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Abstract

The principal objective of this study was to assess the effects of chitosan oligosaccharide supplementation on the improve-
ment of blood glucose, lipid components and enzyme activities in the serum of streptozotocin(STZ, 55 mg/kg B.W., LP.
injection)-induced hyperglycemic rats fed on experimental diets for 5 weeks. The concentrations of blood glucose, total
cholesterol, atherosclerotic index, LDL, LDL-cholesterol, free cholesterol, cholesteryl ester ratio, triglycerides(TG) and
phospholipids(PL) in serum were remarkably higher in the hyperglycemic group(group BSW) and STZ(I.P.)+chitosan
oligosaccharide supplementation group(group ECW) than those in the control group(group BW, basal diet+water). However
the concentrations of blood glucose, total cholesterol, atherosclerotic index, LDL, LDL-cholesterol, free cholesterol,
cholesteryl ester ratio, TG and PL in serum were lower in the ECW group than in the BSW group, whereas the ratio of
HDL-cholesterol concentration to total cholesterol and HDL-cholesterol concentration in the ECW group were higher than
in the BSW group. The activities of alkaline phosphatase(ALP) and aminotransferase(AST, ALT) in serum were lower in
the ECW group than in the hyperglycemic BSW group. The results shown above suggested that chitosan oligosaccharide
supplementation effectively improves blood glucose, lipid composition and enzyme activities in the sera of STZ-induced
hyperglycemic rats.
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Table 1. Experimental groups and compositions of basal
and experimental diet (g/kg diet)

) Basal ~Streptozotocin Experimental
Ingredient . N g

diet (STZ) (LP.)” diet(STZ) (I.P.)
Casein 200 200 200
DL-methionine 3 3 3
Com starch 150 150 150
Sucrose 500 500 400
Cellulose powder 50 50 50
Mineral mixture” 35 35 35
Vitamin mixture” 10 10 10
Choline bitartrate 2 2 2
Com oil 50 50 50
Chitosan oligosaccharide - - 100

Group BW: Basal diet+Water(control group), BSW: Basal diet+
STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide
10%+Water,

P intraperitoneal injection[STZ 55 mg’kg BW: 0.01 M citrate
buffer sol'n (pH 4.6)],

> AIN-76"™ mineral mixture contained(in g/kg mixture) calcium
phosphate, dibasic, 500.0: sodium chloride, 74.0: potassium citrate,
monohydrate, 220.0: potassium sulfate, 52.0: magnesium oxide,
24.0: maganous carbonate, 3.5: ferric citrate, 6.0: zinc carbonate,
1.6: cupric carbonate, 0.3: potassium iodate, 0.01: sodium selenite,
0.01: chromium potassium sulfate, 0.55: sucrose, 118.03,

? AIN-76™ vitamin mixture contained(in g/kg mixture) thiamine
HC, 0.6: riboflavin, 0.6: pyridoxine HCl, 0.7: niacin, 3.0: D-calcium
pantothenate, 1.6: folic acid, 0.2: biotin, 0.02: vitamin B, 1.0:
vitamin A palmitate, 0.8: vitamin E acetate, 10.0: vitamin Ds, 0.25:
menadione sodium bisulfite, 0.15:; sucrose, 981.08.
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Table 2. Molecular weight distribution of chitosan oligo-
saccharide treated by enzyme

Range of molecular weight(MW) Distribution ratio(%o)

More than 800 1.9
700~800 22.6
600~700 74.4
500~600 1.1
Less than 500 0
Average molecular weight 674

= AZE v, 7REEEslste] A EArsket 84 71 EA &
ude] A TS 543 31 Table 29F 2ok EAF
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ZT(BW), streptozotocin(STZ)

Table 3. Body weight gain, food intake and FER of
rats fed the experimental diets for 5 weeks

Group* Body weight gain(g) Food intake(g) FER**
BW 138.5:£14. 2% 456.0£16.7° 0.30
BSW 117.7+13.8" 447.4+17.5° 0.26
ECW 132.9+13.1° 449.6+14.2° 0.29

* Group BW: Basal diet+Water(control group), BSW: Basal diet+
STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide
10%+Water, ** FER: food efficiency ratio, *** Meart-SD(1=6). Means
in the same column not sharing common superscript letters are
significantly different(p<0.05).
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Table 4. Weights of liver, brain, heart, lung, kidney and spleen of rats fed the experimental diets for 5 weeks

(g/100 g BW)

Group* Liver Brain Heart Lung Kidney Spleen
BW 3.1240.06* 0.51+0.01° 0.37+0.01° 0.55+0.01° 0.60+0.02° 0.25+0.01°
BSW 2.794+0.10° 0.51+0.01° 0.37+0.01° 0.53+0.02° 0.66+0.02° 0.24+0.01°
ECW 3.2740.13° 0.54+0.03" 0.40+0.02°" 0.53+0.01° 0.66+0.01° 0.23+0.01°

* Group BW: Basal diet+Water(control group), BSW: Basal diet+STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide 10%+Water,
** Mean+SD(n=6). Means in the same column not sharing common superscript letters are significantly different(p<0.05).
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Table 5. Effects of chitosan oligosaccharide on concentra-
tions of glucose in blood of STZ-induced hyperglycemic
rats fed the experimental diets for 5 weeks

Group* Blood glucose(mg/dl)
BW 118.6:£5.2™+*
BSW 368.4+£7.4°
ECW 309.5+6.9"

* Group BW: Basal diet+Water(control group), BSW: Basal diet+tSTZ+
Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide
10%+Water, ** Mean=SD(n=6). Means in the same column not shar-
ing common superscript letters are significantly different(p<0.05).

Qr g ok 309.5 mydil AFE Holm g
L|nde] Foj= STZ) 98l fitE= QLA 5
= A5 Atk o3 A= 78S &8
STZ &7 FAF & Bas 71 859 iﬂﬂ% g
o] Y& Frhe Baek Al glojx 7184 2]
g w27t frele 2adnia 3 BVt
ol

%1

1E

ZX} O
=

O‘r‘

o}

(¢}
A
)

o X O o >

HPNH

=

1) & E4|AHIE, HOL-SAHE s ¥ SHHS K|S
g3 ] % 29|28, HDL-ZY| 2HZ 559 1 H|$
9 Ful7d3lA] 4= Table 67} T}

A F F ZU2HE e 7|2 Aolvt Fold BWT
(86.4 mg/do)ell Bl A Aol A el T STZ(55
mg/'kg BW, IP. injection) 0.2 F=d FxA 3 23 FBSW

Table 6. Effects of chitosan oligosaccharide on concen-
trations of total cholesterol, HDL-cholesterol, ratio of
HDL-cholesterol to total cholesterol and atherosclerotic
index in serum of STZ-induced hyperglycemic rats fed

the experimental diets for 5 weeks (mg/de)
Total HDL- (B)/(A)x
Group* AL**
cholesterol(A) cholesterol(B) 100(%)
BW 84.6+32M* 23 842" 28.1 2.5
BSW  109.2+3.3° 21.9+0.9° 20.0 4.0
ECW  102.443.1° 22.8+1.5° 223 35

* Group BW: Basal diet+Water(control group), BSW: Basal diet+
STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide
10%+Water, ** Atherosclerotic index: (Total chol —HDL~chol)/ HDL~
chol, *** Mean+SD(n=6), Means in the same column not sharing
common superscript letters are significantly different(p<0.05).
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Table 7. Effects of chitosan oligosaccharide on concentrations of low density lipoprotein, LDL-cholesterol, free
cholesterol, cholesteryl ester, cholesteryl ester ratio, triglyceride and phospholipid in serum of STZ-induced hyper-

glycemic rats fed the experimental diets for 5 weeks (mg/de)

Group* BW BSW ECW

Low density lipoprotein 124.6:48.0%+ 187.145.4° 164.3+4.6°

LDL-cholesterol 43.6+£2.8" 65.5+1.9° 57.5+1.6°

Free cholesterol 17.2£1.0° 22.3+1.3° 20.140.8°

Cholesteryl ester 67.4+2.2° 86.9+2.0° 82.3+3.0°

Cholesteryl ester ratio(%o)** 79.7 79.6 80.4

Triglyceride 75.442.2° 101.443.9° 91.8+1.8°

Phospholipid 98.9+1.7° 117.742.5° 113.8+2.0°

* Group BW: Basal diet+Water(control group), BSW: Basal diet+STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide
10%+Water, **Cholesteryl ester/Total cholesterolx100, ***MeantSD(n=6). Means in the same column not sharing common superscript

letters are significantly different(p<0.05).
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Table 8. Effects of chitosan oligosaccharide on alkaline

phosphatase(ALP, EC 3.1.3.1) activities in serum of STZ-

induced hyperglycemic rats fed the experimental diets

for 5 weeks

Alkaline phosphatase

Group* . .
Activity (Unit/m¢ of serum)
BW 18.8+0.9™**
BSW 24.2+1.1°
ECW 20.2+0.9

* Group BW: Basal diet+Water(control group), BSW: Basal diet+
STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosaccharide
10%+Water, ** MeantSD(n=6). Means in the same column not

sharing common superscript letters are significantly different(p<0.05).
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Table 9. Effects of chitosan oligosaccharide on aspartate
and alanine aminotransferase(AST, EC 2.6.1.1; ALT, EC
2.6.1.2) activities in serum of STZ-induced hyperglycemic
rats fed the experimental diets for 5 weeks

AST ALT
Group* . .
Activity(Unit/ml of serum)
BW 64.5+1.9* 21.4+0.9°
BSW 74.842.1° 25.5+1.1°
ECW 71.5+1.2° 24.040.5"

* Group BW: Basal diet+Water(control group), BSW: Basal diet+
STZ+Water, ECW: Experimental diet(STZ)+Chitosan oligosa-
ccharide 10%t+Water, ** MeantSD(n=6). Means in the same
column not sharing common superscript letters are significantly
different(p<0.05).
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