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Antidiabetic Effect of Aurantii Fructus Immaturus in
Streptozotocin-induced Diabetes Model of Mice
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The aim of this study is to evaluate the antidiabetic effect of the water extract of Aurantii fructus immaturus

(WAF),
antidiabetic effect.

in diabetic models using enzyme, cells and mice, and to suggest a putative mechanism explaining its
In an enzyme model using the enzyme o-glucosidase, WAF had no significant effect on a

-glucosidase, as compared with acarbose, an antidiabetic drug. Nonetheless, WAF was capable of reducing the blood

glucose levels during oral sucrose tolerance test and oral glucose tolerance test,
antidiabetic pathways in no relation to inhibition of a-glucosidase.

implying that there would be other
In cell models using RIN-mb5f B-cells and L6

myotubes, WAF, at its non-cytotoxic doses, augmented the secretion of insulin in RIN-mb5f B-cells stimulated with 5

mM glucose. In addition,

it enhanced the cellular uptake of glucose in L6 myotubes stimulated with deprivation of

glucose for 12 h. Therefore, it is most likely that WAF may exert its antidiabetic effects, at least in part, by enhancing

insulin secretion and glucose uptake. Meanwhile,

in diabetic mice induced with peritoneal injection of streptozotocin

(STZ), WAF significantly improved fast blood glucose levels, glycosylated hemoglobin levels, body weight loose, blood
pressure, and diabetic adverse effects on functions of the kidney and the liver. Taken together, the water extract of
Aurantii fructus immaturus may ameliorate diabetes in mice injected with STZ, at least in part, by enhancing insulin

secretion and glucose uptake.

keywords : Aurantii fructus immaturus, Diabetic complications, Diabetes mellitus, Antidiabetic effect, Insulin, Glycosylated
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L
28 9uy XA Jjgol Wesich A2, Rago] uzd A
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acarbose 729 °*§°]
Z7tA17]%= glimepiride 71]]“‘_] 1\1]19] ziegt
AAH 8GE Z4A7]= metformin 7:]]@'_] ok2 So| 9r}.’®
2y olgdt FEE5S AV ARE B AEY SAES,
715 o, A% 715 Bol 51 22 ofg] 7HA] BARgo] WA

£ ustels cokt A7} sl AYsn ok

gojstoly GRS BB WAZ M, WES HREM,
B 528 BH1, PAL “FFAME, 7}<7FE R B RE#A,
DA, SRR, DEKH 502 na, Bzd el W

7, BB, Wk 59 ko] %_}%.Q_E}.“’”
#3%(Aurantii Fructus)2 =ZFHRutaceae)o] &3t= BRI}
B (Citrus aurantium L.)9] A&3st 3tA2 ZAxst 2102 Eolst

ARE e oy

ol Au F D Ak Ak o] A WE, W 1TE 5
o] &%0] i, ¥, W\, RFE FERE, KIL, THRE

fE. RIRZEM, s, BE So ¥3 A2 FLYJHY B
t}2F9] hesperidin® S8 B0 22X 9511, 4239 flavonoid,
terpenoid 52 395t U}’ Hesperidin Q&3 X34 7]
A, &33tE 48 8549 &9 2F, p-AIZ9 A B s
MA3t 22 PPk(antidiabetic) £35 UehE FAE AA2
A Ak g 5o TN A|EL 57F9 HF AXE

F(g) 59 hesperidin® FF(mg)Z WEE(%) H22 A
o], #3kol= hesperidino] ¢ 2.13 + 1.16% (n=57) FSE o

et ®astgirt oldl e majstel, W 5L PFu U
A B3 U SREY PYn G5 TARtY] MY Fgn

aa2 wPk?) a2 0|59 A
32 J123oy g 7|AS YatslA AAIHA] 230t
£ A7E 2a AE R UBSE SEAN K 284 £
2(Water extract of Aurantii Fructus; WAF)?] 3dkL §52
Hytsto] Mol k. 7)1RS AA|SILAF stgon, oo Q.o

= B9 7hsd ¥k &
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1. Xj& ¥ AJeF

2 Ao Arg" Az AR Y5 B(Korea)ol Al LU5HY
1, EEAF(P-2019-09-03-1)= LFohste chapgAstALd
Hastact.  streptozotocin(STZ), glucose, o-glucosidase,
trypsin-EDTA, tetrazolium bromide salt (MTT), RPMI 1640,
phosphate-buffered saline (PBS), dimethylsulfoxide (DMSO),
Dulbecco's modification Eagle medium (DMEM), penicillin,
streptomycin, acarbose, metformin, nicotinamide, ?l&d2
Sigma-Aldrich AHUSA)o|A] #9435}, horse serumi} fetal
AHUSA)IN  Fatgict.
2-(N-[7-nitrobenz-2-oxa-1,3-diazol-4-yllamino)-2-
deoxyglucose (2-NBDG)x= Invitrogen AHUSA)OA] +5t9ict.
71et Ak BEMS5JO=Z Sigma-Aldrich A} @ Merck Af
(Germany)ollA] 45to] AHE-SIACT.

bovine serum(FBS)2 Hyclone

2. A3up

1) Az

ogk
-|>|v -

59 Az

2 Ao A8 Hie < 2550
g) Rl 108jo] siFst= FRSE A7Iste], 100°C(+ 3°C)ollA
207t 59 5 37t FEe%ch 2298 4 WE (Advantech,
Japan)2 &Y JIst oS ZAYEZF7|(rotary evaporator,
Eyela, Japan)g Ar&sto]l &5t 5542 xAL 2AUx
7](ultra-low temperature freezer, NuAire, USA)S A}£35}9
Axste] AZxI(ESs F£5F) 5.69 g (11.38%)2 #5519t
£2e YS(-700) BBetn AP0 AYY SE2 5Hsto]
A gatgirt.
2) o-Glucosidase 8484

EEUEER PRI SRR F LS
9} p-nitrophenyl-a-D-glucopyranoside (pNPG) & 47
golo] A29 B4 ANELe 5%t YIu axS WY
t}.?2  gAi7|Aol pNPG (2.5 mM)?t o-glucosidase (0.2
unit/mL)7} £3= QA 2+&20(0.1 M, pH 6.8) 100 pLo] of
2 529 A&(50 pl)E AF7loto wrggAg wEdot. o] whg
84 37CM 2087 WAIsto] aa83 S QEaigich ool
1 mM %9 NaOH £9% 100 pL-g RA7Isto] XA 29 wAdre
< f=5hL, 405 nm gl AlR7F F7HE wHE&
£(0DS), 7187 54% H7HHA ge ¥S8ue] FarUE(ODB)
o A|22 "sleiR] ke €regoRo] watul £ (ODC)E ZHzt AR

O O 71

stict. 24 X agL O3 Aoz ALstAct

=]
s
2
aT

o-glucosidase &4

128 o

1 - (ODS - ODB)
ODC

Inhibition (%) = x 100%

3) Alzuob

RIN-mb5f B-Alxet L6 ZAZE= ATCC AHUSA)Q}F SN ZZ
o(Korea)ol X 2tz Boptol APZH] RS wlokstol
LYol AHgeleict. RIN-m5f p-AE9 L6 TAZE Aol 3]
vjgAdstel  10%  FBSeE 1% FAIA|EFFH(streptomycini}
penicilling Z& 9k9] v|&=2 &3H)2 A7}t DMEM Hjx]2} RPMI
1640 viR]o|lA Zb7F vigstitt. BE MZEE 5% CO2/95% 371,
37°C, AT &=t SA1E NEFE uig7loA vidstRnt.
4) Ax=d B4

MTT F89¥E ol8ste] NZBEES F4% U3 NEAES
gyl AEZ=EHE Hristyct 48-well plate(Corning, USA)o]
RIN-m5f Al L 8319 L6 HZS 5 X 10° cells/well 2 7}
welld]] 35t 647t igste] NS FSIAZ] o5 vjgulA|
£ M2 iRz ngeigict. ojojA o2 &9 AgE 7
welld] A2§ o3 2447t vigstiTt. wigol ¢ 2 wello] 5
mg/mL MTT A]eF 20 pl-& A7lstr 1A 52t vigste], Aot
U AlZolA MTT &dof oJ§t formazan A4& FESIAC 2t

wello] A= formazang DMSOES A7lsto] &A1 oamn A}
Aol Wal2 Qe35tct 85M-S 96-well plate(Corning, USA)o]
Ad™FoZ HE=x5l1, microplate readersS AR25to] 540 nm 1}
FolA E= @& 5759 formazand] FE5 At

5) A2 5%

A4l gsl MRz AFste 1 FA A& 2
goln 57 7L BE /ST Y2 AW aavt BAE
27} 3 1o AaAYS 54

x 10° cells/we OEE 6-well plateo]] H—’.‘—?_P S og H9
N2g 77te] welld] A2latol 12417 vjeFateict. olojAl, HlEl-
Azo] d&d RHE FE57] sl 15 mM 22T 3ARE 5
A5t Aol B b Z4zke] wello| A v YS 3]45to]
-20Co] He WEio] n@slgct Y5 2uD g AR
A dede dis BPL 33 E}E Q&3 enzyme-linked
immunosorbent assay (ELISA) kit (R&D System, USA)S A&
sto] 34stelct. Q4d 54 WA ELISA kit 334t Aget
t A9 protocolZ Fxste] HdE »PstAT. 53 2ol €
Wt ELISA plate= microplate reader (Molecular Devices)S O]
gato] 450 m TFIA 7 welle] EREE SAstA. HFHC
2, ELISA kit 2341 A2g 25890 FY53} vl@ato] v
P E- BY 94 SE8 ARtk
6) 2= 548 54
o] Ao WA 03 L6 myoblast N2 BFZ
(serum starvation) W02 L6 myotube N|Z2 E3}A|7l T}
ojF7 watd AzolA Z=Y F4(glucose uptake) AAS
2388519t AZE3t= HA 6-well plateo] 0]E3} L6 myoblast
AZZ 2 x 10° cells/well 552 B=51 10% FBS d%o] =
el Hix|olA 3UZF HiFSUCE. o]ojA 2% horse serumo| E
gd wjX|2 wgote] N2RstE FEotth. 297t wig S o
Al 2% horse serum? EE3SH A2 HjX|2 mtstn st Ho|
Ae Agetol Azyst }Ye 0y WSS Bstd HEs
ST FHQ ulRE Axet 27 FE JHE UE] gz
o) Ao A 78S 2 Qoo B A AL P 7-8Y S0
80-90% ©o]49] AM:E7F myotube MZ=2 H3IH 71 s 4
Qgich. ol@A Babe AZE A=Al WA A8,
2-NBDG= T rido] J4uA|rt 2E 542 3ohS A
Yrs S48t F=(transporter)g FI 4 ot AxUi=
£45 2-NBDGE QAtst §4o] 95 2-NBDG-6-phosphate2
Xgtgitt. 2-NBDG-6-phosphatet= MZo|R 2 wAuUZd 4 ¢l
A RelEA gt g2y AZzYyRg &4
2-NBDG-6-phosphate 5=5 FF&237|2 EJT & Ao AE
g 7ids] Z1estd, BahE AEZE 1 x 10° cells/well &
2 96-blackwell plated] &Z30] 12417t =0 kst o]o]
A zegdo] AIIEA g2 2L vjR2 nst oS 1243 £
g 2h4e f=odd 9ed Ex oY s29 ARE MY
2 100 pg/mL =59 2-NBDGE A 2|5t 1247t =g &5
£ A=otgth. 72 wellZ PBSE2 23] AAsto] FLEX %2
2-NBDGE A3t th2 ¥ microplate readerS AMg3to] 7t
well?] FIA7]1E EAs5tYct ol ¥ microplate reader?]
o] 7] (excitation) T2 480 nmZ 2|1 W emission) TR}
535 nmz2 xA 3519t
7) }\13\52
£ Ajo] A APS S C57BL/6 AR 453 43 up
S22 HARA7E 20.30 + 1.05 golv] AUep3i(Korea)ol A U5}
2 2F SUEEE 12U 990 P2 oM 5l Gy
ol Argateich. A%
+ 2°C 2@ 50~60%=
2 myslgY. Age ﬁsgsm ol 9ges UL
¥sle] sg Wol, LE FEUYL AWsHAHEUNL:
WKU20-96).
8) Gy 7%

n[o finzy

|:|9. AT

:lo I:I9.
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A %o AAZ(normal), YrHe St tjxZ(control), Tkt
S Qursty WAF 200 mg/kg EX WAF 400 mg/kgS B0t
E Aoz 85, 7H 2o 60le] AFEEL wjA AL}

2-Deoxy-D-glucose®t 1-methyl-1-nitrosourea’} ZA%H
STZL TEF(D-glucose)t QA BAILxE 7FR|1 Yct. o]y

g BAILES QAN TR STZ: AHXF MNIZ=29 FF
(pancreas)o]] £Ash= B-AlZo] djs] A=HAQ 545 FLdict
2R 0o STZE B-H=ZY Aad da o £HAA IFF
< 03 gty STZy =530 et Ads52A AlY £+
H23-QAHtype II-like) Tt SEIICE? B ARoHL Fe
5529 STZY nicotinamideE Ar&sto] A5 A A2P -4

Fuyg FUotdh. e HHE motrgol AP Es=Z 16
AlZF AAIAZ] o+ 100 mg/kg nicotinamideE 0.9% NaCl &
o gafsto] E7}o] 13] FAbsta 158 Fof|, 120 mg/kg STZS
citrate &5 8M(100 mM, pH 4.5)0 &33to] B7} o] 13] FA}st
g 23 3o G HEE sty As) AAFES 16X
"”"\]7] Os Ads=9 ng ‘*““Oﬂ’\i 239 A5 AFoto
¥3 £7%71(Roche AL, Germany)Z 35332 F4oIAt. 5%
g FE5E90l 200 mg/dL o]l 73—?— Fryo]l 3ud AIE
S8 WYsty AEsto og Ao AEsHi
9) A+ AZ 2 =g U AN

B2 AoN A3 AY YA ZAHoral sucrose tolerance
test; OSTT)et A == WA ZAHoral glucose tolerance
test; OGTT): TS FUGHA %2 A4(normal) HA-FE0
A 239 AF5E9 & £/t U3 Zoh. OSTT Ag
M AgE Foldt e, A Y dardES 5o ¥4
x4, Atdat WAF 100 mg/kg, WAF 200 mg/kg £+ WAF
400 mg/kgE Folgt 37| AR FEstL ZF o 6ute] A
5= ujgstAnt. §HH, OGTT AEoA: 222 Fofst of
Z7(n=6), 2=Fi FY g2d=Z Folgt ¥ dxL(n=6), £
=3 WAF 100 mg/kg, WAF 200 mg/kg E= WAF 400
mg/kgE Folgt 37 AAL(n=6)2 LE5IUCE. 16A17F HAXZ]
}\]0-‘5‘:'0" 0;131 1.;5_] A]_ﬁ F= ok)\-h;ﬁx ok%g 7:1:,1; 5—}
1 1 g/kg 5_] K}U LO(OSTTY #HL) = Z:F 89
(OGTTY 3%)& Foistgict. olom 308 Aoz MY
=9 oA i%*—] FAS AMFstol G W3LE WA
10) 88 +<

A oY Fo] B& AP EES diethyl etherg AE35}0]
ulyA1Zich @9 $uE ux|sl: EDTAZ} ZYE FA7|9 N
AF 8718 Argsto " A5 NN FAZ AF st
ok AFSE FAL 1A 204 g EkA 7], 20,000 rpm0ﬂ
A 2087t ANt &5 g"é% At mE P2 EX
4 Ao AL gi7tx] -70°C £X 23510 E-‘Jﬁ}i’l"«}.
11) z_} o AR AE

7(\_

0:

M o

1

AYEEL diethyl ether UHJAYEjo]A

349 BE APESAN A e AUsH A

) 2 M|AldLz 13 ANASE ofat

2 222 AR Og O Aee Argatel 24 719 24

RUsHA FHetgch w3 OXE ARE o] gdto] 7]
q

-

715 Brkehr] Hsl, RE @AM T 7]
5 Az FEEHE
glutamic oxaloacetic transaminase (GOT)9] &X4S EX35tY
k. GPTY GOT &AL 3]1‘3 ELISA kit (Asan Chemical,
Korea)S AR5 1 s kit 2I3A7t Al2$t &4 protocolo]
uet AYe AAlst.
13) Fatas £

Ad opxjat & £ APd=ZES diethyl etherE A}£3}9
oA @9 22 wx|sts EDTAZF QY FA|9F o
A% 218 A8siol UE AUEEe AN 2L Al
Aot APt FAoA TF3E M4 (hemoglobin Alc; HbAlc)ES
ZAstct. getdM A é’“g HbAlc ELISA kit (MyBioSource,
USAYE ARSI sl kit 94t AFsh= 574 protocold]

glutamic pyruvic transaminase (GPT)%}

creatinine &%

A 7152 Bokshl glal, wald AxolN A

E]= BUN3i} creatinine2 &£435t9ict. BUN};

creatinine £&& 3¢ ELISA kit (Asan Chemical, Korea)Z

AMgstd A sfig kit A7 A&t £4 protocold] wat AE

2 WA,

15) R“_?g_ al gol— 57(

g At A" R &g AHESho]
3tH, AEEEY #5571 LAt olgr] &

21l 1\]7P0ﬂ tail-cuff system (Kent Scientific, USA)

=3
_o'l_v'
X
o
2
_o'l_v'
¥ o2 o
JT‘~°1>¢
_o'g
&,
%
9. o4

N831l SI4ol 1 el olsict
6) SAAY 2 £y

ZHXKstandard deviation;
2]X Prism AXEZ]oj(GraphPad

38 719] z}o]- Student’s t
test® AA|ato] atelsteict. P gto] 0.058c} S A EAFC
2 Qo 2oz Wystch

2

1. a-Glucosidase 848 AA syt
AA9] a-glucosidase A3ta47} 843322 Trtoz 3
wollsta, ojojA megdo] AUR F4Eo Y-S WA A
21ch?) WAF7} o-glucosidase E484S ART 4 UYLA|
Apstick. o] AYIH Y A2o] olgEE
)2 F(positive control) %422 AM59ICt. Acarbose: o
—glu0031dase 8484 E =x 9EXOoz AFGIYoH =& =
ZolA 90% ol A Hlg&g WEE & AU, ¥, WAF=
o-glucosidase AA] ZAFAHS HYOoL}, =2 =t ofi 20% o5t
o] 8484 JdA 4|82 HYPrKFig. 1). WAFe} acarbose?9] i
A ZAuS v Z3|HH, WAFQ| a-glucosidase 8484 A &
Aoz wawd,

acarboseE %

_,.._.

o b o oPA

Bt 3R ge

1204 ) Acarbose

WAF
100 b

80

60

Tnhibition (%)

40

20+

o- 7 T T T 1
50 100 200 300 400
Concentration (pg/mL)

Fig. 1. Effect of WAF on a-glucosidase activity. The antidiabetic drug
acarbose was served as a positive control. Inhibitory activity of «
-glucosidase was assayed by measuring the release of the product
p-nitrophenol from the substrate p-nitrophenyl-a-D-glucopyranoside, as
described in the section of Materials and Methods. Each point presents
the mean + SD of three independent experiments; O for acarbose and @
for WAF.

2. 3% AP 5204 OSTT ¢ OGTT
At (sucrose)2 EEF(glucose)dt F(fructose)o] EH3e

o] 7 (disaccharide)o]® 47°] a-glucosidased] 9Ja AU &
27} 7153 ey sldoz HajElozp AL ARAA|7ICh
A APE 20N OSTTY OGTT AL 335, WAF7} a
-glucosidase f;__/:\_%}kl oA} T H/st OfE A=
ZAGIACH Y A

O

i
o
e
N
;O
r|r
|.

ol 9lsf o] fostA ZAsA Ii‘r(Flg 2). 234 100 mg/kg
WAF Az|oAe fodt 89 Has #IE 4 glgot. s, =
rdo] 37 £od) tis] ol ¥WatE 545t OGTT AgoA
L, WAF 9 ¢t Z7 metformin X2]o] Q5] FFo] 3-2f5HA
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ZAst9HFig. 3). 400 - #
- —~ 300 #
300 @ Control 'é
O Acarbose 300 mg/Kg eo
- 250 4 B WAF 100 mg/kg <5004 =
= A WAF 200 mg/kg =
B 4 WAF 400 mg/kg _5"
El | E
= 200 = 1004
s
=
oo 150
= 0
g 100 | Control Glucose 100 200 400
Glucose + WAF (ug/mL)
0 A

0 30 60 20 120
Time (min)

Fig. 2. Effect of WAF on blood glucose levels in normal mice during
OSTT. Acarbose was served as a positive control drug. Levels of blood
glucose at indicated times were measured after oral treatment with WAF
followed by oral treatment with sucrose (2 g/kg). OSTT was carried out as
detailed in the section of Materials and Methods. Each value represents
the mean + SD (n = 6). *p < 0.05 compared with control group at the
corresponding time; @ for control, O for 300 mg/kg acarbose, W for 100
mg/kg WAF, A for 200 mg/kg WAF, € for 400 mg/kg.

300 1 @ Control
O Metformin 200 mg/Kg

— 250 - B WAF 100 mg/kg
= A WAF 200 mg/kg
E‘; 4 WAF 400 mg/kg
£ 200 -
z
=]
=
so 150 4
2
=2
AR 100 A

o

0 30 60 90 120
Time (min)

Fig. 3. Effect of WAF on blood glucose levels in normal mice during
OGTT. Metformin was served as a positive control drug. Levels of blood
glucose at indicated times were measured after oral treatment with WAF
followed by oral treatment with glucose (2 g/kg). OGTT was carried out
as detailed in the section of Materials and Methods. Each value
represents the mean = SD (n = 6). *p < 0.05 compared with control
group at the corresponding time; @ for control, O for 300 mg/kg
acarbose, W for 100 mg/kg WAF, A for 200 mg/kg WAF, & for 400
mg/kg.

3. B-AIZoIN A& Rl
B2 ¥Yo] Westel A&AUS Rulsh: p-AZo|N WAF
NE=4S xAsH7] 95, RIN-m5F B-A|Eo] WAFS 100, 200,
400 pg/mL =52 24X|7F X23t cke MTT wHoz NIAE
&2 3ot AESYL WEHOR st WAFE A2
| ge OAZT WAFS S22 A AP Aol AxA
£ RAA Aot gATHFig. 4). ¥ AFE sl
SR Qe WAFY 20X WAF A2/t p-AlEo] gl #
o olfl g vlxIEA zANIACE RIN-mSF B-AZo] WAF
£ 100, 200, 400 pg/mL s=2 12Xt &9 A2t o 15
2ol xeiH(15 mM)e g 3AIZt FQF AHEsto] ¢
Satdth olgh e AZ £F9 MY RulH A2 =
£ ELISA 3% $yg olgste] 2Qstdch. 15E 2
of o3t chgel A& BT WY & AYHFig. 5). 100 n
g/ml 52 WAFE AE 7¢ dad wuld fo3 9%e
BIL & Qo 200, 400 pg/ml £ WAFE AHIE 3
£ A5Y BUL RO F7HE A BAY 2 YAHFig. 5).

100 -
80
40 -
204

o

Contr ol

pa)

o
=
Y33

o

=

Cell viability (% of control)
)
=]
1

WAF (g/mlL.)

Fig. 4. Effect of WAF on cell viability in RIN-m5F B-cells. Cells were
exposed for 24 h to indicated concentrations of WAF. Cell viability was
measured by MTT assay as detailed in the section of Materials and
Methods. Each bar represents the mean + SD (n = 6).

Fig. 5. Effect of WAF on insulin secretion in RIN-m5F B-cells. Cells
were exposed for 12 h with indicated doses of WAF, and then stimulated
for 3 h with 15 mM glucose. Concentrations of insulin were determined
by ELISA, as detailed in the section of Materials and Methods. Each bar
represents the mean + SD (n = 6). *p < 0.05 compared with the control,
#p < 0.05 compared with the glucose alone.

4. TA RN =G A2y E5

IAZON WAFS] HESHES ZAlsh] ojstol, Rabel L6
myotubeo] WAFE 100, 200, 400 pg/mL =2 24A]7F X2|gt
o3& MTT oz A=AEZS F4ste] AZEYS URAL
2 AEoiot. WAFS AYshA] %42 dx+d WAFE sLodE2
A2t AdE Aol NEAEZAE: FYAQ Aol7h gl
(Fig. 6). & A= AZEYo] FFEA Y= WAFY FZofA
WAF A2|7} L6 myotube?] ZET NZUY F40] ojd JFZ
0]X] =X ZA}stYch L6 myotubeo] WAFS 100, 200, 400 p
g/mL 552 ANsto] G NEZY F4+5 FE6IT oot &

o Az 229 Yol E48 2EgY FEL JPAt 92
9 Zeg SEAY 2-NBDGY] ¥ AZIE 54stel 2Rt
10 nM £=%59] 9l&d X 2]= L6 myotube? 2-NBDG A=Y &
22 oF 3.58] Z7IA|FtHFig. 7). 100 pg/mL %9 WAFE A
% 39 2-NBDG AEY E40 SO AP BRY & ¢
o1}, 200, 400 pg/mL =%9] WAFS Aa]& 7L 2-NBDG A=
Y 5471 f9sHA 37 A2 aFF 5 AcHFig. 7).
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Fig. 6. Effect of WAF on cell viability in L6 myotubes. Cells were
exposed for 24 h to indicated concentrations of WAF. Cell viability was
measured by MTT assay as detailed in the section of Materials and
Methods. Each bar represents the mean + SD (n = 6).
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Fig. 7. Effect of WAF on cellular uptake of glucose-like 2-NBDG in L6
myotubes. L6 myobalsts were differentiated by 2% horse serum into L6
myotubes. Differentiated L6 myotubes were stimulated for 1 h with the
positive control insulin (10 nM) or indicated doses of WAF, and 2-NBDG,
then, was added for 30 min. The cellular uptake of 2-NBDG was
measured, as detailed in the section of Materials and Methods. Each bar
represents the mean + SD (n = 6). *p < 0.05 compared with the control.
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o 43K 58T, d
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2% AR GOTY GPTE Z4Z 45ty Nad A 9
FAE &35t WAFY ¥3x anet FeIdYF /A ans
Z A9t

Juy AYSIIN FRULS 15 PHoz 457 5T
2%, 27] 35EF2 WAFS Folst] @2 tixad} WAFS &
ot AP Aol 2 Atol7}h UUTHFig. 8). 2t AlZte] Pt
o =2t dizge 5Tl AR Frists w200
mg/kg WAFS Fogt LM tixo] s 35830l

G Normal
® Control
O WAF 200 mg/kg
B WAF 400 mg/kg

Fasting blood glucose (mg/dL)

=]
L

0 7 14 21 28
Time (day)
Fig. 8. Effect of WAF on fasting blood glucose levels in diabetic mice.
Diabetic mice were orally treated once a day with indicated doses of WAF
for 4 weeks. Fasting blood glucose levels were measured weekly as
detailed in the section of Materials and Methods. Each value represents
the mean + SD of 6 mice; O for normal mice, @ for diabetic mice, (] for
diabetic mice treated with 200 mg/kg WAF, B for diabetic mice treated
with 400 mg/kg. *p < 0.05 compared with the control group.

ey APSTo) 457 1Y 18] WAFE 200 me/kg Ei
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2o A4S BotkFig 9). 5. WAFS Sojsial ghe gazo]
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Eoigt AFTAME FHRML LA QA2 Hle] fofsA
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Fig. 9. Effect of WAF on serum levels of glycosylated hemoglobin
(HbA1c) in diabetic mice. Diabetic mice were orally treated once a day
with indicated doses of WAF for 4 weeks. On day 28, serum HbA1c levels
were measured as detailed in the section of Materials and Methods. Each
bar represents the mean + SD of 6 mice; ‘Normal' for non-diabetic
normal mice, ‘Control’ for diabetic mice treated with vehicle alone. *p <
0.05 compared with normal group, #p < 0.05 compared with control
group.
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Fig. 10. Effect of WAF on serum levels of insulin in diabetic mice.
Diabetic mice were orally treated once a day with indicated doses of WAF
for 4 weeks. On day 28, serum insulin levels were measured as detailed in
the section of Materials and Methods. Each bar represents the mean +
SD of 6 mice; ‘Normal' for non-diabetic normal mice, ‘Control’ for diabetic
mice treated with vehicle alone. *p < 0.05 compared with normal group,
#p < 0.05 compared with control group.

8. Tty AASEAN AF ¢ G
By AY5EY ASe 45 5% FE F7letgol, Yu
4YS2 AFS 25MRE FasiEc(Fig 11). Fuy 4YS
24 Y AF Ga+ WAF(200 mg/kg E+ 400 mg/kg)
AMalo] ola] golst 7tatsict.
4 4USET Fuy YSB $57] WYL HEd B
9, B AFESEY £57] @Yol HURoz =/ WEEHUHG
(Fig. 12). F=¥ AIZTENN W 23571 Y 37l
WAF(200 mg/kg £+ 400 mg/kg) Ao 25 FstA Zas}
ct.
241 O Normal
@® Control
O WAF 200 mg/kg
231 m WAF400mg/ke
C]
s 22
¥
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Fig. 11. Effect of WAF on body weight in diabetic mice. Diabetic mice
were orally treated once a day with indicated doses of WAF for 4 weeks.
Body weight was measured weekly as detailed in the section of Materials
and Methods. Each value represents the mean + SD of 6 mice; O for
normal mice, @ for diabetic mice, [] for diabetic mice treated with 200
mg/kg WAF, B for diabetic mice treated with 400 mg/kg. *p < 0.05
compared with normal group, #p < 0.05 compared with control group.
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Fig. 12. Effect of WAF on systolic blood pressure in diabetic mice.
Diabetic mice were orally treated once a day with indicated doses of WAF
for 4 weeks. On day 28, systolic blood pressure was measured as detailed
in the section of Materials and Methods. Each bar represents the mean +
SD of 6 mice; ‘Normal' for non-diabetic normal mice, ‘Control’ for diabetic
mice treated with vehicle alone. *p < 0.05 compared with normal group,
#p < 0.05 compared with control group.
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A Eg godos dsh] B %c}(Fig. 19). 2 B0l o
] gal, ols A7l AE
Table 19 Yepisict. a2t EHESEOHH ydos =

B H AUE RN A9 ist SA% Relopl Zaois
t}(Fig. 13 & Table 1).

WAF (mg/kg)

Control 200 400

Normal

Liver

Fig. 13. Representatlve photographs of kidney and liver obtained
from normal and diabetic mice. Diabetic mice were orally treated once
a day with indicated doses of WAF for 4 weeks. One of 6 photographs is
representatively illustrated.

Table 1. Effect of WAF on weight of kidney and liver in normal and
diabetic mice

"
Group Normal Control WAF (mg/kg)

Organ 200 400

Total kidney 4o 4 002t 075 + 0.15¢ 061 + 005* 053 + 012°
weight (g)

Liver )
weight (g) 116 £ 004 212

+
+
+
+

0.13* 175 + 007" 142 + 0.18"

I+
+
+

tDiabetic mice were orally treated once a day with indicated doses of WAF for 4
weeks. #Values are the mean + SD (n = 6). *p < 0.05 vs. normal mice. #p <
0.05 vs. control mice.
10. @y AIE=Zo]x A BUN U creatinine

8 AXA(BUN)Q} creatinine= A& 7%
22 &Y. Table 2& A3 450 BY AIF
AA=2o]A et FMo|A BUN %@ creatinine =5 &
Al Zolct. F32d dixde BUN 5332 vHlug 3¢ dx
A ddxez 2 F4ztol #EHYY. WAFS R3] &
CIE5 WARS S8 U2 BUN 39S waE 32
oA &R0l SolstA At} §HH, creatinine 74
st BUN 574%to] wstel 9AHet Aade un

O o

2 Wkt A
23 Fhy

=

& X rlo fy
r_“-_@.

1o o
r_E

Table 2. Effect of WAF on serum BUN and creatinine in normal and
diabetic mice

"
Group Normal Control WAF (mg/kg)

Test 200 400

BUN (mg/dl) 19.90 + 0.01# 2575 + 0.25* 23.10 + 0.04" 2125 + 0.07*

Creatinine )7 4 005 125 + 013* 089 + 002° 06 + 0.04'
(mg/dL)

tDiabetic mice were orally treated once a day with indicated doses of WAF for 4
gggkis‘*\c/gmtreél ?\rw?céhe mean + SD (n = 6). *p < 0.05 vs. normal mice. #p <
11. Yy AAS2oN GOT ¢ GPT

&% GOTY GPTE: 7t 7158 Wrlete Xmz a8t
Table 32 A¥ 45M o] ZF AP Ty HIS2AM A
Z3t oA GOTS GPT $AIS BAR ot A2y d=
29 GOT 543k vaY %9, gxiN Yugos 2 53
ol WHEYUCL WAFS Rolalx] g 0E2 WAFE Foid
Y29 GOT &3S uwF 49, AFZAM 57430l {93
A Fastlch. 2HE, GPT 5743t Weke GOT 57339 watet
fAE A vy

0.

0_1.

Table 3. Effect of WAF on serum GOT and GPT in normal and
diabetic mice

"
Group Normal Control WAF (mg/kg)

Test 200 400

GOT (U/L) 62.1 + 23t 973 + 41* 805 + 26" 733 + 15°
GPT (U/L) 143 + 15 504 + 18* 346 + 16" 225 + 13°

+
+

tDiabetic mice were orally treated once a day with indicated doses of WAF for 4
weeks. #Values are the mean + SD (n = 6). *p < 0.05 vs. normal mice. #p <
0.05 vs. control mice.
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