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Effects of Mori Fructus Extract on Hyperglycemia, Hyperlipidemia,
Polyol Pathway, AGE and RAGE in ob/ob Mice

Min Dong Lee, Ji Cheon Jeong”

Department of Internal Medicine, College of Korean Medicine, Dongguk University

Etiological studies of diabetes and its complications showed that oxidative stress might play a major role.
Therefore, many efforts have been tried to regulate free oxygen radicals for treating diabetes and its complications.
Mori Fructus extract has been known to be effective for the antidiabetic, antihyperlipidemic and antiobesitic
prescription, and composed of four crude herbs. The aim of this study was to investigate the effect of Mori Fructus
extract in male ob/ob mouse with severe cbesity, hyperinsulinemia, hyperglycemia, hyperlipidemia. Mice were grouped
and treated for 5 weeks as follows. Both the lean {(C57BL/6J black mice) and diabetic (objob mice) control groups
received standard chow. The experimental groups were fed with a diet of chow supplemented with 7.5, 15 and 30 mg
Mori Fructus extract per 1 kg of body weight for 14 days. The effects of Mori Fructus extract on the objob mice were
observed by measuring the serum levels of glucose, insulin, lipid components, and the kidney levels of reactive oxygen
species (ROS), MDA+HAE, GSH and also the enzyme activities involved in polyol pathway. Western blotting was
performed using anti-AGE, anti-RAGE respectively. Mori Fructus exiract lowered the levels of serum glucose and
insulin in a dose dependent manner. Total cholesterol, triglyceride and free fatty acid levels were decreased, while the
HDL-cholesterol level was increased, in Mori Fructus extract treated groups. Renal aldose reductase and sorbitol
dehydrogenase activities were increased in the obfob mice, whereas those were inhibited in the Mori Fructus
extract-administered groups. Mori Fructus extract inhibited the generation of ROS in the kidney. MDA+HAE level was
increased and the GSH level was decreased in the objob mice, whereas those were improved in the Mori Fructus
extract-administered groups. Mori Fructus extract inhibited the expression of AGE, RAGE in the objob mice. The
results suggested that Mori Fructus exerted the antidiabetic and antihyperlipidemic activities by regulating the activities
of polyol pathway enzymes, scavenging the ROS, decreasing the MDA+HAE level, increasing the GSH level and
inhibiting the expression of AGE, RAGE in the ob/ob mice.
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(reactive oxygen species, ROS)
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L} oxidative stressE OF/)&}
=},
SHE 7i&slA e dIBAE0) o thA
IFH 2 F polyol pathway”t Q=8 Q14435 38 glol ZEHE
01 8sh= AEEA] aldose reductase®} sorbitol dehydrogenase
o 9Jaf gHgol olFoixirt. o] HFel s MZE holl A
(fructose)o] R 0] ZHE FhEZE0] FAPCP

oHH, BhEd O SEEE IR0 sWEss, 1y,
THYAIEA, alzheimer's discase £9] ZA&loNA] FHESMME
(advanced glycation end products, AGEs)8] %7t 718 Ao]
LAHACKY. AGEE A E EH) EXGHE AGE #8701 2]
SHTHREE 584 (receptor for AGE : RAGE)E EdiA] AIE &
A2 o RAGE= immunoglobulin superfamilyoi]
ke RN EZREEY ofE] 23 M)A UHEGEEA
AGEd] QJgh M= £412 mi7ske 53¢ MZEHEISH 7158
K=, g 2 WA Mol wao] B,

SRS R A BB HEd &5id, TE WU}
EEEE BREAACEA BH A8 LR Mk 89 kol g
853 QY. iRol QLEEALL KT Aol BE, E,
HE, i, 8RR, KR 2RI 39 iR WS
S T FEET SABIEHY. e T Qs IERA
o] ob/ob moused WS AT, s Y0l polyol
pathwayoll B3l GAES E4& AASIL EHILE A
HAI71M AGES} RAGE 81 ZAAl7 e ASE BIHEACH

ZMF (Mori Fructus)= LIRS o (LTHE AXRTH A
o &% E Wk B0 ARIHE BB KssEE REHE A
AR MESE 9 458 7L Ao HEkE BiE B
I HEE 59 x50 8850 2P, 4F JT 96k a
-glucosidase B4 S Asislel Ey A6t 282 Ve g
A3l &go] Yom? LESHES TN IEE R4
Aoz BuHU.
olofl MAks &MF7} 28 BE B8 20! ob/ob HlE
2o A @ Bl @FA)E, polyol pathwayol] Bk G40
4, ROS A4, 413IA1 A 9 glutathione g S0 n)X|&=
S AES}L AGE, RAGE Thillal didlo] D)X= Gake £A}
o FSH Zutg Aol Hagic.
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FMF (Mori Fructus)i= A (5, AL, g =Z)oA]
TUSHL Aol AMESIATE
2) AleF B 717]

AleF2  sodium  dodesyl (SDS),
Bio-Rad (Hercules, USA), NP-40, CAPS, protease inhibitors,

sulfate acrylamide=

DL-penicillamine, bovine serum albumine, potassium
phosphatet= Sigma-Aldrich chemical Co. (ST. Louis, MO,
USA), 2',7-dichloro dihydrofluorescein diacetate (DCFDA)&
Molecular Probes (Eugene, OR, USA), 1X} 2A¢l RAGE,
histone H13} 2%} 8}A|Q) anti-mouse, anti-rabbit, anti-goat IgG
Santa Cruz Biotechnology (Santa Cruz, USA), AGE&
Cosmo Bio (Cosmo Bio, Japan)ollA]l TSI,
chioride, hydrogen peroxide, ethanol, methanol % 7]E} A]QF2
AlBolA EGES TSI ARESITE 7171=  GENios
(GENios-basic, TECAN, Austria), UV-VIS spectrophotometer

(UV-2401PC, Shimadzu Co., Japan)E& AHESIACH.
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578E AE 30 g Ul olEy UL A ob/ob
C57BL/6] 0122 (BYLESE, Mg, S=)E 787
A 2ol AT & ARSI AlsA 2kE 22T W
9, HEE 50% 2 SA6HL light-dark cycleo] 12417 A9 E &=

A o &, vl22E 18 ARG 28 A glo] SFoIirt

FEHF 300 g2 ZHA 24512 3ul) FS) 95% methanolZ 7}
Blod 60ColA] FHOE 24417 33] HIE HEsl0] FEHS
ALk o] FEUS UROE WIRPTIAL OAZ AN te
AMEBI ARAIA FEE 8520 g (£
Q3 R 8kl AME3INT

C57BL/6] UIRAE FAT, ob/ob HIRAE
20 BEFFEEES A% 75, 15, 30 mg/kg
SEQE LM, 2 ol SRl wig st
Algoll 4ol 143 BABIIT
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Bsde wet
A0 14]

EE etherZ PIF AT T &1 H
o LA AMESIE e, MES N2 A2

A5 g 24 S Eelolo] glucose, insulin 591 &8
Z ARSI, AEE AFsld 4] AgeE 2 Ao
Whatman A E AESE AAS & -70Co 52 BES
ALESIGTE. G4 E4% 58 & 9o A7 A9 Aol 4l
£259] 0.1 M potassium phosphate buffer (pH 7.5)& 7}5} &
i 5lolA] homogenizerZ 427} A SIBIATE o] FEHES 600
x goll A 10237+ FAREIBIIL, BN 8,000 x gollA] THA] 20
27 9l Eelske] AT EQ! mitochondriaZg 2216131 2H 0]
Z HAS 4B E F5l ROS X GSH 9 58 & Flet A&
Z AMEBKITE 3 western blot 3L 8] AlF £&0) 0.1
M HEPES, 1 M KCJ, 30 mM MgCl,, 0.1 M PMSF So] ZgH
bufferg 7161 TFAS} SLL iceol] 2087 WX]SF & 10% NP-40
@i 12000 rpm, 4ColA]l 523 SUEDT LENS
cytosol B2 OF 51 pelletol 0.1 M HEPES, 1 M KCl, 1 M
NaCl, 0.1 M PMSF, 10% glycerol S0] &g bufferg 715l
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ZMTFEEC] ob/ob moused] Eg}, EH X

resuspensionéb"’_ BE0] vortexingdh FHA] iceol] 2087} i

ok 5 12,000 rpm, 4TColA] 1027+ YA 25} &N S nuclear
22O glod gl AKESITE A7) R E RANS EW o
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4) Glucose 8}2} =7
&S glucose BHFS Thomason S9] %o wigl =4
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5) Insulin S}&F &%

H &S insulin RS anti-insulin®] coated® 96 well plate
7} ZelEo] 9l Aok kit (Shibayagi Co., Ltd)E A5l &
ZOIILE. 96 well plateZ washing buffer®2 40]5 1 biotin
conjugated anti insulin} BAE wo 42o|Al 24]7F E9F B}
SA1Z] &, washing buffer2 MojZFE3 HRP conjugated
streptavidin solutionzg o] 30827t 3rSA13T) ©iA] washing

27

—

buffer= WO%TJ_ substrate chromogen regentE 21
HZA171 & reaction stopperE 1l 450 nmoj 4] EFE
IR em™ EF mg ngCE LIERHICE

6) Total cholesterol g}t =7

39 total cholesterol IS
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7) HDL cholesterol 12} &4

@A 9] HDL cholesterol 3}t
kitE Al
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9) Free fatty acid g2t &%

EHY free fatty acid BHFS g4 7o) wiet AR
AMETIGTE HA 002 mio] 4 A1 1 1 mE @1 Q g
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10) Aldose reductase B =4

Aldose reductase MJ S Yamaoka £9) w¥S okz} v
Aokd dA29] 0.1 M sodium phosphate buffer (pH 7.4) %QH
1O

o] 2 mM NADPH®} 200 mM DL-glyceraldehyde 2 A&
H7Kslo 25ColA SR ehaAl7]E &0l DL- glyceraldehyde
A7 1= 2B E NADHS ghFe 340 nmol| A £33k
BYEE AHSIICL 49 e 1BY 1 gl hid
| 41214171 NADH®] 2+& nmoleZ LIERHARITH.

11) Sorbitol dehydrogenase & &4

© Hﬂﬂﬂl

Sorbitol dehydrogenase 42 Hollmann 5£] ¥ )
ghol LZEO] 0.1 M triethanolamine buffer (pH 7.6) 29¢y 7}
2101 105 mM D-fructose, 0.2 mM NADH 4 §481& 75l
25ColA] 587 HI2AlT]= B0t D-fructoseE BHA17]
2B1¥ NADHY S 340 nmolA &85k 11 E84g
SISt 49 E4Ee 189 1 gl whido] 25l
NADH2! ¢t nmolex® LJENHSICE
12) ROS 73

DCFDA assay”& ROSE Z&3IMCL X842 DCFDAY}
esterase o= ARSI 7ipEEIE wol v|E#MQl DCFHE &
o e slEr, DCFHE &d4tadl 93] 4kslzo] Zsh 332
VB = 2,7 -dichlorofluorescein  (DCF)o] Fr}. 96 well
microplatet] 2% #2943} DCFDAE &UISH & €& B-AE
ol&3ele] o 71abar 485 nm e} WE TR 535 nmollA] 58 7O
2 73 S5E51
13) ISR A 251%} =3

A =x9 F
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iE JEe 1 E
malondialdehyde (MDA)®} 4-hydroxyaikenals (HAE) &2+
kit2  Algsiel  Zdsld #rkeiick AR 02wl
N-methyl-2-phenylindole in
Methanesulfonic acid 0.15 m& 21l 2 o] & Z 45T oAl 60
Klob- 15,000 x gof A1 1027+ I B eI5kd 1 4EHe
I} 586 nmoflAl EEGI O™, MDA+HAE 22 F
FEHoA] AESIe] IMOE LUERIITEY,
Glutathione g} &5
ZZ Y glutathione gF &5 2 Ellman 59 2 ey
0

2} SEOch 28 FRALS 100

acetonitrile 0.65 mé,
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Zol 4% sulfosalicylic acidE 7}5H] &35t 5 1,000 x goll Al
105— Al 2e) ob_ HEEG F3led 1 mM DINB SH3} &

\:ﬂ
Aom GSH %}%}8 protein 1 mg & nmoleE L}ERA
15) Advanced glycation endproducts (AGEs) &3
ZrA 22 21 A £A1E chloroform : methanol (2:1) &g
oHollA] overnightslil, 0.1 N NaOHZ g} ¥ Aois F 0.1
NaOHo| FZI3IA17] HE 8,000 x golA] 15827 YRR 5}
GEds Fe 7 o 1 me/wmE FHISIEE 9% well
microplatec] 2+ 222 FAHE H7ioh & & A E 0]8S
ol 7|32 360 nme} WETHA 465 nmo
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OIS - HAH

nRR 2o A BESH AE RE] FEHI) cytosol, nuclear 2
2o)4 g Re)sld URe BRBILE £ Lo plz
< sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z &2]A|7] &, nitrocellulose membraneol] THRZA
EE FHOJRA FUCE 0] membraneE B3t £ 5% skim milk
2 o] AEleiA B2 BEol9) HIZ0IH antibody ZTHE
AAA7| 2L 2 B}l SREIQ] 1%} antibodyE 2417} 0]4} AEI5H
ATt 0] membraneE 0.1% Tween 20& 3+t TBSTE 6027}
AETE T} 27} antibodyE 2417} 0|4} BF2A19] 1, TBSTE 60
E7+ A& ¢ th2 membraneo]] ECL solutionS BH2AIAH whie
&S Xeray filmo] ZBAZCh

17) Tzl Heg

eHIZIO] HES Lowry &9 wp®3) Bradford protein

assay kitE AME3I] HEBIA

i

A8 HEY BHS 2 ABT U9 BRAY ERUXE
L A Z

= 1
710 ROl HAEE student’s t-testE 0|2

1. €% glucose ¥ insulino]] nX]& Y&k

@5 glucose RS Filtol HISKA thETolA] FHGHA
S7IEALLL FRFEEEE 75, 15, 30 mg/keg T8 AT
oA Bk AEHCE ZAaE] 15, 30 mg/ks FAToIA 72
go] IFEAt. EF insulin =& Y tiERTOIA] 1500 0]
& A VeI U AT E S5 QEFH O 2T 15,
30 mg/ke FATOIA F40] AFEACHTable 1).

Table 1. Effects of the Mori Fructus (MF) extracts on serum glucose
and insulin levels in objob mouse

ob/ob ob/ob ob/ob
+MF 75 +MF 15 +MF 30

cs7 ob/ob

CIUOO0% 14350211.01 79431545 3712720587 362422106 2561028

Insufin
(ng/ul)

Mice were administrated MF (75, 15, 30 me/ke) for 14 days. Results are mean+SD.
(n=5. a) Significantly different from the normal. by Significantly different from the
control. ™ = p < 001, *: p < 009

092+0.13  1568+1.28% 1499+145 1101+088% 888+0 7™

2 88 NE B PIXE 3

- O

8 total cholesterol $1EF2 Filwboll BI5} THET A
RS E7tE RO A8 e S JEFH T AdlE o
15, 30 mg/ke Tl R0l AFHAULE. Triglyceride
e EZAA F98A E71EA2L) 30 ng/keS TS A
oA 7o) AERERCH, free fatty acid gHF2 34
2 Aoy ZdaEE e Brt €3 HDL cholesterol &
HF2 EZAA FASHA ZaHAU o) A8 FME 55 9
EXOE &7IFo] 15, 30 mg/kg FATA FHo] QIEEHA
THTable 2).
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3. Aldose reductase €40l AX]= Fgk

B9 aldose  reductase  BAHES 2.98:0.22
nmoles/min/mg  protein0]R 2L}  iRToIA=  478+041
nmoles/min/mg protein® = A E71E o, A&l
Ae 232 4691022, 4414041, 4.37+0.36 nmoles/min/mg
protein© 2 T JEHOFT ZhAiE| o] 30 mg/kg FATNA 7
9Ho] QIBEATHFig. 1).

Table 2. Effects of the Mori Fructus (MF) extracts on serum total
cholesterol, triglyceride, free fatty acid and HDL cholesterol levels in
mouse

ob/ob ob/ob ob/ob

o7 ob/ob SMFT75  +MF 15 +MF 30

Total
cholesterol 150841248 221.00+2074% 21358+17.17 19856£1888%% 17531327
{mg/dl)

Tréfgfi]”fe B450:415 12046+13687 1223841201 1145851053 106774738

Free fatty )
acid 996147821 160557+98.19°* 15002110127 1569.59+99.87 1499588567
{uka/ £)

HOL ‘
cholestercl 28641206 22584185
(mg/dl)
Mice were administrated MF (75, 15, 30 mg/ke) for 14 days. Results are mean=SD.
(n=5). a Significantly different from the normal. b) Significantly different from the
control, (™= p ¢ 001, *: p < 009)

1906£168  2147+157 253041, 79"

Nmoles /min/mg protein

ob/ob ob/ob
15 30

Cc57 ob/ob
Mori Fructus (mg/kg)  © 0

Fig. 1. Effect of Mori Fructus on aldose reductase level in mouse
kidney. Mice were administrated Mori Fructus (7.5, 15, 30 me/ke) for 14 days.
Results are mean+S.D. (n=5). a) Significantly different from the normal. b)
Significantly different from the control. (* * p < 0.05)

4. Sorbitol dehydrogenase 4ol mxE Jak
ZaKt9]  sorbitol dehydrogenase Ehy

2 29.85:3.01
nmoles/min/mg  protein0| ULt A TolAE  57.29£5.10
nmoles/min/mg protein®F FEIA SR CH, UE ol
Ae 247 58.11+4.98, 54.27+4.71, 49.58+4.22 nmoles/min/mg
protein®© E & YEHOF ZAAE ] 30 mg/kg FHTONA F
o] ABHUCHFg. 2).

5. ROS BH¥of mixle &

Haro ROS MM 231:201%P O thEZoAE
60.24:541%2 FZASHH BrIERCH, dgTdMs 2z
58.88+5.18, 55.24+4.92, 49.01+4.13% 2 =5 QEXH O E 7H4F o]
30 mg/kg FolTolAl R0l QIAHAUTHFg. 3).
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0] ob/ob mouse?] &y, &
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6. MDA+HAE &}o] n)xl=
&4kl MDA+HAE €12} 9.27+0.81 umoles/mg protein
Ol L1t LA T-o A= 23.5442.27 umoles/ mg protein® & 29
SHl 7k, dETolME Z12) 22.64:0.21, 21.54:022,
20.14+0.18 pmoles/mg protein®E L Q|EXOZ 7H4T|o]

30 mg/kg FATONA FeHo] AHEUCHFig. 4).

g
O

b)es

Nmoles/min/mg protein

ob/obr ob/ob- ) ob/ob

7.5 15 30

Fig. 2. Effect of Mori Fructus on sorbitol dehydrogenase level in
mouse Kidney. Mice were administrated Mori Fructus (75, *5, 30 ne/ke) for 14

days. Results are mean+SD. (n=5). a) Significantly different from the normal. b)
Significantly different from the control. (** © o ¢ 0.01)

C57
0

ob/aob

Mori Fructus (markg) 0

O,~ generation (%)

ob/ob
1.5

Cb7
0

ob/ob
0

ob/ob
30

ob/ob

15
Fig. 3. Effect of Mori Fructus on reactive oxygen species generation
in mouse kidney. Mice were administrated Mori Fructus (75, 15, 30 me/ke) for
14 days. The Generation of reactive oxygen species was measured by DCFH-DA
fluorescence probe. Results are mean+SD. (n=>5), a) Significantly different from
the normal. ©) Significantly different from the control (™ p < 0.01)

Mori Fructus (ma/kg)

a)ee

bler

pmoles / mg protein

ob/ob ob/ob ob/ob

7.5 15 30

Fig. 4. Effects of Mori Fructus on MDA+HAE level in mouse kidney.
Mice were administrated Mori Fructus (75, 15, 30 mg/ke) for 14 days. Results are
mean+S.D. (n=5). a) Significantly different from the normal. b) Significantly
different from the control (** = p < 0.01)

Ch7
0

ob/ob
0

Mori Fructus (mg/kg)

=13

[}
&

17.27+1.47 nmole/ngo] 1 OL}

7. Glutathione oy R] &=
Ha9 glutathione $HF

=

Bhzko)

=
=)
phu

A&, Polyol Pathway, AGE % RAGEd] ©
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1.24+1.01 nmole/mgC. 8 FASHH HAFEAR M,
13.05+1.19, 16.58+1.49, 18.66+1.69 nmole/ng
Z &715od 15, 30 mg/ kg FA A F94

GSH nmole / myg of protein

CcH7
0

ob/ob
0

ob/ob
7.5

ob/ob
15

ob/ob

Mori Fructus {mg/kg) 30
Fig. 5. Effect of Mori Fructus on glutathione level in mouse kidney.

Mice were administrated Mori Fructus (7.5, 15, 30 meg/ke) for 14 days. Results are

mean=SD. (n=5). a) Signficantly differen: from the normal. b) Significantly
differen: frem the control * = p < 001
A
300

g

S o0 ¢

£

o 150

Q

g

© 100

o

c

2 %0

C57 ob/ob ob/ob ob/obi ob/ob ‘
Mori Fructus (mg/kg) 0 0 7.5 15 30

B.

AGE

AGE level (%)

Arbitrary density of

ob/ob
0

Co7 ob/ob  ob/ob  ob/ob
Mori Fructus (ma/kg) 0 75 15 30

Fig. 6. Effect of Mori Fructus on AGEs content in mouse kidney.
Mice were admirisirated Mot Fructus (7.5, 15, 30 meg/ke) for 14 days. Results are
mean£SD. (n=5). al Significantly different from ihe normal. b) Significantly
different from the control ¢ = p ¢ 001, *: p < 0.05). A+ AGEs generation in mouse
Kidney. B : Western blot was petformed 1o detect AGEs protein level in cytosol
fractions from mouse kidney.

8. AGEs ¥ RAGE thia ool niil= g3k
PO AGEs HRE 389 ZW T
193.55+11.21 fluorescence/mg protein®] R 2Lt HE LA =

282.68+20.54 fluorescence/mg proteinZ2 FAGHH S7IEIRC.
o, FHFE g AgolAE 3.11+0.27,
3.11+0.27, 3.11£0.27 fluorescence/mg protein© = 30 mg/kg F

=20



orols 794 UA ZBAHAUCHFig. 6A). Western blotO 2
AGEs tiiz dislof) n)x| = @3ke BE8E A3 AakRol B]5}
o WETOIA E/HEQOL A8 FoE BAEE Hae J
SATHFig. 6B). RAGE THiZ wldo] v geks #ast 21
Hakzol B8l thAToA E7IER O AR FA s 2ag
= BEE BYriFig. 7).

RAGE

57 ob/ob

ob/ob ob/ob

Mori Fructus (mg/kg) 0 0 15 15 30

ab/ab

Fig. 7. Effect of Mori Fructus on RAGE expression in mouse kidney.
Western blot was performed to detect RAGE protein level in cytosol fractions from
mouse kidney. Mice were administrated Mori Fructus (75, 15, 30 mg/ke) for 14
days. Results are mean=S.D. (n=5). a) Significantly different from the normal. b)
Significantly different from the control * = p ¢ 0.01).
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