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Anti-diabetic effect of mulberry leaf extract fermented with
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Abstract The purpose of this study was to isolate novel lactic acid bacteria to ferment mulberry leaf extract (MLE) and
to investigate its anti-diabetic effect. Lactobacillus plantarum SG-053 isolated from gatkimchi was selected to ferment
MLE because it exhibited high a-glucosidase inhibitory activity (96.8%) and enhanced the content of 1-deoxynojirimycin
(DNJ), an anti-diabetic substance, in fermented MLE up-to 2.2 times. MLE fermented with L. plantarum SG-053 (FMLE)
showed growth promoting activity against L6 myotubes and increased the gene expressions of /RS-1, PI3K p85c, and
GLUT-4 up-to 1.4, 2.2, and 1.4 times, respectively, and 2-deoxyglucose uptake up-to 40.7%. In rat skeletal muscle tissue,
the expressions of PI3K p85a and GLUT-4 increased by 6.4 and 2.1 times, respectively. These results suggest that L.
plantarum SG-053 could enhance the DNJ content of MLE by fermentation and that FMLE is effective in ameliorating
insulin resistance via activation of the insulin signaling pathway.
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WL (Morus alba LYe AEHoE oo Holz AREE|o]
gtovt FH D, ¥ T AAWel EFol Uty Ry
o] 7154 A% AR ARHY ‘2lE‘r(L 5, 2003). Blell=
ohet Aoldfet Blekd, mvlgo] F4-5HaL, chlorogenic acid,
E2HH 0] =, y-aminobutyric acid (GABA), 1-deoxynojirimycin
(DN)) 5¢] AejgAdEado] giso] I, gt 3= &
HE5 Zhe ZoF d#A ATHChoi &, 2015). ©]F°lA DNJ=
a-glucosidase A A2 2Fg-3te] P S Yehls 2=
B =] tH(Asano 5, 1994; Lee¢} Choi, 2012).

DNIE= EE9| 2% ghie] 2HAedzt thil ofdl7) 7t A e
o] J& Fulo TxF FEAE, 2% a-glucosidase?] A
el A a4 g4S X1 8 gl (Kojima &, 2010). DNJ=
o2 PAHAY, B T HEoY FARFE F&
Bacillus % S Streptomyces % PIAES] @go] o3 Akt
(Gao 5, 2016). DNJ<] GLﬂLﬂ’HL a-glucosidase A3l &gl
o3t Aoz ZrA FIA YEAE A2 a-1,6-glucosidase}
A o-1,4-glucosidase®] &S Adllsts ALz dEA Ao,
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AUl sodium-9] &4 glucose cotransporter 2, glucose transporter

298] HAE AA|SFHGao &, 2016; Li %, 2013).
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H,
Agstel a2
3} Schillinger, 2002). 47k O}LIE]— OAFE P §5S 1A
T SA4E ASA7|L, Fel o FHFE AU F
2t} Honda 5(2012)2] AFolA A4 FHollAl AolUE Lacto-
bacillus rhammosus GGE B2 e AR} 37 Fosiae
o 25 ddo] Frtshs S fFelH o= AE e, A2d
Fed 7Yl KK-Ay FHAA 6577t L rhamnosus GGE FgH
A3t FE d3o] fojF oz AT Lee 5(2018)0] AT

AA L. plantarum Lnde= AYAEL] A4S AAISIAL 3T3-L1 A

WA Ee] Ty F4E 250, 7oA EEga) 2uke] A}
o] FoslE AR IRS-2, Ak LAE Z7AA IA o]

=

o
Gk
A8 Aolgtal Bisiict. ¥
L. bulgaricus, Streptococcus thermophilus, L. acido-
philusE ©1&38te] LRSS W T Evls, § SThHkols,
chlorogenic acid, DNJ &&Fo] Z7181999W, L. pentosus®] HaE
Bl GABA TS sl o) FUMIATHL Bad w9l
(Lee 5, 2017; Zhong -5, 2019).
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Aol ARg-E SIS A k% (Jecheon, Korea)ollX 7z¥

B3

" AMgSRAT AxE B 7
o] 208l siFohs SFRTE WAL 100°ColM 2417 57t &
gk 5 oHER ofFate] IBxE FET AS WA FEFER AL
g3kt

1 g& E A2 L4(0.88% (wiv) NaClyell e & H713)
3ld 0.005% bromocresol purple®] 7} PCA 9] A](KisanBio,
Seoul, Korea)oll =23+ F 37°CollA 16A17F vt 2t vix]
oA Feizt v HEs st &5 EeE 5= MRS W
A(BD Difco, Franklin Lakes, NI, USA)ol|l vlFst & 40% (v/v)
SYNES T HUste] —8o°cell Rasle] AMgeRch #EE
e 53 vAE SAFY7IHR] AhEEEAHE A
S AEEEAE ] 78T EHE: KCCM 43365).

oF 33

ABE #59] $HE Leest Park(2017)9] Well w} w#52]
16S rRNA 32 @71489S o8¢ A% (phylogenetic tree)
2 g 2l <Jal sk

a-Glucosidase Xfsff &#4o| 95t #F MY

AEE S MRS iAoM) vl FATA s G4
25 3 7le] e MRS iR HEsked 37°ColA 24741%F
Ao BN FujgAS Axsiith T FNES MRS HiA]
(BD Difco)ell 1% (v/v) HEste] 37°ColA 24A17F wikst =
13,000xgoll A 137 AR S &, 45N a-glucosidase 413
&d-8 71T Phosphate buffered saline (PBS, pH 6.8, 100
mM) 70 Lol fARF MY S spL, 71E=A 25uLe] 10
mM  4-nitrophenyl o-D-glucopyranoside (Sigma-Aldrich Co., St.
Louis, MO, USA)YZ Z718le] 37°ColA 10%27F #x]13F F, 0.05
U/mLe] o-glucosidase (Sigma-Aldrich Co., Catalog no. G0660)S
50 uL 7rsked 37°CellAl 2087 wHAIZTE HES- A F 100 uL
°] 0.1 M Na,COE #7Iet] g2 FAAZ ¥ 405 nmolA] &
FE AT WERTLeEZE AT a-glucosidase AE|A| Al
o] A48 FFHSIAIA acarbose (Sigma-Aldrich Co)E AR
ATt Fihte] o-glucosidase A3l B The 21 o83t
|kt

e icd
o

X

A3 B2 ()1, A (A, 1<100

positive L'umlv[_Aﬂugu/iw wml'ul)

A NESE B H7F A FEE
Ape. L2E A3l AR H7T Al FHE=
Apositve comor: N FZ A SJBAL B HIF A FRE
Apegaiive conrol® 1859} &4 v/} A T4

1-Deoxynojirimycin &&kg Z7I\7|l= 2F MY
B FEE0 Fi FMGAS 1% (viv) HEsHaL 37°Cl

A 247178 wiSFet F ekl W) DNJSJ kS #4159t HPLC
£ o] g3l fakdt wE ¥ FEEC DNJ #HE B3]
13l 9-fluorenylmethyl chloroformate (FMOC-CI, Sigma-Aldrich
Co.)®l H7HHES o3 2ol XAt S mMe] &7t &
E=Z acetonitrile®l] €3|A1Z1 FMOC-Cl £ 20 uLell 10 uLe]
Akt ibg w9l 2253 10 ule] 0.4 M borate 98N (pH 8.5)
< 7Kt 20°ColA] 2087 WESAIATE Wk TEE 13l 20°C
ol BHAE 01M glycines 10puL H7FH & 950 uLe] 0.1%
(v/v) acetic acidE F718t] 0.2 um PVDF AR Z2 o351 T),
o373k Al8E HPLCE E4dte] R Aol Hls] DNJ §Ho]
100% ol 7k fAikds Adsisith DNI &40 o8&
HPLCE UltiMate™ 3000 HPLC A]2=®l(Thermo Fisher Scien-
tific, Waltham, MA, USA)ES A3t HZE7]1= UliMate™
3000 Fluorescence Detector (Thermo Fisher Scientific)S ©]-&3}3
om, B4 942 o719 254nm, WEIE 322nmE A8}
Aot ZH-S ZORBAX Eclipse Plus CI8 (4.6x250 mm, 5 pm,
Agilent Technologies, CA, USA)S ARSI ZH QB9 2%
£ 30°CE AR, ABE 10ul¥ FA3ATE o154 0.1%
(v/v) acetic acid®} acetonitrile 2}z 60, 40% (viv)Z A7 3t
12 mL/min®] F502 3027 £481913L, A¥= Chromeleon™
7.2 Chromatography Data Systems AME-3Fo] #4181t}

M= Hiet

frakt UE B FEE0 G A A4S Bk fEl
A E5-2-8) (Seoul, Korea)oll A rat f-21¢] L6 ZL4EKCLB
21458y E<F wo} ALt} Bk ¥ AlEE= 1% penicillin-
streptomycin  (Thermo Fisher Scientific)2} 10% fetal bovine
serum (Thermo Fisher Scientific)e] ¥E3He AFE-E=F DMEM
oA 37°C, 5% CO, ZAA wjgsldct Alxe] Esloe 1%
penicillin-streptomycin3} 2% horse serum (Thermo Fisher Scien-
tificye] EgH AF=-E=F DMEM HIA S ARE-sl9 o, B3}
frie 5 48r7nct A= w2 wAlsle] 5 o]F- ARE-SisiT

AE FH|

GaFoz way
EYELA, Bohemia, NY, USA)Z F47%3 & 44 =7t H&
= PBSOl &8l §- ARg-skiTt

MZ 54 &5

L6 YA EZF7T 5x10° cells/welle] === 96-well plate] 200
pulA FZAIA 20417 FF wlgS FH, F471x & PBS &
e AFE 2 plA H7Kske] 2047 widslith EZ-CYTOX
(DoGenBio, Seoul, Korea)E 20 uL Z7}8to] 37°Ce] 4xollA
308 7F HESAIZL & 450 nmollA] S EE S5t Alxe] A
&5 AL

FHX g 24

L6 ZAAHEE 5x10* cells/welle] = =5 12-well plate] 2mL
B FRAA e fEsth w3 4sEW A sEY
10080l EF el AEE 20 ulA H7ete] 20417 wigstATh
HlgE M EZe] RNA FE9= easy-BLUE™ Total RNA Extrac-
tion Kit (iNtRON Biotechnology, Seongnam, Korea)S A&-3}53 T}
MAEE 1mL easy-BLUE™Z &3 A]7]3Z 200 uLe] chloroform
(Sigma-Aldrich Co.y& H7Fet % 4°ColA 13,000xgZ 107+ A
ARt g A5 FedE FF] 2-propanol
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Table 1. The sequence of primers for real-time PCR
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Primer sequence (5'—3")

Gene
Forward Reverse
GAPDH ATCCCATCACCATCTTCCAG CCTGCTTCACCACCTTCTTG
IRS-1 ATGTGGAAATGGCTCGGA TAAGGCAGCAAAGGGTAGGC
PI3K p85a GAAGGCAACGAGAAGGA CGTCAGCCACATCAAGTA
GLUT-4 GCCATGAGCTACGTCTCCATT GGCCACGATGAACCAAGGAA

(Sigma-Aldrich Co. )JJr E3sle] A2l 1087 X8 T 4009
A 13,000xg= 57 A8t AT AR dedS
AASFL 1mLe] 75% (V/v) oere-g 71st F 4°CelA] 10,000><gi
57 QAR FH AZRSEY. RNAE 30uLe] Bd 33 &
Fol &8 A121 ¥ Take3 Micro-Volume Plates (BioTek,
Winooski, Vermont, USA)E ©|-83} FE=5 43I tl cDNA
+ Transcriptor First Strand ¢cDNA Synthesis Kit (Roche, Basel,
Switzerland)E ©]-&-3l¢] mRNAZY-E 435199t 438 cDNA
+ FastStart Essential DNA Green Master (Roche)S ©]-83}¢]
LightCycler® 96 (Roche)olA =735t} Primere] A E-2 Table
1o JERAAIL(Cai &, 2016), Fr3I=te] Aoha =g 2
AP S ARE-3Fe] A5 TH(Livake}t Schmittgen, 2001).

M= W =Z=2 &+ =35
L6 ZUMxe] 25 o8 582 2-deoxyglucose 2DG)S]

==
=

=243 EAsen, 2- Deoxyglucose Uptake Measurement
Kit (CosmoBio, Tokyo, Japan)E ©]-&3FAth A E F7F 1x10°
cells/wello] H=5 6-well platedl] 22171 & E31E K231
o B3t gRE AEe] wiAlE 7% AFE-EET DMEM
o2 WA S| wjFstATt. v 6A17F F 3mLe] Krebs-Ringer
Phosphate Hepes (KRPH) €%&<9(12mM KH,PO, 12mM
MgSO,, 13mM CaCl,, 118 mM NaCl, 5mM KCl, 30 mM
Hepes, pH 7522 MXEE 33] A& & 2%2] bovine serum
albumin (BSA)°] ¥3t¥l KRPH ¢89S 3mL¥ H7bstdoh
KRPH €+5-89 37} 302 § deds T = 1uMo] H=
5 H7tstaL, ’\LELE 48 sEHE MYt AR AY 208
F 2DGE HEF & ImMe] HEE H7lste] 208 #gsI3iTt.
Phloretin®] 200 uM i’%PEJ PBSE A|2E 33| AlZ3ta 3mLe
10mM Tris-HCl 98 (pH 8.0)C.% A ZS &3A7] & 2&
g} b3 7](Vibra cell VCX600, Sonics & Materials, Newtown,
CT, USA)E °l&3le] NEZE sRAstchHFH 40%, 2%). =
e AE= 80°ColA 158 EAEst 5 4°C, 15,000xgolA 20
7 AR Kito] AR 848 58 H o su) 34

3 A5AS glucose uptake assaye] AEE ARE-slo] AlFE A
g el wet AlE Wi 2DG FFE S en, AR &
WA Yot xEstelAT

Sprague-Dawley ratg 0|88t Al29| &Yz & HI|
Akt B8 B FE99 g A 24 Attt &
Hal7)< ] 8 (Suwon, Korea)oll 2] ste] Hrlsision, 94
Hle] @ (Suwon, Korea)®] SEAEAT]FIYUIJACUC)e] 37THE
HPO} AP HATHEAHRET WIIACUC20190405-2-06). A HEEL
9] Sprague-Dawley (SD) rat A& ©]83t] FaY31% L,
¢E] AEHFO] 2 (Seongnam, Korea)ollAl TYsle] AREsIAT 4
FFES 25 2343°C, FHFE 55+15%, 7] 3¢ A17H 10-
208], ZHAIZE 12A17H QA 8A]-2.F 8A]) 2 F= 150-300 Lux

o ZAIA ALRAOH, 25 olafe] A FITk olF AT
B3 7‘5’1}\].9,]_ /\]tﬂE.‘j o] g.pﬂ—lx] :L,_q_ Z;{]oﬂkl =t EHA]'Oﬂ
Al AR HES AT

ol

A B T(PBS T, control),
A FoIL(Gle), =Y AER %ME@%(GM:), wlogt
Tl Mal), HolFAI =4 SAIFATLMal/F) R A fTS 1+
FATE=6). A W H2sle] FE FEE FASA, GloFet
MalF A &8olAl A= kg T 1.84 g2 A FE2 (6 mg DNJkg Al
e AT T H, 2 FueA s T vEE X
stk AR ol 302 F 40% ELd 83 molg gols
AT kg T SmLA 7T T&l 8, Fof A} 30, 60, 90, 120
i Hel 89 v=E st

=

_ll)l

SIHA| 2] Z=EOM ETE CHAF 2 /X U@e ™2
%71 SD ratoll AF kg & 1.84 g (6 mg DNJkg body weight)
of frikt R ¥ FEES AT FoIT H 308 F 40% £
= 895 AT kg B SmL AFFASAT T & Fof 2
AlZE T 9] isoflurane® R SN A A Z§ A
gt Eeld 24 50meel 1 mL easy-BLUES #7Iet 5 +
A71E ol8sl 224& wfste] F RNAS FE6ta =9 O
Atell Fodshs 32k EEE mRNA oA A et

r-111

SAHXE|

AE A Al A WkE Ao o) dojrlon, Hd 3+
®E AR BAISINTH 283 SPSS 23 software (IBM, NY,
USA)E ©]8-314] Student’s testsS F3ll p<0.05 FLollM F
@] fo8E AFskRen, o IF 749 Aol= one-way

ANOVAE ]Zﬁi < P<O 05 *7‘0]]}\1 Duncan’s multiple range
testol] &8l At 7+ AL A=sA
H g o

o-Glucosidase Mall 40| 8t FAEF B

Aol ARE T 975708 FF FelA 90971e] ko]

ZEoA Aol 7k AR UEyow, Wy 3 H|
sled 600 nmell A 2] S3 =71 0.5 °1 71 27 IdFE A
2ol g R 12} s 12 AEE AT
HFe 2 a-glucosidase A3l 43S 43S A5 270 &5
AN 1670 #F7F 90% ©173e] A& S YEPRSIT 59
SG-053 #FE 96.8%2] Al FAHE el 1gmL sE=°
acarbose®] a-glucosidase A3l 4421 96.5%R T} =& a-glucosi-
dase A3l &AJo) :L}il-go%q.(Table 2). ZE|FANE Fd%E T
H;}OE] EEFE WEAIIE a-glucosidase®] TS #3)|shd
ddo] 7 JAT F o] 1t AFaA As

om i 40 Bl MO

o> Hm

+ 2
o]ﬂ
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Table 2. Growth rate of Lactobacillus plantarum SG-053 in mulberry leaf extract, a-glucosidase inhibitory activity of L. plantarum SG-
053, and 1-Deoxynojirimycin content of mulberry leaf extract by fermentation using Lactobacillus plantarum SG-053

Growth rate in mulberry leaf extract a-Glucosidase inhibitory activity

(Ahgyo) (%)

1-Deoxynojirimycin content (pg/mL)

Before fermentation After fermentation

0.576+0.063 96.8+1.1

18.72+3.61 40.83+7.59

Faol] ot EFe] Aol T80l H 4 UTH(Ceriello, 2005).
Ramchandran®} Shah(2009)= M2 TFAE AL Strepro-
coccus thermophilus=. WA QAET A gdAlE A4kst
A ¥ S thermophilus= a3 S AEHRTE %2 a-glucosidase
A3 A4S Uel, f2kte] 7HA= a-glucosidase #]3] -2
fraktol Agste MES] thdAledl ojgh Zelgfar Hargk up 9}
o} Li 5016y A7l A2 L plantarum 635 So14 7F
=& a-glucosidase A3l AL AUE L plantarum X1= 3

= Fo BARE o dFSHE AR e ploglltazoneg
Fogh 2gd e FEOE AT o] 7Adlon, Ha
a-glucosidase #13] E/do] & L lantammro— FoAPe wfe} v
wate] Qe AIPLS -41—1 FaAA FrhEe] o-glu-
cosidase E/0] Ql&d A3 HL apel A ok Bars)

Atk

:(o

1-Deoxynojirimycin &2kg ZTIAF|= &F B
2ol F2E A A8 &4do] =3, a-glucosidase A3l &
ol =2 16 45 FollA ¥ FEE LFol 95 DN F
FE STHIIE 475 BT A, A71E Al 24 A
APl A3 2R M ZElE SG-053 dE WA g Ed
FZE9 DNJ o] &g A 18.72mg/mLolA L& F 40.83
mg/mLE FFol| o) 228) Frlsle] thE w5 HjE w2
DNJ AA%S YeRATKTable 2). Jeong 5(2014)2] A7l A
Bl FZEo DNI &H2 L plantarum, Zygosaccharomyces
rouxii, Wickerhamomyces anomalus, B. subtilis 52| &l 2|3
Z718I92H, Ryu 5(2012)2 f-AkE @raol <3k #welo] pNJ
TEF St FaRte] ARa w8l 2230 VIt RuE]
T} Takasu 5(2018)2] A-ollA DNJ 252 B amylolique-
faciens®] B AF5, Wl F=E-2] DNJ o=
A3t rat2] AT sucrose FHAEE F33HS
g B9 45 dAIshe Aol 2 Aol
DNe] frelol e #4e] Ao} gk ﬂ—a}am.
371 ARERFE ZBIA A EEE SG-053 +F
2o 28 E 93 4R AT A&l AF ’376
9] 16S IRNA 312 @714 L& ol&3ld ATT 24
& A3} SG-053 #F<] 16S rRNA 312} ¥7]4 <92 National
Center for Biotechnology Information (NCBI)2] The Basic Local
Alignment Search Tool (BLAST) A2 A3} L plantarum
JCM1149, L. plantarum FFNL190, L. plantarum X7022, L.
plantarum HBUASS6083, L. plantarum SRCMI101511, L. plan-
tarum FSWK112 52] 16S rRNA 32} "37]/‘1“3} 100% 35
He YeIRT, ASSE st B
SG-0532.2 574 ™ sIATHFig. 1).

mlo
o

_4 ;o
ﬁ—’ mlo

St A} L. plantarum

ZEMZOAMe] EEs S5
L6 MEE ratd] A 2o 2HE 283 ZAAEE horse
serum 52 Aol o3 ZIMER EIlelH, Qd&dol| ws35)

Lactobacillus plantarum JCM 1149
Lactobacillus paraplantarum DSM 10667T
Lactobacillus kimchii AP 1077
Lactobacillus graminis DSM 20719
Lactobacillus sakei DSM20017
Lactobacillus curvatus DSM 20019
Lactobacillus dextrinicus JCM 5887
— Lactobacillus paracasei JCM8130
\; 100 L— Lactobacillus casei ATCC 393

100 Lactobacillus oeni 59b
_|7— Lactobacillus animalis NBRC 15882
57 Lactobacillus kefiri LMG 9480T

—Ssi:actobaallus brevis ATCC 14869
Lactobacillus reuteri DSM 20016
Lactobacillus mucosae DSM 13345

% Lactobacillus ingluviei KR3
86 Lactobacillus fermentum ATCC 14931

100 [: Lactobacillus johnsonii ATCC 33200
Lactobacillus gasseri ATCC 33323
100 Lactobacillus helveticus DSM 20075
—wﬂimctobacillus amylolyticus DSM 16641

—_—

37

0.020

Fig. 1. Phylogenetic tree of L. plantarum SG-053 generated by
neighbor-joining method based on the sequence of 16S rRNA
gene.

of gFet e FHA|(GLUDS Hasly] wjiol| AlEe] =
T 35 24 A g ol8¥3 thKang 5, 2005). L. plan-

tarum SG-0530.2 Wgsh wol =50 16 234 sk A
=4 HHE ] sk, tﬁ}ﬂ L6 Aol g
Exﬂi AFR-E|TL JE acarbose$t W@ AT o] W L
Ha2 Hrhek 5 Mxe] AEES S48t AE Alx 571
AlE W7 tiH] 80% olstd 73 Al tigk S4do] e
Aoz A THFig. 2). Acarbose= 5mg/mL ©]/dellA HFE2]
AEES FolF R ZaAA 10mgmLE AsiS o A4S
£°] 76.8%7HA] 7radte] H]EEHO] U= Ae=Z AU
2ol —ir%u—o— 5mg/mL FENA XS] BEEE 83% S7H]
Z1 Wb 10 mgmLAME 15.7% ZA2AAY. L plantarum SG-
05302 #ash W FEELS AT ZE FolA Mz A
& Exlsl= 74—i el 89 FEE0|Y B 2859
St BEAe Lo Mz Hgte M =4do] §le
SR1= A} Bae 0(2018)«] AT M = 01mg/mL4 Bl &
Bo] L6 2HA T AEEAHS YeERR] ¥E Aoz Hud
vl Jo}. 3HA L delbrueckiis -8R (Dicentrarchus labrax,
L)l Foste A A4 31 A ZUAx] S Hofs)
= @E<Ql insulin-like growth factor-1 (IGF-I)9] f2F Hd-S
%7]"\] 713, 25 Az A BIE AAlste EH Al
myostatin®] A2} FH-E Atk BE o] tH(Carnevali
=, 2006).

e

o}r L H:l
N o

>

(o3

=
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Cell viability (%)

1 2 5

MLE
Sample (mg/mL)

acarbose

Fig. 2. Effect of fermented mulberry leaf extract on the viability
of L6 myotubes. MLE, non-fermented mulberry leaf extract treated,
FMLE, fermented mulberry leaf extract treated. Data are expressed
as mean values with standard deviations shown by vertical bars.
*p<0.05 and **p<0.01, significantly different from control value

22 F& WS E0| Q&8 MSTEARN sk /H
Xte| o DIXIE gk
FAE 0 Bl FEE g9 A8 a9E ] 9,
23lE L6 Jwﬂﬁﬂ ARt HE Y FEES 001, 0.05 0.1,
0.5 mg/mLe] F=Z A3 T el AsHAGHRo| HAojste
IRS-1, PI3K p85a, GLUT-49] T&HFS =433t ika 28

wol =zHo] 217} 0] mgmL ©l3llAE IRS-1 FHA
Aol oAl Wb YepA] 3AEE 0.5 mg/ml FEA
© 149 Frrete] folHQl Afelrt vERETH(Fig. 3(A)). PI3K
pS5al] WHE Fx JEHOT F7ISIY 0.5 mg/mL FEONA
L 22 ZTkslou folFel lol= IUth(Fig. 3(B)). GLUT-
4o] WS 252 (0.01 mg/mL)e] A BE B F2E
g Al 149 FejHom FrFelsithFig. 3(C)). IRS-1 317
o] A= Al Ql&edel sk APAS 24 =, PBK
= Mxze] AR B3} 5 ode JlFd #ejste g,
p8Sa= PBKY ZHRLZ, d&d 784 Asdd A=) &
o33 (Briining 5, 1998; Czech®} Covera, 1999). GLUT-4+=
SN F2 e I AR, B934 Aded 84
o} P3Kel 93] Mxe g o)Fsle] =] HXE Y 55
ZX08h IRS-140] o3 A|ze] Qled 87 E4dstEa, 1
21%7F PIBKS} p85a= HEE o] PI3KS] FHull§-$12] p110% T

3 AktZ BAEAIFIE, AS160 (160 kDa2l Akt 71d)S S
GLUTA40] 237} AgElo] Alzuto 2 o]FslA ot Alzuke]
GLUT4= 899 EAlsle =3 AX U2 S5H g9
S A ZIthHuang 5, 2018). ¥ A7AFA=Z okt @ ¥
9] =ZEo oy Algxmﬁgo] =93 vhilge] 1RS-1, PI3K
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Fig. 3. Effect of fermented mulberry leaf extract on the
expressions of IRS-1 (A), PI3K p85a (B), and GLUT-4 (C) genes
in L6 myotubes. FMLE, fermented mulberry leaf extract treated,;
Data are expressed as mean values with standard deviations shown
by vertical bars. *p<0.05, significantly different from control value.
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