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Abstract

This study described the effect of levan (B-2,6-linked fructose polymer) feeding on serum lipids, adiposity and
uncoupling protein (UCP) expression in growing rats. Levan was synthesized from sucrose using bacterial
levansucrase. UCP is a mitochondrial protein that uncouples the respiratory chain from oxidative phosphorylation
and generates heat instead of ATP, thereby increase energy expenditure. We observed that 3% or 5% levan
containing diet reduced serum triglyceride levels, visceral and peritoneal fat mass and induced the UCP expression
in rats fed high fat diet in previous study. To determine whether the intake of low level of levan may have the
hypolipidemic and anti-obesity effect, 4 wk old Sprague Dawley male rats were fed AIN-76A diet for 6 wk, and
sub—sequently fed 1% or 2% levan solution for further 5 wk. Intake of 1% levan in liquid form reduced serum
triglyceride and serum total cholesterol levels to 50% and 66% of control group, respectively. Although epididymal
and peritoneal fat masses were not affected by levan feeding, visceral fat mass was lower in 1% levan group
compared to control group. The expression of UCP2 mRNA in brown adipose tissue, skeletal muscle and
hypothalamus and UCP3 mRNA in skeletal muscle were not changed by levan feeding, while the UCP2 mRNA
in white adipose tissue was up-regulated by levan feeding. In conclusions, intake of low level of levan solution
reduced serum triglyceride and total cholesterol, restrained the visceral fat accumulation and increased UCP

_ expression in white adipose tissue in rats. This study suggests that hypolipidemic and anti—obesity effect of levan
attributed to anti-lipogenesis and inefficeint energy utilization by up-regulation of UCPs.
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Fig. 1. Chemical structure of levan.
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Table 1. Composition of experimental diets” (g/kg diet)

Ingredients AIN-76A diet
Casein 200
DL-Methionine 3
Corn starch 150
Sucrose 500
Cellulose 50
Com oil 50
Salt mixture 35
Vitamin mixture 10
Choline bitartrate 2

UNormal diet: AIN-76A diet #100000 (Dyets Inc., Bethlehem,
PA, USA).

\
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Levan consists of B-D-fructofuranosyl residues linked predominantly through B-(2,6) linkage and the branch is connected to the main
chain by a B-(2,1) linkage; the branch then continues with B-(2,6) linkage.
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Table 2. Daily food intake, weight gain and food efficiency
ratio (FER) of experimental animals

Food intake Weight gain
(g/day) (g/day) FER
10 wks baseline  2337+377" 601£1.03 02640048
Control 2496+513% 3131076 0.125t0.026
1% levan 2063+1.16° 286£029  0.130+0.021
2% levan 20.09+213° 2951084 0.136+0.027

"Values are mean=*SD.

IS tatistical analysis was performed using one-way ANOVA
followed by Duncan’s Multiple Range test. Values within a col-
umn with different superscript letters are significantly different
from each other at p<0.05 by Duncan’s Multiple Range Test.



Ayl fHt Tl g5 =4

Fel7k flsivh.

A NE Y 2xet 55
4 A4 ¥ xrv 5o A= Fig 26 Yehsich
HA FAAE 2Tl vl dubreld Z2A 2basted
FAA LT 2 g Hod, 1% HHHE( 175+3798 mg/dl.)
3} 2% #HHkE (80.80 = mg/dL)- ZHzF &7 (161.20+31.33
mg/dL)2] 51%, 50% 432 & Jrgfc). _,ﬁ‘}, 1% Hubr2 2%
At s A 4 AW TR Jolzt eluick A &
S AHE B th2F(100.22421.35 mg/dL) el vls] 1% @)
HHE(66.25+13.23 mg/dL)F 29 H¥HH(75.60+13.33 mg/dL)
IH frejA ez ghasle] 279 66~75% o]k vk
9, 84 HDL Fel 282 5 257k 20| & Ho)A] gk,

5 off zpe]rt glsict.

y

i
b o
i
W)
fr o
at
1
L~
g(L
rN

A. Triglyceride

Sl mEs
N Y

40 4

20 4

\\\\\\ﬂ
&\\\\\

c+l1 c+L2

9 A% Y43 UCP e

X 93 791

XY == 2

7 AT 2R A, F-asA, Su AR, A A
§-A1 & v]2& Z 3= Table 33 Z.ow 2} A9k £3] 25
9 AFol NG 2 5A 2 Fabahe) LA shdch 24 2y
A ¥ _,__Tr_i]-z]ul Hut z2u) LA = A E7ke {249
ol & Mo|A| ¢igket WA Aut A= 1% HHRH(21.02
+4.01 mg/g BW)=} 296 #|9h(22.2415.32 mg/g BW)e] o

Z7(31.111894 mg/g BW)Rt} f-od 28 Iglr)

ﬂ—'l'Nr-ﬁ‘OE

8y o=l el GOT, GPT 3%
g3 ded FEE 1% dbrdA o2 AT vl g
AL o}t BAA fojAe Uehlx) wgtw, ¥
Bl 25 ¢ FulTe) gz2F Rl e AFe g o} £
A fold-e ¢lglch(Table 4). 4 GOT =29 ¥4 GPT

B. Total cholesterol
140

a
120 ‘[
100 4

: %

mg/dL

20

s
&\\\\p,

(3]
(24
Py
|2
(o]
*
S

D. Glucose

300 1

200

100J

mg/dL

o

c+L1 C+L2

Fig. 2 Effect of levan feeding on serum glucose, total cholesterol, HDL~cholesterol and triglyceride levels.
Values are mean+SD. Different letters indicate significant difference (p<0.05) among groups by Duncan’s Mutiple Range Test.
C: Control diet, C+L1: Control diet+1% levan, C+1.2: Control diet+2% levan.

Table 3. Effect of levan feeding on adipose tissue mass

(mg organ/g BW)

Brown adipose tissue

Epididymal fat

Peritoneal fat Visceral fat

10 wks baseline 0.742+0.236" 898+ 157 10081227 10.07£557

Control 0.781 +0.167 19.37+5.42 2421+832 35.21+8.94%
1% levan 0.727+0.139 1654+4.34 21.02%561 21.02+4.01°
2% levan 0.781+0.107 19791559 25.32+3.80 22.24+532°

b
Values are mean*SD.

IStatistical analysis was performed using one way ANOVA followed by Duncan’s Multiple Range test. Values within a column with
different superscript letters are significantly different from each other at p<0.05 by Duncan’s Multiple Range Test.
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Table 4. Effect of levan feeding on serum insulin, leptin, GOT A An 2 #2883} LDL, VLDLe] 7hastslr
and GPT levels (8) YA AT = o] =& AHr} EF A4 H4h B9HE et
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A. BAT B. Skeletal muscle

C C+L1 C+L2
C C+L1 C+L2

842 bp __p F UCP1
428 bp_p UcP2 2850 —»
450 bp_p. uces 0P —>
B-actin
C. WAT D. Brain
(o] C+L1  C+l2 c C+L1  C+L2
428 bp _p 428 bp _p ucpP2
B-actin

Fig. 3 Changes in UCP mRNA expression in brown adipose tissue(BAT), skeletal muscle and white adipose tissue(WAT) by dietary

levan.
A, mRNA levels of UCPI, 2, and 3 in BAT: B, mRNA levels of UCP2 and 3 in skeletal muscle or soleus; C, mRNA levels of UCP2 in
WAT or epididymal fat pad; D, mRNA levels of UCP2 in brain (hypothalamus). Quantitative RT~ -PCR was used for the mRNA determination.

C: Control diet, C+L1: Control diet+1% levan, C+L2: Control diet+2% levan.
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