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Abstract

This study was carried out to investigate the effects of Opuntia ficus-indica complex (OF) on blood glucose, glucose
tolerance, plasma insulin level and histopathological appearance of pancreatic islets in streptozotoxin (STZ)-induced diabetic
rats. Thirty-two male Sprague-Daweley rats were divided into non-diabetic control (NC), diabetic control (DC), diabetic OF
of 2% (OF-2) and diabetic OF of 5% (OF-5) and fed experimental diets for 3 weeks. Compared to the DC group fasting
blood glucose levels in the OF-2 and OF-5 groups were significantly (p<0.05) reduced while fasting plasma insulin level in
the OF-2 and OF-5 groups were significantly (p<0.05) increased. Glucose tolerance in the OF-2 and OF-5 groups were
improved. Histopathological observation of pancreatic islets of the OF-2 and OF-5 groups showed hyperplasia which was very
similar to NC. Numbers of S-cells in OF-2 (47.81+0.92) and OF-5 (81.64+2.80) were higher than numbers of J3-cells in DC
(13.18+1.01). These results imply that the intake of OF improves J-cell proliferation and prevents the death of J-cells in
STZ-induced diabetic rats.
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M), dube, &<, A 2 N Es 26l = ek
Fue g4 a0l fio] FAA a9lel ujgk Ay o | FENE ARSI s0%s<] A et makE aldl
8 9% BE ~Eys S| od Fee W gmow z —Tl(Yang er ol 2004), Aok, 2, kg, AR, 2nA,
A 18 S} 18 Bhes 788 4= otk o] 2 [3 Pus x9S 23S SRgbolgte BEE tixAlEd
viel o] 5oz Aslel A4S Aetm, Rulahe gy 0 T skl GAeld e Ads wae a3

Az~ gl Est o] olzel Hu|ge] nx = SUBATHKoh & Kim 2002).
R oz JelA Aot sk R A QoA s o} ghd, wole}l Bele &ulgd A7 (Opuntia ficus-indica
Juue Ao Ngd & g Wi Atex ggp (L) MiDE 2914 7K Cactaceae)ol] &= AUl A&z 2
o thgt FAAEQ FFo] PP §A5= Fo] A9 dulel Wol #ashH, feluetol A= wid 2417 Opun-
APl o s delA] Ath(Yoon JA 2007). tia ficus-indica var. saboten Makino)©| A|F=o} dalet &
Yo AeutionE ok oW SEgoW 2ol oW B 29 2o AHYsta e AR ERE AR Aot 9
o] 37hx) WHlo] F2 AEE T QO™ (Bailey & Day 1989), 1IN E MRIEMOR e A 56 @ el EvbEA
o] Zo FEgWol AL FFEAL A183l7] w o] 7 C1A-E o] &3lal(Lozoya M 1989), STZO. 2 s 3t
B go] b glo] olo] e tlctos Az oe A/ EulERslgel dul B 2715 250 meke FoIetd
B Dz gl Aute] 2R wy glow, wiztgorn = W B FATHE HaE gitkMoon Y1, 2004).
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Xie et al 2002). ©]°l ¥ A= = Opuntia ficus-indica (L.)
Mill)ol] o, HSHE, Sete), 2| Akef s 23k A2 5
E5S 23ste] AAE Ao g9 et anE
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50(x10) g<] Sprague-Dawley rat
878 T2 R2utE|E £ Wol APBFEE o] &3, 79
7kl A-8713F & F2 2 % 4T (Non-diabetic Control, NC),
Dz thETH(Diabetic Control, DC), 322 F3}o] 2%(3 g/
kg body weight) *=Z-53E(OF-2)} 5%(7.5 g/kg body weight)
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Table 1. Composition of OF (Opuntia ficus-indica complex)

Component %

Opuntia ficus-indica (L.) Mill 65
Trichosantes kirilowii Maxim.
Paeonia suffruticosa Andrews
Rehmannia glutinosa Liboschitz
Trigonella foenum-graecum L.

Dioscorea batatas Decaisne

wW AN NN N2

Panax notoginseng (Burk.) F. H. Chen
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7] A 12413 FRF "2 the, WS STZ(streptozoto-
cin)< 0.1 M citrate buffer(pH 4.5)° 83A]7A STZ 50 mg/kg
A 18] B7F FAIAT 24403 A & G 8 H=E
o =48 strip(FEA <, Uriscan GP2)< o] &-3lo] &Hol
SFAaL, %ol 300 mg/dL ©]skQl A= 23] B FAkst
3, B OA] 2413 AR & B T F =S F<lske] 300
mg/dL °]akQl A& 33] 57 FALs ok 1elste] HF
S 122 AAAIA 5 Al D8] 300 mg/dL o) gl

ol2EE It WhE FdehA @2 4TS 50 mgkg

F=7%71(MyCare GAM-2200, 54 AhZ &4 3+ th

Ad 2ol E Foigh A] 35 T 12AIRF H2AA FE Al @
TS S 3 5, glucose(50 mg/kg body weight)S S-7FFA}
gt T 30, 60, 90, 1203 732} Fol] mejg el dodfs
AF st dES47 12 5 S sTh

5
Aed Tk ] A e Aol Fof 35
13E& AAAR v AR A(FE )2
HE d(Frteldeloh S 1R E7) 2.5 mLkgs FA
ot mEEHAIR & Al Adeisich AP e A
5ol 383F FAA1Z1 F 10,000 rpmellA] 1083F 94 £
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H(Desbuquois &
Aurbach 1971)°l] &J3le] Sl <=dl, FEA71H(GHE

6. F& =Zo| HAE HM

A7 22& A E3to] 4%2] paraformaldehyde & A-8-31
24417 o4 A U2, paraffin®. 2 Em3F & micro-
tomes AFESl] 2RS4 pm FAR DAL A3 A
HHE 225 slide glass ol F2HA17 60CollA] 1417 W=
& Z xyleneol| Al 554 33]o] ZA paraffing A A5+ 1,
100%, 95%, 70% ethanol, distilled water$} 7o] ¢3& &=
7F golAlE £o 2 5u w7 & AXA skt
0] 2 hematoxylin®} eosin® & ©]ZH A3} periodic acid-Schiff
(PAS)HHE-S A7l T @55 sllth 3 4A A=
cover glassE 5%t * 3gdn|7(BX50, Olympus, Japan)
2008& 2w, dAnlide] -2 7H2(DP70, Olympus,
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Japan) = #JZ itk AT pAIE =xb= F 1kE
F2H9 2 5709] Langerhans’ Islets A8jsle] % 379
Abgol Al & Ao BAE HiTth

7. AT =2ol o
H&E 0551]3’4' n} &ﬂ/ﬂi paraffins A A gt K-
14 358 9I5ke] pressure cooker heating method S
43l 0.01 M citrate buffer(pH 6.0)°A 1083t o] F
232, Q1A peroxidase?] AA|E 98t 3% H,0,2 10%3t
743]7—5 shaL 2~321F FAlE o, Bl 5o]4 REg-g AA|st
7] Y3ke] 10% goat serum= T3t blocking solutions A}
&3le] 208 F<F wlYAIZ]aL 12} FA(insulin AB-5; Lab
Vision, USA, glucagon AB-1; Lab Vision, USA Ki-67; Lab
Vision, USA)E 34 (insulin 1:1000, glucagon 1:100, Ki-67
1:200)3}0] 7ol 307 A3A7]aL, TBS §o= &
Attt oloid &a EXAE 22F A E 3081 HHEAIA
A3A71 = TBS 9oz FA|5H3Th
DAB(3,3'-diaminobenzidine, Dako Cytomation, Denmark)
Aok 2ol Wojua] 2R3 WA W W F, B2E
2 Ao dAA kS A st B71E AR § o3
A1Z1 hematoxylin®l] 2027F 2GS 3 U3 32 B2
o] FAAIRS A AT TR B-UAR cover glass
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8. Apoptosis
ApoptosisT= ApopTag®Per0xidase In Situ Apoptosis Detec-
tion Kit(Chemicon®, USA & Canada)Z ©]&3lo] $=3)315]
th A7 24 AHe sde He R SRS AASk &
F-e Al 3 PBSOIA] 5+, proteinase K(20 1g/ 1L, Sig-
ma)ollA] 158 B2t vl g3k F distilled water® Al &3}, 3%
Hy0,014 5% B<F #lF3ted endogenous peroxidase?] &3

= YAl
Equilibration &5 10% o]/ *2]3F th3 TdT(termi-
nal deoxynucleotidyl transferase) enzyme2 37°CollA] 1A]ZF
&< A2tk Stop HFAS A2 vhy
A8t DAB IAAIekS 5 B9t A2]g the methyl
green© 2 1037F 2944 L sl9th o|o A g4 & A
Beota, WAt et A

slide glass&

Z1 % cover glassE B-3sta, WS e
Ho g A%, A sl A EZFE AU

9.
B AFAFA 243 BE $2E5S MeantS.E.E VFEF

HOoFA o} RATHEETE

Wi, ANOVAE & v, 2h ot =|3E kel thit <]
/JL Statistical Analysis System(SAS)E ©]-&, Duncan's mul-

tiple range testg HAISFA L, FrolFES 5% TollA 4
Esi=g
Zat g 0F

1. 35 Al gg 9 & Fd Zx

Streptozotocin &2 Y= I3 Fix 2] g9 3
A ©. 2 450 mg/dL—% YR, 35 Et Aol 5 Fo
g Fe Ht FEIGS BE APTelA GRE w"rt‘a‘s};q
e el FEEY2l 100 mg/dLel vlsked A VERd
el FEIYT v wehel S W OF-2+% 48%, OF-5
T 65%2 oAl 9 HAE JERATHp<0.05, Fig. 1).

EGEES Fosis w @9 st vl B3 AFE

S A EW, Koh & Kim(2002)8] AT E 214 o

ZALRC 3% TR 557 golste] o] 258 mg/dLE
2T 277 mg/dLETE kot o]/ gl1al, Yang er
al(2004)4 AT e SR 5EEY 757 F=9

< 50%%}F 100% = 65 2 283 dFe] 290 me/dLo} 240
mg/dLi 42%2} 50%2] B9 78l a3= B9tk Ko YC(2003)
o] AgtelM= A4, nHAE, SRl Akek A, ARG 2
AR ZRES I —’F%‘cﬂoﬂ 10527t 360 mg/kg/day®] %
2 gl 13.9%°] 9 et 23E @13, Park HR
(2004)°] AFollA = 12 % 3‘? TR ETFE 330 mg/dL,
&g, A%, Ak, 1A 2 8719 F/E 150 mg/kg/day
2 g APl = 224 mg/dLE e, 35 A 89

600 -

400 A

200 A

Blood glucose (mg/dl)

Weeks

Fig. 1. Blood glucose levels in rats fed on experimental
diets for 3 weeks.
Values are mean£S.E.; n=8, NC: non-diabetic control, DC: dia-
betic control, OF-2: diabetic Opuntia ficus-indica complex- 2%,
OF-5: diabetic Opuntia ficus-indica complex-5%, Values with di-
fferent letters are significantly different by Duncan's multiple
range test(p<0.05).
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o] 170 mg/dLE Ve OF9] 89 7#sl 37} $slcta
Atadtt

Fd A &(glucose tolerance test, GTT) A Y| X=
Fol ME U2 fdsle 585 S5 9 Hge=,
T(NC)2 30el HuX|e] g5 Blov Gz
& 60F) o] S veRlom, ghiikgl ddo] 7}
25 BT OF 24323 OF-543dw & 300l %
2 YERIITE 192 (p>0.05)%] o] & Ho
A o] HAaEAa, 53] OF-5& B33 frAke &
< HOITh 1203 Fol= 35ETY MR FEoR 49
el s deEhlth Yhaoizse 9 #as)E &t
° =

B3 4% F2UT o 2

=
< o K

£¥] Zgo] AalElo] YR
9 ele] AHOA Boh SR Lol Aoz ol
=, OFe] Fol7h Weg 88A7)e Feo] Sl Ao
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G A&UTTFE Fig. 30 AAIZE ulel o] H Aol
H|sto] Jitatol| A o] A<l HAas Blow, OF-2 +
oA Pzl Hste] 70%<] FelHQl %7}%— B3,

v
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Fig. 2. Glucose tolerance test in control and diabetic rats
fed on experimental diets for 3 weeks.
Values are meantS.E.; n=8, NC: non-diabetic control, DC: dia-
betic control, OF-2: diabetic Opuntia ficus-indica complex-2%,
OF-5: diabetic Opuntia ficus-indica complex-5%, Values with di-
fferent letters at same time points are significantly different by
Duncan's multiple range test (p<0.05).
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OF-5 FoiA] Fiati o] Hlste] 126%2] Fo#Ql 57+
Ho] A} v|S=gh 4‘%77}%] =0l th(p<0.05). Ko YC(2003)
o] Ao E HAT 11.81 mg/dL, FRthET 3.3 mg/dL
I AFEREY ¢ +%% FoT 6.23 mg/dLE Gtz
2} ]| 2u) 57}6}212 ol& w2l 129 Eﬂé‘}
ol o]Z gk OF9] deddss Q% FEe U2 dFE(Le-
tha et al 2004, Kasono et al 2004, Ko YC 2003)°llA Xt}
-3tk

B-Al oA T=Tol ot Qledl ¥ulE 13} |} 23}
HH 2 UYFoiR]e oA 1] S YehATKStraub &
Sharp 2002). 12} B8] B-A ¥ TuT L2 F43] &
e o Jleddnrt AR F43] dsdte AVE
b, izl 103 ol Jleddn)7t 7142 2 3]5-H. Al
22t Bl e 25 TR E AAS] SV o 2T =
ZH o] F 25%olA 30+ O] FHE <F 4rZEA] HRA o
2 Qg Y]} o] FoJX]= Al7]o|tKCurry et al 1968). ©]
28k o] ey e Adedde] FHE pool
EA 9} x=ol o) AstE] = AT 59 kineticse] Ao
2 YEPAtHHenquin et al 2003).

Fuiatel] #Fefsl= Qe MRE 6 FER 10~
155 el @AcllA AdEed], o] &L wkdr)e] EAjo]
A& 24 75 415384 3H(Shepherd & Kahn 1999),
2 Aol OF g9 wollA 84 5 A&d =7k =4 U
Eht A2 STZo| %1% W Langerhans' Islete] 5-AEZE 113
ke A SststAY s MRS 3 EAZ AR 3

=
0,

0] 2739 W3E dolir] Slajel 2A e A7

[#2)
|

Plasma insulin{ulU/ml)

NC DC OF-2 OF-5

Fig. 3. Comparison of plasma insulin by supplementation
of OF in rats for 3 weeks.
Values are meantS.E.; n=8, NC: non-diabetic control, DC: dia-
betic control, OF-2: diabetic Opuntia ficus-indica complex-2%,
OF-5: diabetic Opuntia ficus-indica complex-5%, Values with di-
fferent letters are significantly different by Duncan's multiple
range test (p<0.05).
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& AAZE vl 7F Aol #% Langerhans' Islet2 H&E &

At Axf, A|ze] 47 A H Mtk Al S| 43(%) 2t apop-
tosis A 3E8] (%)= Table 2¢] YERAATEH

3 glucose FFs At G 2241 Bl

ANE dede IHF FH72] Langerhans' Islet oA A

A4 5stA TSk Wete], 9S deAlA o

2 3l glucagone X5+ #1749 Langer-

o] F2 EX3THErlandson et al 1976).

3
Zata dnem, g oo} Flo] s U
th RS OR339 Bl ¥ 2= Langerhans' Islet 7+
sl JE AZE AZELET) oA #d5H] Exy
o] o}, FauzTo|A= Langerhans' Islet®] =Z7]7}
g tol wlal] #gkom, FAhelwu] ek Felo] FHtE o]
3 = ol Bl ¥ o] obd Bt gk JH
S YN, A2 EE wgtom, Al3ze] do] AdE 3
FAete] 2212Q1 FEAdo] AFEQ AL, Islet ol 2%
A A 27t Eol S aS B 7 AU Fig. 4A). B0l
& fF-Eo| STZAHE =
Langerhans' Islet®] A-Al¥7} g g o 24 dojus= AHoltt
(Wright & Lacy 1988, Gold er al 1981). T3} STZO.2 i
7} frEd A, Absiehgo] Elle 2 3, 4kskE <lE) Isletol
B-ME7F HEI eyl EqtAg REo R wgth
(Ohkuwa et al 1995). OF-2¢} OF-5 FolTollA & Bat=
T3 8 RS B oH, Islete] AEF7E o4 2
S71E RS B th(p<0.05).
A& HAREGA| 2o tste] W24 g8 G
ZA3KFig. 4B) AT E #F Islete] Aulto] A
Aoz o] @ A g1 Al on), it
Apolle G AE] 227t 794 (p<0.05) 0= A S
. OF-2:% OF-5¢9llM & #9124 (p<0.05)%] Afol& Hol

i
>

2, PN
3 Mo

2ot

sobAlo} fukimsfrik

Islete] B-MEZoA FH|F2Z A&
A e JA AaE B p-AEe] 3 s & 2
THWatanabe et al 2000).

%)% Langerhans' Islet®] A-A3Z7} sl =W vla]@ 1 =}

S ¢-AE7F A8 Islete] 22 845 FAskE = &
Fa Ho|BR ¢-A27} #H|sh= glucagon®] e S8 &
97} K Chae et al 2005, Rosenberg et al 2004). WEkA glu-
cagon WANHEA| L E HAZZ gt o 2 JAsle] 1 &
& WgtE dolr Al skglch

Glucagon HAWH-SA| 2ol thet A4 A5 EH(Fig. 40),

Fig. 4. Histophathological examination of pancreas from
rats fed experimental diet for 3 weeks.
NC: non-diabetic control, DC: diabetic control, OF-2: diabetic
Opuntia ficus-indica complex-2%, OF-5: diabetic Opuntia ficus-
indica complex-5%, A: hematoxylin and eosin staining, B: anti-
insulin antibody staining, C: anti-glucagon antibody staining, D:
anti-Ki67 antibody staining of pancreas, E: apoptosis antibody
staining, Original magnification: allx200.

Table 2. Pancreatic islet in rats fed experimental diet for 3 weeks

Items H & E (cell no.)” Insulin (cell no.)” Glucagon (%)” Ki-67 (%) Apoptosis (%)”
NC? 423.49+10.94 160.77+4.39° 20.10£1.19° 0.51+0.08° 0.00+0.00°
DC? 146.82+7.51° 13.18+1.01¢ 60.43+1.93" 0.96+0.10° 1.08+0.11°
OF-2? 170.44+8.29° 47.8120.92¢ 35.86+2.60° 1.2340.13° 0.23+0.06°
OF-5% 210.9449.07™ 81.64+2.80° 15.68+0.40° 2.64£0.16° 0.00+0.00°

Y Values are meantS.E.. n=72.

? NC, non-diabetic control; DC, diabetic control; OF-2, diabetic Opuntia ficus-indica complex-2%; OF-5, diabetic Opuntia ficus-indica

complex-5%.

9 H & E (hematoxylin & eosin, comparison of pancreatic islet cell number), Insulin (insulin-positive cell number), Glucagon (glucagon-
positive cell ratio), Ki-67 (Ki-67-positive cell ratio), Apoptosis (apoptosis-positive cell ratio).
24 Values with different superscripts within same columns are significantly different by Duncan's multiple rage test (p<0.05).
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Langerhans' Islet®] ZdA|F-E1F 23
Aol o AL ;Lo & 2= glglov), PhurzroAE
Langerhans' Islet®] ZAAF-53 SAFE7IA = et 2
A A1 F U0 OF-223 OF-5T¢lX & /Hi £
O A (p<0.05)%] 2ol & Ho|HA Gt ot 22 9
QA Axes #ED U0, 53] OF-5w& Bt
frabeh FE7A] A" Al 27 sl

Ki-67& A|3E2] S22 dolir] 13 GAambio g Ki—67

d
EoZi i

l

_1
H

e AEAGT Be) glon, 3 A2 AH S 7

@&k 71Ee] E 4= 9ltk(Scholzen & Gerdes 2000). Ki-67 ™

AWk o] Wl x2 88 4 A= Fig 4D} 2t zg

el = Ki-67 AGRE-S Hols A7t A9 giglen,

Gt ErM s FATED Ki-67 HWhe-S Kol X
o 2mz O

N
-~

Eokor, OF-2wolA & FaulEwy vttt 352
BRI, OF-5TdA e dhatizrit e F52 et

2 THp<0.05).

Apoptosis= M E2] APES e = Z o2, STZl| )3t
#7de] Langerhans' Islet A|32] &P (apoptosis)ZF 3] AHnecro-
sis) S T+ 3171 $18ke] apoptosis detection kitS A&-ale] T
Az 518t A S AAsH o), 11 A ¥ Fig. 4Bl A|A]
H ule} 2} H g7l A E apoptosisE TES 4= gl o,
oo e 3T Fo4<1 2fo] & HolwA] apop-
tosis7} 5715 ATHp<0.05). OF-21-ol e Btz
v FRov, FAT Brhe B2 5 YEeH(p<
0.05), OF-57-ll A= apoptosis7} TZF] A st} STZS 4F
3}AQl ~EH|AE U351 (Schmezer ef al 1994), B 5=H ]
o] AtgtA ~EdAE B-AE2Q] apoptosiset AFE S X
3K Sandhya et al 2000).

AF7HA] AAQAE Bl AgeA s #A AYE B
W OF2] Foi7} STZ| 23+ |4 Langerhans' Islet2] [-A
xo] & A7), f-HEe] A =oF 1§ Tixol

835 Hols Ao dutHr)
2 <
ErlA el o T/ =FH(Opuntia ficus-indica (L.)

Mil) & FAER 8l ﬂ]ﬁ‘f& EGE(0F)9] dds aE
ol | 9 8FH 4‘—74 SD-ratol| A| streptozotoxins F-A}
°ﬂ OFE #7tste] 353k Foist
SE A I 3F Tl A
I8 Aded T8 %Rééh A7 2ol M=)}
FAE AN ST AR P URT(NC), T iz
T(DC), 2% OF F7+OF-2), 5% OF 3] (OF-5)2.& T+
Br9lon, NC9 DCE 7]2 /\10] S, OF-29} OF-5& 7]%24]

olol] Z+7} 2%} 5%2] OFE 41014 Foislsitt A 7iA &

AFzZA e v = g3 339

N
ol

1570kt 12417 A2 A megwlox] S 2 F st &
5 dge S5tk A 37 F 2A1E AAAA glu-
cose(50 mg/kg BW)E E74FAKSH th, 30, 60, 90, 120 7
7 Fo S Skl IS S8, AFlA
AL AFste] F el TS BT &
ZA o sl A2 s}t AAg AAste] 4]}
skE golu gt 333ke] T8 Al -2 OF-59 OF-
T oA o2 Ak tHp<0.05).
Tl DCo= 2] g9 o] Wl Fo|7F NCoF fAL
tem, 53] OF-5& OF- 201] v M= A Zhst &7t
=9d Aeor =yt A% 22 o] wHeld o] o,
OF9] &d7}s}l 712 % Langerhans' Islet2] B-A|3EE A4
AN AL, B-AIEZe] AFEE JAAA Q&S] HE
A7) Blolglem, olele A¥te 4 ded T &
7R AR & AT A2E8HCE OF= 1% Gl
A I 735} £33 2 Langerhans' Islet®] f-A|X4-E 3
EAAFCEM 13 G| 5ol A3} 3l A= A

s9ch
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#Ate| 2

=EHAEZE(OF) & AlZ8] 4] DrogellAl ZAk=syTh

rek

=]
I—I

Annida B, Prince PSM (2004) Supplementation of fenugreek
leaves lower lipid profile in streptozotocin-induced diabetic
rats. J Med Food 7: 153-156.

Bailey CJ, Day C (1989) Traditional plant medicines as treat-
ments for diabetes. Diabetes Care 12: 553-564.

Chae HY, Lee BW, Oh SH, Ahn YR, Chung JH, Min YK, Lee
MS, Lee MK, Kim KW (2005) Effective glycemic control
achived by transporting non-viral cationic liposome-mediated
VEGF-transfected islets in streptozotocin-induced diabetic
mice. Exp Mol Med 37: 513-523.

Curry DL, Bennett LL, Grodsky GM (1968) Dynamics of in-
sulin secretion by the perfused rat pancreas. Endocrinology
83: 572-584.

DeFronzo RA (1981) The effect of insulin on renal sodium
metabolism. Diabetologia 21: 165-171.

Desbuquois B, Aurbach GB (1971) Use of polyethylene gly-
col to separate free and antibody bound peptide hormones
in radioimmunoassays. J Clin Endocrinol Metab 33: 732-738.

Erlandson SL, Hegre OD, Parsons JA, McEvoy RC, Elde RT

(1976) Pancreatic islets cell hormones distribution of cell



340

Ho

types in the islet and evidence for the presence of somatos-
tain and gastrin within the D cells. J Histochem Cytochem
24: 883-897.

Falhot K, Cutfield R, Alejandro R, Heding L, Mintz D (1985)
The effect of hyperinulinemia on arterial wall and periphe-
ral muscle metabolism in dogs. Metabolism 34: 1146-1149.

Gold G, Manning M, Heldt A, Nowlain R, Pettit JR, Grodsky
GM (1981) Diabetes induced with multiple subdiabetogenic
doses of streptozotocin: lack of protection by exogenous
superoxide dismutase. Diabetes 30: 634-638.

Henquin JC, Ravier MA, Nenquin M, Jonas JC, Gilon P (2003)
Hierarchy of the beta-cell signals controlling insulin secre-
tion. Eur J Clin Invest Review 33: 742-750.

Koh JB, Kim JY (2002) Effect of Okcheonsan on blood glucose,
lipid and protein levels in streptozotocin-induced diabetic
female rats. J Korean Soc Food Sci Nutr 31: 284-289.

Lim SJ, Choi SS (1997) The effect of Tricosanthes kiliouii
Max. subfractions on the insulin activity in streptozotocin in-
duced diabetic rats and their acute toxicity. Korean J Nutr
30: 25-31.

Lozoya M (1989) Hypogiucaemic activity of Opuntia strepta-
cantha throughout it's annual cycle. Am J Chin Med 17:
221-224.

Moon YI (2004) Studies on cultural practices, composition
and functional effect of Opuntia ficus-indica var. saboten.
Ph D Dissertation Jeju National University, Jeju. p 53.

Sandhya SL, Shewade Y, Bhonde R (2000) Role of bitter-
gourd fruit juice in STZ-induced diabetic state in vivo and
in vitro. J Ethnopharmacol 73: 71-79.

Scholzen T, Gerdes J (2000) The Ki-67 protein: from the known
and the unknown. J Cell Physiol 182: 311-322.

Shepherd P, Kahn BB (1999) Glucose transporters and insulin
action. N Engl J Med 341: 248-257.

Steiner G, Haynes F, Yoshino G, Vranic M (1984) Hyperinu-
linemia and in vivo very-low-density lipoprotein triglyce-
ride kinetics. Am J Physiol 246: 187-192.

Straub SG, Sharp GW (2002) Glucose-stimulated signaling path-

Ao} WA% -

o
A

3 oMo} fekiRa s

ways in biphasic insulin secretion. Diabetes Metb Res Rev
18: 451-463.

Watanabe H, Sumi S, Urushihata T, Kitamura Y, Iwasaki S,
Xu G, Yano S, Nio Y, Tamura K (2000) Immunohistoche-
mical studies on vascular endothelial growth factor and
platelet endothelial cell adhesion molecule-1/CD-31 in islet
trans plantation. Pancreas 21: 165-173.

Wright JR, Lacy PE (1988) Synergistic effects of adjuvants,
endotoxin, and fasting on induction of diabetes with mul-
tiple low doses of streptozotocin in rats. Diabetes 37:
112-118.

Xie JT, Aung HH, Wu JA, Attel AS, Yuan CS (2002) Effects
of American ginseng berry extract on blood glucose levels
in ob/ob mice. Am J Clin Med 30: 187-194.

Yang SM, Shon MY, Sung NJ (2004) Effects of Sujungro on
blood glucose and lipid level in streptozotocin-diabetic
rats. Food Industry and Nutrition 9: 40-44.

Yoon JA (2007) Effects of Opuntia ficus-indica complexes on
blood glucose and lipid metabolism in animal model of
type [ and type II diabetes. Ph D Dissertation Korea
University, Seoul. p 1.

Yoon JA, Son YS (2009) Effects of Opuntia ficus-indica com-
plexes B(OCB) on blood glucose and lipid metabolism in
streptozotocin-induced diabetic rats. Korean J Food & Nutr
22: 48-56.

Young IR, Stout RW (1987) Effects of insulin and glucose on
the cells of the arterial wall: Interaction of insulin with di-
butyryl cyclic AMP and low density lipoprotein in arterial
cells. Diabete Metab 13: 301-306.

Zhang R, Zhou J, Jia Z, Zhang Y, Gu G (2004) Hypoglycemic
effect of Rehmannia glutinosa oligosaccharide and alloxan
induced diabetic rats and its mechanism. J Ethnopharmaco
90: 39-43.

A g 20129 2¢ 299
H24A: 20129 6Y 269
) g: 20124 6¢¥ 27Y



