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Effects of Dietary Oligosaccharide on the Blood Glucose and
Serum Lipid Composition in Streptozotocin-Induced Diabetic Rats
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Dept. of Food Science and Nutrition, Catholic Urniversity of Daegu, Kyungsan 712-702, Korea

Abstract

This study was conducted to examine the effects of dietary oligosaccharide on the blood glucose and serum
lipid composition in streptozotocin (STZ)-induced diabetic rats. Sprague—Dawley male rats weighing 150 =10
g were randomly assigned to one normal and four STZ-induced diabetic groups. Diabetic groups were classified
to basal diet (DM group), 10% xylooligosaccharide diet (DM-XOQ group), 10% isomaltooligosaccharide (DM-
IMO group) and 10% fructooligosaccharide (DM-FQ). Diabetes was experimentally induced by intravenous injection
of 50 mg/kg of body weight of STZ in citrate buffer (pH 4.3) after feeding of experimental diets for 4 weeks.
The rats were fed with experimental diet for further 4 weeks in diabetic state. The oligosaccharide diets were
not effected on the body weight, food intakes and food efficiency ratio. The oligosaccharide diets were also not
effected on the weights of liver, kidney and small intestine, but the weight of cecum was significantly increased
on the groups of xylooligosaccharide and isomaltooligosaccharide diet. The levels of oral glucose tolerance test
was more effectively improved by DM-XO group. The levels of blood glucose were markedly lower in oligosaccharide
supplemented groups than that of DM group. Activities of two intestinal enzymes such as lactase and sucrase
in DM-XO and DM-FQ groups were lower than that of DM group, while activity of maltase was lower only
in DM-XO group than that of DM group. A gastrointestinal transit time were shorter 54% and 46% in DM-XO
and DM ~FO groups than that of DM—group, respectively. The levels of serum triglyceride in DM-XO groups
were lower than that of DM group, however was no significant differences among the oligosaccharide groups.
The levels serum cholesterol in DM-X0 and DM-IMO groups were as same as that of normal group, while
the level of serum cholesterol in DM-FQ group was higher than that of normal group. These results suggest
that dietary oligosaccharide may act as functional food to be capable of improving carbohydrate and lipid

metabolism in diabetic rats.
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Streptozotocin
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£ A #H ol A}-23 xylooligo™ < birchwood xylan 100 g&
50 mM sodium buffer(pH 6.0)¢] &=t & Streptomyces
thermocyaneoviolaceus7} 244l xylanases® 94 @ &
A gted 10 unit/mlLe] X2 Flste] = eddA] 60 °Coll A
1227} BhgA1 2 & AR 5572 5585, 2 55
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sign)ell 9le A4 (Normal)? d AHFo® vyw o
T Ao Fu 732 7384 @2 (DM group), 10%
xylooligo™ FFF(DM-XO group), 10% isomaltooligo™d
¥ o (DM-IMO group), 10% fructooligo® w1 (DM-
FO group)2 2 747k 107+e] 4 572 2 o] AR-§3h9ich
a2 A#ale]l 2 4F3F AFR- Foll streptozotocin
(5TZ) 50 mg/kg bw& citrate buffer pH 4.3¢]] -4 mz]
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300 mg/dL °]4kel FE T A Gl AFE3H o ohA] 477k
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HAoral glucose tolerance test,

’%1%3’401 T_j""% 4—71;3‘]1 EE5S 12/ HA AR F 3w A
< F8A 29 52 2439 initial
data® ¥+ & oOA glucose £9(0.1 g glucose/100 g bw)=
incubation tube® A-4-3}o] 7 Fof3l3 30, 604, 1204
1:1] 180'1—°ﬂ 77;4 z] Ul-——-_'—;‘—ITE'1 zHﬁ‘:‘ 3}01 7—] uﬂ-oﬂ o] -a:h:.]-
= HHE "oA (Accutrend GC, Bochringer Mannhelrn,
Germany)2 &7 stgic},
o 2742 olabA| eH(FH) 9] enzymatic kit AM 201KE

Table 1. Classification of experimental groups according to
different source of dietary oligosaccharides in 5TZ-induced
diabetic rats

Groups Normal Diabetic groups
Ingredients DM DM-XO DM-IMO DM-FO
Casein 18 18 18 18 18
Salt mixture 4 4 4 4 4
Vitamin mixture 1 1 1 1 1
Cellulose 5 5 5 5 5
Corn oil 5 5 5 2 5
Sucerose 5 5 5 3 5
Starch 62 62 o2 52 52
Xylooligosaccharide - - 10 - -
Isomaltooligosaccharide - - 10 -
Fructooligosaccharide - - - - 10
Total (24) 100 100 100 100 100

Normal : basal diet.

DM : basal diet+ streptozotocin-induced diabetic rats.
DM-XO: basal diet+10% xylooligosaccharide+ streptozotocin—
Induced diabetic rats.

DM-IMQ : basal diet +10% isomaltooligosaccharide+ strepto~
zotocin-induced diabetic rats.

DM-FO: basal diet+10% {ructooligosaccharide + streptozo-
tocin—induced diabetic rats.



712 Aedn -

Abgshod 500 nmell A »1 4 A =ksigdch

A~ HOto| O|ohE i 54 A =X

Lactase, maltase % sucrase 432 Dahlgvist ¥HE (15)
& EAsE FAYFES AT F 2AA4E 10~60
cm Abe] & Al AAF F WA g Aea R £5 A
Hzle] Az 22 AA3 G 29 YAHAA A
2% slide glass® Fo1A FAE €11 401 7591 34
TAFHAA 2N 2HAF2 A4t

& EnAZHgastrointestinal transit time)2| =8

4% 457 ¢ marker®2 carmine red(Sigma Chem. Co.,
Cl022)5 05% +== 2+ ﬂﬁq Alo)off 27}3led Fedalm wf
A 7F marker?) W & v &L 24471 FoF Tastdn) AlY
Al Fof Azt A|Zkah marker/]— W Zol W 3L ettt
28 A7k AL A FHAeR Fhodvh

HE SMXN & ZoAHE e 2H

YA FAAY 2 S 602 T TF
g kit(eF4F Co.) 2 AM-2-3ted 550 nmt 500 nmell A
=g FA TEFAS duste] A4etgdch

=)

3
2 52

O

[:o[.

A
zr

o, o

Xl

2k AR WAaks F2E O Z hovine serum albumin

& A Aa] A AL Lowrv(16)HH &
o] 4-5fe] A =kalgic).

SAIXE|

|
» JE
en M

N,
-‘ﬁoﬁ

7+ AP FE e gEAels}
4 (ANOVA ) -9
Ao) W™ A3 T2 &

A= Tuke s—HSD testél7) )= —‘3:’31?5]'3514.

4 1

HES7H, AlolMFEr U AlojzE

@3‘71 7+ Bk A AFEoh, Aol AT B /% 13.
&2 Table 29} v} AFZrike AT vl& S
Folaly] A7A = AL @%WM o=l il C’17}
G2} STZ Fo] Folle G ZF7} Zé F-ol) wle) 7t
Adlod o B Zhele Holrt glgict Ao] AT STZ
ol Aell A T7be] Ao] 7t glol ot Fof Fofls BT
ol A Egton Aol EEE STZ Fol o Py L5 7t
ZE oy B -oligodT e #elrt giodch

=71 74
A% 100 g7 73, A, 47 R 23Ae] FA|= Table 354
2t 2k A 5-_7994 A A2 AT vE 2E
Gl oA o m FobE ot el ade] a9
Aot AL FA= /‘é Aol vlel BT 2l A

Table 2. Effect of different sources of dietary oligosaccha-
rides on food intakes, body weight gains and food efficiency
ratios (FER) in streptozotocin-induced diabetic rats

Food intake  Body weight gain

1
Groups (g/day) @ FER
Normal — 23.42%0.677 205.4+13.65° 0.22+0.01°
DM 25.63+161% -145.0+23.83°  -0.19£0.03°
DM-X0O  27.78%0.56 -115.0+1568"  -0.14+0.02°
DM-IMO  28.46£2.18° -135.7+1619°  -~0.16%0.03
DM-FO  27.59+0.44" -141.3'+11.97°  -0.17=0.01°

?FERI Food effiency ratio.

YAl values are mean=SE (n=10).

P Those with different superscripts in the same column are sig-
nificantly different at p<0.05 by Tukey's test.

The experimental conditions are the same as Table 1.

Table 3. Effect of different sources of dietary oligosaccharides
on organs weights in streptozotocin-induced diabetic rats

Grou Liver Kidney Intestine Cecum
DS (&/100 g bw)

Normal 2.85+0.23"™% 0.66=0.02* 2.02=0.07° 058%0.04"

DM 353+10.95°  1.03%0.04° 4280517 134+022°

1.12£009° 4312057 3.73£0.66°
DM-IMO 351+012° 1.1110.06° 449+0.73" 3601065
DM-FO 384+032° 1.12£0.03° 486+0.38" 1.39+046™
YAl values are mean*=SE (n=10).
Those with different superscripts in the same column are
significantly different at p<0.05 by Tukey's test.

The experimental conditions are the same as Table 1.
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Fig. 1. Effect of different sources of dietary oligosaccharides
on changes oral glucose tolerance test in STZ-induced di-
abetic rats.

All values are mean = SE (n=10). Bars with different letters are sig—
nificantly different at p<0.05 by Tukey’s test. The experimental
conditions are the same as Table 1.

Table 4. Effect of different sources of dietary oligosaccharides
on blood glucose levels in STZ-induced diabetic rats

Blood glucose (mg/dL)

Groups 1 week 2 weeks 4 weeks
Normal 1980+ 770" 1289% 678 1309% 7.70°
DM 490.7+26.80°  521.5%+27.33° 77661015
DM-XO 441647568 415119303 556.3E25.23°
DM-IMO  457.8+1049°  4228+1886° 6646=12.95°
DM-~FO 4859%15.25°  508.4+£30.19° 675.0+38.22°

i’All values are mean*SE (n=10).

“Those with different superscripts in the same column are sig—
nificantly different at p<0.05 by Tukey's test.

The experimental conditions are the same as Table 1.
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Fig. 2. Effect of dietary oligosaccharides on lactase (A), su-
crase (B), and maltase (C) activities of small intestine in str—
eptozotocin-induced diabetic rats.
All values are mean+tSE (n=10). Bars with different letters are sig-
nificantly different at p<<0.05 by Tukey's test. The experimental
conditions are the same as Table 1.
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Table 5. Effect of different sources of dietary oligosaccharides
on gastrointestinal transit time i STZ-induced diabetic
rats

Groups GI transit time (hr)
Normal 16071469
DM 1520+1.93°
DM-XO 7.0010.23°
DM-IMO 12.95:-1 75°
DM-FO 8.20+0.49°

17)A11 values are mean*SE (n=10).

IThose with different superscripts in the same column are sig-
nificantly different at p<0.05 by Tukey’s test.

The experimental conditions are the same as Table 1.

Table 6. Effect of different sources of dietary oligosaccharides
on triglyceride and cholesterol in STZ-induced diabetic rats

Groups Triglyceride Cholesterol
(mg/dL) (mg/dL)
Normal 655+ 23242 6581+ 1.40°
DM 187.7+25.67" 92.41£12.88°
DM-X0 129 8220.40° 7362+ 878
DM-IMO 151.8£38.70™ 7753+ 9.35%
DM-FO 172.7£14.70% 86.90+ 10.69"

YAll values are mean=SE (n=10).

“Those with different superscripts in the same column are sig-
nificantly different at p<0.05 by Tukey’s test.

The experimental conditions are the same as Table 1.
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