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Abstract

In this study we evaluated the anti-diabetic potential of Puerariae Radix and its isoflavone (puerarin) by investigating
their inhibitory activities against digestive enzymes, a-amylase, a-glucosidase and lipase and effect on glucose
uptake and PPAR y expression. The activities of carbohydrate digestive enzymes were not inhibited by puerarin.
Glucose uptake in differentiated adipocytes was stimulated by puerarin. Furthermore, puerarin enhanced the
differentiation of preadipocytes as evaluated by triacylglycerol (TG) accumulation, which is specific for differentiated
adipocytes. The effect of puerarin on expression of peroxisome proliferator-activated receptor y (PPAR-Y) gene,
which is associated with obesity and dyslipidemia, was examined by both real-time PCR and reverse transcriptase
PCR. The study demonstrated that puerarin increased the expression of PPAR-y. In conclusion, puerarin showed
potential to exert anti-diabetic action by enhancing cellular glucose uptake and thereby TG accumulation in adipocyle
tissue.
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AT A E o] 83ld nPFOZ Qg £ o
Adhe ol glom & T ozt Axe
Aed Ade 233 AR T 42
FE3HE W] v} (Zhang et al, 2000;, Bailey,
1999). e]& 3 ML o] L3l a-glucosidase inhibitor
Q! acarbose®} miglitol, Q1&d Eu|E s
sulfonylurea7, Q1&d A& 8= metformin,
thiazolidinedione ] <] A A28 Yo x84
5 A8 31 9o} Glucose transporter (GLUT)A =
Erge] Foot §dzdy #do] Fo] gy o
T2 AA LS} KA E Wol EAfete Aoz
BnE 3 Yo} (Proietto, 1999). AWM X = A =4}
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1. Al

Methanol, acetate, acetonitrile (HPLC grade)2
Merck (Darmstadt, Germany)oll X 792 3} on,
porcine pancreatic a-amylase, porcine pancreatic lipase,
rat intestinal acetone powder, p-nitrophenyl-a-D-hexa(l
- 4)-gulcopyranoside, p-nitrophenyl-o-D-glucopyranoside,
4-methyumbelliferyl oleate (4-MU oleate), dimethylsulphoxide
(DMSO), Sodium biscarbonate, Insulin, Qil red O,

Dexamethasone (DEX), Isopropanol, Formaldehyde,
1-Methly-3-isobutylxanthin (IBMX), Potassium chloride,
Calcium chloride, Magnesium sulfate, Sodium phosphate,
Triton X-100% Sigma (St Louis, Mo, USA)oj|A] 71¢]
5} T) 2] 2 Nonidet® P 40 substitute & Flukaol) A
2-Deoxy-D-[1-’H)glucose> Amersham Bioscience
(UK)ellA 24zt <] stglon] zt aagae]
positive control & A}8-3F Acarbose (96.1 %, pure)i=
Bayer Korea (Seoul, Korea)ol] A Orlistat (Xenical®)-&
Roche (Makati, Philippiness)of]A] T¢)38}%ic}.

2. E29 puerarin g2t 24

Aol A8 AL YT FGA] obd T 2ol A
TUE 3t A kB E STk A sl Baet
WHE o2 2o Z2EUE g9 1 N-HCI 2 =t
E831e] 95 T heating blockol| 4] 9057 ¥ke-& A7
F ¥ ¥ methanol - 48) Hrsled 387 226t
syringe filter (0.45 /m, nylon membrane, Corning, USA)
2 AHg S A EE o] &5l%TE EF genistein,
daidzein-2 Sigma (St Louis, Mo, USA)ol|A] puerarin
(98 %) INDOFINE Chemical Company (Hillsborough,
NI, USA)ol| A 7|g} o] AZ el PMiGAEL () B4
Foll A Aol DMSOo| wa] Alg 2 Algsigrh
Puerarin®] 3}8}4 TxE= Fig 13 ).

Fig. 1 Chemical structure of puerarin,
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Standard operation protocol (2001)0 whel &3 slH 0
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Table 1. HPLC conditions for analysis of Puerariae
Radix

Item Condition
Column RP-C18
Detector uv

Solvent A : Solvent B : Solvent C

Mobile phase (16 0508 6:3: 1 15:05: 8
HFow rate 0.5 mlfmin
Wavelength 255 nm

* Solvent A - 100 % Methanol
Solvent B - 02 M Acetate buffer (pH 4.0)
Solvent C - 100 % Acetonitrile

3. EtrslE A X A3EA Aoligs

D ®rEE AFgs Aay

SREtE A B A As) 84S Watanabe (1997)$}
Kim (2000)75-2] "ol me} rat intestinal o-glucosidase
S+ porcine pancreatic amylase (100 U, Sigma)-S- ©]-&-
gle] 2T AR 10 we} B3l E 25 EA
50 wE E3F o5 A2ellM 5 21k whgAl o
5 mM p-nitrophenyl-a-D-glucopyranoside (0.1M phosphate
buffer, pH 7.0) 50 utZ H71el] g=r3lE A3lF 4o
ols] -f2]¥ para-nitrophenole} <Fe ZF sl
Positive control 2 acarbose & o] 85t th Be3lE
A3 aAL A3 B A4S ol )

Inhibitory activity(%) =

Abssumple after Abssnmple before

1= s ~Abs

= 100

control after control before

2y A &gtRA ] AEy

Pancreatic lipaseol] th¥t Al®2| A8 842 4-MU
oleateE 7] A % &} Kawaguchi (1997)59] ¥
w}a} 24815tk AlZ 10 4ol 0.1 mM 4-MU oleate
100 p¢ 3 Mcllvaine buffer (0.1 M Na;HPOy) 60 &
£33tk 2 tRF2 2 lipase (1 Ufnd) 30 03 7))
o] 37°CoA 1083 ¥k8- 2171 £ 0.1 N HCl 1mes}
0.1 M Sodium-citrate 2 mé-Z 3713} t}. Lipases] 2
& 7l 28¥ 4-methylumbelliferone®] oF-g & 3353
Z=AE o83} excitation wavelength 320 nm,
emission wavelength 450 nmol| A 23 3}ch A4t
sgtaZel Ad 84 AL oyl 2.

Inhibitory activity (%) =

1 — Fluorescence g pie

x 100
Fluorescence, pent

4. Glucose uptake assay

38 A=% AYAE 3T3-L1E DMEM (FBS
free)oll A} 37C, 5 % CO; incubatorel] 34|37} ¥l %Fsle]
4% AZith I ¥ Krebs Ringer Phosphate buffer
(KRP buffer; 128 mM NaCl, 4.7 mM KCl, 1.65 mM
CaCly, 2.5 mM MgSOy, 5§ mM NaHPO,, pH 74)2
AA T oS Al 29 FA 3083 vtk 1M
insulin®} 1 mM glucose$} 0.1 Ci 2-Deoxy-D-[1-°H]
glucose S 37181 §Eg-AIZ] F, lysis buffer (1 % Titon
X- 1002 Ax9HS E3)slch. Aqueous counting
scintillant cocktail (Amersham, USA)¥} Z3¥sle)
Liquid Scintillation Counter (Beckman Co. USA)2 2
*Hel A2 2339t

5. AMzEs

AA| ¥E+= 3T3-L1 (mouse preadipocyte, ATCC,
CL-173)5 DMEM (10 % FBS)u| Aol A} ) <kalsict.
A 3} §- =5 preadipocyteo]] H31E #1012}
< Arisle =33t on] E3lel Al Eu) lipid droplet
< Oilred OZ A3} 249 lipide] 42 & et
t} (Qiu et al, 2001; Cho et al, 2003)& W& 3}t
Z v 23} 3T3LIAEZ 6 well plate(Coming, USA)
o] 4.5x10° cellsfwell 2 B3t th2 527} preincubation
A 5Y ¥ E31571Q121¢] IBMX- DEX cocktail
(0.5 mM IBMX, 1 yM DEX)& u}ite] 21 0.1 %
insuling- H7}et T 293 ¥l ge 2 01 % insulino]
714 wiA) ol pueraring 0, 10, 50, 100 M2 £33}
o 67t vjgL STk 8Y F 3 % formaldehyde © 2
HNYE 13§ 2 03 % Oilred O 8202 A1)
lipid droplet2 B35 G448 AA XS @)
3o FASIAY 4 % Nonidet P402 H7)8l] A
g FHAA 29 Oil red 05 microplate reader
(model 550, Bio rad, Hercules, California, USA)Z. 490
nmol| A &3 & 3¢t
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8. Peroxisome Proliferator-Activated Receptor
¥ (PPAR-v)2 mRNAZ#

RNeasy mini kit (QIAGEN, Germany)E o]-&3}<]
AWAH 2] RNAE 529 Th2 total RNA § g0
first-strand buffer, 1 mM dNTP, 20 pmole oligo (dT)
primer, M-MLV reverse transcriptase (200 U), 10 mM
DTT, RNase inhibitor (20 U), @o] 245 31 33}
o] PCR7|7] (HBPX220, Thermohybaid, UK)% ¢DNA
& YAk §48 Y First DNAS 2Z A7) T}
2 % agarose gelollA] £2]3le] YHE mRNAS kg
°]u]x) £48}5]t}. PPAR-yo} GAPDHS| primer= Fu
(2003)9] Wgell we} AFsigdon gr g e
Table 13} ¥t} =3 Real time PCR-S ABI protocol ]
ol aagl o Wy o237} 22t} 96 well plateo]
Taqman Universal PCR master mix%} specific primer
(forward, reverse 2 pmoles), probe, Bo] &4-2 g}
Ths, 60 ng cDNA A7} B 234712 81 real time
PCR 7]7] (ABI PRISM 7000, Applied biosystem, USA)
= 4390

Table 2. The primerfprobe sequences for PCR of 3T3-L1

genes

Target :

mRNA Primer /Probe Sequetices
Forward 5'-AGTGGAGACCGCCCAGG-3

PPAR-y Reverse 5-GCAGCAGGTTGTCTTGGATGT-3
Probe 5 -TTGCTGAACGTGAAGCCCATCGA-3
Forward 5*-TCACTGGCATGGCCTTCC-¥

GAPDH Reverse 5'-GGOGGCACGTCAGATCC-¥
Probe 5*-TTCCTACCCOCAATGTGTCOGTCG-Y

Za 9 D@

1. 429 olaEale sakEy
2 7hrEE e 4o o)aZepiel Fakg HPLC
4T = Fig 29 2o 23235 20E
Plﬂam°] N2 %2 7V ¥ #FE Byon t}e
L 2& 561 % daidzn, 295 % glycitin, 0.62 % genistin,
0.60 % daidzeing= 2 2 el 714 2o g3s
Boli gl pueraring o] °]""&%—-ﬁ
Han (1998)&<ll 218 B uEllon, ol B Axje

-3 .

UABA) o] B 7 puerime Alghel 21w}
o £]3] daidzein® 2 thAlEle Howw Haym
21t} (Han et al., 1998).
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Fig 2. Contents of isoflavones of Puerariae Radix.
of Puerariae Radix at 255um (A). 8, Daidzn; b, Glycitin; c,
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(hnsn:n;],lﬁmmhoﬂammmmﬁaerm.hﬁx
2. &2 9 puerarin® 25&4 8N ofH S Ty}
#Hd 1219] F o] aFeHE]) puerarine] Bt a
-amylase, o-glucosidase 3 pancreatic lipase 5 A 8}&
& A E4S 715 Aohe Table 3, Fg. 3l Jehd
vl ok Zhte] B 289 Es 358 T
Br3E g A Wi} S A& @Ao] Ag njn|
Ao Velior, puerarin GA] @8HE AStE
& A o] de =FoE vehgt). o) Ao
= 429 F o] FeHEY puerain®] PP P40
Brsha A3lad FAAY9A) e d@o] gg Aolat
© dd3 gz2A Jehgernz gy gyk- e
71A& §3 o]Fo] A Rojgtm FA A

Table 3. Inhibitory activities of water and methanolic
extracts of Puerarige Radix against carbohydrate- (025
mg/mb)and lipid- (0.5 mg/mt) digesting enzymes

Digestive enzymes Water ext. MeOH ext.
a-amylase 35754211 13.7411.64
a-ghucosidase .
(from tat intestinal) 25471768 5.1545.15
Pancreatic lipase -23.0715.56 43.00+0.08
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Fig. 3 Inhibition of porcine pancreatic o-amylase and rat
intestinal a-glucosidase activity by puerarin,

* The values wete calculated 2s a % of control cells treated with DMSO s a
vehicle an expressed as the mean + SD of miplicate experiments

3. Puerarinoll 2|8t glucose transport A3}

A28 Pare] Y e AEAdd 23 Re
2 o]E 8737 S8 BT YBAE o) &3l e
3] FE Ak W, Qled BBl &38
= WY TeEn el A4S FE Axge
o X% F5E F=ste WY 5ol vt (Zhang
et al., 2000;, Bailey, 1999). Puerarin®] Yx}4 o & g
T3] Frol dallA = Asl@go] A gle A
o JeEstorg deddgAld] el ojud J3F
& v X o dia) Yoty el AEHEY
FedFaes GLUTAZE gaso] ey 539
GLUT1 # 47} 52 ZAH8dh= Ao & Hy5q glo
W ol T2 A A ¥} Z§ A Xl e G4
S UEER B dF oA & upg-A0] R A ¥
3T3-L1M| £ & o] &5}5) tHProietto, 1999). Puerarinl]
o] gt A X2 9] glucose uptakeTA1-S Bol%r ),
Fig. 42} 2o puerarin £ % o}&&H o2 Z7lsh=
Ao g JEIG O B purarind M X9 ol&dliEA]
2 F7H1A glucose] FE 30, mepd g9
y BAENL 7hsAe] e AoR Algdr)
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Fig. 4 Puerarin stimulated intercellular lipid accumulation
and glucose uptake in a dose-dependent manner.

IT3LT cells were saum-starved for 3 hour and prefreated with 0.1 % DMSO vehicle
of puerarin for 15 mimies. Cells were then left stimulated with 100 nM insulin
for 10 mimte and asszyed for *H 2-deoxy-D-ghuose uptle: in the presence of vebicle
of pueratin

* The valves were calculated as a % of comtrol cells treated with DMSC s a

vehicle an expressed as the mesn + SD of triplicate experiments

4. Puerarine| XYMZ ESRES

Puerarinol] 2} glucose uptake ] 845 I3k &
thE WP o 2 A Al o] {8leS ot ek A%
A 2] Eah= Al 2.9] glucose F-5-57 B o] 5
o] glom Fale] 5313 SARA M XY TGS %3
ol Vel 7] v el e g ST HA ARE FE
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Fig. 5 The effect of puerarin on adipocyte differentiation
in cells cultured in presence of insulin.
Morphological changes in the state of differentiation were based on

staining ceflular lipid deposition by Oil red O (A), which was expressed as fold
increase compared with unireated cells (B).
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o] &€} Balrl frmE A kol Wl 22 9 TG &

2 Hko 2 #91817) 914 Oil red 02 ¢ M 8ta] 3
U] o2 $ae A3} 10, 50, 100 pM 2] puerarinel] 2] 5]
117, 140, 149 % ¥ 2}z} 3= 0] &4 0 2 TG} &2 &
= Reg gyt (Fig. 5).

5. o|2~E2k22| Peroxisome Proliferator-Activated
Receptor ¥(PPAR-y) &#o| ojx|= ¥

A o] £3lg e e viE x| g2 2aE
A A 30| ] Bo]FH o 2 W 5] & Yl 2 9] PPAR-
9} C/EBP7} Sl v} (Darlington ex al., 1998). &}
F71ck Aol 2 PPAR- y7 @ HA $e EH
A kA E-50]4d mRNA 2, PEPCK\ aP25-2] A 214
‘d8HE Fr=3tA Fuh o] 21 8 PPAR y2] mRNA #38
o] puerarinol] 2|3 ¥ A Z A=A UolR A}
real-time PCR¥} RT-PCR & 578 3} A3} Fig. 69 &
T}, Puerarin 3} 2] A] 5= ]34 © 2 PPAR-y¢] mRNA
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Fig. 6 The effect of puerarin on PPARy-mRNA expression
in 3T3-L1 cells as measured by real-time PCR and
semi-quantitative RT-PCR analysis.

* The values were calculated as a % of control cells treated with DMSO as a
vehicle an expressed as the mean + SD of triplicate experiments
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