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Eun Ji Go', Byung Ryeol Ryu?, Su Jin Yang®, Jong Suep Baek*, Su Ji Ryu’,

Received: 2020 October 16

1st Revised: 2020 November 21
2nd Revised: 2020 November 30
3rd Revised: 2020 December 7

Accepted: 2020 December 7

This is an open access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License (http://
creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted
non-commercial use, distribution,
and reproduction in any medium,
provided the original work is properly
cited.

Hyun Bok Kim® and Jung Dae Lim’f

ABSTRACT

Background: This study investigated the anti-obesity effect of the flavonoid rich fraction (FRF)
and its constituent, rutin obtained from the leaf of Morus alba L., on the lipid accumulation mecha-
nism in 3T3-L1 adipocyte and C57BL/6 mouse models.

Methods and Results: In Oil Red O staining, FRF (1,000 £g/mf) treatments showed inhibition rate
of 35.39% in lipid accumulation compared to that in the control. AdipoRed™ assay indicated that
the triglyceride content in 3T3-L1 adipocytes treated with FRF (1,000 xg/mf) was reduced to
23.22%, and free glycerol content was increased to 106.04% that of the control. FRF and its major
constituent, rutin affected mRNA gene expression. Rutin contributed to the inhibition of Sterol reg-
ulatory element binding protein-1c (SREBP-1¢) gene expression, and inhibited the transcription
factors SREBP-1c, peroxisome proliferator-activated receptor gamma (PPAR-y), CCAAT/
enhancer binding protein a (C/EBPa), fatty acid synthase (FAS) and acetyl-CoA carboxylase
(ACC). In addition, the effect of FRF administration on obesity development in C57BL/6 mice fed
high-fat diet (HFD) was investigated. FRF suppressed weight gain, and reduced liver triglyceride
and leptin secretion. FRF exerted potential anti-inflammatory effects by improving insulin resis-
tance and adiponectin levels, and could thus be used to help counteract obesity. The mRNA expres-
sions of PPAR-y, FAS, ACC, and CPT-1 were determined in liver tissue. Quantitative real-time
PCR analysis was also performed to evaluate the expression of IL-1f, IL-6, and TNF-a in epididy-
mal adipose tissue. Compared to the control group, mice fed the HFD showed the up-regulation in
PPAR-y, FAS, IL-6, and TNF-a genes, and down-regulation in CPT1 gene expression. FRF treate-
ment markedly reduced the expression of PPAR-y, FAS, IL-6, and TNF-a compared to those in
HFD control, whereas increased the expression level of CPT1.

Conclusions: These results suggest that the FRF and its major active constituent, rutin, can be used
as effective anti-obesity agents.

Key Words: Morus alba, Anti-obesity, C57BL/6 Mice, Expression, Flavonoid, Gene, Mulberry
Leaf, Rutin, 3T3-L1 Cell
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H|TR o] ] AT} LH|FF Afole] B4 o= I8t
of Aol Ate] FHEaiA FHEUE HHE b, &
A3} oUA] 7S 95k oA AT (Spiegelman
and Flier, 1996). =3+ XA L] Z7k= 23}, vthe} 3
Pgom zHE, 1 Qolx o] W), AlA| EEEre]
Ak ofdgl 430 89l FoE It A E= thAMY
Agoltt (Hwang er al, 2014). H2 Fg2E3 12 )&
JEZ 7I18te] ohekgt o] | Do) HrkEaL 9
ot B EH7Ee el WA o ® 3T3-L1 AWMHAFAIEE
oz FE=o Fejd S Aot Aol met
A= AR (lipid droplet)?] 74 HEE ZYsh= &
514 %717} o] 2olA 7 9lth (Kim and Chen, 2004).
o] APE = A& Alx E3lapge] g FEe=E, A

TAIE] A F2, AZFH, A O 9 ot
O]XM] ofsl) AAER E3slshy olH g HFE AA
A3 (adipogenesis)o|ZFTL B} (Ali et al, 2013). A
WA 2] A 7E S2A]0] HW insulin BRES YoA &
3517 =132 (Lefterova and Lazar, 2009), A|WA|Ee] H3}z}
Aol ol ulgl acyl-CoA carboxylase (ACC), fatty
acid synthase (FAS)2] R-#z} @do] F71stA ©T}h (Fu et
al., 2005; Skurk et al, 2007).

Adipogenesis ol #ostE F 3 AREE= ES
o] ¥ == CCAAT-enhancer-binding protein o (C/EBPa)2}
C/EBPaoll ]3] =%+ peroxisome proliferator activated
receptor Y (PPARYy), sterol regulatory element-binding trans-
cription factor-1 (SPEBP-1)7} thiZo]™ (Lefterova et al,
2008; Lefterova and Lazar, 2009), C/EBPox= er&A] #|4b

F

S

o

=
=

Z7)

T 7] 2 55 773 PPARyS A vl AnE
243813, SPEBP-1= AZTH L] £33l EAA &

A A ARk ddE S7MZITE (Han er al, 2018;
Khalilpourfarshbafi et al, 2019).

M5 Q177 F7A glo] BUbRERE 4% A8 7
5} spuut FHEHS ;Hal: 22310 YAE PARSHE 8]
HEs o] 8757 9
wolo rlokst A e oala glon T

SA4F 28|31 rutin (quercetin-3-O-rutinoside), quercetin,
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quercitrin, isoquercitrin, kaempferols} alkaloid”] &S -
3la ATH (Kim er al, 2001). B FZE-S kA oA

1__
O 1L

glucose?] &H|E T/ OEZH I
Aol HAEoUT (Attila er al,

quercetin 52| flavan =4 5°] 3T3-L1 XA
AR EZL E3ket TS AAEH,

nojirimycin (DNJy= &7120|=A] SRIE=E

A EH 740l
2013). #319] rutin,
o]oi
29l -deoxy-

A a-glucosidaseE
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Zkar

AN 7= TS Aol (Kim et al, 2013), 37
2 dAIsl] MR S-S YeRlle Z1og HarEo] it

2 AFolM = B o 2R E53 flavonoid rich fraction
(FRF)°] 3T3-L1 AAEe] #3lol] WX FaFat AARIA}
2 A SAY pathwayoﬂ HX= G3ES ZA}SlAL Ao)E &3
2ol 719 flavonoid rich fractlon«] st g3E FERY
oAl Ao ZM o]Fo] |V AAZ SEE]7] g AR

£ AlFstaat st

Az
1. A=

FENTH FHAEFNA At BUE (Morus alba L.)
“HEETY S AEITE 8BS A1x & AgS)
ATk Wl Fuk 25 o 50% ethanol 500 ml 2 30 B+ 2
g FE390H, —r%ﬁb 38T bsEsl] S/HT=
LA T n-hexane ethyl acetate, water 502
stk 1 & 7t £33 38CA IFESEsid

oo

2. HPLCE 0|2510{ 29| rutin, quercetin 82t A

wol & BIZS 1,000 pgml O F A X o] B3
o}, EAA] rutin (>95%, Sigma-Aldrich Co., St. Louis, CA,

USA), quercetin (> 95%, Sigma-Aldrich Co., St. Louis,
CA, USA)LZ HHAS 2Hdsislen, 7t 23l EAlsh=
rutin, quercetin mg &2 k&5t YERNUT ENFALS
Table 13} 7t} o]F 3T3-L1 adipocyte A|Z&3} 3
ol &l Ao E BEE F rutin 2 quercetin
AF o7 =& ethyl acetate (EtOACKEEE3} & (water)®

Az
gl

L

Table 1. HPLC condition for the analysis of quercetin and rutin in
solvent fractions and extract from leaves of Morus alba L.

Instrument Shimadzu LC-20AT HPLC system

Column YMC AM303, 4.6 mm * 250 mm

Detector UV-VIS detector (355 nm)

Solvent A H,O containing 2% acetic acid

Solvent B 45% Acetonitrile containing 2% acetic acid
Flow rate 1.0 m¢/min

oven 35C

Injection volume 20 /4

Gradient elution system

Time (min) %A %B
Initial 50 50
18 m 0 100
20m 50 50
22m 50 50
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3. BUFES S0E==2| 3T3-L1 adipocyte Al
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3.1. 3T3-L1 MI=ZHH

3T3-L1 AlEZe] wj%& DMEM (Gibco BRL Co., Gai-
thersburg, MD, USA)°l 10% BCS$} 1% penicilin/strepto-
mycin (Gibco BRL Co., Gaithersburg, MD, USAYS %7138}
o] AREslloH, 37C, 5% CO,Ql Z7olA st

3T3-L1 AALAEE APAIERS] £315 fiestr] flst
o MAEZF 80-90% confluencedtAl F™H 0.25% trypsin-
EDTA (Gibco BRL Co., Gaithersburg, MD, USA)E i%al
afod 1 wZF Wi 5 uiRIe} Esle] AlEE 2
welloll st A7t 23] post-confluentdHA| %_1 ﬂ]
7] W FE § 10% FBS7F 37HFe DMEM i eiel] 0.5
mM IBMX, 1 uM dexamethasone, 10 xg/ml insulin®] 7}
SHr= MAE Agste] 3k fFEAZT

B3l A2 o] 5 pg/ml 2] insulin®] $HFE 10% FBS
DMEM HA]E AR3l o)E 7FAC R viX|E wA|shHA] X
WA 23S FrEsiith AR AEle 3 AR S
x3tste] olE 7HAC R wjR| e} I A|lRE ATt

=

o5t

=
AU

3.2. 3T3-L1 adipocyte MIZZat Y X|W=E

3T3-L1 preadipocyte ¥3H+=3t FEH ol -%%%94 EtOAc
YT H water L83 ARE FEHE At E3tE
Eulxl Fof Oil Red O stainingS ]EE A viA] AA T

PBSE ©]&atd A|AE alFaL, 10% formaldehydeE 3 7}s}
o g0l 30 & Bt MEE GAIFTE FormaldehydeS

AAsAL PBSE o]&3td AlAHE dF F Oil Red O
stainingS *2]dte] A2ojlA 1 A7k FoF P27l & PBS
2 AFsoh AE & JaE Mxes drjgdes S 3
stk FAE HEES 100% isopropanols F71ste] AlE
o lipid® €FA1Z] 3 multilabel reader (VICROP™ X3,

712! Flavonoid Rich Fraction2]

Si|orsD)

=
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PerkinElmer, Waltham, MA, o A

=431t} Z2-E SIS
AT

Intracellular =72 AdipoRed™ kitE A&
3t} 3T3-L1 preadipocyte®] E3I-F-EHIAE H71E o
100 pg/ml, 500 pg/ml, 1,000 ugml F=2] A55 =23
3, vt_"ﬂ7 I AR A S S5t wiF] Al
71 5 PBSE o]&sle] MF & AdlpoRedTM reagents ]2
3te] CO, incubatorol|A] 10 ¥ wFA]Zl & PBSE o]-&3}e]
A2 SFATE A2 3] excitation 485 nm, emission 572 nm o]
A FREE ST SHE FEEE dixl g o

&7 MEsh

USA)E 510 molA &
el gk wiEs

-

STAAY o

3.3. Real-time PCRS OI2&t AUTHAL 244 %ﬁx} DUSIQkLE
%E FEER Ao B3F Fol rutin FFo] =2 EtOAc
flavonoid rich fraction (FRF)S.Z " O}MD]—. zt
=3 A8 (100 zg/ml, 500 g/l 1,000 zg/ml)e}
¥3E rutin®] FHS A ruting (3.24
ugml, 16.2 pgimk, 32.4 pg/mi)o] l'i_..i e =
FRF$} ruting 3718t £8tA171 Al2Ee) HiRE A A3t
PBSE ]85} /‘ﬂ?”\] T trizol reagents AZ|sl] AlE
9] total RNAS sFch E2]E RNAC Z}2ke] primer
(Genotech, Daejeon, Korea)g} One step SYBR PrimeScript™
RT-PCR kit (Takara Inc., Otsu, Japan)E E2IL
PCR Detection System (ECOTM, Illumina Inc., San Diago,
CA, USAys ol&ste] SHsllnt. Ak e 245 AM
sh=tl 283 primer®] A ES Table 29} 7Fo] VFERASITH
PCRe] ZA& Z71¥HAl (95T, 30 sec), WA (95C, 5
sec), A% (57C, 15 sec), WS (72C, 10 sec)?] A=

Real-time

40 cycle WFSAIATE &8 FAHE 55C - 95CE 05CH &
7HA 80 ¥ HkE F ke FBwS HERIUTE mRNAS]

A etz tigk Ao il

e YR

A

Table 2. Sequence of primers used in quantitative real-time PCR for mRNA expression of transcription factor on adipogenesis of 3T3-L1

cell line.

Gene Sense primer (5'— 3) Antisense (5'— 3)
PPARy TCGCTGATGCACTGCCTATG GAGAGGTCCACAGAGCTGATT
C/EBPa. CCTTCAACGACGAGTTCCTG TGGCCTTCTCCTGCTGTC
SREBP-1c GGAGACATCGCAAACAAGCTG CAGACTGCAGGCCAGATCCA
ACC GAGTGACTGCCGAAACATCTCTG GCCTCTTCCTGACAAACCAGT
FAS TCCTGGAACGCAGAACACGATCT AGAGACGTGTCACTCCTGGACCT
B-actin GTGAAAACTTCGATGATTACATCAA CCTGCCACTTTCCTTGTG

PPARy; peroxisome proliferator-activated receptor y, C/EBPa; CCAAT/enhancer-binding protein/c,, SPEBP-1; sterol regulatory element-binding
transcription factor-1, ACC; acetyl CoA carboxylase, FAS; fatty acid synthase.
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3.4. Western blot analysisS OIZ5t AIUCHAL 2 CHIEEL o5 A & AJRRE 359 2ol@e 348 & w5 wixe
e R dol] W o|gs wl gro g AYSIlaL, v Hd A

FRF Agjol] w2 oAl #d @Al SREBP-le,  H#FE zF 9] A 2HFE /MAFE vro] ALkss
PPAR-y, CEBP/a, FAS, ACCS dYJS Western blotS . 2]o]a-&2 FER =|(total weight gain/total food intake)
53 B AEsE 9h5E AEE PBSE AlF T x100] o 4l wEl AHEsiach
RIPA buffers AMg-ste] ©lds FE39c 28 oY
ZL 10% SDS-polyacrylamide geloll H7]19% A7l F 42. A== OlAF 2l JI2 flavonoid rich fraction@] 2}
polyvinylidene fluoride (PVDF) transfer membrane (BIO- ool WE A= L 2|, ol L X[ZAI OKl= Hetk =
RAD Inc, Hercules, CA, USA)O.Z 400mAZ 100 7+ A
transfer A1Zt}. gl F glucose F%+= ACCU-CHEK Go (Roche Di-

Transfer7} $45¥ membrane2 5% bovine serum albumin
(BSA)°] ¥ TTBS (0.1% Tween 20 + TBS) &S A
2ol 2 AIZF WEEAIZL F 1:200 H]&2] ol 1 2} A
SREBP-1c, PPAR-y, CEBP/a, FAS, ACOZ 771 & A
2 ZHNA overnightdle] WHSAIZTE TBSTE ©]-83t 5
etk 3 1 AFHS Kkt 1:1,0000] HE&2] A HS
2 2} Al horseradish peroxidase-conjugated anti-rabbit or
anti-mouse IgGE 7}t & 1 AJZF Zd2elx] WhSAIZ T 1k
< TBSTE o]&sted 10 & vt 3 ¥ AlH3 v ECL
detection reagents (Merck Millipore, Billerica, MA, USA)E
o] gste] g AlFe] T YA =S SIS

LBIEZ (C57BL6 mice) 2012 S3t S|Pt Fjol

AlSED

eIS2 (C57BL/6 mice) A0joll W2 A= Hst U
A FAdiste F=Edad
°om (KIACUC-1700114), &&2]& 0|3 78t
Y313t C57BL/6 P2
0]Q ¥ (Eumsung, Korea)Z%-E TY3IAtt.
A5 R AR H-eAF = 12 wiEH o
Hk2Jo] (chow, 3.90 keal/g with 11.5% fat, 20.8% proteins
and 677.7% carbohydrates), A% o]+ (HFD, 4.73 kcal/g
with 45% fat, 20% proteins and 35% carbohydrates), 34|
Hh2lo] Bl 7191 flavonoid rich fraction &I (HFD-FRF)
o7 F 37K AgLer ERsiinh
7} 3 7K Aelee 3 RHESRe A AolA] & 4 vy
gHAdde] vix|eti om FRF £8& 500 mgml & the Fo
HeF 10 m/kg S viY TS ST (5 gke). 12 F
2o] F AFFES A INE AHF, F7INE A
ate] FAIE ZgIdinh AEEE AR 2% 22+2C,
o 55+5%, 12 F7F 2HF7|2 2459on 23 2
= ARE AAT S =S S,
FEE] AA

=, Agro] MF T, 2ojgse AN ZE
5 FEE 7 A Ssiglon, AoldH e

% 53 v}
:er

g
a

o o A N

1>
% O oy

==

P
N
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agnostics Inc., Basel, Switzerlandyg AFg-3ted A2 7o)A]
5 & Bk HAZ 5 96-well plate o 7 Hol standard
AlokS 22 3led 600 nmo|H EF=E ST
Insulin, leptin, adiponectin® Matthews 5 (1985)2] W
I} 7ro] ELISA kit (R&D systems Inc., Minneapolis, MN,
USAYE ARE-Sle] 2431699 insulin} glucosed] =5 &
3] insulin resistance (HOMA-IR)E =731t}

4.3, HsSSE e & I flavonoid rich fraction 4J0]
ol 2 Zkap X8t 20| el 2 A1 gt Higt

7he B2 Al HAEle] formaldehydeol] 24 A7+ WHE-A]A
Aty #AES 93 cryostatS ©]8-3ke] 5 um FAZ JE
skt g AE § b E55 o]8Ste] 4m
TS mAEHS Sefol ekl FEAIZTH

A2t Lglo]l== Emamat 5 (2016)¢] W 7to)
hematoxylin and eosin (H&E) G212 Alaste] Fadn|7do
2 HEsIAY. MAZZ] (white adipose tissue)S A3
HF & 3% %<t 10% neutral buffered formalin?} graded
alcohol ©]&3t] 14, EA171 & 91219 blockS 4 m
T 2AEHCZ AAste] Oil Red O staining, xylene
clearing, permount®] #3-& AA FeAn7E F3 #zs
AT

A2 AL 7 AIEE deE PBSE Bo] 23t A1
T total lipid& F=3+d AceChem TG Kit (YD Diagnostics
Co., Yongin, Korea), total cholesterol kit (YD Diagnostics

Co., Yongin, Korea)S AR&-slo] PAEAS ST

5. Quantitative real-time PCRS Sot % JI¥ flavo-
noid rich fractionO] A&SZ0lIAQ] H|2H FHKX}, HAIRCIK}
2 cytokine L0l OIXl= 2

ZhzA], WAz AYle] RNA 52 trizol (Invitrogen
Technologies Co., Carlsbad, CA, USA)S ©|-&3lo] &&EAIH
on, &% RNAT Transcriptor First Strand cDNA
Synthesis Kit (Roche Applied Science, Penzbeng, Germany)
0|83l ¢cDNA FA st Fa W3 =& gl 9

o= =

=
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Table 3. Sequence of primers used in quantitative real-time PCR for mRNA expression of transcription factor on HFD-fed mice.

Gene Sense primer (5'— 3) Antisense (5'— 3)
PPARy CGCTGATGCACTGCCTATGA AGAGGTCCACACAGCTGATTC
C/EBPa CTGAGATCCCAGCACTTCTTGA GCCTCCCAAGCCAAATGAG
SREBP-1c CTTGTTCGCGCAAGTGAGG CAGGATCCGACTGTTTACC
ACC CGCACGGAAGCAAAATGG TGTGCCCAATATTCCTGG
FAS GCTACCTGTGTCTTTCCCGT CGTCACACACCAGCAGGTTA
B-actin TCCAGTTGCCTTCTTGGGAC GGTCTGTTGGGAGTGGTATCC

PPARy; peroxisome proliferator-activated receptor y, C/EBPa; CCAAT/enhancer-binding protein, SPEBP-1c; sterol regulatory element-binding
transcription factor-1, ACC; acetyl CoA carboxylase, FAS; fatty acid synthase.

3] real-time PCRE- template=A] AFE-SIATH

NCBI GenBankollX] H71X€S Aol primers A &332
™ (Table 3), housekeeping gene® 2+ p-acting A&}t
Real-time PCRZ SYBR Premic Ex Taq (Takara Inc., Shiga,
Japan)S ©]83)] 4383}l PCR intracellular S A|W S
=48 AdipoRed™ KitE AFE-3ISIth 3T3-L1 preadipocyte
o] ESHr=mAE H7EE W 100 g/me, 500 pg/ml, 1,000
gl E=2] NEE AL, 3‘5}7} 2 ARl FAA
WSS SA4sIelnh wiAl Al $ PBSE ol&ste] Al
AdipoRedTM reagentS *]2]3}e] CO, incubatorol] 4] 10
W gAZl & PBSE o]&3dt] AlHEIATE AlF Fol
excitation 485 nm, emission 572 N FFEE SN S
H, S8E FHEE ol it HiEERE S

Quantitative real-time PCR #2418 &3] 7-x2| o 2HE
PPAR-y, FAS, ACC, carnitine palmitoyltransferase 1 (CPT-
1), F28ke] WXz 2 o Z2XE interleukin-1p (IL-1B),
interleukin-6 (IL-6) 2 tumor necrosis factor-alpha (TNF-o)
o] I AAS A

LR

6. SAX2

7} Aol gk AFE vt + KR F718139H SPSS
(Statistical Package for the Social Sciences, ver. 19.0,
SPSS Inc., Chicago, IL, USA) A Z2 13 o] &3} om,
Duncan’s Multiple Range Tests (DMRT, p < 0.05)% %3
7 el feleae AR

21}

p =

L

=
1. 83U FE22FH 229 M Y SHEE M
%E%l %‘%%% 5 %2 n-hexane, ethyl acetate (EtOAc),

water =02 Ha|slo] 7} B3Zo|xje] vt S e
i 74—E A Z=5E quercetin? rutin®] TFEHS HAIINATH
(Table 4, Fig. 1).

Wl FEEIA querceting rutin TS A A3} 2]

L
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Table 4. The content of rutin and quercetin of different fractions
and 50% ethanol leaf extracts from Morus alba L.

Content (mg/g)

Fractions - -
Rutin Quercetin
Crude extract 28.72+3.60 0.80+0.10°
n-Hexane 2.29+0.50¢ -
Ethyl acetate 32.16x1.20° 0.83+0.10°
Water 26.86+1.50° 3.52+0.80%

"Mean within a column followed by the same letters are not
significantly different based on the Duncan’s Multiple Range Test
(DMRT, p < 0.05).

Z=ZEAE quercetin®] 0.80+0.10 mg/g, rutin®] 28.72+
3.60 mg/e?] S RN, SuRE &
oNA quercetin®] THES AZEHA LU

n-hexane 83
&I rutine 229+
0.50 mg/ge YJERAN L™ EtOAc EEFo|A = quercetin®]
0.83+0.10 mg/g, rutin®] 32.16+ 1.20 mg/g, water &=l
+ quercetin®] 3.52+0.80 mg/g, rutin®] 26.86+1.50 mg/g2]
S ERlsiinth
QuercetinS water =41 3.52+0.80 mg/gl 2 71 =&
FES %EMJML EtOAc #8Zolx 0.83+0.10 mg/gl &
T o R w2 TS Uepe A4S Il
7%, EtOAc Eg3l 32.16+1.20 mg/g_i 7}
02 THrEY e AE RIS, water
204 26.86+ 1.50 mg/g®] TS LrERfo] &o] 2z 2
A GRS 33 8320 water 8%, EtOAc 8=

water —r

t}. Rutin®

R o =zoa
F=2

2. B F==9| 2202=159| 3T3-L1 adipocyte MIZ2at
2 XU=Holl thst Hgt
B FE=ol g &) 285 A
‘5}%} %‘751 Asiaas AAst] flste] ®al
water —v—ﬁl’"‘ = orhstat— AR

]_LI:I§]_ ol lipid
719 EtOAc &
A2zl # 28t
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Fig. 1. HPLC chromatogram of rutin and quercetin of different fractions and 50% ethanol leaf extracts from Morus alba L.

Orlistat= 7H3 A1 9178 llpase A =

2 A =L 9] lipase
A ete] AolA LTS

=) 30%7HA SAIgTRAL A 2l
A2t (Torgerson et al., 2004) 7, AL, HAF SAnjEE
o, AsEd 5o 8-S JEhAY (Rucker er al,

2007).

wol 719 EtOAc #8353} water 85 18]3 orlistats
Oil Red O stainingS A%+ @_J»]- Wl 719¥99] EtOAc &3
= 500 ugml F%=

orlistats 20 pmol 22 2]t 73%9} water +922] 7
G AAIE 23} oA 9 A SHEE AT B A
< SIS (Table 5).

A 24 A3} orlistats 20 umol L0 2 X2]g A
_% 9_6]8% }\J];{]Hl— i;@a}:o] ﬁ7].o].gi—/ L07 ZZ%J
EtOAc £33 500 pg/ml 2| %_‘T—_Oﬂ/\i iz 3763+
1.15%2] 522 1,000 pg/mle] FeolMs thz2] 23.22
+ 0.38%2] TFoE F9AGE o] Fadt] B &
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E‘/] EtOAc _,_pjxo] %—AJZ]HO]- @—EOL% 71':} ] ]\_ ‘]O] E-"]’
7} S1EIT. Water B8ZHE 1,000 pg/ml o) FE=elA
o 7

5771 +£5.16%% 54 ANS AaAA 2ads vehlidlod,
Au stellA] AFAGA E27E E3tE]= FoA A2 =
A<l o] HFEJT =R A,

olyg A= Bl FEEO] AWAFAMEL] Al
freste] AR 75 AR 2ot ¢
(Ann et al, 2015), quercetin A¥-o] ME Z2]
AE 5 AENRES JO7]= mitogen actlvated protein
kinase (MAPK) A2E ZAsto 2 A EZAS Frdith=
B9} AXSFA T (Ahn er al, 2008) (Table 6).

]_}\E]_

X
A= 813
[e)

Rl o

, 3%

> WO,

Water “_?_3;1]7(;% 7(13]0]-0:] /\']Z]bﬂ- -61—31:0] 1,].0 AZ__E
UEld AL water E8F0] =& F£Foz ¥gFo3

quercetin®] AMEHEA|Z o] A WA 2] BEsh SARM &=
2ol FEE mAI= Zlo] opet AFAGA| 2] A EAMES
freste] AAFAIEe] & A E AEAIZ] dEe s 4
7ot
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Table 5. Inhibitory effect of ethyl acetate and water fractions from 50% ethanol leaf extracts from Morus alba L. on the lipid accumulation

in 3T3-L1 adipocyte cells.

Concentrations (xg/mk)

Inhibitory ratio (%)

Control EtOAc fraction Water fraction Orlistat
100 91.32+4.67¢ 127.93+5.36°
500 100.00%=0.76 58.19+3.83" 109.99+2.344 99.08+8.88
1,000 35.59+0.77¢ 108.88+7.00

The cells were treated different concentrations of EtOAc fraction and water fractions from leaf extract of Morus alba L. during 3T3-L1 adipocyte
cells differentiation and lipid accumulation levels were determined by Oil Red O staining. Orlistat treated with concentration of 20 pmol. Fractions
from leaf extract of Morus alba L. were incubated with concentrations of 100, 500 and 1,000 xg/mé for 8 days. The values were calculated as
percentage of control. Each value is expressed as the means = SD. "Mean within a column followed by the same letters are not significantly
different based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).

3. Adipocyte MIZ Zsloll 0] E! JIA flavonoid rich
fraction X{2joll UFE K|LTHAL 2+ FTK} LoiQkehz M

FRF A2l& A7AAEe] AlE Z3ho} AU54S 2
A7) Aol ER1E B FRF 227 A4 3 524 S
AAATIE AJMA, AT HEE mRNA FAArdd S
z2Aa7] WA &g dart vk

AP TM| 2] E3= insulin, dexamethasone, 3-isobutyl-
I-methylxanthine (IBMX) 59 FEAxE FQ=Z 31
(Alihaid et al, 1992; Boney et al, 1994), olu ==
peroxisome proliferator activated receptor-y (PPAR-y)<}
CCAAT-enhancer-binding protein/a. (CEBP/o)= A3+
AZ7F AA 2R wsteted 7P AR 7ss "9

s olgo] AARIAR WE Al APATHEES A5

o
=

d

A WA L2 E3}13H) (Lehrke and Lazar, 2005; Lefterova
et al, 2008). T3k SREBP-lc= AW} 7hx2] 9] x|vbats)
ZE|ZHEUAL vl F88 TS 7= AARIAIEA]
A A oA PPARyS} CEBP/0] &S Gwste] bz
2l A4S ZZIAF|AL fatty acid synthase (FAS), acetyl-
CoA carboxylase (ACC) 52 &dg 243ty Ak &
AR kel 4 I3t} (Lefterova and Lazar, 2009).

FRF3} FRFO| 7} 2 349 rutin®] §3S 71502
3 7149 % 5 (324 pg/ml, 1620 g/ml, 32.40 g/ml)
o2 AHg & AP AHEE mRNA FAAPEES g
ATt (Fig. 3).

o] 3 Aol wet A= Ak
W S8 JERIAITE FRFE 3= 2 A2s19S F

Ad=

REAR T Y

Control Orlistat

100 pg/mé

1,000 pg/me

EtOAc fraction from leaf extracts of

Morus alba L.

Fig. 2. Inhibitory effect of different concentrations of EtOAc fraction from leaf extracts of Morus alba L. on the lipid accumulation

in 3T3-L1 adipocyte cell.
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Table 6. Inhibitory triglyceride content of ethyl acetate and water fractions from 50% ethanol leaf extracts of Morus alba L. on the lipid

accumulation in 3T3-L1 adipocyte cells.

Triglyceride content (%)

Concentrations (ug/mk)
Control EtOAC fraction Water fraction Orlistat
100 125.72+6.00¢ 97.83+4.89
500 100.00+4.33 37.63+1.15" 99.85+3.57 179.31+2.34¢
1,000 23.22+0.38° 57.71%5.16°

The cells were treated different concentrations of EtOAc fraction and water fractions from leaf extract of Morus alba L. on the intracellular
triglycerides levels were determined by AdipoRed™ assay. Orlistat treated with concentration of 20 mol. Fractions from leaf extract of Morus alba
L. were incubated with concentrations of 100, 500 and 1,000 £g/m€ for 8 days. The values were calculated as percentage of control. Each value
is expressed as the means = SD. "Mean within a column followed by the same letters are not significantly different based on the Duncan’s

Multiple Range Test (DMRT, p < 0.05).

Jﬂ

frzte] e ol ¢l&kirt. SREBP-1c¢
7%~ FRF Ao o)A SREBP-1c9] Tx%
| ZH2sielem 1,000 pg/ml o] =2 A2et A
Ao it FEo® 1 WEo] st E’sf}
FRFol| skrEojd Zog oAtEs kel rutine
FoAME AT FFORE A o] Fas)
SRRIFem FRFS| A2jol| w2} SREBP-1¢ 2
A= Zlo] Wolo] Eakw| o]zl rutindll 7]1¢18k= A
Q1% ? AATE.
PPAR-y¢] £ 100 pgml o] FEo 2 A3 A5
°F 65.36%, 500 ﬂg/mfat 35.23%, 1,000 pg/ml & Fw7}
F7hete A4S 3136%= HAge]l HAE dvERY 500
pgml o)Fe] FEAME A BHE oAlske a3t 2
A F7F6HA kst Wb FRFE= FRF £8E 014 1S A
02 JFHe= Y nting GEO0E X2 % 3.24 pg/ml
= A3 AL 92.63%, 1620 zg/ml S 23 739 81.66%,
3240 pg/ml 2 A3 A 7236%= JERo] FRFETH ¢
AAdE2] rutin®] PPAR- M A HHEL A= Gt
o =& Aoz ATt

olygt Aih= %‘12—154 FRF rutin ©]9]¢] PPAR-y 312}
A o = AYAHE E3) AAEZe] 2
oA UAAY o] 72 HEHQ flavonoid 2] AlUA|
HE Tl APAEESE AAEI7] wiiEe s AztEH
T B1o] FRFOIA o]2f3t PPARy f-3iA} & ofA|e} 7
A3 APRAZ 235} A el ek EelAlet 2477 0]
Fas Aoz wehEn,
CEBP/o. +3172te] L&E FRFE Aeldhs 44 fxixte
WEo] Ex EFHOZ 7FAS|E o §xA we
AA ALt 100 wgml S X3 AS oF 88.63%, 500
g/mfag 79.36%, 1,000 1g/ml oA 8336%= WG] Fha

£ veilo] B oA a3t A skl whebA Eele
FRFQ‘r 59 AR ruting XE|3HE 7§ PPAR-y,
SREBP-1¢®] 3172} Ido] 48 oEZor A axns |

L
)
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Effo] AAl2e] A4 9 AHFA S A= AL &
o=
ol#3l Ayj= WOl FZEo| PPAR-y, CEBP/a, SREBP-

1co] HES JAAN Y= Bast FAFE (Kim e dl,
2012; Song et al, 2013), rutin *]2]7} PPAR-y, CEBP/q,
SREBP-1¢®] 317 WalS skeF st MERsE oAlx
k= Bae) 72T} (Wongs-Aree et al, 2006).

Ak Ao #Fodshs &40l fatty acid (FAS), acyl-
CoA carboylase (ACC) 52 F4z #dS ™3t A
gt AEE dad Rl JIks 702N Qled
o)A AW TS =gt (Fu er al, 2005; Skurk et
al, 2007). FASe= A% A F8 szom F= A =

2], 7k g fAdollA s =], 4E FAS TS Ak
TAE F3t 2 A FHE ox lﬁPE} (Schmid et al,
2005).

FAS, ACCS] #-2#} o
7} FRPol| 2Z3tE o)A 9l
2]gh

U= FRFE A28 745
1S AoR A=Ee= 4 ruting 3]
ZASHT & 597 FAS, ACCY #xx wh

AA 5} TE SREBP-lc= F-3A @& Holg st
FASE =4 3}l3 (Han et al, 2018), SREBP-lc, PPAR-y,
CEBP/o2] & o] Fo] ACCY A4 34 ¢
A gths Bare} o] (Kim, 1997), B%e] FRF
722l SREBP-1c, PPAR-y, CEBP/a2] mRNA
AaAZo2A skl Q1A FASSE ACC mRNA.J
waeAd F Advke A FIEI

whEbA], FRF= 3T3-L1 A A oA o] 2wl 23}
ZF2] (adipogenic factor) F-ZAE LHAAAZH O ZA]
’d FF, FAS, ACC FxAte] @) 32 vA ZA

w3kE O*X%W {1l o= FRIErt.

e OS;" it
o o r

ﬂli'i

i3
M o o

4. Adipocyte MIZZ=23l0ll 01 &2 JIA flavonoid rich
fraction X{2|of] WIS K|WCHA} b THEZRD US10RERZAM
FRFS] =2 AR (100 xg/ml, 500 pg/ml, 1,000 ug/ml)

[S =1
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a
=
<
T
9
g c cd
9]
-
T T T
Con MDI 100 500 1000 3.24 162 324
FRF (ug/me) Rutin (ug/m@)

MDI treatement

Gene expression effects of flavonoid rich fraction (FRF) of Morus alba L. on adipocyte differentiation in 3T3-L1 cells
confirmed RT-PCR. A; SREBP-1c, B; PRAP-y, C; CEBP/a, D; fatty acid synthase, E; acetyl-CoA carboxylase. Differentiation of
confluent 3T3-L1 cells was initiated in DMEM containing differentiating culture mixture (MDI treatment: 0.5 mM 3-isobutyl-1-
methylxanthine, T uM dexamethasone and 1 xg/mé insulin). Total RNA was extracted and cDNA was prepared from pre-
adipocyte cell treated by FRF. Equivalent amounts of cDNA were amplified using primers specific for SREBP-1c and B-actin. Each
value is expressed as the means + SD of three independent expriments. Values with the same superscript letters are not
significantly different from each other at p < 0.05.

Fig. 3.
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Agol] W 3T3-L1 cellollAe] AP 2 Asf
¥ SREBP-lc, PPAR-y, CEBP/o, FAS, ACC T2
FHASHE western blote ©]-8-3t] ER18ITt (Fig. 4)
wolo] FRFE A2|8HA] 92 dlZ+2 SREBP-1c, PPAR-
y, CEBP/a, FAS, ACCS] W&o] F7tsh= A o= YehfiRd
, FRFE 5= AZ8I9S 749 o8 A sk
glelslict. 53] ®ele] FRFY] A2l W& CEBP/o2]
gel3t A3} FRF7F CEBP/o2] Thid e S
3 Holo] FRF
43 Z2o) #EE AARIAE mRNA ¢
FRF+= SREBP-lc, PPAR-y<]
HA o= AA s}, CEBP/ae] mRNA 2
A a3t AA %2 A (Fig. 3)eF Aolskditt olegh
A= ¥l flavonoid AE Folle JAGA7T A ZA|TH
CEBP/02] mRNAS] &S oJAlehs AEe EAlsh o
AR HY § A% FFS VA T Fxke] e W
AS sk AR AT Bojghs d5S & 5 JonH
ool flavonoid & & oSt AJEo| AAldAL ¥

s}

4

¢

5

FRF (ug/m2)
1000

CON 0 100 500
T -

e -

e D e~ - -

- WP " e -

Fig. 4. Protein expression effects of flavonoid rich fraction
(FRF) of Morus alba L. on adipocyte differentiation in
3T3-L1 cells confirmed western blotting. Differentiation
of confluent 3T3-L1 cells was initiated in DMEM con-
taining differentiating culture mixture [MDI treatment:
0.5 mM 3-isobutyl-T-methylxanthine, TuM dexametha-
sone and 1 zg/ml insulin]. Western blotting was perfomed
using 30 g of each sample. The loading control was
assessed using B-actin antibody. The relative intensities
SREBP-1c, PPAR-y, CEBP/a, FAS, ACC expression com-
pared with the B-actin expression.

FAS

ACC
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ol
o=

o

5 @AllA CEBP/oS] fF3d7ke] e SAIsh= 2114
g AE7F o o2 Bt}
SREBP-lci= AWz oA W3] PPAR-yS] ZZHE| 0|
Agsle] PPARS] WS AR tiARES A
TdoEX AWAE E3E frEste Ao deA dot
(Tsuda et al, 2004). &3t CEBP/o= PPAR-y2] 243} &
A& fFAE Eomom2H] et AA| 2] A4S 9
3 QlEd A5l T8k IS gl Zo= UuA
A= (Wu er al, 1999), #Qlo] FRFS SREBP-1c F-%4}
B QAE FghozZH 519IUAR] PPAR-y, CEBP/o f-71
b dlol] FEFe F= AoE Azt

oo AaE Fate] Wele] FRF= H|¥H
ArAlA] S Ao ERE ofu2} HY
e v e o] RS A
a1, ool wEh HAAEe] ZuHEs) oA
SEthE 2E ERlskih
5. MSlEE (C57BL/6 mice)OllAM 29| flavonoid rich
fraction 2J0J0l] U2 SO S}

5.1. AHS30IM 29| flavonoid rich fraction 2!0]0f|
M Aloldse U Mz Hst

AukAlol (chow), AAH2]o]t (HFD), LA o]t
A 7Y EtE o= 28 Foli (HFD-FRF)O| thaf 12
T AT Fol T AoldHE, Holag AlFTHstE gl

ATt

0

[¢]

Ado] ANHE 12 F Zoto| HFD-FRFAA z+ 7lA<)
A7 s 3T A5 Ee] 27 AS5S Ha 1824
AL 3 & el {2t 2olE 1T & (UL 12 F

Zoll HFDL] AFS chows Hlw3ldS o o & AT 7t
£ yeh9lem, HFD-FRFS HFDE AdFE2 ASE
5436% TFO 2 TAAFANE, chow?] nR-AHTE oS &
2 oAt (Table 7). g, whg-29] AL 7h Aol
Atelel A folsk Zpol7t gle RS RIS (Fig 5A,
Table 7).

A2 o) (chow)e] Aol @ w5t 19.95 gol3
3, HFDQ| 2Jo]ld# & 19.74 g, HFD-FRFS 19.52 g ©]
At} 2ol &8-S HFDo| chowXTh felzoz Z7slglar
(p < 0.01), HFD-FRF®] 2Jo] &&-2 HFDEU ooz
A YERETE (p < 0.01).

Aol rutin AEle= Al T, BRAM 74, 24
LA NIt By Eo]gkth (Choi ef al, 2006;
Kamalakkannan and Prince, 2006). Wb Bl 27} 314
Walole] AlFta, 2ol B&E AR A Bl 3
¥ rutin®] 2F2]H gl 7|Q1sk Aoz AThET)



280l 712 Flavonoid Rich Fraction?| SH|2tS1f

Chow HFD HFD-FREF Chow HFD HFD-FEF

Fig. 5. Representative macroscopic pictures of male C57BL/6 mice from different groups at the end of experiment. A; C57BL/6
mice, B; liver, C; heart, D; epididymal white adipose tissue. First pannel; reference chow (RC) diet, second pannel; HFD (high
fat/cholesterol diet), third pannel HFD-FRF [HFD plus 5 g/kg flavonoid rich fraction (FRF) of Morus alba L. diet].

Table 7. Tissue weight and serum parameters and hepatic lipids for the male C57BL/6 mice in Chow, HFD, HFD-FRF group at the end of

experiment.
ltem Chow HFD HFD-FRF
Food intake (g/week) 19.95+0.87° 19.74+1.65% 19.52+0.98%
Body weight (g/week) 0.87+0.12¢ 2.98+0.54° 1.36+0.14°
Food efficacy ratio (FER, %) 5.21%+0.54° 19.65+0.87% 6.33+0.98"
Body length 9.42+0.61° 9.53+0.22° 9.56+0.61°
Tissue index
Heart 0.58+0.07" 0.34+0.04° 0.56+0.02°
Liver 4.69+0.08° 2.44+0.11° 3.98+0.12"
Kidney 1.35+0.06 0.85+0.12° 1.28+0.04
Epidermal WAT 2.11+0.14¢ 6.12+0.24° 3.13+0.16"
Interscaptural BAT 0.54+0.06" 0.29+0.06" 0.39+0.02
Serum index
ALT (U/ £) 27.63+3.11° 42.36+2.23° 21.11%1.78¢
AST (U/ £) 101.36+5.26° 149.44+3.14 121.12+1.52°
GLU (mmol/ £) 6.52+0.21° 8.63+0.15° 5.62+0.15
TG (mmol/ £) 2.26+0.08° 4.56+0.08° 3.26+0.12°
TCH (mmol/ £) 2.84+0.11° 4.78+0.21° 3.12+0.16"
HDL-C (mmol/m&) 2.15+0.08¢ 412+0.12° 3.56+0.04°
LDL-C (mmol/me) 0.04+0.01° 0.21+0.03° 0.05+0.01°

ALT; aspartate aminotransferase, AST; alanine aminotransferase, GLU; serum glucose, TG; triglycerides, TCH; total cholesterol, HDL-CH; high-
density lipoprotein cholesterol, LDL-C; low density lipoprotein cholesterol, WAT; white adipose tissue, BAT; brown adipose tissue, Chow;
reference chow diet group, HFD; high-fat/cholesterol diet group, HFD-FRF; HFD plus 5 g/kg flavonoid rich fraction (FRF) of Morus alba L. diet
group. Values are mean = SEM. The means marked with superscript letters are significantly different relative to others group (p < 0.01).
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Fig. 6. Morpholoogy changes in liver (A - C) and epididymal adipose tissue (D - F) for the male C57BL/6 mice. A - C; Oil Red O
was used to stain livers sections of mice, D - F; H&E stained epididymal adipose tissue. Representative sections are from three
mice from dietary group of mice. A and D; chow (reference chow diet), B and E; HFD (high fat/cholesterol diet), C and F; HFD-
FRF [HFD plus 5 g/kg flavonoid rich fraction (FRF) of Morus alba L. diet].

5.2. AES20IM EA9| flavonoid rich fraction 2JO]0|
e 2o} XWEEo| el W K[ged vigt

Arkyel (chow), ILAW2]ol (HFD), A2 o]
Y 719 EEpEolE 8 FojF (HFD-FRF)O| tis] 12
T AT o & 7F 2A3} Bage] xS sl

section 310] 2% Be|S VAT A chows) TheAl A
Holg =9l mpeit oA B A4 FHo] oRolqE

k]
Zlo] Fel®l kA (Fig. 6B), HFD-FRFIIAE HFD2| np$-2
oA #EEE AE FHE fFelakl dstrlrle Ag ERlst
At} (Fig. 6C).

TSk mho] Fagh wia A]uk 2218 A A3 HFD
o] whe-2e A ZAA A AlEe] Hlth7h A= jE
W (Fig 6E) HFD-FRFIIME F3tse A& st
(Fig. 6F). &3t chow, HFD, HFD-FRFS| wl$-2~ 7iAe] 7¢
AEE ez 7F AAS #4935 23 HFDO] chowell Hlst
o] ¥ AZ, wiglyceride ¥ cholesterol $&e] S7hek Wk
HFD-FRF®] 73-%- Z|2HE Fgolle ST PIXA] Z3kd
ot 7te] F AF H triglyceride $HEFS Fo3t FFO T
AaAE RIS (Fig. 7).

A7, 7F, A7 2 interscapular brown adipose tissue®] -

h=1}

=

)
=
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Ale 2t AEltellA A WslslA] dtort AFe] WisR
TS o 47, 7F A1 2 interscapular brown adipose
tissue= chowel] H]3l] HFDeIA © ZA YEFSITE (Table 7).
Epidermal white adipose tissue®] FAl= AHH2lolE (chow)
3 vlazste] HFDOIA =7 UePdAIRt HFD-FRFOIA 2 &
Al oA oz 7Hasiich

A= HFH7} triglycerides (TG)2] FENZ white adipose
tissue (WAT)oll A= Hlgte] @A ==d (Lowell
and Spiegelman, 2000), WATS$} ¥ == brown adipose
tissue (BAT)= TtHEAF A%} non-shivering thermogenesis
ge FFE T8 AS AP s 28 A= o
o] nEF=olZ FAE T (Cannon and Nedergaard,
2004). BAT:= H|9kz} #e Aoz ie IAHoz B
sfod BTk oWk gas YeplW (Kajimura er al, 2015), %
W 252 BAT A4S 37tk Bazel A3t
(You et al, 2015) B <o) #3507 flavonoid AJ3-o]
non-shivering thermogenesis 8- 315l BAT A4S
7INZIH olel wkEl WAT A4S oAlslar TGS S2&
AATE Aol Azt

HFDE chow®} Bludte] €3 xvd, 4 A
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SSEl=n

A 100 A AR,
Tao?} Zhang (2013) #¥9le] EEfRrol= Aol T
o 80 c o TS AR 3192™ Choi 5 (2016) A2 0]
Eu T oA rutin®] AFFAE AS, 1F A, B SESHE F
= 60 3 T2 7+AeA7)aL, B3I ALT, AST, LDL, HDLY] &% &
2 e AT R8T (Prince and Kamalakkannan,
'?;.' 40 2006). £ AT AE HFD-FRF= ZAW2lold] o5 Z7}
E ¥ aspartate aminotransferase 2! alanine aminotransferase,
20 HDL-cholesterol#} LDL-cholesterols S50 24 Bl 7|9
ZHtEEolE 8 Foir} HvE AF 2d Fojoxje] XA
0 ' ' WARIE 7S 5 doke 2ls S 5 ASlH (Table
Chow HFD HFD-FRF 7.
B 20
c 5.3. AldS20IM BAO| flavonoid rich fraction 2}0[oll
? 60 T M= AMolIMO| leptin, insulin, adiponectin 2t tHs}
-~ duk2lo] (chow), ZAIM2Jol (HFD), ILAHFA] o)1)
e b 719 Edhutcol= 22 ol (HFDFREP] el 12 57
g 40 AT T F Fo Ul leptind} insulin 5N 2AVE Azt
%ﬁ a (Fig. 8), HFDolA &7 leptina} insulin X7} Lytalo]it
S 20 (chow)ell H]3te] “d<55k NI HFD-FRFOIA = A2 o] o]
s ol&l] 71 leptine] S5 AHHolFE (chow) <714 7
2A7= 235 eSS adiponectin® HFDOA] 324]
0 Chow | HED | HEDERE W01 <18] FAG o0, HFDFRF FI2 <)
3l 2 A7 STkt LRkAolE (chow) FE7HA Bl R EHE
C >3 N A& ARSI Insuline] A5 TAFAelo] 2lsle] HFD
cCl i b oA F7H FAE veRd Wi HFD-FRFOIA tha 7hasst
2 E %S Yehiglon) BAK0 R feld FEe ot
s (Fig. 8).
g > Leptin® Aol ols] Rulsle mwkel faxe] 2
:; , Eolr XAtAlel] F238 98-S 3L (Maratos-Flier, 2008),
- AR A, e, Jdedidsds dske Ao
g 3 ABBAZE drkal BRI th (Rosenbaum and
g ! Leibel, 1999).
— Adiponectin> AWt Abstel Iww 2 e tiab 7}
T e = mrDrRe 4o 2 APAE B s2EORA BE T 3
Fig. 7. Hepatic contents of total lipid, triacylglycerol and 01]1\1% adiponectine] /?/\é el 7"}4\—?‘5}]—:}\1 E’T’_QI et
o e i, B e et ey (A ot al, 2009) B Ay S aes )
hi h-fat/ch’olesterOI, diet group, HFD-FRF; gHF[I)D, plus 5 oL 571 AE™ AP ?]Hc]-z_z]oﬂxi A S et
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Fig. 8. Serum insulin levels, leptin levels, HOMA-IR and adiponectin in mice. Chow; reference chow diet group, HFD; high-fat/
cholesterol diet group, HFD-FRF; HFD plus 5 g/kg flavonoid rich fraction (FRF) of Morus alba L. Values are mean + SE. The
means marked with superscript letters are significantly different relative to other groups (p < 0.01).
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Fig. 9. Effects of flavonoid rich fraction (FRF) of Morus alba L. on protein expressions of PPAR-y, FAS, ACO, CPT-1, IL-1B, IL-6 and
TNFa in C57BL/6) mice fed a high fat/cholesterol diet for 12 weeks. The intensity of the bands was C}uantified by
0

densitometric anall)qlsis and normalized with corresponding B-actin. Results are calculated as the mean + SD
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