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Effects of High Amylose Starch on Lipid Metabolism
and Immune Response in Rats
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Abstract

This study was conducted to investigate the effects of high amylose corn starch consumption on plasma,
liver and feces lipid profiles and immune responses in male Sprague-Dawley rats. Experimental animals were
fed on diets containing the high amylose starch (HAS, 0, 125, 250, 500 g/kg diet) for 4 weeks. HAS intake did
not affect on food intakes and food efficiency ratio. Final body weights were lowered in HA100 group than in
control group. HAS intakes dose dependently increased the weights of cecum and excretion of feces per day,
and decreased the pH of cecum contents. And HAS intakes significantly decreased the plasma total lipid,
triglyceride and total cholesterol levels. But there were not significant differences total lipid, triglyceride and
cholesterol concentrations in liver. The absolute and relative weights of thymus and spleen, plasma Ig G and
C3 concentrations were unaffected by experimental diets. The splenocyte proliferations with low dose Con A
(0.1 pg/10 pL) as lower in HA25 group and HA50 group than in control group. These results demonstrate that
high amylose corn starch intakes significantly improve lipid profiles in plasma.
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Table 1. Composition of experimental diet (unit: g/kg)
Ingredient Groups”
£ Control HA25 HAS0 HA100

Starch common starch 499486 374.615 249.743 -
high amylose starch? - 124.871 249.743 4995.486

Casein 2000 200.000 200.0  200.0
Sucrose 100.0 100.0 100.0 100.0
Soybean oil 70.0 70.0 70.0 70.0
Fiber(cellulose) 50.0 50.0 50.0 50.0
Mineral mix” 350 350  3BO 350
Vitamin mixm 10.0 10.0 10.0 10.0
L-Cystine 3.0 3.0 3.0 3.0

Choline 25 25 2.5 25
Tert-butylhydroquinone 0014 0014 0014 0014

Y"Control: common starch 100%, HA25: common starch 75% and
high amylose starch 25%, HA50: common starch 50% and high
_amylose starch 502, HA100: high amylose starch 100%6.
‘”High amylose starch (HAS): 70% amylose starch, containing
of 16.5% RS.
¥Mineral mixture: calcium carbonate, anhydrous, 357 g; potas-
sium phosphate, monobasic, 196 g: potassium citrate, tri-po-
tassium, monohydrate, 70.78 g; sodium chloride, 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 sel~
enate, anhydrous 0.01025 g; ammonium paramolydate, hydrate,
0.00795 g; sodium meta-silicate, hydrate, 1.45 g; chromium
potassium sulfate, 0.275 g; lithium chloride 0.0174 g; boric acid,
0.0815 g; sodium fluoride 0.0635 g; nickel carbonate, 0.0318 g;
ammonium vanadate, 0.0066 g, powdered sucrose, 221.026 g.
Vitamin mixture: nicotinic acid, 3.000 g; Ca-pantothenate, 1.600
g; pyridoxine-HCI, 0.700 g; thiamin-HCI, 0.600 g; riboflavin,
0.600 g; folic acid, 0.200 g; D-biotin, 0.020 g; vitamin B-12
(cyanocobalamin) (0.1% in mannitol), 2.500 g; vitamin E (all-
rac- @ —tocopheryl acetate) (500 IU/g), 15.000 g; vitamin A (all-
trans-retinyl palmitate) (500.0 IU/g), 0.800 g; vitamin D3
(cholecalciferol) (400 IU/g), 0.250 g; vitamin K (phylloquinone),
0.075 g; powdered sucrose, 974.655 g.
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1640(Gibco. Grand Island N.Y. : 200 mM glutamin, 25 mM
Hepes, 1.4 bL/mL gentamysin)-8- ¢f| 4
3}e single cell suspensiong& 2HE¢1 v}, Spleen single cell
suspension-& 10% fetal calf serum% 8%+ RPMI 1640 vl ¥
N o] Al E%=7}F50%10° cells/mL = Al 3] 96 well plate
ol ZF welld 100 L4 ¥F3t9dc}. 2 welloll mitogen® 2
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Table 2. Initial weight, final weight, weight gain, diet intake and food efficiency ratio (FER) for 4 weeks

Group" Initial weight (g) Final weight (g) Weight gain (g/day) Food intakes (g/day) FER?
Control 00.34 4,029 280.9+17.5™ 6.3£0.9° 17.0+0.058 05007
HAZ5 905%3.1 2905%13.7% 6.7206° 16.8£0.8 0.6*+0.05
HAS0 90.7x£3.0 288.3%x189" 6.6+0.4% 176£06 0.5%0.04
HA100 90.7+238 2722+113 61404 168+1.04 05%0.04

See the legend of Table 1.

YFER (food efficiency ratio) = Total food intakes for 4 weeks (g)/ Total weight gain for 4 weeks (g).

Mean+SD
NS: not significant.

Values with different alphabet within a column are significantly different at @ =0.05 by Duncan’s multiple range test.
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Table 3. Organ weights, pH of cecum content and stool weights

. . . Epididymal fat Cecum pH of cecum Stool wet weight
Group” Kidney (g) Liver (g) pady (g) (g) contents (g/day)
Control 1.940.32N59 89+1.0™ 25+0.9" 2.4+0.1° 7.9+0.2" 26%06"
HA25 2.1£02 8.9+09° 30106 46+1.4° 69+06" 29+0.8%
HA50 21+02 95+0.7" 29+05" 70115 59+0.2° 41+0.8%
HA100 1.9+0.1 7.8+0.4° 23+04° 10.7+1.3° 58%0.1° 45%16°

“See the legend of Table 1.
Y\lean +SD.

NS not significant.

*alues with different alphabet within a column are significantly different at @ =0.05 by Duncan’s multiple range test.

Table 4. Concentration of plasma lipids

(mg/dL plasma)

Group'' Total lipid Triglycerides Total cholesterol HDL-cholesterol
Control 254.4+43 57 70.3+17.0°¢ 855+ 12, 5* 245+51%
HA25 259.3+20.8° 540+11.7° 65.5+10.1° 19.7+35
HA50 214.0%35.9° 5644118 695+ 8.2° 221+45
HA100 211.1+225° 402+ 6.0° 766+ 7.6° 228+53
YSee the legend of Table 1.
M\ fean = SD.

MValues with different alphabet within a column are significantly different at @ =0.05 by Duncan’s multiple range test.

NS not significant.

A o] utgk)8tA wlg] el HAS7} prebiotic property 3 7}
3 3iehar sk ek

Noakes 5(27)2 A& = &H4=3}5-8 Al g 8F2] 55%
83 0] % 25%% HASE tAlstd< o W] pHAF 724
tn], & x| 9kAk(short chain fatty acids, SCFAs) %7} &
7Vt it Heijen 5 (28)% A Al Al 1579 5t
HAS9} 319 HASE 815l 322 g¥ A AN S v 257
4+ AFHT dz2Fol ve) AF TS W deks) Ho g o
A Eul o] Zr1slel o HASSF =319 HASZb Aol 7}
So] RS29] HASE e3tgl A 8ol RS39} 2 A xe) &34
£ Jehid s ®ysta gl

o] 9} Fo] HAS®S| A1 # A 43h=] 7] b o] A
Wolzba, vl E e o s Ake) A& S M E
A Ul pHE $3E= Aoz Audd

A|LCHAL

gl ] xR 2 2A-L Table 40 Yepligich 3 W) & x|
A& 2T HABT- A = Aol 7t il evt, HAS0T-3}
HA1007ol A= 2o vl sl f-2l2 2.2 Jroprt. I3 o
%MXIELE iz ol vls] HASS AA#A A f9-o= k4
3493 31, HA2579F HASOT ¢l Bl 8 HA1007 oA of @
Azt Ak F FAaHES 2Tl o ow 5
%om HA25F 3 HAS0W A freld o2 A vielyte
1} HDL- iﬂl*ﬂliah AT Lol el Al Aol 7t ¢l
vl A F F A4, 54 FoaHE3-2 HASA A
7t ZIVE S E 71%_-_6}%:— 3% —Ur Fo)A el 2ol
Al ch(Table 5). ¥ W] A4 5 F XA 7
FAA, & Zo 2w T2k 2] F Al Ape)
L3 Fw g wf oztof B8

r
[

10

F

2
%

ofk
[o

i oro o o

O
e 2 f

I‘-?—" g o i&

ot o
lo off oX

=z
=
A3
=

b gigle

¢

Table 5. Concentration of liver lipids (mg/g liver)

.. . . Total
D N
Group Total lipid Triglycerides cholesterol
Control ~ 29.1+527"9 92+53" 3107
HAZ25 281+58 83143 3.2+02
HA50 259%6.4 7.7%31 3.2*1.1
HA100 229+39 72105 28%05
})See the legend of Table 1
“Mean*SD.

NS: not significant.
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Table 6. Concentration of feces lipids

By
do
A
ol
o
ol

Groun” Total lipid Triglycerides Total cholesterol
oup (mg/g feces) (mg/day) (mg/g feces) (mg/day) (mg/g feces) (mg/day)
Control 17.1+7.0°N9 3571159 20106~ 40+1.1% 40104 g2+t14™
HA25 16.8%8.1 419+283 3222 82x76 4506 10.8+36%
HA50 14.3£5.1 442%17.1 33%+15 10.7£58 53%x28 16.8+9.3"
HA100 136%21 442*14.2 20104 62%1.2 33*1.1 99+19®
YSee the legend of Table 1.
“Mean *SD.

¥NS: not significant.

PValues with different alphabet within a column are significantly different at « =0.05 by Duncan’s multiple range test.

F3l= HASS Al #stol = A F A|who] zhashgloh
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3 ATH27). el Al Al HAS9F =318 HASE 3}
Foll 30 g 21U AHAA RS ) DA v S, s
©lZ, HDL-, LDL-Z a2 E5ko] Ao] Aol mE A}o]
7t ¢l eb 3 8kl 31(28), Marchini $(35)%. 10 9] A 73
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W 3 o FAA M Zo 6Bl WEs) slolar shed
AHES diAb o2 sels di= SEAY A Yelst RSO &
A Wl =ut AstAFAsE FREA el ok

RS7} g ol ] xubaks 2FAA 7 E 71 o 2 A x)uke)
7Sl e g3l A F5 SCFAE] ZhollA] a4t A&
A 249 AL 277 dEelzta s (36),
U2 ES] A= D) AolM Y FHA"HE FF A3
Al 713L(37), 2) RS9 helical structure”} &34k} Aggre
2N Hog Aty wiAd-g FrlAA Ao s Y
gl 225 FEae] A4S SAA Y W FHAHE
g 2F2A1719(38), 3) SCFAE®] 7kl HMG-CoA
reductase®] A& 7141 7]7] wFo|2lx 3tch(39). Hylla
S (40)2 129 9 A} Ao A 552 g 7.7 g RSV &

8 AlolE ZH F-g% A7 RSE weol A58k #

%4 228 Z 7 4-cholesten-3-one?] &ko] ZH7} 309, 36%
748 L R 338ty 1=y SCFA F9l 4] &3] propionate

Table 7. Immune organ weights

7} HMG-CoA reductase®] #A-& 74 7le)= 713 of
s A& A A o4 B4HE propionate?] FEE oA FHla
& A4S =4 3l= HMG-CoA reductase?} A& 3H4
A2 2 FE8kA) 9k om (41), RS7} 2kl 4 2] HMG-CoA
reductase®] A4S Z7HAZIcH42) = AbrE o] 250 By
=3 9len 2 SCFAE-] g Fell el & ZAAai T} i)
Ae ol B A7 Bescty Alssch

Bt 5
AEA L W7 FAT ulAe] FAE Aold o3
GE A ‘9&&“4 A% 100 g% A7) FAE Z71 Aol

7} $19ie(Table 7). Con A$t PHAES mitogeno 2 A}-8-3}
of A E 9] 55’517% ot Az} 4301 ng/10 pl) ¢
Con AR 2=-381912 o] HA25, HAS0 A #-21 & 23 gk
tH(Table 8), &+ ¥]AA E£E Con A(0.1 ng/10 pL)Z A5
AU 2534 ‘1’4}% e oA w okt F- vkl W PGE»2
A A 39S W HASAH A PGE:S] AJatel &7tst
£ 7382 wgeH(Table 9). ¥4 Ul Immunoglobulin G} Cs
2] T2 A2 old A3 d S ] ¢keHTable 10).

HAS® A #7F AA A5 vz 43 dads
A= el QA o}t HAS7E tiAbel A wta=e] SCFAE
AAbstn 2 Aol Wd5Hel s & JoE By gich
Kurita-Ochiai £(43)2 miced] 8]AA| Eo| 24 SCFAE
A7}l A Con A9} LPSE 24531918 wl SCFAS] A 7t=
T-cell® B-celld] 248 2F ZLA5oH, & G4
A5 % Con A AAFA] vIZAA L] FAle] 2FA4F 73t o
=8} aL ¢l}. Eftimiadi 5(44)% SCFAY= dose dependent
Al PHASI 213} +=% blostogenesiss & A A 7] =, bu-
tyrate”} propionate 2t} o] & &37}) ¢l B astgdct =

Group” Thymus (g) Thymus index (g/100g bw) Spleen (g) Spleen index (g/100 g bw)
Control 053£0.157N 0.20+0.05"° 0.66+0.15"° 0.25+0.04"°
HA25 0.62%0.26 0.21+0.09 0.74£0.14 0.25£0.04
HA50 0.60%0.10 0.21+0.04 0.68£0.07 0.24%0.01
HA100 0.51£0.09 0.19%0.03 0.67£0.07 0.25%0.02
f))See the legend of Table 1.
“Meant SD.

¥NS: not significant.
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Table 8. Proliferations of splenocytes stimulated by Con A and PHA

(stimulation index)

PHA (15 pg/15 L)

Group” Con A” (0.1 pg/10 pL) Con A (0.75 ng/10 uL) PHA (10 pg/10 L)
Control 224035 36+0.6™ 21+0.3 21+03™
HA25 17+04° 3.0+09 1.9+04 20+05
HAS50 1.8£05" 27108 1.7+04 19%06
HAL00 20£0.3® 29+09 20%0.4 21104

{)See the legend of Table 1.
Con A: concanavalin A, PHA: phytohemaglutinin.
“Mean*SD.

”V alues with different alphabet within a column are significantly different at @ =0.05 by Duncan’s multiple range test.

NS not significant.

Table 9. Prostaglandin E: production in splenocyte stimulated

by Con A (pg/mg protein)
Groupl) Control Con AY
Control 10.0£1.0°"Y 733+ 60.3%%
HA25 56.7+80.8% 156.7+106.9
HA50 140.0+ 458 203.3% 61.1
HA100 116.4+289° 2267+ 63.1

YSee the legend of Table 1.

“Con A: concanavalin A.

“Mean * SD.

Values with different alphabet within a column are signifi-
Cantly different at «=0.05 by Duncan’s multiple range test.
"NS: not significant.

Table 10. Plasma immunoglobulin G and C3 concentrations

(mg/100 mL)

Group"’ Ig G Cs
Control 237+ 2.8 41.7+88%
HA25 247+26 43.6+t24
HAR0 235%25 459+25
HA100 232+27 437x37

YSee the legend of Table 1.

“Mean £ SD.

“NS: not significant.
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