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Effect of Mulberry Extract on the Lipid Profile and Liver Function in Mice Fed a High Fat Diet
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Abstract

In this study, we determined the effect of the mulberry leaf powder on blood lipid metabolism and liver function
improvement of mice fed a high fat diet. The mulberry leaf showed a moisture content of 10.74+0.56%, ash 9.67+0.56%,
crude protein 25.24+1.02%, and crude fat 2.66+0.08%. In the group with high fat diet supplemented with mulberry leaf
powder, serum low-density lipoprotein (LDL-cholesterol) and total cholesterol levels were significantly lower (p<0.05); also,
serum phospholipid and aspartate amino transferase (AST) levels were significantly lower (p<0.05). Serum insulin and leptin
levels were high in mice fed a high fat diet; however, addition of mulberry leaf powder 10% in the diet had no significant
effect on blood insulin and leptin control. The results of the study suggested that various plant sterols in mulberry leaf
improve lipid metabolism and liver function in ICR-mice.
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M =2 (Kim 5 2011; Park S 2012a). S&22L 72 - H1g
T 5831 A - G S0l Ath AEEE 24 m
Z| A7l et S8/d0] worRHA 4ol thet WA Arolw, of¥FL 10 m o] 2o, Fuff - § - 7HA] - ZF &

AR, AFAE, SRRE U FEAE S e B BA@E] oFEA} Gl 02 LA UrkAsano 5 1994
OS2 o]ojA 231 QJti(Shin 5 2014). A &30 Hol= Jang & Rhee 2004; Kwon 5 2006; Park 5 2012a). £3| ¥}
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DA & FEA AFY AHE FT7HIHLH, Aoldf Y2 oy, Zo] 10 om =] B 1ok 4 B
U 2 AEgd 24 TR ddaA AEY dH= 7] Bt 2o EZEEA 3570E ZeA] e, 8o BE
2oz Ay Ad 9L FA ALY ojFe =z <lsf H| shar 7P Ak o] 3 U7 Qth § #HE ARAY 2
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AT TES AL FT Lol 1242F FAAIZ] F ethyl ether
2 oA F BERE At AR A FAE o)8st
o QFstact AFT 2 A2 A7 A= 4T YgA
FohE £l 5T HHEY7IE ©]85to] 3,000 rpmv/15 min S
2 YAIEE](A32010, Gyrozen, Korea)S 3lo] @3S 2a3t
St EejE 32 24274 100 ulA micro tubeo]] go] Agef A
125)7] 271K -70C $53(MDF-192, Sanyo Electric Biomedical
Co., Ltd. Japan)o] ®=35}gict.
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6. €5 X2 sk 24

24 FH2HE B 25 RS 01 mLy 23 o
2, 33% KOH €9 0.3 mL2} 95% ofgh2 3.0 mLE AH7|5t
2 EFe oS, A2 158 B 60T x4 7FEAX
F wzelgdth sk 50 mLg A7kt %
30 mLE Jhe e 187 2 E ohe, 3 Hslol
L0 mLe| SAEE RASHAT BNFS W42 55 2 A
2A]7] 1, o-phthaldehyde A|F 2.0 mLE H7}ste] 2 E3tat
108 F WAoo 2A g B4 10 mLE Htske] &
Eaotsich 4 H7E T 10-903 o] EHEA (Spectro-
photometer; Human corporation, Korea)E ARE-3}o] 550 nmo|
A FFEE SHsHL, 2EHFAC o2t ZH2HEY &
F2 AF3EtHCho & Choi 2007; Rudel & Morris 1973). &
% %9 HDL-Z8|AH &, LDL-Z & HE & 9 44
ZA2 Cho & Choi(2007)S Z115}¢] HDL-Z| 2| E(HDL-C
555, Eiken Co., Japan)@} LDL-Z#|2E|E(BLF, Eiken Co.,
Japan) kit AoF& AM§3ISITh HDL-Ze 28 € 258 B3
03 mLE Al@ ol 92 9714 JA-AIeF 03 mLE Yol &
ST oS, A0 A 1027 A $ 700<gof| A 1027 A
A& shgick 2 & A4S 50 ul, #E-84(100 mg/dL) 50
L, blank2 2582+ 50 uLo] 2k2F HDL k8 x]of 3.0 mLAS
WS HE F, 370 SRAeIA 582 TR AR
BlankE tj== o] 550 nmoll A FFEE 5745te] HDL-Z
A AHES S AT LDL-Z2HE 532 &
A 0.1 mL, #FEH 0.1 mLE AlFo] g1 of7]of BLF kit
Aok T 9 15 7240 mLA Y& & 53270 2 2343k ot
o=, A22583C)ofl A 2587 WA & 107 ool /TS
2 5to] BFFE=AE AHESHe] 650 nmoll A FFEE

=1
S743te] LDL-2d|&EH &S s AFstnh. 84 59
/A2 TG kit(Sigma Co., USA) A|oFa ARE-3to] 43}

Ak €4 10 ul, TZ2-EN(300 mL/dL) 10 pLe} blank = Ero]
£2= 10 pLo] TG kit A<k 1.0 mLAS HA7}sk & &35t
o3, 37C 2AdollA 582 BHSAIF T BlankE 2= 5}
of BFFEAE AHEsHe] 540 nmol| A FFEE 575}
TGY = AEFstth

B HAY AR AN 7% 413

7. oY L AfsIaE 2o

Ao A 7t 7]% HAMo 3§E5}= phospholipid, alkaline
phosphatase(ALP), aspartate transaminase(AST), alanine transaminase
(ALT)2 Reitaman & Frankel(1957) HF o] 2] UV/VIS-
spectrophotometric(Specord 200, Analytik-Jena, Jena, Germany)
2 o]&3le] EASIH Tt Serum lactate dehydrogenase(LDH)
A2 Martinek RG(1972) ¥ o] 2]} UV/VIS-spectrophoto-
metric(Specord 200, Analytik-Jena, Jena, Germany)2- ©|-83}4
R

g3 ded st AY SEYo 223 @%ollA] ELISA
(enzyme-linked immunosorbent assay) kit(Linco, Washington,
USA)E AR5 oo, BEAZH|(Molecular device, USA)S ©]
&t ZARNA EAS 2 FSHG t(Turkington 5 1982).
g3 A9 FF2 A S48 kit(Mice leptin RIA kit, LINCO
Reserch, INC)E A3} Radio Immuno Assayt] 0.2 =73}
FHKim & Sung 2000).

8. ANz

3% »E 2FE SPSS package(version 18.0) =73
< o] &3t F BEHAE oMt HFA] H] L= one-
way ANOVA Wio] mpet AAJg Zolw, Ha5 It #o]9f
o4 £4(p<0.05)> Duncan®] th5H ™ol o3 HAIs}
et
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299 A E A2 Table 10 AASHATE B9 4=
EIBRL 10.74+0.56%, F3|E-L 9.67+0.56%, ZTHHAL 2524+
1.02% I ZA|HS 2.66+0.08%2 LFEFT A1 EAE1(2007)
ol AFLE W= Qi TV R T
L 7RAR 100 g T8 T2 91 g, RIEL 98 g

AL 242 ¢ @ ZAWE 27 g0 2 AAHT Y}

2. WANZE B2 Y AlRAMFIE

YAl 3RS Fig. 19 AAISHETE LR34 o] Fof
Ae AFY F7H&0] A vehgon, X o]to] H

Table 1. Proximate composition in mulberry leaf powder

Composition (%) Mulberry leaf
Moisture 10.74+0.56
Crude ash 9.67+0.56
Crude protein 25.24+1.02
Crude fat 2.66+0.08
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8 A olo] BAAE 10%S B ZolH AZEAHE
o] wrobxl AR B 4 Ugloth 2 2 7ol folT Aol
§oiTh A2 QAL Fig. 200 ANSHATh A7} ARkl
wheh AA) AR AAEE 2A S5 gt 2 2he
Folg Zpoli= glgic.

23 X2 sk

3.
BT HH7L BF AW =] 1)L GFL Table

o

88 A4S

=4 EFIYEIA

20| AAEHRT EF FEH2EE FEv LAFA o]
AL 1714342897 mg/dL@.om, TA|urojo] Bolrl=s
10% F7FsE ool A 160.00+20.82 mg/dL 2 2 HFS K
t}. Johnson-Johnson Diagnostics(2001)3} Sheo & Sheo(2002)2]
At e A B 5 T 2HEFS 2~20 mydL
2 Bu3lE. oM, Yu & Shaw(1994)¢] Ao = Al 8%
o] @F FZULHEZS 92.04 mg/dL(2.38 mmol/L) o)L
2 Busigich 2 dFoAs g2 A BRolA &
2 Z2ZY 22 =7 AP EAH(Yu & Shaw 1994; Johnson-
Johnson Diagnostics 2001; Sheo & Sheo 2002)of| 4] A A3t 4=
2o vlsf wokon, £3] LA A o]Fof A= el H
3 EF T LHEC] =orrl RS AT 4= UsITE Y
AFNNE EF FEYLHEC] Zol7t U olf=E
o] AlFolu ARz weba] ot FEZ S4E 5 A
o} Yu & Shaw(1994)= 7F=Z3Hch

2 dolA @5 LDL-ZAHE T tEwo] 21.67+
5.77 mg/dLE o, T XA o)LL 15.71+1.89 mg/dL, LA}
2o BATLRE 10% H7F3E Fol| A 16.43+3.78 mydLZE
Ui, 5 2o $37} 289 aaur e £1E Be
THp<0.05). AFAT(Sheo HI 2001 4% B 34 BF
LDL-Z AEZ kS 10.4-82.7 mg/dL2 ZXz}o| wa} 2
Zpol & HAthal A A5t Park 5(2007)9] AtolA= 1L
ZE2HE Aol U FEEY Fol= @5 DL &
BlE = A8 Atk Baste] & A9 fARE
215 B4th AP ATHKim 5 1998; Park 5 2007)0| A=
Tl o FE A= B ATt Aol &4st
= =AY vids S7HA7IH, Bsitosterol I} Z-2 A E4d
2HEo] AU FHLHE WS FTHRIHLEN EF
HAEHE S AT A F AL e} A dEf el A
Aol SAARY ZEAHES A2 FAHE AE
I #EE o|Fn, ¢ W &F lipoprotein®] FE== A

Table 2. Effects of mulberry leaf on serum lipid levels in mice fed high fat diet

Control m 1ﬂberr}}I/Fl;f 10% Total Significance
Total cholesterol (mg/dL) 178.33+29.30" 171.43+28.97 160.00+20.82 167.94+25.25 Ns?
HDL-cholesterol (mg/dL) 178.33+29.30 167.86+29.78 156.43+21.93 165.00+26.04 NS
LDL-cholesterol (mg/dL) 21.67+ 5.77° 15.71+ 1.89° 16.43+ 3.78 17.06+ 3.98 0.05¥
Triglyceride (mg/dL) 131.67+52.04 146.43+38.81 185.00+32.79 159.714+42.55 NS
HDL-cholesterol/total cholesterol 1.00 0.98 0.98 -

Y MeanS.D.

? NS: Statistically no significant difference at p<0.05 by ANOVA-test

3 Significant at p<0.05 by ANOVA-test

HDL-cholesterol: high density lipoprotein-cholesterol, LDL-cholesterol: low density lipoprotein-cholesterol, HF: High fat diet
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of ofsf AdstA =HEHAE FH " SF A 2o o5
AW Ade] #Fo] oA M, o]= LDL-Z|2HE &= F
7tel HDL-Z2H|2H1E = da2 8 59733 59 o
o Ay WS F=sHA "rkPark 5 2007).

2 AFoA BF FHAAY se dRT2 131.67+52.04
mg/dLF o o, T X|HF2]o]FLof| A= 146.43+38.81 mg/dL, 11X
vralo]of BZIEE 10% FH7FeE TtollA] 185.00£32.79 mg/dL
2 yEEo] mAA oo B7IR H7t EF A
W FEE REet oA 2 9 A ZF A2 U
w3t A8 A-E(Johnson-Johnson Diagnostics 2001; Sheo & Sheo
2002)0 4= A4 dF9 F FAEALFS 27~108 mg/dL
E HUStFon, Yu & Shaw(1994)= 82 B4 5 54
R HFFL 0.9 mmol/1(78.77 mg/dL)2ka St 28u &
T HE2H L2 Park 5(2007)9] Aoz A2 0]
o] ol =282 7}F7} 0.08%, 0.16% 2 0.32%% A7}t o

NN BH FHAY FEb o5 Fastarta mas
k. E3 HYAT(Kang & Kyung 1995)0]% 5% B9 et
SofZo] 5% AEZOx Buk Folge ula) B FHAY
o] P4k W sk Kim 5(1998)9] AFA B F52
& Bofgro = FHA o] gagrky Hustgrh Doi 5
(20002 AT FH2EE Alojo] A Bl BLL A

e Zold BF FAAA SEA AAEYITT Basty
o Park 520079 ATFOIHE B 252 Foi7t ¥F
SY2AEE SEE PFANYIT ST BES AT
AL AN W), DA BF| ot ohiek, U o
gk ol 9 X mEae] B8-S & 4 9l Aolekm F=st

B HAY AR AN 7% 415

48.43 mg/dL)e] w]s) TARAolo] BAEE 10% W7
ol A 238.71+83.87 mg/dLZ 5234 W3 thp<0.05).
ALP= ti7lf Zh i, 7, A, et 2 A8 5ol EAst
o, AZAZ 59 AARIA o] &9 #X7F Wol o=
B olE B719 S 4T 4 Urhlee T 2012). &
Ao A ASTE X HFA] 0]4(129.00+54.70 U/L)oA =%k
o, mAAolo] FUTE HIHTE ol At 6143+19.52
ULZ #FoJ8HA RUThp<0.05). AST= ofAu2EARS] of
o7 AENhe-E 7t Ao s Sufshs aar e Ee
REstn, ofn|iey] Aekhs FolA BAo] 71 Hrh AST
= A Hellde otrier] I35 44 7Ie= 7M. &
Aol = Tofgith 53] IsARol|A= G40 E4o] LDH
> AST > ALT %08 Ht}. ASTE] 317} Z7lahe Bxs)
L A719 AERY L AL wgshel, S8 Bag 43
2ol fEiet gz g o §Hth £ AFolAM= A4
oo WE ALTS| EF WHsh= USUTh 23t HA| 22 A
22 7Pg & WSk 2k 829 ALTE] 231 349
+ 20~61 U/L(Johnson-Johnson Diagnostics 2001, Sheo & Sheo
2002)e]}, @7Afe] wet xjo]E Hof Hikino 5(1986)9] 3
To 4 A 9] WF ALTE 46 UL} shek. ALTE 2
Al s S pHtste] 27 s E AR dHHE 59 A
2oH mato] U Astetnz MR EAT YO A&
7} Elth(Westerbacka %5 2004; Schindhelm 5 2006; Kim JH
2009). E5] 2 AF(Kim JH 2009)0]41E 8% ALTS] $:3]2]
o YAEEDT Aol Ut RAOE HuHw Yk
H o A= 2 LDH $X|= t Rt 435.00463.64 U/L,
AR o] 572.504258.34 U/L W F1X|H}A] oo BV
£ 10% H713 7 550.00+218.10 ULZE 7+ X}o]S Holx]|
Attt LDHE= & <] o] ®afj= o] o= HE uf =}
5he B2 ShtR, ofe] 23 AE Fo) Wil don
2 A=27t 53 5H % LDHE wordth 3% LDH:= oF

Table 3. Comparison of phospholipid and liver function test in mice

Control HF mulberrl_:/Fl;f 10% Total Significance
Phospholipid (mg/dL) 241.00+102.81°V  447.86+48.43° 238.71+83.87° 325.24+126.58 0.05%
Alkaline phosphatase (ALP) (U/L) 41.67+2.89 41.4348.02 48.57+8.02 44.41£7.89 NsY
Aspartate aminotransferase (AST) (U/L)  108.33+82.51° 129.00+54.70° 61.43+19.52* 93.33+£54.79 0.05
Alanine aminotransferase (ALT) (U/L) 21.67+2.89 21.00+2.24 21.43+2.44 21.33+2.89 NS
Lactate dehydronase (LDH) (U/L) 435.00+63.64 572.50+258.34 550.00+218.10 539.23+207.49 NS

) Mean+S.D.
? Significant at p<0.05 by ANOVA-test

» NS: Statistically no significant difference at p<0.05 by ANOVA-test

HF: High fat diet
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5. €& Ql=glut 3l

aAFA ool A BF A&t HHY ‘ﬂil—~ st
s 2+ FE=E EA5te] Table 40 AX et EF d&d
o] Lo TR A0 (1.75+1.09 ng/dL)e] H]3) _T_rx] 40]
of WZ}ZE 10% H7RLAE 1.92+1.59 ng/dLE =& 7
e Hgo) 2 7ho| _46} Z}ol= glith Choi —(2015)
o] AolME BH W &Y T d2dol s 1AW
Aol 5 7Kt oA 2 BFS HAow, LAY 2ol
aFst auf £ 20% MK FollA] 7Pt w2 gS B
Pty Bt AgAT(Jang & Choi 2003; Choi 5 2015)

AL B f 4d BES F7HI7IE 22 F Aole
B} Tl 441 4 BF fAAd w3
sHA| Em, ZhoflA 9 e’ Aol HaEe ndedd
——0] 2 QT-'}J_ B33}y Qich
Z A8 o] el t)2(1.92+1.41 ng/dL)o] B|F] 1A
—.0]—?(3 00£1.35 ng/dL)o| A EFot & 7k S-2J3 2}
ol giglom, TA A olo] BUFRE 10% Frh2el 4
3.19+1.19 ng/dLZ YElytth A3 (Caro 5 1996; Lu 5
1998; Watson 5 2000; Hong S 2001)oA= HAEL2 = L
ARG F2 AHBA7E o, IR Ao]o —JEH/H e
o dd 9 g3 A9 w27t 7RIt H % itk Hong
5 Q00N A7old TAAl 43 25 F, BF Ade
TFE LAGA oo Aol Blsl 2.38 Eqkom, 31X
o)zt B WHel HES ST Basgct. of
£ 2 d72ne vjus) = o, & AollA= x4 o]zt
239 €4 HAd9 FFe FTHIREY, A2 oo &
Q7bee] B7E @ W Wele] Y B O 2 A
7F ggict HE B MY AT(Zhang 5 1994; Meier CA 1995;
Considine 5 1996; Castracane 5 1998; Lin 5 1998; Kang 5
2003)0| 4= L 0b geneollA] A== A1E3} o 2] 4xH]
28 A3 52207 WA Z](white adipose tissue)

l

Table 4. Comparison of insulin and leptin level in mice

FFHEGYF

_lf‘)‘_'.

2]

of| Al E8|%] 1, hypothalamus 2] neuropeptide Y] &S 24
Go=m 487} %%2 zAslo] A AWEAT A
357 dAls - 53] e 349 JAHE
Zo]aL, A AHE Z7HA7]E A(Yu & Kim 2012)0.2
geiA glo] Feo £u] Fxlo] BAF M =& &
£ = Ao R Al Hch T3 B9 mice$] ob/ob miceo| A
el Fof A AFAF A} A|A] &u|7t WobA A F57
A 5 Ao dsistn, ol Walo] Aol Haist o
LV] BES HINH 2N AAFS s Wi'EH|
I QL8 BoFEA Qi Campfield 5 1996). 3
& oUR7 B S22 A5 Ao A 0] S7HE0 H|
whe] £& w2 AEE 4 kT B rhang & Choi
2003; Kang 5 2003). ¢4 S-H(Havel 5 1996; Havel PJ 2000)
M= BF HE =9 B85 ded == ATTATH A
o E_L_o]—_ﬂ 9lo™, Havel PJ(2000)2] 1tol oJ3td, Ak
oA <1 U | EF ‘—ﬂlE‘ TEE SVHIA e
de %w_ wg«] Fa 20|, Q&AL AT A
FolAq Aee) AL ST » s} o & @;Lcﬂ
A Lz ERA oo BYATFRE 10% It o] EF

7 9o 2o 2 IS FA ZReU, 1A 4°l°ﬂ ‘ﬂr
o 8% 049 $29 7l wet 8% Puo| sEE 37}
3t AL & 4= 9l

Q0 W A=

£ Al mA Aol BYsLE Folvt AFe] BF A
oAb 9 7 7% el BlXE ke AFshaA At

A
_r;

1. Bolo] 2=B3er0 1(.74+0.56%, Z3EL 9.67+0.56%,
%mi AL 2524+1.02% U ZAHL 2.66+0.08%2 LFEFG

B

2. WA A o) EAAE AFY F7Hgo] A hetom,
TR0l 2o Hlaf A olo] BUIT 10%S H7H
Zol A AFF7HEO] okl AFL B 4 Qglonk, 7 2
Zrell RoJ3 Aol Gsiek

HF + .
Control HF mulberry leaf 10% Total Significance

Insulin (ng/dL) 0.82+0.92" 1.75+1.09 1.92+1.59 1.66+1.29 Ns?

Leptin (ng/dL) 1.92+1.41 3.00£1.35 3.1941.19 2.89+1.30 NS

Y MeantS.D.

2 NS: Statistically no significant difference at p<0.05 by ANOVA-test
y gnt

HF: High fat diet
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3. 8% LDL-ZY AHE 5= o 22(21.67+5.77 mgdL)
of vl A2 o] Fa} ARFA o]0 FATFRE 10% H7}
3t Fo|A R RS H YO (p<0.05), BrIRo] Gt
TEEA skt E3 @5 I 2HE = LAY
o] Z(171.4328.97 mg/dL)o] ]3| TA|HFAolo] Bolrlme
H7hsE ol A 160.00+:20.82 mg/dLE W AL HPou}
o ko] Ot Apol= flgith

4. 3 Qx| 9] TR T AJHFA]0]1(447.86+48.43 mg/dL)
of vjsh axAlo]of] FUAZFRE H7FeE FLollA] 23871+ 83.87
mg/dLE -3-2J8}4] Wotth(p<0.05). ASTi= TR 0]7(129.00+
54.70 U/L)oll A wgkem, ax|dhA]o]of F7IFE 10% A
7Fst Foll A 61.43+19.52 ULE {9514 Wkth(p<0.05).

5. 8% dedy Y gzl vls] A2 o]l A
AFE BAoH Fo3E Zol= filen, A2 o]
U7FRE 10% H7IgE 2o] 5 Adedn "o =4

2 2
ol FIO

riu

FFE FA ZHh

o] A5 FFel & o, A4 o]0 FATLE 10%E
Eost oA FEZH2HE 58 WUre FAYE HIo
o, AR A o]0 A ASTO] 2| & RFEE 7

Eee e AR HEEAY. a8y 1A
7R 10% H7be A2 o= gy, SR d=
10% ol 71 A 85 AEud a4 —‘;:3'_} o2 wyst
AAPL 7HE Ao 2 AREY, AL B
o= ol

£ Ho
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