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ABSTRACT

Background: An imbalance in energy intake and expenditure can cause obesity, which is a major risk factor for chronic diseases
such as heart disease, type 2 diabetes, insulin resistance, cancers and hyperlipidemia.

Methods and Results: In this study, we evaluated the anti-obesity effects of a water extract from the young leaves of barley sprout
(BS) in 3T3-L1 cells and in high-fat diet (HFD)-induced obese mice (HF). Lipid accumulation measurement indicates that BS mark-
edly inhibited adipogenesis by reducing lipid droplet production in a dose-dependent manner. Furthermore, the mRNA expression of
adipogenic transcription factors peroxisome proliferator-activated receptor-y and fatty acid synthetase, CCAAT/enhancer binding
protein-o and fatty acid binding protein 4 in 3T3-L1 cells was significantly inhibited by BS treatment. In an in vivo test, the BS-
administered group of HFD-induced mice showed less body weight gain, and lower liver and epididymal white adipose tissue
weights. The BS-treated mice showed decreased serum levels of leptin and lipids compared to untreated HFD mice and the levels of
adiponectin and the HDL-cholesterol/total cholesterol ratio increased. These results indicate that BS inhibits body fat accumulation
by reducing the mRNA expression of lipogenesis transcription factors and increasing serum adipokine concentration in iz vitro and
in vivo tests.

Conclusions: BS reduced high fat diet-induced weight gain and had a positive effect on dyslipidemia.
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APATFAES] S43 Eshe A2 AFAH A=

HIRES Aol Badh duxEg Ao 4 s dHE HE s, ol APAHE BE FE=3T (Yang er dl,
AR BETE AA] 2njgle] met sk Al el oA B 2008). =, S AAldRe AA|I RS A9, vithE

73] FEE deitt v Y91e sEEO W, £, A A = Jornz vkl oA ZEA AF5E fsire A
A A7 A, ARBAEAE 891 Fol EFHoR dejEo] 3l WAES] E3tE 2dshs o] AWUEFAHE AL F e
on, IAYZ, APBA 23 A 2 ¥ D, 22 Ay Fa9 o)t (Nagai ef al, 2014).

7o wgAsle] uhgYolo g 7HEEY (Jung ef al, 2014; AWA| . £3} (adipogenesis) ol #osl= S35 AA}
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QIR}Z = peroxisome proliferator activated receptor y (PPARY)
9} CCAAT-enhancer-binding protein o (C/EBPa)7} A TH
(Roncari ef al., 1981; Yang et al., 2008). |23+ A=
o] Wl e Auebd st dE A HaES Ao RN, A
W 2 o] At S ST A ]
Z gt} (Rosen and Macdougald, 2006). &2

Z4 {84 E= C/EBPa, PPARy X3S 43}

=212

B AEo] I Tt
(Kim et al, 2016). M2 oA ek (4eacia
catechu) F=5°] 3T3-L1 M2ZolA A=A 2 triglyceride
o] 2% AABIIY L (Kim et al, 2016), FIAF=SE
3T3-LIAMIZEA PPARyS] S ATl whet A2 A%
SAE TAAAA HREAlA] 2324 AW A2 &8 T}

o]

A0l tisll AAIBIATE (Kown, 2016). T3 o]Qofji HHAA
A& v 822 WEshr] 9 tefet ArEe] 3 E

o 1 F X (Hordeum vulgare L) L& 2] 79
ot kst A EZo] TH3H EUvial By

o] Ut} 53] Aulu|e] 10 vl o]ife] Aol dFE 7HAAL 3
o, 73 aksiAel sop, HlEMYl C, HEM E, p-

carotene, VU 5 715 gt +9 A = Aok
(Kim et al., 2006). ©] wFo] HA o] JY BHE 2FORE
d#x Qo] BEe AAE &85 AlFo] Algel Al &5,
3t 5 OdS APes e vk Helee B-glucans
o ekl Qo] AFEEHEES el mHF ol
(Newman et al., 1989; Mcintosh et al., 1991; German et
al., 1996; Behall et al., 2004), streptozotocin® =2 -F=3+
=FdME S A7 AR BAEUTE (Son et al.,
2016). 53k, Kim 3 Kim (2015)% Hel<eo] oeks 55
o] GFAHIIAl H Al BRI AAS AAIF

FEe° UF H|

37 vk Ruslgon) Rese & ol
H AT vEe Aotk
wEbA, 2 AfelMe HeEle & FEEY N &
Azet7] flall, v frefl 3T3-L1 Aol A d =t &
AE A HES 2gsie] Helee] BEagx oAl #3t
AFE FAATE T3 Aol 2 {Fgh vk FERY
oA REE FEEO UE AW £4 2 I W A 3
Fo Fol vAE 25 ARSI
Mz Y uh
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(Yeonggwang, Korea)ollAl 73t A|52 ARSI HE]
T EFEES 53] Sste] ®HEle B 100g9] 14
SRTE HArksk] 105C &%0 3 A7k B¢t 3 3] 71d st
FE% 5 AFel] BEEg AANY FE AEE 54
7% A1Z1 ¥ (PVTFD20R, lishin Biobase Co., Dongducheon,
Korea) 28.8%°] 3|85 do] A4F A& (BS)E ARE-SHITH
2. MIZHIE 2 Rolee

Aol AR w92 WA TLHEE American Type
Culture Collection (ATCC, Manassas, VA, USA)IA 3}

R,

10% new born calf serum (NBCS, Invitrogen Co.,
Carlsbad, CA, USA)3} 100 pg/ml
streptomycin (Invitrogen Co., Carlsbad, CA, USA)°] ¥
DMEM (Invitrogen Co., Carlsbad, CA, USAMIAE A}&-3}
o 37C, 5% CO,9 Z7A9 incubatorollA] vt ME
7} confluence “JE17F =™ 10% FBS-DMEM®|| 0.5mM 3-
isobutyle-1-methylxanthine, 0.25 mM dexamethasone, 10 xg/mé
insulin®] H71d WA S Agjsle] E3HeE 2 A7 3 H,
Al 2 U7F 10% FBS-DMEMe®] 10 /g/mé insulin®] 37Hel
WA= wAsFAT 2 F 2 A PHSR 10% FBS-
DMEM A2 wAS|FHeH, Hels 5555 (BS)S A&
= BT AJRHRE 7] 3T (Sim ef al., 2014).

100 unit/mé  penicillin,

I =

3. MIEZSY A

B Ao AMgSE BS7T A WAIE] 548 YEpEAE &
Ast7l fsted MTS assayE 3 dFth 3T3-LI
preadipocyteZ 96 well platel] 5% 10° cellswell2 3131
om, BSE FLEWEZE (0, 31.25 625, 125, 250, 500,
1,000 g/me) M&ate] 48 A7 &<t vkt 1 <] 7}
ZF MTS &3S A7kt & 37CoA 4 A7 wigst &
ELISA  microplate (Infinite 200 pro, TECAN
GmbH, Minnedorf, Switzerland)E ©]-&3}] 490 nmol| A &%
=5 =3I (Seo et al., 2017).

reader

4. Oil-red O &M

o7t 5" AWAHEE Oil red O staining kit
(Sciencell, Carlsbad, CA, USA)S ©]&3}o] kite] ARl
g} At on, dsE Alxes AlF g ths Fskni
(TS100, Nikon, Tokyo, Japan)®.2 s}t (Sim et al.,
2015).

5. A2k 7MKL Real-time PCR &4

Total RNAE Wi¥sH 3T3-L1 AW FAEE TRIzol
reagent (Invitrogen Co., Carlsbad, CA, USA)E ©]& 3}
mRNAE #2]3 7 cDNAZ 34d5te] Real-time PCR7]7]
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Table 1. Primer sequence for Real time RT-PCR.

Gene Sequences of forward and reverse primer 5' - 3'
PPARy Forward TTC TGA CAG GAC TGT GTGACA G
Reverse ATA AGG TGG AGA TGCAGG TTC
FAS Forward AGA CCC GAA CTC CAAGTTATT G
Reverse GAT ACC ACC AGA GAC CGT TAT G
CEBPa Forward GCG CAA GAG CCG AGA TAAA
Reverse GGT GAG GAC ACA GAC TCA AAT C
FABPA Forward AGC TCC TCC TCG AAG GTT TA
Reverse CTG TCGTCT GCG GTGATTT
Forward GGG TGT GAA CCA CGA GAA ATA
GAPDH Reverse GGG TCT GGG ATG GAA ATT GT

(ABI7500, Applied Biosystem, Foster, CA, USA)S ©]&3}
o] PCRE Fa39oM (Sim er al, 2015), Ad] AR&3SH
FZ12F2] primer sequencing 7 H+= Table 19 YERNATE

6. S22 MA U K01
AHEES 6 3 47 C57BL6 "H+2=2 HE=

(SAMTAKO, Osan, Korea)ZFE Y31t} vl 1 F
7F dukdolg2 A7l § Gy o s ERERih A o]
T (\ND) ZAR2]ol (HF)OZ Urolr AR |, HF T
& I 95l HF, BS 100mgkg, BS 300 mgkg, BS
500 mgkg FATEOE 6 mlEY Uro] 6 T ARSIt &
& AR 717 B e (22420), I (50+5%), 12 A7+
FA (08:00 -20:00)2] 7|2 U 21E FXEA &
ZEPTIEMIO|E AR/ 3 miEd Eelsle] ARSsiict.
Aol AR-3F IR 2Jo] (60% keal from fat)= AY
(SAMTAKO, Osan, Korea)Z25F8 FYstodA Al5-3}5
, et Aole AR S, Al F 1
Aol dF 2 Y FUSAIZ
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A U adipokine A

4 Fo AELFe skt £497] (FUIl DRI-CHEM
4000i, Fujifilm Co., Tokyo, Japan)S ARE-3le] =74 31
&3 adipokine (leptin, adiponectin) %! insulin, glucose &

Y =7& Multiplex detection kit (Bio-Rad, Hercules, CA,
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USA) ¥ Luminex 200 Labmap system (Bio-Rad, Hercules,
CA, USA)S AME3130H, HlolEE4]2 Bio-Plex manager
soft ware version 5.0 (Bio-Rad, Hercules, CA, USA)E ©]
gsto] et

9. K[UZXZ] MIZOo| HEefstH M

Az o] ek Az A& ANERF dYE 10%
formaldehyde £l 24 A]7F 377d%F T2 hematoxylin and
eosin (H and E) 94& AAea, Fskdn4 (TS100,
Nikon, Tyoko, Japan)©.Z 200 v #]&=2 ZHas)HTt

10. SAIXE

BE A3 A3 Hd + ZTUAL (means + SD)E UERY
o™, SPSS (18.0, Statistical Package for Social Science,
SPSS Inc., Chicago, IL, USA)E ©]-&3le] ddHFEA

(One-way ANOVA)S AAISH F 194 A5 95% <ol
A A EASL Student’s rtestE: F=A S Duncan’s

Multiple Range Test (DMRT)Z AA] 515t}

al
=<

b

&1} z

Kl

1. B A2l 2 A Mol Olxl= Hat

Ra| (Hordeum vulgare L) & E5FZ&% (BS) &
oA HAde] yepdA] gkel 125, 250, 500, 1,000 zg/ml 9] &
288 ATt (Fig. 1). BS7F A HE-3}o)| w)x
ol 7] 218l Oil red O2F A2 W] triglyceride
ZA4sIslth. 1 A5 BSE AEslA] &L 3k f=
A A7E kel F4EA e, BSS A2sils
Foll= & oA o= A YAo] FAsH HAaE U

T O —— AN
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1 oN Ol ot
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Fig. 1. Effects of cell viability on BS of preadipocyte.
The values are expressed as the means + SD and
significantly different between groups according
to Student's t-test. NS; Not significantly.
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Fig. 2. Effects of BS on lipid droplet accumulation of gain (B) in mice fed a high-fat-diet. The values are
differentiated 3T3-L1. The values are expressed as the expressed as the means =+ SD. *Means not sharing a
means = SD and significantly deferent betvxﬁen groups common letters (a-c) are significantly different between
according to Student’s ttest. *p <0.05, **p < 0.01, groups based on One-way ANOVA with Duncan’s
wasp <0.001 BS treated group versus adipocyte, Multiple Range post hoc Test at p < 0.05. Normal;

"p <0.05 preadipocyte versus adipocyte. N; pre- normal diet, HF; High-fat diet, BS100; high-fat diet and
adipocyte. adminstrated with barley sprout water extract (100 mg/
keg), BS300; high-fat diet and adminstrated with barley
80 - PPARy 140 - CEBPa sprout water extract (300 mg/kg), BS500; high-fat diet
g 0] o £ 120 i and adminstrated with barley sprout water extract
% 6 E (500 mg/kg).
2 £ 100 A
2 50 4 g
v 2 80 - _
< w0 : v £ F23lt} (Yoon er al, 2010). Wk, E A&o)x BS
& i 1 - = _ _
s ] £ w0 7F AT FAdE Aol wek viRk eAle] =A] 7l
2 0] 3 »] Aoe e,
=
0 0

BSugmL) N 0 125 250 500 1000 BSugmL) N 0 125 250 500 1000
IS - — = ] o = =] ols5
Differentiation Differentiation 2. st I' );I l(’)".' 9—" _'I_ E|_1 7T |_-Ix} UEI-?_:'O'II UIXI [e— ooo':

A HFR3lo A C/EBPa ¢} PPARy7} A& A3 zkgslm 2

80 FABP4 14 FAS }
g g 121 st AFA e S wXA €k C/EBPa ¢+ PPARy
o) @ WP EAA vehts AT 48 2
g L triglyceride®] 22k @7 A¢Al 2] vioh 31 BE =5t
z g ° H, &k FABP4, FAS S5 2+ AWehg o fadake] o
4
£ e #S zA3T (Choi er al, 2015). Wa}Al, C/EBPa <}
z Z ol PPARy?] WAL oA she A2 wivkes A8shked 714 9
o 0 s v N0 o el s ol WA CEBR 9} PPARYS] BF Y
Fig. 3. Effects of BS on adipogenic transcription factors Real-time PCR= 313 A3} Fig. 30 b mief Zre] &
and adipocyte expressed genes expression of 3= et A4S, PPARy, C/EBPa o] W&o AX3lA
differentiated 3T3-L1. The values are expressed as 103 _ o= ’ e olEAO] LIl Ol
the means = SD and significantly different between S7FsIIAIRE BS Aol fJsto] s o vt f
groups according to Student’s t-test. **p < 0.01, =i} T3 FABP4 2 FAS Z-9-ol% Fig. 39419} 7] BS
**:p < 0.001 BS treated group versus adipocyte, R B 0100, Blo] 0]
#*#b < 0.05 preadipocyte versus adipocyte. N; pre- Aol oate] AR A HAsidiaS SR8t webd, BS
adipocyte. = B3P} 5% 3T3-L1 AlZo|M C/EBPa 9 PPARy &
< xAste] A S AR whet v gl 24
A= triglyceride®} cholesterol ester] %% A =M, A Ao AlgF}

o€ ¥4 AW+= phospholipid monolayers} ¥ Ty

Aol Eeule] e v|EA 2O ZA precursor fibroblasto] 3 Bt HI2H SS2H0IM AMSH0l OIX= At
ARE AAIER S EslapgellA vepdth dEgh A aAolof 3 BSE AR ¢ § A
 HITRS F=g it opuzt thabd Ak fdol] Aol W= Fig. 29F 2t} a2 o] HHEE /A oltol
=27] wiol], A @4 AAle BivkS X Fstal Al e {FolF R AFSTPE FEEHNeH, BS AFwelHe AL
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i
lo
0
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=
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Fig. 5. Effects of BS on liver weight (A) and epididymal

white adipose tissue weights (B) in mice fed a high-
fat-diet. The values are expressed as the means =
SD. *Means not sharing a common letters (a-c) are
significantly different between groups based on One-
way ANOVA with Duncan’s Multiple Range post hoc
Test at p < 0.05. Normal; normal diet, HF; High-fat
diet, BS100; high-fat diet and adminstrated with
barley sprout water extract (100 mg/kg), BS300; high-
fat diet and adminstrated with barley sprout water extract
(300 mg/kg), BS500; high-fat diet and adminstrated with
barley sprout water extract (500 mg/kg).
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Table 2. Effect of BS on serum lipid contents
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Fig. 6. Effects of BS on serum glucose (A) insulin (B) leptin
(O) and adiponectin (D) in mice fed a high-fat-diet.
The values are expressed as the means = SD. *Means
not sharing a common letters (a-c) are significantly
different between groups based on One-way ANOVA
with Duncan’s Multiple Range post hoc Test at
p < 0.05. Normal; normal diet, HF; High-fat diet,
BS100; High-fat diet and adminstrated with barley
sprout water extract (100 mg/kg), BS300; high-fat diet
and adminstrated with barley sprout water extract
(300 me/ke), BS500; high-fat diet and adminstrated
with barley sprout water extract (500 mg/kg).

Z7he Aol Fol Z7185S HAby A
319 94 7} Ackz Qe

7 2
AWxA oA F71E ATt (Fig. 5). Held meleel
2 Az o] Fgo] el o
2 OAM QS 919 G4 AN Zoz AlmEt

in mice fed a high-fat-diet.

BS100 BS300 BS500

Normal HF

TG ) -
+ +

(mg/dL) 147.20+16.15 172.60+14.67
I 107.60+7.82° 188.00+24.30°
(mg/dL)
HDL-C i

20+4.32° 74.33+7.
(mg/d1l_)) 53.20+4.3 33+7.86
H(IAS 51.66%6.64" 39.33+6.86%

174.33+15.69" 155.17=14.99% 150.25+10.112

203.50+9.65" 200.00+24.30° 180.20+13.31°

94.17+13.04¢ 99.83+11.86° 102.83+7.60¢

49.20+1.49° 49.53+3.28° 52.56+2.39"

Mean values + SD from triplicate separated experiments are shown. *Means within a column followed by the same letter are not significant
based on the DMRT (p < 0.05). "HTR; (HDL-cholesterol/total cholesterol) x 100. Normal; normal diet, HF; High-fat diet, BS100; high-fat diet
and adminstrated with barley sprout water extract (100 mg/kg), BS300; high-fat diet and adminstrated with barley sprout water extract
(300 mg/ke), BS500; high-fat diet and adminstrated with barley sprout water extract (500 mg/kg), TG; Triglyceride, TC; Total-cholesterol, HDL-C;

High-density lipoprotein cholesterol.
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5. B} 82t SE2H0IM 25 K2 OKl= Hat
HeEee] el Ad w5 4 ZA3= Table 20 UbE}
WAtk 3 W triglyceride (TG)EHE-S A2A]oldl] )3
7P 2 FFe Ol Aol A3 HF Hal
BS 300 mg/kg, BS 500 mgkg AHF oA EH TG ol
foldo =z 748t High density lipoprotein cholesterol
(HDL-C) €59 s974ss fFiA7le Awat SusHE
S 7HOE o] FAA AASke F& SHHER LA Ut
(Sim et al., 2014).
2 ApellAE, HDL-CEl 3He HFZ3 AlR A wollA
o8l zolE HolA= AR, HDL-Cltotal
cholesterol ratio (HTR)2| 7% 22 H3F o] Adr=71A]
MAEE & At o= BSHAZE A SH=EE F
HDL-C®| &S 7o 24 BS F5& A37 85 24

L
R

4

A - 227

-
4

oA

- Of=gt -
2HE 55 A0 Bes = .
HHo 7 BSO 4%+ HTRS Hl%% =], TG?J%L%
FO2A IA )R FE
Ao g pekdT)

o i N

6. BSJI U2t SSLUM 2= AT A S, leptin,
adiponectin &0l O|Xl= A&t

7“7]7H JJ]‘”’S-J“ 7 oS fFieste] A= ded
AFee dogint. A= AAF Fol o] b A
oA °1E%3 L‘ﬂlo}@] a5 HelA s, AAe] 3
o A, et ARl 2T aladFol AL A

SETh LeptmT: AEA A HEolA F44HF B odA
T2 ZEohs AEERO R, leptin® w214 7l
upet Aol Skt leptin w27t ksl €rk 22y

Fig. 7. Effects of BS on hepatic fat accumulation (A) and size of adipocyt
fed a high-fat-diet (200X) Normal; normal diet, HF; High-fat d|et BS100; high-fat
diet and adminstrated with barley sprout water extract (100 mg/kg), BS300; high-fat
diet and adminstrated with barley sprout water extract (300 mg/kg), BS500; high-fat
diet and adminstrated with barley sprout water extract (500 me/ke).

e (B) in mice
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HRRRI A= tiateldoz Qled
e leptingt Sl ol
Leptin} &7

AA A 2 F S FEeht). Adiponectin A X HHA|
oA HH]E= adipokine® 2, oHA] talel] Fofsl= Qxlz
U4 9tk Adiponectin BF X ARl HlE| H|vE
ShtollA] ZrAgitar el Aok whebr] A Aol E AlE
gk wh-2olx BS Folo % dF Qled Y leptin,
adiponectin F%=0l PX|= G2 HAslHT)

Normal2l] H]&ll HFZlA 89, leptin, A&de] o]
ol og F718low, adiponectin®] T fo]Ho= 7
A3 BSe A4 ledl vt vk oEHeE A
sHom, leptin> BS AFH oA BF o2 o= 7HAEkal
. ol2 Qe EF 9 A 7Aslnh. WA adiponectin

BSHA o8l felHom FUtstlth (Fig. 6). wWaEbAl,

A= BSe AF+ adipokine ¥ 9, & =S
gl wet vgre = Q1gk giaMd HIS JIATE Zlo=
AbE T

Z} leptinel] thek A
‘do] "o A
= AYPEHE X

el

Hrt.

=
T
zl

=

-
X

e o L

AQZZ0| Yie|sid =X HAL
white adipose tissue ©l &
A= Fig. 72 Fig. 8 9
UERI2LEE. Normal ol Blsled HFZe] 7+22o)| s A4
ol Hlgte] W2 AL AFElen, RE B AHAE

RN
KR
=

oM AW7E Aadk A B 4 U T8, HF S
normal ¢l H|3te] XA =3 4

o] A717F AR v

T oM TR gEHoE AWA|Ee] A7)7F 7HAE). o]
g Fol] =FEEe] 44 A A=z e A=A
S FHHoR JPAT log AtsEL

L
R

Zk

ZAR] =
B ATE sEHMRER VAR YA (A 5
814002-03-1-HD020)2] Ao J5)] o]Foi7l AiZ olol] 7+
A=Y}
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