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Anti-diabetic Effect of Opuntia humifusa Stem Extract

Chul Min Park, Byoung Hee Kwak, Bhesh Raj Sharma, and Dong Young Rhyu*

Deptartment of Oriental Medicine Resources and Institute of Korean Medicine Industry,
Mokpo National University, Muan-gun 534-729, Korea

Abstract — Opuntia humifusa known as the Eastern prickly pear have been used as a treatment of burns, diarrhea, asthma, rheu-
matism, gonorrhea, and diabetes in alternative medicine. O. humifusa is widely cultivated in the middle and southern provinces
of Korea and distributed in North America. The aim of this study is to investigate anti-diabetic effect of O. humifusa stem
(OHS) water or 80% MeOH extract using 3T3-L1 adipocytes and db/db mice animal models. OHS 80% MeOH extract at a
dose of 250 pg/ml significantly increased the glucose uptake and lipid accumulation compared with the control in 3T3-L1 adi-
pocytes. Blood glucose, plasma total cholesterol and triglyceride levels were significantly reduced by oral treatment of OHS
80% MeOH extract (200 mg/kg BW) for 6 weeks in db/db mice. Also, the oral treatment of OHS 80% MeOH extract slightly
changed the plasma insulin and insulin resistance levels in db/db mice, but were no significance in comparison to control. Glu-
cose transporter(GLUT)4 expressions of adipose tissue and muscle were significantly increased more than that in the control.
Therefore, these results suggest that OHS 80% MeOH extract inhibits the blood glucose level through regulation of lipid profile,
insulin resistance, and GLUT4 expression in db/db mice and its diabetic effect is effective more than water extract.
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MEE o Tl A 8Ae BrshEe] §45 A iAA
2% g A58 Z-3l= a-glucosidase A3 A, 73|
z2hgste] Qled EHE £33k glucagon like peptidase

(GLP)-1 receptor agonist2} dipeptidyl peptidase(DPP)-IV
inhibitor, 7Fgell 288l = tANE 2283k fructose-
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A8 F7 e dsdA IS A 7]= peroxisome
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o] o &4, F, 713, AL, 71HA
A, EFM, s el m5e] e Aog gEA Aok
SEjubetel F= A - s SubaA g g
(Cactaceaell 48R= Opuntia ficus-indica® Opuntia humifisa
olt}. O. ficus-indica= BINFTE FAOZ FHa olg] 7ol
de) Bxela glom, 98 &4 oA"Y ggie,? g
Z 27%,0 aXNEE gAY megd 2,0 71999 )
A& 5o Ae)BA - 4-ethoxy-6-hydroxy-methyl-o-
pyrone, opuntioside, aromadendrin, kaempferol, taxifolin,
quercetin, isorhamnetin, myricetin, piscidic acid, eucomic
acid, betanin A& FF-ataL lvkal B wh QUok” $-
guete] O. ficus-indica= AFE A HFE0=2 79U
o] Mg alHviaat vieke Gt s op o R o
AWM TS YA Zo 7 Holy dA) AFEE T4
o7 i AuEo] et 7 FoE s E A itk
O. humifusa'= FWFFe} vl= FRA| e LEE ] U= F
S 2ZX 0. ficus-indica Hth= F2A ol 2Pl 3o
v HEbd = Attt SR oA llA A
wj= 2 ek ey ofg 7K AelgAdel B3t A
E 0. ficus-indica®) B3] w]H) g 2ot} ¥

olof I Ao A= Altel A E AR Q= O.
humifusa =7) FZE 8] 3T3-L1 AWM 2S} db/db vt
9225 olgsje] BT, AU B Adrikle] mlHe
JFe BlstuA dt.

LT

AEM= Y A2k — Dulbecco's Modified Eagle's Medium
(DMEM), newborn calf serum(BCS), fetal bovine serum
(FBS), penicillin-streptomycin solution, phosphate buffered
saline(PBS), trypsin> Hyclone(Logan, USA)IA] 4313
37, insulin, dexamethasone(DEX), 3-isobutyl-1-methylxantihine
(IBMX), thiazolyl blue tetrazolium bromide(MMTT), Oil
Red O= Sigma(St. Louis, USARIZRE FU3IATE AleF
W ol S EE 1F Aok AHgasn.
FEE M= - 0. humifusa stem(OHS) A Aok %]
FollA AFH st FR7lol S/FSH A 60 S F
g T o Fste] 45°C o]ake] 8AdelAM X - FFA

TFAS FHAAXIE olfsl HAXRAA & FEEE

ol o] 8-3FTh 80% MeOH FEE-2 OHSE Al# 3t
7ol 80% MeOHZ 53] F% - o7 - 553 v5l 542
AZX7E o83t 7AEAIA 80% MeOH FEEEA A9
o o]-gslatt AlxE S WEIL(-20°C)el HaAsI3itt.
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OHS =3 80% MeOH FEE2] 82 1.8 2.6%°|t}.

3T3-L1 MIZHHQF —3T3-L1 A% M 2= American
Type Culture Collection(ATCC, USA)L. ZH-E F<F o}
ARSI 3T3-L1 AAFAE= 5% CO, 37°CHi 47|
ol A1 100 Units/ml penicilin, 100 ug/ml streptomycin, 10%
BCS7} $Hr® DMEM #iA] =704 wfgsisict. oleigh
3T3-L1 AAFA 2= 29 vt} A S wjA = HZaha
A AT wiFste] Aol ARg-sisint

3T3-L1 M=Ze| EsiRE — 3T3-L1 AWAFAEE A
Az 2311717 98t 6-well plateo] 1x10° cells/well
Z B33 80~90% confluent 817} HH Eaie £
Q1 5 ug/ml insulin, 1 pM DEX, 0.5 mM IBMX, 10% FBS
7} $Hf-E DMEM HiA| 2 £ 3lE FEdidlon, 2o &
5 ug/ml insulinz} 10% FBS7} &--¥ DMEM B = w3t
St o]25E 2% g 4 10% FBSE $His DMEM
HiA| 2 BZFebaA 4 & Aol o]&siint.

MZS=Y - OHS 7 80% MeOH F&E2] ME5AES
ZA45l7] 918l MTT assays T3 8kict. 3T3-L1 A8
HZZ 96-well plateel] 4x10° cells/wellZ 25515101, 24
AIZE B v sl FEES A elste] HETHA] 244 7F bl
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2t RESAIZTE MTT &2 A7k DMSOE ¥1L
153 2ol ELISA reader(Immuno Mini NJ-2300, Japan)&
o]-g3to] 540 nmellA FB=E AL 2 Z3E control
el gk vl&= ALkt

ZCE & -3T3-L1 APRAIES] Jdedrvizy e
A AEH e HF A=E F4517] flste] 3T13-
AL EE 1x10* cells/well2 black 96-well plateo]]
ekl ks =gk & 6ol OHS 3 80% MeOH
< H7FeRATh 2 ol 24A17F St vl ESE wiA]
£ A|ASIAL 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-
2-deoxy glucose(2-NBDG, Invitrogen, Carlsbad, CA, USA)
40 M-S H7FEFATE 307 ol PBSE 13] A3t
VICTOR3™ Multilabel Counter(PerkinElmer, USA)] exci-
tation 465nm, emission 540 nmoA FFS A3l
control gtoll thek H|&= AT

Oil Red O &M — 6-well platecl] ¥ 3T3-L1 A
TAEE A58} 3 A7 B E e
31T 10% formalin £ 02 3087+ IS S/
2 13] AlF3I%ATE 0.3% Oil Red OFHO=Z 14]
%, 60% isopropanol® 13] A|2]5le] Hn|7 oz 2 AY
d AEE AEEITH

HEUSEQ AT - A2% T TR 5539 3
C57BL/KSJ db/db mouseE (e A8 5= (Seoul, Korea)
2HE FYsth dFY 5 Exoithy PAHsE

=
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& FolFo 7 e Fo] AIN-93GE 7] pellet FEIZ 2]
olE T AAFES A= 20-25°C, F=
40~50%, 12 h light-dark cycleol| 4] AFS-3FATE OHS 80%
MeOH FEE-2 65 &<t A5 kg'd 200 mg(200 mg/kg
body weight/day)2 wld 7 10~122] Afo]o] AFFo]8-
SHE AREste] FoASiT

MESE - 677k Alse] 2 AdF Al

AR & *‘ﬂoi—r‘ﬂ ot A E o FAPIR 4
ANFE F 3,000 rpmO 2 15587 A4l EElate] EgE A
A%e, FHAY, F ZA2EE I A o)l
o, A} 2g2Ae ABal] J0°C WERD s

AT, Mojet $2 MY U HY - AF, Holsh ¥
A BES RO BN £ 291 Yol 4
o]g]. M_Aak ];q J_T;L.\:g.oﬂ}q “o 01:._ uaﬂb H]—]:H
o2 Axkeith AAEES] 92 1247 AAAIR] &
ng] guoa A dsle] Blood Glucose Test Meter(All
Medicus Co., Ltd. Korea)s AF&-3l] =43t

7 el QlERINEEX|s, SUXYL & Sx
EHIE ?:.*oh - Aol TRHE F, AHHE ¢ HE o8
6?‘34 Jed, SN S 2HE TS S48

& H’““‘l °l<¢ ELISA Kit(Shibayagi, Japan)S

014‘1&04 543 ol A3} sisith. @8 SN F
FY2HE TS oA 2F(Asan Co., Korea)?] KitE ©]

gt AT 5 A3} stk dedAIAF
(homeostasis model for insulin resistance, HOMA-IRy= &
B Qs PHEF FAF ol g3lel ANt HOMA-
RS Thadh 2 3202 A3

Ean

= 1M1 A2
2}

_%

HOMA-IR = [FE<1&du [Uml)] x &5
L))/22.51

& F(mmol/

RT-PCR(Reverse Transcriptase-Polymerase Chain
Reaction) — A W3 5 X% 2] RNA 2]+ Tri-reagent
(Molecular Research Center, Inc., USA)S ©]-8-8I1T}. AW
I Z5F4 50~100 mgS 1 mle] Tri-reagente} $HA| Wil
homogenation 33t 28 T 0.2 ml¢] chloroforms ¥
3 7PHA 4o ol 12,000 g(4°C)ollA] 158 &< LA
28Tt 2dEAell 0.5 ml isopropanol ¥ vortexE St
2ol 5~108 Hx= BASE 3 12,000 g(4°C)ollA 8%
T AR AT FFAS A A 6}1 75% EtOH
(DEPC+ethanol anhydrous) &2 1 ml ¥ 3. vortex3 ¥
12,000 g(4°C)ollA 524 2 washing 3F3th. 2 th3oll
75% EtOH &8 A| A3 3~5% F<F air driyA] 7]
DEPC 30~50 ul& ¥ A9 ] /\FQ“GL wj7ER] -20°Cel X
AT B F90 RNA & nanodrop spectrometer®]]
A 2604 280 nmE %%E% At A gkl
Diastar "2X One Step RT-PCR Premix Kit(Solgent Co.,

H
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Korea)2] Z wellel RAN 3 ul, primer 2} 1 plE Eo] &
30 plE BEEAL Z]Ale] ¥War AR F S ZH2EE] primer
7] #lE-2 o33 2t} Glucose transporter(GLUT)42] 5
PAF Y2 5-CCT GCC CGA AAG AGT CTA AAG
C-3, ¥MFPA HE-& 55ACT AAG AGC ACC GAG
ACC AAC G-3% B-actin®] FFAF A €2 5-TGC CCA
TCT ATG AGG GIT ACG-3', BIFFAF 82 5-TAG
AAG CAT TTG CGG TGC ACG-3'°]t}. PCR =A<
50°Col A 30%, 95°ColA] 15% WHE-A17]aL, 95°CollA] 1%
B A F 55°ColA I S o)A 72°CellA 2
ot #sled 308]5 431519t} PCR AFE-2 nucleic acid
staining solution(RedSafe, iNtRON, Korea)Z A E 1.5%
agarose gel2 ©|-&3lo] Z719FS d1oH, B-actine 5
ZH A= 2o = ARgsiT
NEEM - RE A4 FHRF AR 861
o).z} #71e] ZJol= SPSSS] ANOVA(analysis of variance)
9} Duncan’s multiple range testE ©]-8-3t4 p<0.05 0l
A freld e Ao wgsisinh. 29w 2 27 B
2 feAol e Agole 2zt v BAE %7189t
Za o o
3T3-L1 X|WHMTMZL| MEZESYM - AX 572 A7
g &85 A= MTT assaye= A5 MESAHS H7t
&= in vitro 49 vl$- 68314 /\FQLE]J‘ Sit}. 3T3-L1
A A EZo] OHS &34 80% MeOH F=E2 503
250 pg/ml F=E A2g A3}, AEF H7IeHA| F2
o Blsl OHS A7+ AlZ25AS fiskA] L
o A ZALS }_;q/\]?irjr(]:lg 1A). 1822 OHS
80% MeOH FZEE-2 250 pg/ml =7 = A|ZZAPE] of
TGS mAA] @ A= RIS
3T3-L1 XMz =g M3 SZEn - 3T3-L1 A
47'%]?&011*1 AA|ER ks fEstet] dojdes
3% TER9| Syt QlEdolt), 2HEE HARYS
ETEi AedAFEE MAANTIAY =T HHE T4
A7le FE=EE FAsh=t] 3T3-L1 AAE= Alxd
A= dy o] H 2 gtk Kim(2005) 5= 54§ 4
AAE o] &3t gl FE2=0] & HH AEE AT A
AXZITkaL Bask v 9dtk ) OHS B F2E 505 250 ug/
ml 2 80% MeOH F=% 50 pg/ml F=olMe & A3 3
S NEE 7 2 2 AR XS U
mE}(Flg 1B). Z#} OHS 80% MeOH FZE 250 pg/ml
LolMe ol Bls] & 437 AR S7tsisl
D}(Flg 1B). L3 2 & OHS 80% MeOH F&&E2 A&d
AL MNANTIAY A&l S 77 E4S
SHrakaL Aokl AbsE T
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Fig. 1. Effect of OHS water and 80% MeOH extracts on cytotoxicity (A) and glucose uptake (B) in 3T3-L1 preadipocytes or
adipocytes. Control; non-addition, W50; addition of OHS water extract at dose of 50 pg/ml, W250; addition of OHS water extract
at dose of 250 pg/ml, M50; addition of OHS 80% MeOH extract at dose of 50 pg/ml, M250; addition of OHS 80% MeOH extract
at dose of 250 pg/ml. Insulin concentration is a 100 nM. Bar with the same letter are not significantly different by Duncan's

multiple range tests (p<0.05).

Fig. 2. Effect of OHS water and 80% MeOH extracts on lipid accumulation in 3T3-L1 adipocytes. N; non-differentiation, C; non-
addition, M50; addition of OHS 80% MeOH extract at dose of 50 pg/ml, M250; addition of OHS 80% MeOH extract at dose of

250 pg/ml.

3T3-L1 RYMZON Ql&zly EFZMo| 53 - <&
& APPA el M APgEelE Asf sl A 3
Ale 2E2EOR Fabd AAEe] 5 S7MTE &

&5 gt 2BRE AEUAH AWPES FAA7]
A E Aske E28 Edd EZolga ¢
Lee(2010) 52 2o =ZFE E2]% isoflavone glycosideS!
puerarin /3 #©] 3T3-L1 AA £9] W=7, PPARyS}
GLUT49| x4 S Fslo] F HFE FE= s
AN AL 7R Edolgka Bydh v Jrk?) B Ay
A= 3T3-L1 AAIEAA 9] & 45 237t OHS = &
EET} 80% MeOH FEE°| 98 S7=22 OHS 80%
MeOH FZ&°) gt AW A =5 45Ut} OHS
80% MeOH FEE2 503} 250 pg/ml T2 X2 519&
735, AFEE A7FHA] o8 thxtel] sl AEA| oA €]

A

A
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o

At A A FREA F7kshe Ao® At
(Fig. 2). o]A® APEA oA A=A 0] S7hsthe A2
et AV 248 st e Z2oE ERlENen
= OHS 80% MeOH FZE&o°] l&dA /M E Q=
ANES FIATIE 228 TRslaL o] o= <lsl] A
WA A7t 371 Aoz FRIE I

FH NES Het Y SXLEF - dbdb "F-2E leptin T
|A o] Welo] Ao Fies} Hvke] flEE g A2
Y FERYR Jde] o853 vk dbdb nH-22] A
T2 o] Aole 67 5t 28.5 gollA 44.8 g=
36.4% =739 3L, OHS 80% MeOH 35 200 mg/kg
BW ol -2 272 goll A 42 g= 35.3% 5 7}31S] th(Fig.
3A). £3], OHS 80% MeOH %% 200 mg/kg BW £
T2 4R Gtz vls)] 2Fe] folsA A
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o] 67Aloll= Ftizol Hls| AlFo] 6.3% PAaEA
CBAERS IR 6.3 g, OHS 80% MeOH 55
T 53 g2 OHS 80% MeOH F=%& Folito] Pty
of ¥3] 15.9% A= tkFig. 3B). AlFE Enpead
H(O. ficus-indica)®] 71 &84S db/db P22l 557F
sHdY A o] el vl 7Haishs
BT AU O B db/dh nR-2=o) A A3}
F e e i 2 g9d a3t 9l
Aoz AA Ut 2= Z OHS 80% MeOH %
o] AW e FHS THAAIA AMEA ] HtE 7t
As Z7H AN EE dEdATA A 2 8
Aol 38 G A= ZoE AR E
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(%K) €48 Rolug Zgo] fa=n AA <]
T B A4S 79 Aetd E5dide] Uehe =
ATH A28 F=wdol gb/db vh-222] 6577F 2]o) AFE
Ha-S FathE 37.1 g, OHS 80% MeOH FEE Fo
T 30.8 g2 FthEaroll Bls) 17% a3k th(Fig. 4A).
FatZ+ 160 ml, OHS 80% MeOH 3
T 128 mlE Gtz ¥4 OHS 80%
MeOH F&& Fojio] 20% 2438l tHFig 4B). 2212
2 OHS 80% MeOH FEE-2 3] 44 542 th
I o S NN ER 89 2R HE 2= AR
o] FHFE UeS AlAlSEL Ut
e oI, Qs el Wt - EAX Y] F
7= Q& e tigk AW 7] AR Ao E ¢
Qom HA7|FNAM A&d ATHAGAA L] o= Fat
A2 gL Ptz 34.8 mMel| H]
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Fig. 3. Effect of OHS 80% MeOH extract on body (A) and total fat (B) weight in db/db mice. OHS 80% MeOH extract was daily
treated to dose of 200 mg/kg BW during 6 weeks. Bar with the same letter are not significantly different by Duncan's multiple

range tests (p<0.05).
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Fig. 4. Effect of OHS 80% MeOH extract on the diet (A) and water (B) intake in db/db mice. OHS 80% MeOH extract was daily
treated to dose of 200 mg/kg BW during 6 weeks. Bar with the same letter are not significantly different by Duncan's multiple

range tests (p<0.05).
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Table I. Effect of OHS 80% MeOH extract on blood
glucose, insulin, and HOMA-IR levels in db/db mice

Blood glucose  Insulin
(mM) (1 IU/ml)

34.8+1.4 157.0+46.4 277.0£71.3
30.5¢1.4 17224447  246.0+59.1

Animal groups HOMA-IR

Diabetic control

OHS 80% MeOH
extract

3l OHS 80% MeOH —ir%‘j Fo2 305 mM=E =73

o) 12% A% 7HAdks A0 LERITHTable 1), 87 9)
=9 T8 =43 43, OHS 80% MeOH ZZU-/] g3
Aded %:JA\_ 172 jJ IUmMZ Gtz 2&d 5=

157 pIU/miel HlsH
IR Alxbe <]sk

= TAES ‘/}E}‘;‘A“:}(Table 1) HOMA-
SR A AT E B3 QJ,} OHS
80% MeOH —Zr%% —Eroﬂ%—: 246, B2 2772 YE
L} OHS 80% MeOH FZ %9 AOH ANEdA A o]
= S B tK(Table 1). Yoont Son(2009Y O. ficus-
indica Oq‘zr‘, gi:;q_l-';_ E]:]—_\’j,] )\].ok 7]—§]— E_O_ H_‘H }o:] %z
31t O. ficus-indica complex B(OCB)YE STZ 4 Ji= 3
Fll 2(0CB-2)2F 5(0CB-5)%Z o] 37 &<t F431%

Y Ptz vl OCB-2= 13%, OCB-5: 21% &
o] Aty gk vt Ak® 0. ficus-indica 2712k
FEE2 alloxan} STZ % I 959 9925 ¥%

e

oz oz FolstA AT L3 O. humifusa Z
7] FEEE STZ i+ B 3159 g+ APdulet o]

it}

b 9 e )5S ol 25 A0E 9l

= v} 9ot Wb OHS 80% MeOH FZE= Ql&alA

>

A)

250.0
3
o 2000 a
E T
° b
g 1500 | T
7]
o2
o]
L
o 100.0
[]
E
(=]
|_

5.0

0.0

Diabetic OHS 80%
control MeOH extract
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W N ERE Q8 BPL 2AsHE Ao Audr
U3 ETUAHE ¥ SYNLYo| WE - Yuos

A3l AedAZdol A7 APAHE W S22 3l

ZAA M 2 Zy 22 PAo] =78} o)gst
g oA AT FLE dRlol vlE| AEdASe] WA
E7F 2~4) A YERER o F Q1gk A FiA
Ao gnr x| 5o 293k ¥x0lto|th? A28 Y
A9l db/dh vH-2=9] A FZe|2H e SR &
Fe A Ay, FZY2HE vEE TRUERT
220.4 mg/dloﬂ H|&lo] OHS 80% MeOH FE5&2 Foji-&
164.0 mg/dIZ eI} OHS 80% MeOH F&& Fof o]
izl Hlsl 25.6% oA o2 hAaalith(Fig. SA).
FAAe e FnthE 179.5 mg/dl, OHS 80%
MeOH FZE Fol 1477 mg/dlE S35 o] Gtz
o] Bla OHS 80% MeOH FZE= FofwtollA 17.8% 9]
o7 THASIATHFig. 5B). O. ficus-indica?} O. humifusa
=7] 28 STZ 2 B AFl Tt Aol dF
=X 4;<]u1— zigﬂ/\gﬂa Tra;qul-)\]-_/] sLako] Tr-47g_i
Hewe Aoz weAnt ™Y J2je 2 OHS 80% MeOH
FEES 1201 ArAze} o] G s 5 X4
AAANZIAA QIEAATY /HT & FdFS =
k= Z10= Al

2538 X|Y=ZE9| Glucose Uptake &3 GLUT4

mRNA 83} — Fig. 6& A28 FwdlQl db/db vF-229]
253 Ao OHS 80% MeOH F&Eo] YAl
A% FAA B X S50 ddsies 2= 84
B)
300.0
= a
=]
B T
.§, 2000
S b
= -
(%]
>
=
F 1000 |
0.0
Diabetic OHS 80%
control MeOH extract

Fig. 5. Effect of OHS 80% MeOH extract on plasma total cholesterol (A) and triglyceride (B) levels in db/db mice. OHS 80%
MeOH extract was daily treated to dose of 200 mg/kg BW during 6 weeks. Bar with the same letter are not significantly different

by Duncan's multiple range tests (p<0.05).
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Fig. 6. Effect of OHS 80% MeOH extract on GLUT4 mRNA expression of adipose tissue (A) and muscle (B) in db/db mice. OHS
80% MeOH extract was daily treated to dose of 200 mg/kg BW during 6 weeks. Bar with the same letter are not significantly

different by Duncan's multiple range tests (p<0.05).
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