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Abstract

This study was designed to evaluate the anti-obesity and hypoglycemic effects of Gugija (Lycium chinense
Mill) extracts in 3T3-L1 adipocytes. We investigated the a—amylase and a-glucosidase inhibitory activities of
extracts from Gugija. Gugija was extracted by 70% EtOH and 80% MeOH and aqueous, respectively. A single
oral dose of Gugija extract inhibited the increase of blood glucose levels significantly at 0, 30, 60, 90 and 120
min and decreased incremental response areas under the glycemic response curve. These results suggest that
Gugija 70% EtOH extracts may delay carbohydrate digestion and reduce postprandial hyperglycemia. In addition,
triglyceride content in 3T3-L1 adipocytes decreased at higher concentrations of Gugija 70% EtOH extract. Free
fatty acid content in 3T3-L1 adipocytes was increased at higher concentrations of Gugija 70% EtOH extract.
Also, glucose transporter 4 (GLUT4), the key insulin signaling pathway transcription factor, was remarkably
increased by the Gugija 70% EtOH extract when compared to those of control cells in protein expression levels.
Therefore, Gugija can be developed as an effective anti—obesity and hypoglycemic agent.
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dAste A= Qad Aol dokar s,
A e Z2EE YEhdTA). ¥
YElY+= hyperinsulinemia® =3 A
3] BE u|wto)] o)s)] F2HH insulin resistanced] <& e}
@t} o] AL insulin target cell] XA XA Z43=5H <1
insulin receptor substrate-1(IRS-1)2] #ofj o] W& insulin
AZE A A A o) A3} glucose transporter 4(GLUT4)
ool o3 ¥Fo| =1L, o] & HAF3l7] 913l hyper-
insulinemiaZ} 2P E+= A2 B EATHEH).
oyt 5L JHA= A2¥ Z=H A8 E A3 HxF

0 2 AMg-5H+= 374549 acarboses EH3Hur HAL 5
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80% MeOH, 70% EtOH FEE&: A8 FZo Al&H
21l €1 methanol, ethanolS J.T.BakerAHMallinckrodt Baker
Inc., Philipsburg, USA)9] S5 A& AH&-3FAAAL, 100 g9

AzZE F7)Ake 80% MeOH, 70% EtOH 1 LS YW1 AL

/‘1 24 hr 43] ¥HE F&8t A#{g H Y w58 F 54
Zste ARE-S AT

%—’v‘—"% 70~80°Ce] &

Lol 227714 100 ¢
1m2ﬂ%%ﬂ%%%§%lﬂi
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skl et 555
EtrslE A2 SAEE XNols £F
Salivary a-amylase(SAA)$} pancreas a-amylase
(PAA)S] BAA8): 17+ Bt frefo] SAAS == A7
2 2] PAA(Sigma, MO, USA)e] thak A& starch
(Sigma)E 712 & 3t A3 A 242405 unit)# T
712e] FZ&Eolt} SAA, PAA 2
(Bayer, Leverkusen, German)< 50 mM-phosphatel buf-
fer(pH 6.8)o] a1, 37°ColA 20837t &3, HFSA|7] &
05% starch® 7}3Fe] 37°CollA] 5837 ¥k-g-A]7] 31, DNSyH
AR obE o] W85 HA A AT o] F 100°Cell A 10%
7FEsle] A Al713, Wb & 540 nmoll A SFE=E
sttt
a-Glucosidase(AG): E%27142] 0.75 unite] AG(Sigma)
o} F7IAFEEF B ZA acarboseE 71220 3 mM
p-nitrophenyl a-D-glucopyranoside(Sigma)2} 50 mM-
phosphatel buffer(pH 6.8)¢l j"—?:]ré}oq 37°Coll A 20871 Wt
< & 05 M NaCOsZE 718l whs-& AA A Z T} 405 nm
AN FHEE ZH35H ZiOHgE A2kt A .

B 2 A acarbose

_1

e N

Lgts &8
A2 ICR mouseE Y3

2 O7 AN Fo2 YN, FE
& 24XZE St AANZ F 7 EP@““‘#]H APste &
Ztol8GAZ SAATE ET(n=3)2 soluble starch(1
g/kg, Sigma Co.)E, 23 il% soluble starch(l g/kg)<}
70% EtOH T71AF +Z&(100, 200 mg/kg)S ATF < 3}
Ath T4 & 30, 60, 90, 12020 mz] HHMo| A )& st
g5 SAS AT 4 Ao 89 SV E ALt 83

1529

AMEzNEF 2 APA xRS T3 FE:

3T3-L1 Aot e A= EF LY (KCLB)ANA £ 1t
o} AFE-3SIA T vk 2 E8Hu)X]= Dulbecco’s modified
Eagle’s medium(DMEM, Gibco BRL, CA, USA) high glu-
cose, 10% Calf serum, antibiotics, trypsin-EDTA+< Gibco
BRL(Gibco BRL, Grand Island, NY, USA)Z & ¢35}«
5% CO; 5%, 37°C incubatoroll A Al thefoF skt 230
9kuf X]+= Dulbecco’s modified Eagle’s medium(DMEM,
Gibco BRL) high glucose, 10% fetal bovine serum(FBS),
antibiotics, trypsin-EDTAE Gibco BRLEZHEH T35l
5% COs 5=, 37°C incubatoroll A 3~4Y9 & A|¥7} &3 3}
A =W trypsiEDTAE Agjste] A2 E st A7
2]71(1000 rpm, 58X AEXE 22 Ax A7}
2% 10° cell/cm?Q] suspension& g THE0] 100 ¢ dishol
1 mLA platingste] slgstAct 44 & §52 AxE £3)
H) X (DMEM H ¥ o]l 23 mg/mL IBMX, 5 mg/mL2] in-
sulin, 1 mM dexamethazone”} 3718 ¥iIX)E A |5l &
37t A ZE A AT o] & F feeding medium(DMEM Hi

kool 5 mg/mL9] insulin?t ¥3+E v X))o & vjx|S Zo}
& 294 3 HA AL feeding medium &2 Zo}FH
AN2E FSA#TH

AF o] AR
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Mz MZEE ZF(MIT assay)

AlZ2d 3k N E AEELS MTT{3-(4,5-methylthiazol-
2-y1)-2,5-diphenylte trazolium bromide} colorimetric as—
say o2 A3t th12). AIZE 1x10° cell/200 ul2]
FTEE 96 well plateol] EF3FaL 24417 vl F & v A& A
Asttt. o 76l Al 2 DMEM H]A] 200 pLell %Etgi
M3 AIEE 22 H7bste] 24X17F wj e o 2
mg/mLE AZ3 MTTEY 20 ulLE Z+ welloll 713t 4/\]
T E weFstATh s TR F FTAS AASAL 2 well
o 100 pL.e] DMSOE #7}ste] A H formazan 24 &
|3 A A microplate reader2 550 nmol A FF =S =A 3}

L, o) AE BEEL v} 2ol Artste] YeRAITH

Cell viability (%)={100—(th =279 FH=—
AgAYTY FFZ)/UHETY 32 x100

Leptin &

CellS lysisAl 7l & 4°Coll A 14000 rpmZ 1053 ¢
g 3t o2 ASAL 7FA a1 ELISA(enzyme liked im-
munosolvent assay) WHS ©]&83le ZA3AY. Goat
anti-mouse leptin IgG 2 pg/mLE Maxisorb ELISA plate
(Nunc)ell %o overnight B3 & PBS-T(0.05%2]
Tween 208 &3t PBS)E 3318 A& 3 plated] A5
100 L& 2o 1A Sk vl ekst et oAl PBS-TZ 33+

/\1‘='
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g 423 3 biotinylated goat anti-mouse leptin IgG 200
pg/mLE ¥ 1417 ¢k A2 oA incubationdt & THA]
PBS-TZ 3¥ A& 3}5 ) Extrav1d1nfhorse radish perox-
idaseE 2ol A 1A17F Ft wigFst & 3w Al
Immunoreactivity= 2+ welloll 100 uL9] tetramethylbenzi-
dine dihydrochloride substrate(TMB = ¥ 308 ot W
SA171 & Yepdth o] B8 well T 50 uLe] 2 M H,SOq4
E Hhste g uhg-s %—E’\]Zi‘i} TEZ FIA=EE
450 nmellA Z4 3ot

ZMR|E =X
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2
op % M

Cell& lysisA|Z1 & 4°Coll A 14000 rpm=E 10
g &t 2 A5 002 mLet FAA 3
HhS- A1 9F(AM 157S-K 1 vial& &4 A2
3l) 3 mLAS #7138t vortex mixer2
E7F BESAIA 550 nmol A E3==

BE g& the Aol dYsto Z"qxl‘ﬂoL FTEE 74]*}75‘ 3}
3 FAAAY v E4HA3) 3t
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Triglyceride (mg/dL)=

FEX[EA FH

AFAFEANA THIE ALY o2 A F A
=78 A 2F(SICDIA NFFAZYME, Shin Young Chemical
IND. Co., LTD, Korea) o] 83t w=d= H7}gh vj#] 5
uLe} NEFAAI€F-1A 200 uL E33te] 37°Coll A 53t wk3

3 550 nm°1]/\1 5%3‘3 ZZ*O}%‘\D}.

x 1000

Western-blotting B0l 28t &AL e AL

3T3-L1 cell& dish(100 mm)oll 2x10° cells/well 2 1l <,
FE3 A7 F celld] lysis buffer(l M Tris-HCl, 05 M
EDTA, 1% Triton X-100, 100 mM PMSF)E #7}sko] ly-
sis Al1Z1 ¥ BCA(Bicinconinic acid) kitZ T2 A 23}
gt @A o E go g ZAE 10% SDS-poly-
acrylamide®l loading3}ed 125 V& A 7]|9% At} 7]
4% st £33 G AL immobilon-P transfer mem-
braneg AF8-3}4 transfer buffer(20% methanol, 25 mM
Tris-Hcl, 192 mM glycine)& AF-&3}a] 350 mA=Z transfer
A)1713L 5% non-fat skim milk solution® & blocking3+ %
12} @A GLUTY, B-actin(Santa Cruz, CA, USA)<9} 2%}k
A anti-mouse IgGe} anti-rabbit IgG(Cell signaling,
MA, USA)E EHch &4 wks-o] ¢ membraned] ECL
detection kit® 28}l X-ray filmol =238l A4S 5
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Table 1. Yield (%) of Gugija (Lycium chinense Mill) extracts

Yield (%)"
80% MeOH 70% EtOH Aqueous
19 13.37 43.76

1T’elrcentage of extract content per 100 g of Gugija (Lycium
chinense Mill) solids when extracted with methanol, ethanol
and water.

bandE &<13FS T
R B

S0 7 |x FE22| T2

AZ" F7)1AE 80% MeOH, 70% EtOH, €& F
Aot ol5S FE8v di&] A o}L v &2 ks
19%, 13.37%, 43.713% 2 EFFZE9 F&°] 7P =%
(Table 1).

ElslE A5t g4 Mol 51t

48 F7|A FEFEC %2 salivary a-amylase
(SAA)®} pancreas a-amylase(PAA)] 3 S| &
gt gl Aol A FHlE = SAAS PAAY] Wig &
S Al &a3E Hlawsr] $1sf 80% MeOH, 70% EtOH,

25 &vljol W& F7A FEES T JF Hlurks v
2 dAsHA g & A &1 vl ws P tH(Table
2). olu] HEAHQA FIFFsAZ A BE T = acarbose}
Hw3E Ay FE2E 5 SAAS PAACIA ICxHgke] acar-

boseRTh 28] o] e gh& YEROH, FEE9] SAA
A ZAe] ¢ 80% MeOH 2 70% EtOHo] 7+ $-4=3F

aRE ‘/]'E}‘;EQHJ], T &gk F93<Q Atole sl
FZE9] PAA A3 &AL 70% EtOHANA 714 -3t

48 F7|AF FEE ] ©E a-glucosidase(AG)°l o
‘1‘} %‘6‘7‘1311 23k Ho] Fo HEL &FA AGA Y3
22 in vitrool A
73 A 24 9

== _g_thﬂ AGO EHB‘]— A& EHE v wslr] 93] 80%

Table 2. a-Amylase inhibitory activities of Gugija (Lycium
chinense Mill) extracts

Pancreas a-amylase
ICs0 (mg/mL)

Saliva a-amylase
IC5 (mg/mL)"

Acarbose 7.04+0.35 10.97+0.22
809%MeOH 3.19+0.03° 4.16+0.18"
709%EtOH 3.20+0.07° 3.07£0.10°
Aqueous 3.66+0.01¢ 3.55+0.06

D[Cs value is the concentration of sample required for 50%
inhibition. Each value is expressed as mean=SD in triplicate
experiments.

Mean values with different superscripts in the same row are

significantly different (p<0.05).
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Table 3. a-Glucosidase” inhibitory activities of Gugija
(Lycium chinense Mill) extracts

IC5 (pg/mL)”

Acarbose 5.05+0.01*
80% MeOH 5.01+0.01°
70% EtOH 4.98+0.02"
Aqueous 4.80+0.00°
Ya-Glucosidase: Concentration of acarbose and Lycii Fructus
10 pg/mL.

IICy value is the concentration of sample required for 50%
inhibition. Each value is expressed as mean=SD in triplicate
experiments.
Mean values with different superscripts in the same row are
significantly different (p<0.05).

MeOH, 70% EtOH, €5&ujo] & 372} FE2E5 53
A varks TR IASHA A & A aHE

W 3FAtH(Table 3). ojw thE 2 FFAFstAZ A5
I AQE acarbosed} ®HlwE A3 FEE A EAo]
acarbose® T &S ¢ F AT AAES AG A&
e At 3 xd R AFSE ALEaa) ste B
AFE0] o)FAHT Mai 5(14)2 A F (31, A4
5)¢] polyphenol A&0] &-& methanol &4 AG A
| &Alo] H=rtha 1.—,1__]_0].0:]7 Sl s AZo =z M & Qe
7bs/d& AASHATE Bur o 2 BE(15,16), A (17)
oA AG A AZE Ee = ATk B ATl A in vitro 3ol
A PR FEE2 AG A& Aol acarboseR T 58S
#AAFHoBZ old AHH EZLS ] HASIA AL
W FEXFEZ QA BAES o 5 9lo] 11 &A1V
£S5 Ao Y4

70% EtOH 7712 &8¢ 2 JA &} d53=
23l #48 84 ANEFHE in vitrodl A J&%?_ A3, 70%
EtOH F&&o°| ¢ 2745 ekl 3 E‘

A 70% EtOH FE2&< ©| &3t A4
(oral glucose tolerance test)E 4 ]‘3}93\13}

FEH A dE2wH AP 25 874 91(150~200 me/dL)
Z AZFEle XY Fo 3 308Y o 2T 333 mg/dL,
100 mg/kg 70% EtOH =& 270 mg/dL, 200 mg/kg 70%
EtOH F&% 200 mg/dLo. 2 7+Asle] thxa 2 A3+
R 1202 S Al o] Ao R "olds dEstaTh
oluf 100 mgRth 200 mgl A 71L& 717} SebatA A8
gt Ath(Fig. 1. olest &3k #7112 A% F rutin,
ascorbic acid, uracil®] @Z7stade st R E 53 «
amylase$} a—glucosidase A3 S-S FE= AL E AlgHTH
(81819). ¥ ot & X 5ol oA AF ihs H4A|
o 7VgA -t Aol wig FR}EE(20,21), F71A=
o] o B X5 QlojA F&g AFSZE Eh

H~I

F
1
!

70% BEOH 7|t FES0| st 3T3-L1 adipocyteod|
M &t 1}
70% EtOH F7] A+ F&&9)] oj§ 3T3-L1 adipocyte?]

Fig. 1. Incremental blood glucose after administration of 70%
EtOH extract of Gugija (Lycium chinense Mill). Control (@):
Starch (1 g/kg) was administered orally to a rat after an over—
night—fast. 70% EtOH extract of Gugija (Lycium chinense Mill)
(m): Starch (1 g/kg) with the 70% ethanol extract of Gugija (100
mg/kg) was administered orally to a mouse after an over-
night—fast. 70% EtOH extract of Gugija (Lycium chinense Mill)
(a): Starch (1 g/kg) with the 70% ethanol extract of Gugija (200
mg/kg) was administered orally to a mouse after an overnight—
fast. Each value represents the means+SE of three independent
experiments and is expressed relative to a control; “p<0.05.

RAEE: AXE FF9 AT Bol o]&Hi 3= MTT as-
say+= cell proliferation®} viability 9] in vitro ¥4l =%
F23HA AHE-El L 1o (22), 3T3-L1 adipocyteE ©]-&3F
70% EtOH F&E& == At AR w3t
S ) T 2 mg/mL7bA] 90%0]/d9] ¥ BEE] Ve
TH(Fig. 2). ©]= 70% EtOH x4 ¢ F&E(23)7} w3}
AL W 05 mg/mLolA 100% 717 AE=ES Yely oy
5 mg/mLo A 23% 2 d3] oA = A7} YElgon
2 70% EtOH F7)A5¢E 5 <] 3T3-L1 adipocyteol] th3h
AEEC] o 540] Yol 7|eAAFLZN AT &

Fig. 2. Effects of 70% EtOH Gugija (Lycium chinense Mill)
extracts on the growth of 3T3-L1 adipocytes. Each value rep-
resents the means+SE of three independent experiments and is
expressed relative to a control; “p<0.05.
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Fig. 3. Inhibition of leptin by 70% EtOH Gugija (Lycium chi-
nense Mill) extracts in 3T3-L1 adipocytes. Each value repre-
sents the means+£SE of three independent experiments and is ex—
pressed relative to a control; “p<0.01.

RE 7HA7F Aok ALEE L

Leptin: Dexamethasone2 ¥33t t}
2ol=E AHug AAZoll A leptin®]
1 392 insulin®] leptin A Ae] Wy
3L 3FATHS8,24-28).

Leptine X|¥HA| ¥ 2] vk
EOo 2 Ao 283t
A &¥E F7HAA BIRkE 24
W ASA ] 2255 leptinﬂ
2 &A 3ol EF leptin %
FE HTATol wol] AMgE 1
71 A}
leptin®]
A tHFig. 3). 215 Ao
A3 o0& lepting

Aztel] o8 HAH= 52
AAFHE JAA7IL oY
st Tl A g A Al
ErlEo] S7lehe Ao
< AARZFS vefd= A
A}E}(29,30>. 70% EtOH 7
FZEE FH7bel 93k 3T3-L1 adipocyteo] A EHH
sEe xad vs| s=7F S7Fekel whet ha
o 13T FEEQGDAA F
A7olA 1 mg/mL F=olA
27t vl8) Zhzt 259, 28% AAs =l 70% EtOH T+
712 FEE 1 mg/mL == tjZ7e vl8)] 28% A8}
Aok wekA dzTel vls) 70% EtOH T71A &
T &Aoo ® Al wet leptin ool HAEA
2 70% EtOH 7712 F&&°] A S35 JA =
Z7F Ad5S A

o %
T
KN
=]

=
e
3}

pul

3

=
=
26,

i=1
=
o

o [0 o

FAAE: 1A FE2EY FAAAY A ARE
7] 98l 234171 3T3-L1 adipocyted] 5E=EH=Z
3l & 3T3-L1 adipocyte®] 05 2 1 mg/mLolA+= /95
7L o, 2 mg/mLe] FEolA fojFog Fhadt
AHFig. 4). & AP 43 WHOE 35, TaHY,
HAZHAH32,33) FEEANAN FHAALS SHT AHolA
T3 T g s 2] B3] 2 mg/mL FX oA
54%, 70% #AstR I AR A M= FolH o2 st
A kAW A A AR F jnulin F7F FAAE F

Ao g 7+A3%S Yehdl Y Leptin 53 triglyceride 3

> _|>4 g n}i
£ 3L o

|

et Y

(o)

i

HX

)

rlo
o
[

rO

Fig. 4. Inhibition of triglyceride production by 70% EtOH
Gugija (Lycium chinense Mill) extracts in 3T3-L1 adipocytes.
Each value represents the means+=SE of three independent ex—
periments and is expressed relative to a control; 'p<0.05.

%]\

\:_1 ;qmleg] ijrjr U1Z‘j%]- U= o]
7} EZsh TR w8 FA4A
Aas B ANEAHS AN 7E a3 Ik

tin HAaE =
54 2aE W FAET FEA

2(3536), 7717

on
W AAaES SAIT lep-

fFre| A gk F
2o 2 Yot 70% EtOH 7] F&&2 "Ik oA
A3 golr 7] 93le] 3T3-L1 adipocyted] H3) &3S
AHESE wf AESAl A EE wiAIWS] 05 1 mg/mL
oM e ZastA o 2 mg/mLolA = FoF o2 Skt
H(Fig. 5). WA 70% EtOH F71AF &5 A WA X
Aol AT A dAFoZN HTE A&t A
2 BorE 7712 AR S zeaxantin, betaine©] #|7F
ool axrt lvkal Bzt & ML(SO 36,37) 70% EtOH

;(]H_O_

L

==Xl

T2 FE2E0] o]l E2S ESSIU S 7IeAde] v
At 2 A3} leptin B SAAY T2 il ©E A
W FE Al St Avka e E Y 35 o] Ha

g Aol

Fig. 5. Changes in FFA contents by 70% EtOH Gugija
(Lycium chinense Mill) extracts in 3T3-L1 adipocytes. Each
value represents the means+SE of three independent experi-
ments and is expressed relative to a control; p<0.05.
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Concentration (mg/mL)

Con 0.25 0.5 1 2

Fig. 6. Effects of 70% EtOH Gugija (Lycium chinense Mill)
extracts on glucose transporter 4 (GLUT4) protein ex-—
pression in 3T3-L1 adipocytes. Spot densitometry using image
analyzing system was performed to determine the protein ex-
pression level of GLUT4. Each value is expressed as mean+SD
in triplicate experiments.

GLUT4 THHZAL dis

& UL #2)8h 3T3-L1 adipocyte?] A|E=}o] <1
o] insulin receptor(IR)9} A33}aL o] A2 A <l
A S HAGA A insulin receptor substrate-1(IRS-1)-
phosphatidyl inositol-3-phosphate(PI3 kinase)-Akt] I}
AS ZEAINTHIR). A Hoz Pl ] L=FS AX U
2 o]% A7)+ glucose transporter 4(GLUT4) 9] && o)
FE F= AoE AdEd AsHGA A Fos 9SS
+(39,40).

70% EtOH #7112 & &) g U =
ol A7l &S 3= GLUT4Y m=
wokth 71 A3 70% EtOH #7174 559 5
o whet djZzatel vls) /1S gelsk A th(Fig.
70% EtOH 7712} FE&2 ©53tE 43 &

) g
o

[oX:#)

r9~'

A a3t Eﬂrﬂ s & AT
I ?7%

L -
3 9)\2?43} 7 EHQU} L FEE0] old F71AY A
-2l zeaxantin, betaine 5 2.2 o
e Qe A Bego] siva Als "k

TR AL sE T A28 G G AR

af, 18 2 ¥ E5o] doka dHA Aot AR
Z A 2 A giatel] ZHgske A 712l tigh AT
& o wlulelsle] s E 28849 o amylases) a-
glucosidase?] Asj&A 2 ARV HE o] &3 373 &
¢} 3T3-L1 adipocytes &3] Bt AAads B
A TR FEL 80% MeOH, 70% EtOH ¥ 5323}
Fom o]E F a-amylase 50% A3 A (ICs))-S saliva
a—amylase°] A acarbose, 80% MeOH, 70% EtOH, aque—
ous(7.04, 3.19, 3.20, 3.66 mg/mL), pacreas a—amylase acar—
bose, 80% MeOH, 70% EtOH, aqueous(10.97, 4.16, 3.07,
3.55 mg/mL)Z saliva a-amylase®] X acarboseX.t} 80%
MeOH, 70% EtOH FZ&&o°] 71 ¥ Fx=olA ICoiks
UEeF 1 pacreas a-amylasedl A= 70% EtOH F&&© ]
71 2 sxol A ICoaS YER S T3 10 pg/mL 5

o A yeast a—glucosidase &4 A3l ICs#= 80% MeOH,
70% EtOH, aqueous(5.01, 4.98, 4.80 uyg/mL)E F71AF &
¥ E5F acarbose(5.05)E 0} -3 IC53kS YEMW S F
AFANA SFstE AstE i Zﬂﬁﬂ%}/‘qo] E‘ffi 70% EtOH

FEES AES A ATFA & F W S-S 4
o, A& ?}771] 100, 200 mg/kg body We1ght€ ATEo
gk A9, izl vl Fo 3 30, 60, 90, 1209 ¥
Z717F gtk 3 FE2E-2 100 mgR U 200 mg £33
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