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Effect of Lactobacillus plantarum dy-1 Fermented Barley Extract on the

Differentiation and Lipid Metabolism of 3T3-L1 Preadipocytes
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Abstract: Lactobacillus plantarum dy-1 isolated from pickles was used for barley fermentation to obtain Lactobacillus-fermented barley
extract (LFBE), and the effect of this extract on 3T3-L1 preadipocyte differentiation and lipid metabolism was investigated. The protein content
in the extract was determined by the Kjeldahl method, the total phenol content was measured by the Folin-Ciocalteu method, and the
polysaccharide content was determined by the phenol-sulfuric acid method. The proliferation of 3T3-L1 preadipocytes was estimated using the
CCK-8 assay and their differentiation was determined using oil red O staining. Furthermore, the regulatory effect of LFBE on the mRNA
expression levels of adipogenic genes was measured using real time-polymerase chain reaction (RT-PCR). The total phenol content in the LFBE
was higher by 20.88% than the unfermented extract, while the protein content increased from 13.93% to 34.94% after fermentation. However,
fermentation caused the polysaccharide content to decrease from 64.94% to 35.43%. Hence, LFBE effectively inhibited the growth of 3T3-L1
preadipocytes in a dose-dependent manner, with an ICs, value of approximately 560 pg/mL. We found that 400 pg/mL of LFBE effectively
inhibited the differentiation of 3T3-L1 preadipocytes, and the inhibitory rate achieved was 58.85% higher than that in the positive control. Apart
from up-regulating the mRNA level of glucose transporter-4 (GLUT4), LFBE significantly inhibited the mRNA expression of key adipogenic
genes including peroxisome proliferator-activated receptor-gamma (PPAR-y), ccaat-enhancer-binding protein-alpha (C/EBPa), sterol regulatory
element-binding protein-1c (SREBP-1c¢), protein tyrosine phosphatase-1B (PTP1B), and adipocyte protein 2 (aP2). These results indicated that
LFBE significantly suppressed adipocyte differentiation and lipid accumulation by inhibiting the transcription of genes related to lipid
metabolism. Hence, LFBE has potential applications in the prevention and control of obesity.
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SREBP-lc .. , ,
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p<0.05. VK RBE et 3T3-L1 ARl A E K, {524 RBE
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LFBE 1.10%0.061* 34.93%+0.23" 35.44%%1.57° 1.44%+0.30" WREEN /N T 560 pg/mL.
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% 2 Fi7n AN RBE 5 LFBE R B S & WE
LA, LFBE HaBEEn 1.10%, SRKR
JEEUIAREL, B9h0T 20.88%; LFBE K EHH & &M
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Fig.1 Effect of different concentrations of RBE and LFBE on the ¢ (RBE) / (ug/mL)
proliferation of 3T3-L1 preadipocyctes & 2 AELKE RBE XFRIBEAALRRE M LAIRINT (X 200)
E: AR FEEATEFRF(<0.05). Fig.2 Effect of different concentrations of RBE on the
K1 8B/R T4 RBE 5 LFBE 43 AAb ¥ 24 h #148 h differentiation of 3T3-L1 preadipocyctes (200x magnification)
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E: A a. by . dAve 2 FRIAAEAM. F G4, RBE
8 (100 pg/mL ). RBE £ (200 pg/mL ) #= RBE 28 (400 pg/mL ),
TR FHE T £F R E(@>0.05).
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Fig.3 Effect of different concentrations of LFBE on the
differentiation of 3T3-L1 preadipocyctes (200x magnification)
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HIE 3 AT, SEAHYNAHLL, 24 LFBE 4b#
3T3-L1 Aifelidifeis 5ot 8 d 5, (% HAEm =4
WRFEM] LFBE Y8820 N a8 . R4
ML O Ykl =45 R (B 3) &R, LFBE 44
A DL 2 /> 3T3-L1 R AR 7 40 M N e S =

(p<0.05), FH:r 400 pg/mL LFBE ZH40M1 4 flg i & &
HOEERIAN 41%, XS AHZE 14%. DL EgRE
W] LFBE AgR&40H] 3T3-L1 Bifsmigniusrtb, HIH
F0VE F IFE T4 B AT L

TEAWFLH, 5 RBE Lk, LFBE fgf 2
3T3-L1 Hij N 4Hpa A o e g I 4 e, 2 He
TN E KRR, — LK TR
R EATEVER) N R, BUR R G ST YR
e i =9 i i M s M= R S g I T o A
RDhge, IR E RS A Rt — P A

24 LFBE xt 3T3-L1 41 5% 447 o £ H 4%

ST Y 3R
1.2r R R A
M 100 pg/mL LFBE
1.0 a a 200 pg/mL LFBE

M 400 pg/mL LFBE
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0

Fig.4 Effect of LFBE on mRNA expression of genes associated

PPAR-y C/EBPa

with transcriptional regulation during differentiation of 3T3-L1
adipocytes
E: AR FEEAT E /2 E(p<0.05).
I ARG E S 24 y (PPAR-p) CAATT
WoET45 58 H (C/EBPa) FIEELR T o4 &5 H
(SREBP-1¢) 2 i JIig I 40 B 714 P O B 1 15 e ik A
. B4 BRI FH RT-PCR #:3 LFBE X% 3T3-L1
R RIT  AAH D s IR 3R IR sz . A ]
PUEH, LFBE FJLAE# T C/EBPa #1 SREBP-lc
FEK mRNA [3KIA &, 100 ug/mL LFBE b4 H,
C/EBPa 1 SREBP-1c FIFRIARACAHBAIZN 2%A1
1%, SHAORRZE A L BAT B3 2 R (p<0.05); LFBE
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AT LU 25 FEK PPAR-y 11 mRNA RIA/KF, 400
ng/mL LFBE ALFRZASOMBIRIZA 10%, S8 HE
HILLAARZEZR (p<0.05).

REWTANME 73t — AU SO AR, T Rl
ST HA, PPAR-y. SREBP-1c 5 C/EBPa
SRR AN Ak i S % R 7). C/EBPa Al PPAR-y
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US55t 22 B PPAR -y SR 263k T AT AE S| 3T3-L1 4
HL P9 AR k2D s Elberg G W7 K EL, C/EBPa 5
PPAR-y HAAHIGME, BB ISR, 4 C/EBPa fit
ZI, A PPAR-y FIRIA/KTF-2BEAC, MM Toik
TE g 2nal? . SREBP-1c [H3IAHTE—EFRRE I
WHiT PPAR4M", SREBP-1c AJLLEId/N7% PPAR-y
UL SR G DN s A D Wi =i A 012 1 I 0 i
555N, LFBE v LARZ I g Ii4i /i C/EBPas.
PPAR-y fll SREBP-1c [fJ mRNA £ik, Mifi— &R
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301

A i ZH
25k m 100 pg/mL LFBE a
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20 400 pg/mL LFBE

Hi A
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[E15 LFBE 37 3T3-L1 ZRARARAR X EE FRIAHI S/
Fig.5 Effect of LFBE on mRNA expression of genes associated with
lipid metabolism during differentiation of 3T3-L1 adipocytes
E: AR FEEATEFRH(p<0.05).
aP2 XA AR R B A R sR 2R
71, 5& PPAR-y NES KBRSt Ar I I 1 IR A Qs
(RSN, SARRERR AR, i 5 B,
SROAGHRZAAREL, ANEHEE LFBE Y] 22 T 40
HAE AR S IR T IR A  EE 1 (aP2) BRI
ZIRWERRNG 1B (PTP1B) mRNA ik, BAFRERER
(p<0.05). F:H1 200 pg/mL LFBE AbF AL T 2% T
TR ML PR aP2 OB IRZHAT 3%) mRNA
Fik/K 5 400 pg/mL LFBE AbFZE 2 A fi 4 15
PTP1B CHBAIXTIRZA 17%) mRNA FIEBA &
ZHEIER, JFRe®E LA MEIZEE GLUT4
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JXS I R FRIRL AL o
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