BREERZEE 374) 1 266~272, 2004

AR e 2AY 43 A e ne) A7)
Aol wAE Qe

Effects of Soyoligosaccharide on Lipid Metabolism in
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ABSTRACT

This study investigated the effects of soyoligosaccharide consumption on lipid profile of plasma, liver and feces and
immune responses in Sprague-Dawley male rats. Sixty male Sprague-Dawley rats 4-wk-old were provided the soyo-
ligosaccharide containing diets for 4 weeks (0, 100 g/kg diet) ; each of these diets was supplemented with either 70 or
200 g fat/kg diet, giving a total of 4 experimental groups. The effect of weight reduction was most significantly observed
in the group fed low fat and soyoligosacchairde diet. The plasma total lipid and cholesterol contents were not changed
by either fat proportion or soyoligosaccharide supplementation in the diets. Also the plasma triglyceride lowering effect
by soyoligosaccharide was not observed in rats fed either low fat or high fat diet. However, the significant decrease in
TG contents was found with rats fed high fat diets compared to the control/no soyoligosaccharide diet. Elevation of
plasma LDL-cholestero! and reduction of HDL-cholesterol by feeding high fat diet was not altered by supplementing
soyoligosaccharide. This was also applied to the liver lipid profiles. The significant increases in liver total lipid, trigly-
cerides and cholesterol by high fat diet was not abolished by feeding soyoligosaccharide. However, the desirable effects
of feeding soyoligosaccharide were found with total lipid and cholesterol excretion through feces in rats fed high fat
diets. Immune organ weights and spleen cell proliferations did not affected by experimental diets. These results de-
monstrated that soyoligosaccharide intakes increased the lipid output via feces, especially in rats fed the high fat diet,
but more researches are needed on immune responses. (Korean J Nutrition 37(4) : 266 ~272, 2004)
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Table 1. Composition of experimental diets (unit: g/kg)
Ingredients LFS LFO HFS HFO
Corn starch 579.486 479.486 439.486 339.486
Casein 200.0 200.0 200.0 200.0
Sucrose 50.0 50.0 50.0 50.0
Oligo 0.0 100.0 0.0 100.0
Soybean oil 700 70.0 200.0 200.0
Cholesterol 0.0 0.0 10.0 10.0
Fiber (cellulose) 50.0 50.0 50.0 50.0
Mineral mixture" 35.0 35.0 35.0 35.0
Vitamin mixture” 100 10.0 100 10.0
L-Cystine 3.0 30 30 3.0
Choline 2.5 25 25 25
Tert-butylhydroquinone 0.014 0.014 0.014 0.014

1) Mineral mixture: Calcium carbonate, anhydrous, 357 g: po-
tassium phosphate, monobasic, 196 g; potassium citrate, tri-po-
tassium, monohydrate, 70.78 g; Sodium chioride, 74.00 g; potas-
sium sulfate, 46.60 g; Magnesium oxide, 24.00 g Ferric citrate,
6.06 g; Zinc carbonate, 1.65 g: Mangarous carbonate 0.63 g;
Cupric carbonate 0.30 g; Potassium iodate, 0.01 g Sodium sele-
nate, anhydrous 0.01025 g: Ammonium paramolydate, hydrate,
0.00795 g: Sodium meta-silicate, hydrate, 1.45 g; Chromium po-
tassium sulfate, 0.275 g: Lithium chloride 0.0174 g; Boric acid,
0.0815; Sodium fluoride 0.0635 g: Nickel carbonate, 0.0318; Am-
monium vanadate, 0.0066; Powdered sucrose, 221.026 g

2) Vitamin mixture: Nicotinic acid, 3.000 g; Ca-pantothenate,
1.600 g; pyridoxine-Hcl, 0.700 g: thiamin-HCl, 0.600 g: riboflavin,
0.600 g: folic acid, 0.200 g; D-biotin, 0.020 g; vitamin B-12 (cya-
nocobalamin) (0.1% in mannitol), 2.500 g; vitamin E (all-rac- e -
tocopheryl acetate) (500 IU/g). 15.000 g; vitamin A (all-frans-
retinyl palmitate) (500 1U/g), 0.800 g; vitamin (cholecalciferol)
(400 1U/g). 0.250 g: vitamin K {(phylloquinone), 0.075 g; powde-
red sucrose, 974.655 g

A% % 3,000 rpmeld] 3027 dalelstel Wgg ¥
st RPe WP ASEA YL T W - 20Te
BESGIE) 2, FH, W, g ot Aol
2AS 2% F & — 70T BB, HFE 54
WANZFAAG] AFBSoich We APBEE )
A 2413 B2F A skl

2) AIgTin

(1) G g

@3 F A, B9, F ele B9 HDL- 2
2HBE opAlere) Ealo] o8 kit AMgte] St
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(2) 7tz WAy AR

74} wf |k Foleh®]" & #a38lo] chloroform : me-
thanol solution (2 : 1, v/v) 2.8 3&3 3 AU E =7
ol Ag-3I3th & Ay} AL olikA|eke] & Aol
3l kitE AMLSe] AT, Y AHES ZakH el
ol 2531t
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vk Had o g Kalslod RPMI 1640 (Gibco. Grand
Island N.Y.: 200 mM glutamin, 25 mM Hepes, 1.4 x«l/ml
gentamysin) £ Y3, scalpel¥ ©]€3H] single cell
suspensions =%t} Spleen single cell suspension
£ 10% fetal calf serum< 73 RPMI 1640 ekl
ol A EEEr1 5.0 X 10%mlo] A sto] 96 well plate
o Z} welld 100 p1¥ #5315tk ZF welloll mitogenS.
2 Con A (concanavalin A, Sigma)E 0.75 ©g/10 z«],
0.10 £g/10 1 10 x1¥ A7kslgich PHAE 10 1g/10
21,15 £g/10 p1 2715199k Control welloll:= mitogen
£ APeHA sk, BE AEL 33 yHESie] AAjseich
B35 plateE 37T, CO: incubatorolx] 684171 slokst
T Z} welld] MTT (3—(4, 5—dimethylthizol—2-yl) —
2,5—diphenyl tetrazolium bromid, Sigma: 5 mg/ml PBS)
£ 20 p1¥ Fkslo] ] 4A1ZE vkl vl & DM-
SO (dimethylsurfoxide, Sigma)E Z+ wellel]l 150 1%
7kl AEE 23st & ELISA reader® 490 nmoll

A §4E 33

Table 2. Initial weight, final weight and Food intakes for 4 weeks

Group Initial weight Final weight Food intakes
(g) (g) (g/day)
LFS | 1050+ 13"  321.7 £ 80™  749.7 +21.3°
LFO 1050 £ 1.3 3080 = 7.3° 715.6 + 23.9%
HFS 1063 = 1.3 333.9 £7.6° 657.8 + 20.8°
HFO 1055 £1.3 3409 £ 9.1° 657.5 = 23.2°
1) Mean = 8D,  2) NS: Not Significant

3) Values with different alphabet within a row are significantly
different at « = 0.056 by Duncan’s mulfiple range test

Table 3. Organ weights

3. AY

SAS program$- ©]€3to] Zt 9 B TF HAE
73ti, ANOVARAE 3 & 183 Hxle] vlue
Duncan’ s multiple range test® ©1€3l] o = 0.055F
A AFsIGAT

AL 9 1%

1. Miza S Bt

APFES AT 8L A1z o A7) zpojr}
AR AolHFE Sel1Fe] AH ARl AL
AFT AT FolHoz wtoy HAFFAE &
13& AFS AR #2072 Wit (Table 2).

3719 FAE Table 3¢ #5315t A% FAE AF
o= vhir g SRlnRE AHE0E W SR BEe
Holm 9tk 7] FAlE SEluwe] HARThE AW
Hol g wol mAPAAH Tl AALAFHAT vla) 1
o] FAZL FolH o2 FARCh A AgALe] ARE A
£5¥)+= 239z A (epididymal fat pad) 9 FAI= &
e dH el F3e Yo LHuFE HFHE o] B
2 e 23t

ABFES AFH A7IFAZ BgE of 1A4]o]9]
AFHE Qoi’ﬂfﬂ%h% R uk AR A H T vlE g2 A
F57FH Bola Qitk AojAe HAl| JEgE F,
22199 A3 23839} epididymal fat pad FAS] %4
g Fo] AR FAE wokoH, AR AL AL 7
S Bk

Group Kidney Liver Epididymal fat pad
Absolute (g)  Relative (g/100 g wt) Absolute (g)  Relative (g/100gwt)  Absolute (g) Relative (g/100 g wt)
LFS 24+ 01" 0.73 £ 001 9.9 +0.3° 3.3 +0.08° 41 £02° 1.3 = 0.05°
LFO 23+01° 0.76 + 0.02%° 99 +0.7° 33+0.15% 3.6+ 02® 1.2 + 0.06®
HFS 24+ 01%® 0.72 +0.01° 162 £ 0.7° 49 +0.16° 3.6 +02% 1.1 = 0.05™
HFO 27 £0.7° 0.78 £ 0.01° 16.7 £ 0.6° 5.0 £ 0.09° 32+02° 0.9 + 0.04°
1) Mean +8D

2) Vdlues with different aiphabet within a row are significantly different at ¢ = 0.05 by Duncan’s multiple range test

Table 4. Conceniration of plasma lipids

(mg/100 m! plasma)

Group Total lipid Triglycerides Total cholesterol LDL-cholesterol HDL-cholesterol
LFS 259.8 + 154" 54.7 + 7.7% 837 + 45% N3= 40° 314 £15°
LFO 240.1 £ 25.3 449 + 7.0 848 + 89 240+ 83° 31.9 £ 2.6°
HFS 240.5 = 141 27.8 £3.3° 826+ 64 618 £ 9.4® 154 £1.7°
HFO 268.9 + 27.2 269 +4.2° 92.9 + 10.1 69.3 £12.2° 183+ 1.6°
1) Mean = SD, 2) NS: Not Significant

3) Values with different alphabet within a row are significantly different at ¢ = 0.05 by Duncan’s multiple range test
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Aol WHA frefdog Frlslglen, Y1 4TS
T2 @ik Wow wpdEE ANFE F A, SYAE,
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Table 5. Concentration of liver lipids (mg/g wet liver)
Group Total lipid Triglycerides  Total cholesterol
LFS 24.1 £19" 142 +1.2° 51+ 0.1°
LFO 25.1 +1.0° 121 £ 06° 47 £0.2°
HFS 171.5 £ 12.4° 51.6 + 5.7° 489 + 3.8°
HFO 194.7 £11.2° 495 + 4.4° 60.5 + 3.8°
1) Mean +SD

2) Values with different alphabet within a row are significantly
different at o =0.05 by Duncan’s multiple range test

Table 6. Concentration of feces lipids
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FAALY Aee e & 257 foFog Fadt
Gty BuEH B AFARE o YA E
el AFH7 9% FA dken] 53] ARt
AAT o gAY FAAALE dEe A4S 13tk Del-
zenne %t Kok™ = A@FE00A o)=3d 9 &1

AFAANZE W et 7o Foy) FAAEE dae Zl
el Ak Agde A wiFelety Busigick 22y
Daubioul 5'"'& HE o8¢ FENHAM 1A|g2]o]
10% fructane AFHAZES w 7hl 2w} 2= FAR
o] Huj FAAo] ZAa"ckn BIEgich JAE A
o7 g AgelA gl et A73% #2 o e dder
x2Te o] A'E 10 g, 48 HuFE
10 g A 30Uz AAAHE Wl gelnde AHe 49 A
FHeoll vl A FAYFE A2 AFE 2oy
FoF oA = Agheh” 131‘4 TAEZ AL sHEell 20
g9 olEdE AH8IE 9 40 mg/100 mle) FAAHo]
ZHaEdn gy 9|28 S%0] 250 mg/100 ml ©]4+
d W= fYgFez ZHAHE] ZAHAT B
o aeEg gt ) g o] 5 9 &
o] A ApgAES

FE T} BAE g ¢
% olck

.

-l

&gl P A AR A HoRE &
Page] 4 g P AR Fu) FBe FE 2

o7 HaEY S813e 23N iR adel 9
& BAlER] @1 oo R dort diFellM Lactobacillus
\} Bifidobacterium™} 22 t|REL Meldog FAAZ7
F on o3 nAERE T APAES] Aol B
oM 71 Aok el AE] oJa A T4k
TlMe FAHES ALY TS FRATE &
€5 @tk e v ok g5 SE2AANAN Lacwoba-
cillus acidophilus, Lactobacillus casei, Bxﬁdobactermm bi-
fidum® 2L | ABE o] A Al Ak AlE-L ASHA

7= 24 Bon BaE Yok olE BEES bie
acid®] deconjugations £33}, A O bile acid¥

HdE FUHIA A SaAHERE T 1A

Totai lipid Triglycerides Total cholesterol
Group (mg/g feces) (mg/day) (mg/g feces) (mg/day) (mg/g feces) (mg/day)
LFS 20.3 = 55" 36.6 + 10.8° 3.1+05° 53 = 0.8 44 +0.1° 7.9 + 05°
LFO 18.6 + 5.1° 375+ 9.6° 2.0+ 03° 42 +0.8° 58 £15° 118+ 2.3°
HFS 66.8 + 9.3° 100.8 £ 13.9° 49 + 0.9° 74 £ 1.4° 344 +25° 529 + 4.4°
HFO 61.4 +47° 142.9 £ 19.0° 3.5 + 04 7.6 + 0.6° 344 +24° 81.1 £11.1°
1) Mean = SD

2) Values with different alphabet within a row are significantly different at o = 0.05 by Duncan’s muitiple range test
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Table 7. immune organ weights

Group Thymus Spleen
Absolute (g) Relative (g/100 g wth) Absolute (@) Relative (g/100 g wt)
LFS 0.68 + 002" 021 £ 0.01" 0.74 + 0.02°% 0.23 + 0.01™
LFO 0.64 £ 0.02 021 + 0.01 073 £ 0.04° 0.23 £ 0.01
HFS 0.64 = 0.05 0.19 = 0.01 0.84 + 0.04% 0.25 £ 0.01
HFO 0.61 + 0.04 0.18 = 0.01 0.86 = 0.04° 0.25 =001
1) Mean £ 8D, 2) NS: Not Significant

3) Vdlues with different alphabet within a row are significantly different at e = 0.05 by Duncan’s multiple range test

Table 8. Mitogenesis

(stimulation index)

Group Con A (0.1 zg/10u]) ConA (0.75g /10D PHA (10xg /101D PHA (15 2g /15¢1)

LFS 1.85 + 0.1"% 216 £ 02" 19 +01™ 21 +03%

LFO 1.76 £ 0.1 214 £ 0.2 1.89 = 0.2 1.96 £ 0.2

HFS 1.70 £ 0.1 230 £0.2 1.74 + 0.0 1.93 + 0.1

HFO 1.8+ 0.2 200 £ 0.1 1.97 £ 0.3 200 £0.2
1) Mean £ 8D, 2) NS: Not Significant
g AndoMt 28]1He d3es Wogo F9 A micedlAl 0~7.5% _m—,E—Q—E] 3 7 AHA)7| 1
HE e FodeR FIMRGY B avex et Fyueiie We s S3sigied), 259 THEST
2o AR Qs woze) AR WA 19 AHARE o 1?5011*14 IgAg] #u]7t F7haln
T ol Fgo] Q&= Aoz Algdr) Pever’'s patch A XA 2] IgAQ] 8|9 CD4 T A 29)

TelER B AT A gelnge) 4HE Aol 7
H AR §099 98 3 dgten) Ws 5u
Felaigel Mg Fpnon, o 9%

2 el

g9 o] ia]—r ’S«Ifﬂl 4611 fFoHos
s o2 olfrs AR 7IRe] #sk] wiEelsh

Alggnk 22 ez nxAolN gelugel
A7} Aate] F2 vhallgle] e ke HjAdAZIvH= A
2 B71H0 R AdFsiE W gaE i A FRelE
e A ez Agdr

3. oy
A SEA W71 FA9 1R FAE Table 7
of AAE] lEdl 718 Ao FAM AFEF FAE A
ojxuta} glugte] HAF o mE QIS whA] gt H]
7 M EZE mitogen® E AZ3to] H]A AlE S FHATR
HALH S =4k A4 mitogen®E ConA$t PHA
E ARESIONE wl AojAy) S HAMRS Al o
&S 77 G o= Jept) (Table 8).
Aoldfy g 55 AHsH Folx] w

| ?"
48 S0 5, 8

=2 = Bifidobacterium®} Lactobacillus
£ 579 99 588 S8 delu A2, ¢eiA 55

o 06]—— 758 gt iﬂﬂﬁiq"‘“’ M uRE F
ME lactic acidE W= v]YES0] HdTH L350

Ha 528 2%k deigch® Hosono 92 BALB/c

<, interferone— 7, interleukin 10 #3322 &899
BAL FHESE ZokITE vasd £8 SgE
S| 139 A= A [gG1Y 2 FaAFa o=

4% QIAE PP £8E F 5+ 9 Rk 3
Gtk 3, SRELTLY HHE A CI4EL WA

7122 AoMe He %a—% B3N 713 ATl AlA1Y)
AAHR W5 Y& & 4 Uckx 3tk Nagura
55 BALB/c miceolAl 339 50 g raffinose/kgs 4
FHAHE 1l Peyer s patch AlEA 9 interleukin ()12
9] 27t fgHer Feia, Fdel et Th2-type
immune response® AAAIROEA P IgE &
A F3ith £ AFelxe 23] A3
of gja) A7 FAY vFAREY F4 T HH5Y
o T FA & Ao velded &2jud A
Zo] W9k o] 8% 9S Aojn B AFtoa] Al 4
B AAY] AAEQ] AYsE S Sk AR &
o] A4 Z-gshe Fulelxe HYseEE S48 B
HUE 295 92 7 U2 Aoz Algd ¢o® &
2137 ddzgae A diside B d77 de
3t Ro7 Atgdch

OOt
5
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AF7E AW Akl | 8ol JEe FeRE o
olr 7] $Jsf AAHUT. o]f7} £ Sprague—Dawley
72 FolA AolFAL) 10%E dF2elndS AHXAL,
AolxHke 2olR A} 7%} 20%E ARG AE A
ZA18 AFE ALl Apol7t ot HEFAE &
HuFS A ARTAA froldoz wgkth Py
Z AP oAy SE|uFe] e ¥x oo

FAAYFL A AFAA nA ol vls) 27
o7 wston, oy FY HEHY LDL-ZYAHES
TARA] AFHA AXPEH viE] felHoz FUTeIa
on] Sujwde] AdHe) dsirE Bde v okt HDL—
ZYAHES LDL-Fd 2H = vl 1x)abalo] 4
FA] AR EAlo] HAAHLE fo]Hog Wgton g2l
PO g vEREA] oiskth TR & X ZElAHE
o F4A 25 nAAo] AFA foH o Srksie
, g TS FA @k woF wpdsE= Ay
& FA, SAAAY, FHAEHE BT A A0)E 4HE
W Ao s Bdm 2313 AAE 1AYE AHT
o AR FHAHEY EE FolFoR ST
A 7131 AT H|Age] FAle} v o] 22 2o]
At el AdFe] b JFE v golko) Ay
o7 S dAHe 47 I AR, "BdEHel
JIFE FA dgkont WS 53t F Ay ZYAHE9
S STRARCH, o)2igt BERE pAgAelE HAHE
& FFR o7 ek o) uAAo)A] g
AFA7E A EE dalste] B S viEAIA A4
o2 AFESE e dR7 i Al S v
2 Aoz Alzgdrh
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