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Abstract

This study was conducted to examine the effects of fruits and stems of Opuntia ficus-indica var. saboten
Makino on water intake, feed intake, body weight, blood glucose level and glucose tolerance in streptozotocin
(STZ)-induced diabetic rats. Forty Sprague-Dawley male rats were divided into non-diabetic control (NC),
diabetic control (DC), 8% Opuntia fruit (DOF), 5% Opuntia stem (DO-5) and 10% Opuntia stem (DO-10) groups.
Fruits and stems of Opuntia ficus-indica were freeze—dried and ground before use in the experiment. Animals
were fed experimental diet for 3 weeks. DOF, DO-5 and DO-10 groups showed lower water and feed intake
as well as less body weight loss than DC group. The fasting blood glucose levels were 100 mg/dL for NC
and 379 mg/dL for DC. Fasting glucose level of DOF was a significantly low level of 28% (p<0.05), whereas
DO-5 and DO-10 had a decrease of 5% and 9% compared to DC. As for the glucose tolerance test, the highest
blood glucose levels for NC and DC-10 group were observed at 30 minutes after glucose injection while those
of DOF and DO-5 groups were after 60 minutes. DOF and DO-5 plasma insulin level improved. Plasma total
cholesterol, triglyceride, non-esterified fatty acid (NEFA) and LDL-cholesterol concentrations were also lower
in DOF, DO-5 and DO-10 groups, although HDL -cholesterol level was only slightly affected by experimental
diets compared to DC. These results suggest that the feeding of Opuntia ficus—indica fruits and stems improved
blood glucose and lipid metabolism in STZ-induced diabetic rats.
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Table 1. Chemical composition for fruits and stems of
Opuntia ficus-indica var. saboten Makino

% %
Components (wet basis) (dry basis)
Moisture 94.48+0.38"
Crude ash 055+0.00  10.68+0.01
Fruit Crude protein 0.25+0.00 4.76+0.01
Crude fat 0.10+0.01 2.01+£0.01
Crude fiber 0.46+0.02 9.01+£0.03
Nitrogen—free extracts  4.15+0.01  69.39+0.02
Moisture 92.35+0.13"
Crude ash 1.58+0.00 22.48+0.03
Stem Crude protein 0.55£0.00 7.85+0.02
Crude fat 0.19+0.01 2.73+0.02
Crude fiber 0.80+0.03  11.44+0.05
Nitrogen—free extracts 453+0.01 55.50£0.03

D
Values are mean+SE, n=3.
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Table 2. Effect of Opuntia ficus-indica var. saboten Makino
on weight gain of rats fed experimental diets for 3 weeks

w9} Z7]7} Streptozotocin®. 2 FoE T Fo g L AAhAL mXE G 149

Table 3. Effect of Opuntia ficus-indica var. saboten Makino
on water intake, diet intake and food efficiency ratio (FER)
in rats fed experimental diets for 3 weeks

Group" Init.ial body Fin_al body Weight
weight (g) weight (g) gain (g)
NC 273.3+5.07% 346.0+5.1° 727429
DC 250.0+5.0 205.8+49.3°  -44.3+6.0°
DOF 252.7+3.0° 2474443 -53+4.7
DO-5 251.3+£2.0° 2386+27"  -126+3.3"
DO-10 250.4+2.8 236.0+9.1"  -144+6.7"

1)NC, non-diabetic control; DC, diabetic control; DOF, Opuntia
fruit of 8%; DO-5, Opuntia stem of 5%; DO-10, Opuntia stem
of 10%.

DValues are mean=+SE, n=8.

YValues with different superscripts within same column are
significantly different by Duncan’s multiple range test (p<0.05).
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Group” Water intake Diet intake FERZ)
(mL/day) (g/3 wk) (g/g diet)
NC 26.4+1.9%Y 494.8+9.4° 14.7+0.7°
DC 199.1+89° 75804271 -43+1.3"
DOF 154.3+13.7° 673.3+32.5% -0.7+0.7°
DO-5 184.0+ 8.6 730.5+26.3" -1.9+0.6"
DO-10 1444+6.1° 6495+23.8" -24+16°

1)NC, non-diabetic control; DC, diabetic control; DOF, Opuntia
fruit of 8%; DO-5, Opuntia stem of 5%; DO-10, Opuntia stem
of 10%.

“FER={Body weight gain (g)/ Diet intake (g)}x 100.

YValues are mean+SE, n=8.

YValues with different superscripts within same column are
significantly different by Duncan’s multiple range test (p<
0.05).
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H&}o] E9kth Fig. 1914 35 & DOFY] 38892 DC2
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Fig. 1. Blood glucose levels in rats fed during experimental
diets for 3 weeks. NC, non—diabetic control; DC, diabetic control,
DOF, Opuntia fruit of 8%; DO-5, Opuntia stem of 5%; DO-10,
Opuntia stem of 10%. Each value is mean+SE, n=8. * “Means
with the different letters near each line in the same week are
significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Glucose tolerance test in control and diabetic rats fed
on experimental diets for 3 weeks. NC, non-diabetic control,
DC, diabetic control; DOF, Opuntia fruit of 8%; DO-5, Opuntia
stem of 5%,; DO-10, Opuntia stem of 10%. Each value is
mean=+SE, n=8. * “Means with the different letters near each line
in the same time are significantly different (p<0.05) by Duncan’s
multiple range test.
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Fig. 3. Plasma insulin in control and diabetic rats fed on ex—
perimental diets for 3 weeks. NC, non—diabetic control; DC, di—
abetic control; DOF, Opuntia fruit of 8%; DO-5, Opuntia stem
of 5%; DO-10, Opuntia stem of 10%. Each value is mean=*SE,
n=8. *%Means with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.
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Fig. 4. Plasma triglyceride (A) and plasma NEFA (B) in con-
trol and diabetic rats fed on experimental diets for 3 weeks.
NC, non-diabetic control; DC, diabetic control; DOF, Opuntia fruit
of 8%; DO-5, Opuntia stem of 5%; DO-10, Opuntia stem of 10%.
Each value is mean=SE, n=8. * “Means with the different letters
are significantly different (p<0.05) by Duncan’s multiple range
test.

dujj 9} =717} Streptozotocin& &

T P

N
Lo

g 2 Addatel WA= 9 151

olN

el 32 7H3 AAF EAste Ao ddEn

== 2| A

£, IDL-ZAHE 3 HDLZ=3&

o 0%
= ofy
Op

i

b U ok

jus
=
A0
2

o 0

il
0!

12
o
d

| 2 2718 393 S 79 35
g 28 E, LDL—%HL/:EH%

Fig. 59 YR At D
NCell Hlgte {94 (p<0.05) 2.2 %7}5—};&31:4 o=
71 R1E & =57 FAE 43

22-24). DOF¢} DO-102 DColl Hlsle] £ 3 (p<0.05)¢]
E HYoU NCe| FZ8zHE vxoe nAA &3}
i1, DO-5= DCe}F Hlama] 9]l 2pol& HolA] gdtt.
LDL-Z8 2HE 382 NCol| Hlsl DCollA £ 70
2 Z7Ek¥ o, DOF, DO-58F DO-10<& DColl B3ty &

i)
o3l
o

ofy
[»

RO

N rlo
1o
off
H
=

N—Oﬁ

l->

;Rnﬁ

&l A2 HYTHp<0.05). Steinberg 5(35)¢] 4379
o3t FdA Yeiue AN EF 1Y ~HEF
140 | A a
=5 120 . ab
o
3 I
g 100 >
g 80 c
8 e0
2
S 40
s
o 20
0
NC DC DOF DO-5 DO-10
60
B a
= T
>
E 40
)
0] b
2 b
3 b
[}
6 20 ¢
=
a
-
0
NC DC DOF DO-5 DO-10
80
C a a a
- a
3 1 I
S 60 ——
£
° b
g 40
(2]
@
[<}
N
Q 20
-
a
I
0
NC DC DOF DO-5 DO-10

Fig. 5. Plasma total cholesterol (A), LDL-cholesterol (B), and
HDL-cholesterol (C) in control and diabetic rats fed on ex-
perimental diets for 3 weeks. NC, non—diabetic control; DC, di—
abetic control; DOF, Opuntia fruit of 8%; DO-5, Opuntia stem
of 5%; DO-10, Opuntia stem of 10%. Each value is mean=*SE,
n=8. *%Means with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.



152 $70} -

2 LDL-FH&HE ¥Fo] 71 o]t stATh
I3 Urano 5(36)2] Aol oshd, 59 3359 vy
Zto g Payoly uZHAHEIES Ao F9 LDL-Z
éEﬂEOl *@}301 THdH *iH IHJM]E% £ A7

H—#FHOIN

AEH B39 v7) doh16.21). zawr B o A= NCo

H]&te] DC, DOF, DO-5 Z18]31 DO-10914 A4S Holx|
23 238 F94(p<0.05) F7HE BRATh o)} AL
Ades 71E AFME BuE bk QokE]). 28y HE83
71Ze AR ol o7 o e ALyt R FEE vt
ojt}.

wEh] B Atel| A Enfeddge) A 2 E719] 43

&3] P9 RAgo g Yehs FZe2HE €L LDL-
fsiA oz AAYAL o] Fe g <
gz Aoz 7@t

0

E
9] O]Q',Q_i, {,:_H]_Dl—/‘\j?_xg'_g] %UH ‘;l %7]9] 1::ILO:]7]— STZ
N __/\p;t No]ﬂ_':‘qa‘t

waagl 8%(%‘“}1)

Foz H7kste] 373 A A

NC), el ZF(DC), Grllgel

(DO-5), &7 ]100/104—?(DO 10)°
Jol 4

Fe 1Y

2 5%} 10%(?71)
A AT A

AL R

(DOF), &715%%

o
1
ox, o
* R
o L
k oxl
Bz
M o
L of 3 Y
o i
o
03 fr
2 32 v
O{N o2l
o
- ;&
Q.
tlo
e
o
2
oL
>
>
o

S
w
S
@
S
©
S
—_
)
=]

3= DCoﬂ H]| oH DOFel A AZFo] AA it o5
ALE A FHFLS NColl 8] DC7F &4z 7.58] 2 1.548] o]
Z7hel9a, M EL 5% 2 Aol g3 @] DCol| H
8 skt NCo| &892 Hi 100 mg/dLe] 3l DC+=
379 mg/dLe] 1.8, DOF= DColl Hl8) 28%9] 83 #AS
Rl B (P<0.05), DO-5& 5%} DO-102 9% 7+43}od
o)A zolE Holx] gkttt B UA A elA NC2F DO-
5% FoI3hR] 0% Fd), T ML 608 Foll Hu g9

S Uehiith 8% A4d FFE Fug T vl
[e) =
[e)

DOF, DO-5% DO-10e14 213 (p<0.05)9) Z7+2 B4
o ol2A Enteriel e Ak STZO.R vt e
AolA Fe] ANET} Qe Aoz B £ &)
g @ul B 2] BE ge] @350 Adu)Al
A EFY FAAY, FEAARY, F FA2HE a9

s

LDL-Z82H &S E’_—‘y:- DC¢} B3 8] DOF, DO-59F DO-
10014 frol A el s B ATH(p<0.05).

olAre] Aol B ), &ulgtAd o] dAujs b
o] YA, E B FHEQ ALY oA T sl s}
o= T&%LE]%P_B], 027 B4R R S8 ¥
AE HolAE FUAT G FHIA 1APF
AN7E Aoz veht, B A 487138
Atka ALgE T

ofr

o B rf kot
)

A

714 478 F3 FAF B}

Al 2

B Ao AgH Eulgagel duls 27)E AFE
AT G Dol 2 A1 & oA AT
Aom, ool ALE EFUT

2 s

—_

. Korea National Statistical Office. 2005. Death Rate.

2. Koivisto VA. 1993. Insulin therapy in type II diabetes.
Diabetes Care 16: 29-39.

3. Lozoya M. 1989. Hypogiucaemic activity of Opuntia strep—
tacantha throughout it's annual cycle. Am J Chin Med 17:
221-224.

4. Choi ], Lee CK, Lee YC, Moon Y1, Park H, Han YN. 2002.
Biological activities of the extracts from fruit and stem of
prickly pear (Opuntia ficus—indica var. Saboten)— II. Effects
on dietary induced hyperlipidemia. Kor J Pharmacogn 33:
230-237.

5. Jiangsu (New) Medical College. 1985. Dictionary of Chinese
Materia Mediaca. Shanghai Science & Technology Press.
p 2731.

6. Choi HJ, Park SC, Hong TH. 2005. Anti—-tumor activity of
fermented liquid Opuntia humifusa in cervical cancer cells
and its chemical composition. J Korean Soc Food Sci Nutr
34: 1525-1530.

7. Ennouri M, Fetoui H, Hammami M, Bourret E, Attia H,
Zeghal N. 2007. Effects of diet supplementation with cactus
pear seeds and oil on serum and liver lipid parameters in
rats. Food Chem 101: 248-253.

8. Ennouri M, Fetoui H, Bourret E, Zeghal N, Attia H. 2006a.
Evaluation of some biological parameters of Opuntia ficus
indica 1-2. Influence of a seed oil supplemented diet on rats.
Bioresour Technol 97: 1382-1386.

9. Ennouri M, Fetoui H, Bourret E, Zeghal N, Attia H. 2006bh.
Evaluation of some biological parameters of Opuntia ficus
indica. 1. Influence of a seed supplemented diet on rats.
Bioresour Technol 97: 2136-2140.

10. Oh PS, Lim KT. 2006. Glycoprotein (90 kDa) isolated from

Opuntia ficus—indica var. saboten Makino lowers plasma

lipid level through scavenging of intracellular radicals in



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

ENURSPIE)

p.

triton WR-1339-induces mice. Biol Pharm Bull 29: 1391-
1396.

AOAC. 1990. Official methods of analysis. 15th ed. Asso-
ciation of Analytical Chemists, Washington, DC. p 31.
Desbuquois B, Aurbach GB. 1971. Use of polythleme glycol
to separate free and antibody bound peptide hormones in
radioimmunoassays. J Clin Endocrinol Metab 33: 732-738.
Moon YI. 2004. Studies on cultural practices, composition
and functional effect of Opuntia ficus—indica var. Saboten.
PhD Dissertation. Cheju National University, Jeju.
Yang KM, Shin SR, Jang JH. 2006. Effect of combined ex—
tract of safflower seed with herbs on blood glucose level
and biochemical parameters in streptozotocin-induced dia—
betic rats. J Korean Soc Food Sci Nutr 35: 150-157.
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.

Ko YC. 2003. Effects of multi-extracts of Mori folium and
regular exercise on glucose and lipid metabolism in strepto—
zotocin-induced diabetic rats. PhD Dissertation. Myongji
University, Gyeonggi.

Park HR. 2004. Effect of natural medicinal plants extracts
on blood glucose level and lipid metabolism in streptozoto—
cin-induced diabetic rats. PhD Dissertation. Myongji
University, Gyeonggi.

Shon MY, Choi SY, Cho HS, Sung NJ. 2004. Effects of ce-
real and red ginseng flour on blood glucose and lipid level
in streptozotocin-induced diabetic rats. J Korean Soc Food
Sci Nutr 33: 1463-1468.

Sexton WS. 1994. Skeletal muscle vascular transport ca—
pacity in diabetic rats. Diabetes 43: 225-231.

Lee JH, Jun IN. 2004. The change of tissue lipid levels and
fatty acid compositions by alloxan-induced diabetes in rats.
J Korean Soc Food Sci Nutr 33: 1273-1278.

Koh JB. 1998. Effect of raw soy flour (yellow and black)
on serum glucose and lipid concentrations in streptozoto—
cin—induced diabetic rats. J Korean Soc Food Sci Nutr 27:
313-318.

Kim M]J. 2001. Effect of amaranth (Amaranth spp. L) on
lipid metabolism and serum glucose level in diabetic rats.
MS Thesis. Korea University, Seoul.

Kim SJ. 2004. The effects of exercise and taurine supple-
mentation on blood glucose, insulin, serum lipids and mtDNA
content in STZ-induced diabetic rats. PhD Dissertation.
Pusan National University, Busan.

Park JY. 2002. Effect of blood and hepatic enzymes activ—
ities in streptozotocin-induced diabetic rats by supplemen-

Xolzke]l A9} =717} Streptozotocin® &

=

28.

26.

27.

28.

29.

30.

31

32.

34.

35.

36.

we G A9

g 2 Addatel WA= 9 153

tation of dandelion extracts. PhD Dissertation. Yeungnam
University, Gyeongbuk.

Ahmed I, Adeghate E, Cummings E, Sharma AK, Singh
J. 2004. Beneficial effects and mechanism of action of
Momodica charantia juice in the treatment of streptozoto—
cin-induced diabetes mellitus in rat. Mol Cell Biochem 261:
63-70.

Latha ML, Pari SS, Bhonde R. 2004. Scoparia dulcis, a tra—
ditional ntidiabetic plant, protects against streptozotocin in-
duced oxidative stress and apoptosis in vitro and in vivo.
J Biochem Mol Toxicol 18: 261-272.

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

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

Kasono K, Yasu T, Kakehashi A, Kinoshita N, Tamemoto
H, Namai K, Ohno R, Ueba H, Kuroki M, Ishikawa S,
Kawakami M. 2004. Nicorandil improves diabetes and rat
islet beta—cell damage induced by streptozotocin in vivo and
in vitro. Eur J Endocrinol 151: 277-285.

Jang JY, Lee MK, Kim M]J, Cho SY. 1998. Effect of fiber
on serum lipid metabolism in rats with diet-induced
cholesterolemia. J Korean Soc Food Sci Nutr 27: 1211-
1216.

Nakaya Y, Minami A, Harada N, Sakamoto S, Niwa Y,
Ohnaka M. 2000. Taurine improves insulin sensitivity in
the Otsuka Long-Evans Tokushima fatty rat, a model of
spontaneous type 2 diabetes. Am J Nutr 71: 54-58.
Nikkila EA, Kekki M. 1973. Plasma triglyceride transport
kinetics in diabetes mellitus. Metabolism 22: 1-22.
Mousalli C, Downs RW, May JM. 1986. Potentiation by glu—
cose of lipolytic responsiveness of human adipocytes.
Diabetes 35: 759-763.

Madigan C, Ryan M, Owens D, Collins P, Tomkin GH. 2000.
Dietary unsaturated fatty acids in type 2 diabetes. Diabetes
Care 23: 1472-1477.

Steinberg D, Parthasarathy S, Carew TE, Khoo JC,
Witztum JL. 1989. Beyond cholestrol. Modification of low—
density-lipoprotein that increase its atherogenicity. N Engl
J Med 320: 915-924.

Urano SM, Hoshi-hashizume, Tochigi N, Matsuo M,
Shiraki M, Ito H. 1991. Vitamin E and the susceptibility
of erythrocytes and reconstituted liposomes to oxidative
stress in aged diabetics. Lipids 26: 58-61.

(20089 12¢¥ 109 A5 2009¢ 1€ 179 A=)



