARy
O] "rdo] ZAsIar HAE Grf) IR AZE X239
A= PPARyS] ddo] S71ghE Rlsieith. ol#tt Aits

= B4 FAE Fuf HRA 27} TNF-00] Qs Had
PPARYS] WS S7HIZCEN ATA| Y dF B
RN 7L BRIFHST
PPARy i o — —— ———
W — p— g ooy —.
**
1.20
*
1.00
*
£0.80
8 #
<
& 0.60
£
0.40
020
0.00 : : ; :
Con 0 100 150 200 (pg/ml)

TNF-a

Fig. 6. Effect of Maclura tricuspidata fruit vinegar (MFV) on
TNF-o-suppressed protein expression of PPARy in 3T3-L1 cells.

Differentiated 3T3-L1 cells were treated with or without with MFV
(100, 150, 200 pg/mL) for 24 h prior to TNF-a (5 ng/mL) treatment
for 24 h. Protein expression levels were determined western blot. The
data presented are the means+SD of three independent experiments.
#<0.05 vs. control group; ~p<0.05, “p<0.01 vs. TNF-q treated group.

3T3-L1MI=Z LY IRS, GLUT4 ¥3i0j Ojx|= Fek

IRS= Ql&dl A5 a3 /iR lavis8A
7} IRS THEHA9] tyrosine X715 SRIBAFIC 24 A15H
o] HPE T White, 2003). QAAFSHE RSO Zglst o o
H] kinase5O| SISk Z 553} glycogen =
o] o]0l Itk TNF-u2} 2 @24 Aol =71 IRS-1
9] serine ZH7|E QMR O &4 IRS-19] £o1E £25}
of 479l &l ATHG A Uehhd 14T 4G
o] YERITHGreene 5, 2003; White, 2003; Zick, 2001).
T3 led Ao Qlsf led #H] S/t IRS-19]
serine QAISHE Z7IAIA Qe AFAHS ASAZITH Lee
5, 2003). GLUT4+= Ql&d AZdGA Ao o5 4=
GLUT49] 9Jgt £ 42 rate limiting stepC = AU E
T Yoz BEojE QlEd IRS-1E QJABIAIZ|AL &4F
4o SH domaing 71 HWLS BHIAA HEHoR
GLUT49] translocation¥} &S G35t Q&adl ASHd
AA Ash7F dojubd MEZ 2 EE GLUT4 translocation 7+
2, PPARy & ZH4of| 95k GLUT49] 2 74 Al Y
2T 50| AaE Aded Aol YERITHGarvey
5, 1991; James &, 1988; Wu &5, 1998; Zhou &, 2007).
GLUT4 I Qladl =gl = 1AM GLUT4 2
ol oladl AP 583 84F oJAXITHMinokoshi
5, 2003).

TNF-02} 22 A3/ Aol E7IRlol| 9J3t IRS serine 7]
£ Qe 2 GLUT4 & Asf= ola®l A/dE dvich
SOl AYA IOl R Hrfl | A)%of OJgE IRS-1 Q]
Aree} GLUT4 4 W3kE SiR1sH| fs TNF-a& #]2]5t
I o A S SRIsIGiTk(Fig. 7). 1 2, IRS-1= A
2Jtof] H|3 TNF-a T A2t9] %, IRS-19] QAkE7}
S7Fotlal FAE Auf HRAZE A7t Fof|A= IRS-1
9] QM7 AAghE SRIskSinh E3F GLUT4= 7412
of] H|3l TNF-a T A 2|F9] 7, GLUT49] ¥&o| A
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Weo] Z7eke oI5igit) oj#st ATE 53 A E I
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Fig. 7. Effect of Maclura tricuspidata fruit vinegar (MFV) on TNF-o-suppressed protein expression of IRS-1 and GLUT4 in 3T3-L1 cells.

Differentiated 3T3-L1 cells were treated with or without with MFV (100, 150, 200 pg/mL) for 24 h prior to TNF-a (5 ng/mL) treatment for 24
h. Protein expression levels were determined western blot. The data presented are the means+SD of three independent experiments. “p<0.05 vs.

control group; ~p<0.05, ‘p<0.01 vs. TNF-o treated group.

4 9 B Aol wTFER) Ao B Ho]
el ojah FA% @) uE A2t 9o
9 Qed AP MA 53 Ueile 208 doEd
(Barragn-Zarate 5 2021; Choi &, 2020; Guo &, 2020;
Kim 5, 2020; Park, 2018; Rebollo-Hernanz -5, 2019).

2 o

E A= FRB(C. tricuspidata) S HEA]Z7T TNF-
aoll ofsl g AANES] Ql&d APt AFHES A
o m|X= AHE AoISith JFLX]E Aol TaA|2= TNF-
o] o8l 744 lipid droplet ¥ glucose uptakeS S7FAIZ
o e WSl 93T kel ARHS REkE 93
A}oE;}o](IL 6, MCP-1)2] A4 FAAAFoH, FAF
g 0l&E] 7S Z7HA]7]% adiponectin AL Z7HA]
2 gRlsein. fled Aedd 9 Aol Bojshe <l
ARe] HEg SQIet 23}, PPARyS] HE *‘7} 3 IRS-19]
A} A4S SIstgior Qledd ojt & E4rof o
SH= GLUT49] B 37131 ERloHt. IEM A3t
S &9 FAE Gl TaAZE TNF-aof ofsf F=d 4
5 88, T &5 A4, e A Jigt i anE
EO%’T‘—]—— 0] TRl AT e AR/ A3t thAt
S0 ArE T 7154 AAIEA o8 7T AR
Atz =),

LAl
£ QP 20219 et el o] e
of sl

Conflict of interests

The authors declare no potential conflict of interest.

ORCID
Se-Eun Park https://orcid.org/0000-0001-6644-3080
Seung Kim https://orcid.org/0000-0001-6249-8156

References

Barragn-Zarate GS, Alexander-Aguilera A, Lagunez-Rivera
L, Solano R, Soto-Rodrguez 1. Bioactive compounds
from Prosthechea karwinskii decrease obesity, insulin
resistance, pro-inflammatory status, and cardiovascular risk
in Wistar rats with metabolic syndrome. J Ethnopharmacol,
279, 1-10 (2021)

Cawthorn WP, Sethi JK. TNF-o and adipocyte biology.
FEBS Lett, 582, 117-131 (2008)



M. tricuspidata fruit vinegar improves insulin resistance in adipocytes 987

Chen L, Chen R, Wang H, Liang F. Mechanisms linking
inflammation to insulin resistance. Int J Endocrinol,
2015, 508409 (2015)

Chiellini C, Bertacca A, Novelli SE, Gorgun CZ, Ciccarone
A, Giordano A, Xu H, Soukas A, Costa M, Gandini D,
Dimitri R, Bottone P, Cecchetti P, Pardini E, Perego L,
Navalesi R, Folli F, Benzi L, Cinti S, Friedman JM,
Hotamisligil GS, Maffei M. Obesity modulates the
expression of haptoglobin in the white adipose tissue via
TNF alpha. J Cell Physiol, 190, 251-258 (2002)

Choi JH, Kim MK, Yeo SH, Kim S. Short-term Cudrania
tricuspidata fruit vinegar administration attenuates obesity
in high-fat diet-fed mice by improving fat accumulation
and metabolic parameters. Sci Rep, 10, 21102 (2020)

Cho KM, Shin JH, Seo WT. Production of Korean domestic
wheat (Keumkangmil) vinegar with Acetobacter pasteurianus
A8. Korean J Food Sci Technol, 45, 252-256 (2013)

Garvey WT, Maianu L, Huecksteadt TP, Birnbaum MJ,
Molina JM, Ciaraldi TP. Pretranslational suppression of
a glucose transporter protein causes insulin resistance in
adipocytes from patients with non-insulin-dependent
diabetes mellitus and obesity. J Clin Invest, 87, 1072-
1081 (1991)

Greene MW, Sakaue H, Wang L, Alessi DR, Roth RA.
Modulation of insulin-stimulated degradation of human
insulin receptor substrate-1 by Serine 312 phosphorylation.
J Biol Chem, 278, 8199-8211 (2003)

Guo CC, Zhang XY, Wang YX, Xie L, Chang CQ. Effects
of chlorogenic acid on glucose tolerance and its curve
characteristics in high-fat diet-induced obesity rats. Beijing
Da Xue Xue Bao Yi Xue Ban, 52, 269-274 (2020)

James DE, Brown R, Navarro J, Pilch PF. Insulin-
regulatable tissues express a unique insulin-sensitive
glucose transport protein. Nature, 333, 183-185 (1988)

Joo HY, Lim KT. Glycoprotein isolated from Cudrania
tricuspidata Bureau inhibits iNOS and COX-2 expression
through modulation of NF-kB in LPS-stimulated RAW
264.7 cells. Environ Toxicol Phar, 27, 247-252 (2009)

Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking
obesity to insulin resistance and type 2 diabetes. Nature,
444, 840-846 (20006)

Kang DH, Kim JW, Youn KS. Antioxidant activities of
extracts from fermented mulberry (Cudrania tricuspidata)
fruit and inhibitory actions on elastase and tyrosinase.

Korean J Food Preserv, 18, 236-243 (2011)

KFDA. Korea Food Standard Code. Ministry of Food and
Drug Safety, Osong, Korea, p 188 (2020)

Kim DW, Kim DH, Kim JK, Yeo SH, Choi HS, Kim YH,
Kim MK. Comparison of volatile compounds in Maclura
tricuspidata fruit vinegar and commercial vinegars.
Korean J Food Preserv, 27, 85-97 (2020)

Kim OK. Cudrania tricuspidata water extract improves
obesity-induced hepatic insulin resistance by the
suppression of ER stress and inflammation. Ph D Thesis,
Kyunghee University, Korea, p 16 (2015)

Kwon SH, Jeong EJ, Lee GD, Jeong YJ. Preparation method
of fruit vinegars by two stage fermentation and beverage
including vinegar. Food Ind Nutr, 5, 18-24 (2000)

Lee BW, Lee JH, Lee ST, Lee HS, Lee WS, Jeong TS, Park
KH. Antioxidant and cytotoxic activities of xanthones
from Cudrania tricuspidata. Bioorg Med Chem Lett, 15,
5548-5552 (2005)

Lee KD, Kim JS, Bae JO, Yoon HS. Antioxidative
effectiveness of water extract and ether in wormwood
(Artemisia montana Pampan). J Korean Soc Food Nutr,
21, 17-22 (1992)

Lee SM, Choi YM, Kin YW, Kim DJ, Lee JS. Antioxidant
activity of vinegars commercially available in Korean
markets. Food Eng Pro, 13, 221-225 (2009).

Lee YH, Giraud J, Davis RJ, White ME. c-Jun N-terminal
kinase (JNK) mediates feedback inhibition of the insulin
signaling cascade. J Biol Chem 278, 2896-2902 (2003)

Maeda N, Takahashi M, Funahashi T, Kihara S, Nishizawa
H, Kishida K, Nagaretani H, Matsuda M, Komuro R,
Ouchi N, Kuriyama H, Hotta K, Nakamura T, Shimomura
I, Matsuzawa Y. PPARgamma ligands increase expression
and plasma concentrations of adiponectin, an adipose-
derived protein. Diabetes, 50, 2094-2099 (2001).

Minokoshi Y, Kahn CR, Kahn BB. Tissue-specific ablation
of the GLUT4 glucose transporter or the insulin receptor
challenges assumptions about insulin action and glucose
homeostasis. J Biol Chem, 278, 33609-33612 (2003)

Qatanani M, Lazar MA. Mechanisms of obesity associated
insulin resistance: Many choices on the menu. Genes
Dev, 21, 1443-1455 (2007)

Oh PS, Lee HJ, Lim KT. Inhibitory effect of glycoprotein
isolated from Cudrania tricuspidata Bureau on histamine
release and COX-2 activity in RBL-2H3 cells. Korean



988 F=AFATRENEA A28d A72 (2021)

J Food Sci Technol, 41, 405-412 (2009)

Park JK. Antithrombotic and antiadipogenic effects of
Cudrania tricuspidata fruit extract. Ph D Thesis, Kyung
hee University, Korea, p 1-2 (2018)

Park SE, Yeo SH, Kim S. The effect of Cudrania tricuspidata
fruit vinegar on LPS-induced inflammation in 3T3-L1
adipocytes. Korean J Food Preserv, 27, 809-816 (2020)

Rebollo-Hernanz M, Zhang Q, Aguilera Y, Martn-Cabrejas
MA, de Megjia EG. Cocoa shell aqueous phenolic extract
preserves mitochondrial function and insulin sensitivity
by attenuating inflammation between macrophages and
adipocytes in vitro. Mol Nutr Food Res, 63, ¢1801413
(2019)

Rotter V, Nagaev I, Smith U. Interleukin-6 (IL-6) induces
insulin resistance in 3T3-L1 adipocytes and is, like IL-8
and tumor necrosis factor-a, overexpressed in human fat
cells from insulin-resistant subjects. J Biol Chem, 278,
45777-45784 (2003)

Seo MJ, Kang BW, Park JU, Kim MJ, Lee HH, Kim NH,
Kim KH, Rhu EJ, Jeong YK. Effect of fermented
Cudrania tricuspidata fruit extracts on the generation of
the cytokines in mouse spleen cell. Kor J Life Sci, 23,
682-688 (2013)

Shulman GI. Cellular mechanisms of insulin resistance. J
Clin Invest, 106, 171-176 (2000)

Suganami T, Tanimoto-Koyama K, Nishida J, Itoh M, Yuan
XM, Mizuarai S, Kotani H, Yamaoka S, Miyake K, Aoe
S, Kamei Y, Ogawa Y. Role of the toll-like receptor
4/NF-kappaB pathway in saturated fatty acid-induced
inflammatory changes in the interaction between adipocytes
and macrophages. Arterioscler Thromb Vasc Biol, 27,
84-91 (2007)

White ME. Insulin signaling in health and disease. Science,
302, 1710-1711 (2003)

Wu Z, Xie Y, Morrison RF, Bucher NL, Farmer SR.
PPARgamma induces the insulin-dependent glucose
transporter GLUT4 in the absence of C/EBPalpha during
the conversion of 3T3 fibroblasts into adipocytes. J Clin
Invest, 101, 22-32 (1998)

Yamauchi T, Kamon J, Wak H, Murakami K, Motojima K,
Komeda K, Ide T, Kubota N, Terauchi Y, Tobe K, Miki
H, Tsuchida A, Akanuma Y, Nagai R, Kimura S,
Kadowaki T. The mechanisms by which both heterozygous
peroxisome proliferator activated receptor gamma
(PPARgamma) deficiency and PPARgamma agonist
improve insulin resistance. J Biol Chem, 276, 41245-
41254 (2001).

Yang YH, Hao M, Liu XF, Gao X, Wang BZ, Takahash
K, Du L. Docosahexaenoic acid-enriched phospholipids
and eicosapentaenoic acid-enriched phospholipids inhibit
tumor necrosis factor-alpha-induced lipolysis in 3T3-L1
adipocytes by activating sirtuin 1 pathways. Food Funct,
12, 4783-4796 (2021)

Ye J. Regulation of PPARgamma function by TNF-alpha.
Biochem Biophys Res Commun, 374, 405-408 (2008)

Yim EJ, Jo SW, Lee ES, Park HW, Ryu MS, Uhm TB, Kim
HY, Cho SH. Fermentation characteristics of mulberry
(Cudrania tricuspidata) fruit vinegar produced by acetic
acid bacteria isolated from traditional fermented foods.
Korean J Food Preserv, 22, 108-118 (2015)

Yoon SY, Kim SJ, Sim SJ, Lee HJ. Development of
quantitative  analytical method for isoflavonoid
compounds from fiuits of Cudrania tricuspidata. J
Korean Wood Sci Technol, 44, 337-349 (2016)

Yu C, Chen Y, Cline GW, Zhang D, Zong H, Wang Y,
Bergeron R, Kim JK, Cushman SW, Cooney GIJ,
Atcheson B, White MF, Kraegen EW, Shulman GI.
Mechanism by which fatty acids inhibit insulin
activation of insulin receptor substrate-1 (IRS-1)-
associated phosphatidylinositol 3-kinase activity in
muscle. J Biol Chem, 277, 50230-50236 (2002)

Zhou L, Yang Y, Wang X, Liu S, Shang W, Yuan G, Li
F, Tang J, Chen M, Chen J. Berberine stimulates
glucose transport through a mechanism distinct from
insulin. Metabolism, 56, 405-412 (2007)

Zick Y. Insulin resistance: A phosphorylation-based uncoupling
of insulin signaling. Thnds Cell Biol, 11, 437-441 (2001)



