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Effect of Different Sources of Carbohydrate and N-3 Fatty Acid
on Lipid Metabolism in Hypertriglyceridemic Rats

Kim, Woo Kyung” - Lee, Kyoung Ae” - Kim, Sook He”

Department of Food & Nutrition,” Dankook University, Seoul, Korea
Practical Arts Education, Pusan National Universtiy of Education, Pusan, Korea
Department of Foods & Nuirition,” Ewha Womans University, Seoul, Korea

ABSTRACT

This study intended to compare the hypolipidemic effects among six experimental groups fed
by three different dietary fats combined with two different carbohydrates on hyperlipidemic rats.
Sixty experimental animals were divided into 6 groups, SB,ST,SP and CB, CT, CP after
production of hyperlipidemia fed by SB dict on Sprague-Dawley rats for 4 weeks. Rats were fed -
by six experimental diets for eight weeks. Hyperlipidemic rats showed three times higher in
plasma TG level not in cholesterol content compare to control group fed by stock diet. Two
different dietary carbohydrates seem to be effective in body weight gain and fat cumulation as
weight of epididymal fat pad. In comparison of § and C groups, C fed groups showed lowering
effect in plasma TG and total lipid contents, but among S fed groups, ST and SP group
showed lower than SB in this respects. Dictary carbohydrates seem to be more effective than
fat in plasma lipid contents. When we compare among three different fat groups, only T groups
with different carbohydrates increased in peroxisomal lipid oxidation and decreased in lipogenic
enzyme activities. As same token, sucrose fed group with three fat sources seem to increase
lipogenic enzyme activities. In epididymal fat pad and Heart, SP and CP effect more in LPL
activities than other groups. In conclusion, we can recommend to consume polysaccharides
rather than disaccharide and n-3 fatty acids such as perilla and tuna oils to alleviate hypertrig-
lycemic condition. (Korean J Nutrition 29(9) : 925~933, 1996)

KEY WORDS : dietary carbohydrate - n-3 fatty acid - hypolipidemic effect - peroxisomal g-
oxidation - lipogenic enzyme - lipoproteinlipase.
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Adaptation  Hypertriglyceridemic ~ Experimental
(8 weeks) diet(4 weeks) diet(8 weeks)
| | | |
Start 8th week 12th week 20th week
Fig. 1. Experimental period.
Table 1. Composition of experimental diet (g/Kg diet)
~ 00w g st sp B T cp
Ingradients -
Carbohydrate
Sucrose 700 700 700
Corn starch 700 700 700
Casein 150 150 150 150 150 150
Methionine 3 3 3 3 3 3
Fat (100) (100) (100) (100) (100) (100)
Beef tallow 100 60 60 100 60 60
Tuna oil 40 40
Perilla oil 40 40
Salt Mixture™ 35 35 35 35 35 35

Vitamin mixwre® 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2

1) Salt Mixture(g/Kg mixture) : Calcium phosphate, di-
basic 500 ; Sodium chloride 74 ; Potassium citrate,
monohydrate 220 : Potassium sulfate 52 ; Magnesium
oxide 24 ; Manganous carbonate 3.5 ; Ferric citrate 6 :
Zinc carbonate 1.6 ; Cupric carbonate 0.3 ; Potassium
iodate 0.01 ; Sodium selenite  0.01 : Chromium po-
tassium sulfate 0.55 ; Sucrose, finely powdered to make
1000g

2) Vitamin Mixture(mg/Kg mixture) : Thiamin.HCI 600 ;
Riboflavin 600 ; Pyridoxine.HC! 700 ; Nicotinic acid
3000 ; D-Calcium pantothenate 1600 ; Folic acid 200 ;
D-Biotin 20 : Cyanocobalamine 1 ; Retinyl palmitate or
acetate 400,0001U vitamin A activity ; dl-e-Tocopheryl
acetate 5000I1U vitamin E activity . Cholecalciferol 2.5 ;
Menaquinone 5 : Sucrose, finely powered to make
1000g
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Table 2. Fatty acids composition of different fats

Table 2¢]
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% 12713 &3 &
% 3.8% sodium citrate 0.1lml=
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A5 ek

diethyl eth-

(%)

Group S ST® sp? (CB? CT? Cp?

Fatty acid

C 140 24 30 17 24 30 1.7
C 16:0 204 199 160 204 199 16.0
C 16:1 2.1 38 14 2.1 3.8 1.4
C 180 189 134 119 189 134 119
C 18:1(n-9) 411 30.7 30.6 41.1 30.7 30.6
C 18:2(n-6) 58 41 104 58 41 104
C 18:3(n-3) 09 09 203 09 09 203
C 20:4(n-6) 0.8 0.8

C 20:5(n-3) 2.3 2.3

C 22:5(n-6) 1.2 1.2

C 22:6(n-3) 10.9 10.9
Unkown 84 92 78 84 92 7.8
2 SFA 417 363 29.7 41.7 363 29.7
> PUFA 6.7 20.0 307 6.7 200 307
P/S ratio” 016 055 1.04 0.16 055 1.04
2 n3 FA 58 6.0 104 58 6.0 104
2 n-6 FA 09 140 203 09 140 203
n-3/n-6 ratio” 0.16 235 195 0.16 235 1.95
1) data analyzed

*Tuna oil : C14:0 4.0, C16:0 193, C16:1 6.3, C
18:0 5.0, C18:1 15.0, C18:2 1.4, C18:3 09, C

20:419,C20:55.7,C22:529,C22:627.2

*Perilla oil : C14:0 0.6, C16:0 9.5, C16:

18:01.3,C18:
2) data estimated

103 C

1148,C18:2173C18:349.2

3) P/S ratio= 3 PUFA/Y SFA
4) n-3/n-6=25 n-3 FA/Z n-6 FA
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Table 3. Lipid contents in plasma of rats fed hypertrigly-
ceridemiz diet (mg/dl plasma)
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Triglyceride  Total cholesterol
Control 28.8+ 3.5" 67.9+£15.3
SB
(hypertriglyceridemic ~ 93.91£14.3 847+ 6.6
diet)
t-test 2 NS”
1) Mean£SE 2) * : Significantly different from control

group by student's ttset at p<{0.01 3) NS: Not sig-
nificant from control group by student’s t-tset
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A% Lehiint.
2) &7 24
AEEEY PlIFAE Table 5°ll AA S, 7F Al
49 Fu@A el s A% A9 4 4AE
(SB#) o] T #Eo| Hlﬁﬂ T7'l 1, BstE 34
o WE Aol g o] HYHATE] ARHATIUL
feldon SAR weo) g FAE Aol A
o7} Attt
Table 4. Body weight gain, food intake and food efficiency
ratio
Body weight Food intake  Food efficiecy
gain(g) (g) ratio
SB 142.9+151™% 13183+ 62.5™ 0.106:0.009"”
ST 149.0+ 8.9 1289.0+ 31.8  0.116+0.006
SP 113.5£20.3 12554+113.9  0.085+0.010°
CB 109.5+10.8 12985+ 47.8  0.085+0.006"
CT 116.4£10.9 12331+ 42.8  0.095+0.008"
CP 125.3+13.3 1304.2+ 20.6  0.097+0.009
Significant B NS AR

factor”

1) Mean+SE 2) Not significant at p<{0.05 by Duncan’s
multiple range test 3) Values with different superscripts
were significantly different at p<0.05 by Duncan’s mul-
tiple range test 4) * : p<0.1, NS : not significant, A : oil,
B : carbohydrate

Table 5. Organ weights in rats fed experimental diets (8
Liver Kidney Spleen Epididymal fat pad

SB 16.0£1.07% 3.144+0.12° 1.48+0.16™7 20.0+1.46°

ST 13.840.36 3.1740.08° 1.58%£0.11 17.24+1.24%

SP 14.14+0.63* 3.01+0.14* 1.49+0.06 16.24+1.75%

CB 12.8+0.80" 2.69-40.04° 1.57+0.14 15.941.22*

cT 12.8+0.53 2.81+0.11" 1.24+0.10 14.7+0.96"

CcpP 13.440.65" 2.80+0.11° 1.27£0.13 15.8+2.19°

Significant g NS B*

factor”

1) Mean £ SE 2) Values with different superscripts were significantly different at p<0.05 by Duncan's multiple range test 3)

Not significant at p<{0.05 by Duncan’s multiple range test 4)

A : oil, B : carbohydrate

1 p<0.1, ** 1 p<0.05, *** : p<0.01, NS : not significant,
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Table 6. Lipid contents in plasma
Total lipid
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(mg/dl plasma)
Triglyceride  Total cholesterol

147.0+21.8" 722+ 42
131.5+14.2®° 625+ 5.4
107.7+14.7" 759+10.0
99.3+ 9.9® 63.8+ 6.1
888+ 9.6° 559+ 45
94.1+19.7" 625+ 5.7

SB 209.1+12.7™
ST 173.4+12.0®
SP 179.6+18.1%
CB  168.8+14.6®
CT 1617+ 7.3°
CP  1544+16.3°

Significint g B+ NS
factor

1) Mean=+SE 2) Values with different superscripts were
significantly different at p<0.05 by Duncan’s multiple
range test 3) Not significant at p<0.05 by Duncan’s mul-
tiple range test 4) ** : p<{0.05, NS : not significant, A :
oil, B : carbohydrate

B 2 % B 56 29(9) 1 925933, 1996/ 929
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Table 7. Lipid contents in liver (mg/g wet liver)
Total lipid Triglyceride  Total cholesterol
SB 72.6+12.8™ 12194218  3.41+041°
ST 451+ 5.9° 6.76+1.58™ 2.42+0.15"
Sp 415+ 4.2° 6.64+1.27* 2.68+0.18"
CB 7534+ 9.3 14.04+1.51*° 3.80+0.48°
CcT 371+ 2.8° 4.03+0.87° 2.49+0.29"
Cp 5504+ 7.5* 11.632£2.61" 3.22+045%
Significant AR AREE AkrE

factor”

1) Mean+SE 2) Values with different superscripts were
significantly different at p<0.05 by Duncan’s multiple
range test 3) *** : p<0.01, A : oil, B : carbohydrate

Table 8. Peroxisomal B-oxidation and lipogenic enzyme

activities”
Peroxisomal Lipogenic enzyme activities
B-oxidation Glucose 6-phosphate Malic enzyme
dehydrogenase
SB 152+1.01™ 1332+ 4.3° 24.0+1.71°
ST 21.3+1.49° 30.0+ 2.2¢ 13.441.08°
SP 19.9+0.43" 65.4+11.2%  185+1.43"
CB  19.2+1.41° 87.81+10.9° 17.74£1.52°
CT 216+171° 175+ 1.1 7.1+0.64°
CP  18.6+1.18" 59.2+14.5°  14.6+1.59™
Sifga:itfj)crim Ax* AFrk Dk Adrk Bk

1} Peroxisomal f-oxidation rate is expressed as nmoles
NADPH reduced per minute per mg protein. Lipogenic en-
zyme activities are expressed as nmoles NADPH produced
per minute per mg protein. 2) Mean+SE 3) Values with
different superscripts were signiﬁcantly different at p<0.05
by Duncan's multiple range test 4) * : P<0.1, ** : P<0.05,
*** . P<0.01, A oil, B : carbohydrate
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Table 9. Glucokinase and hexokinase activities in rat liver”
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Glucokinase Hexokinase
SB 15.740.942 9.4+0.46™"
ST 14.3£1.26° 8.1+£0.41
SP 14.24+1.71° 8.5+0.81
CB 23.7+1.33* 9.0+0.65
CT 19.24+1.41° 8.0+0.29
CP 18.6+1.57" 8.2+0.46

Significant A¥E BrEx NS
factor”

1) Glucokinase and Hexokinase activities are expressed
as nmoles NADPH per minute per mg protein. 2) Mean
+SE 3) Values with different superscripts were sig-
nificantly different at p<{0.05 by Duncan's multiple
range test 4) Not signiﬁcant at p<0.05 by Duncan’s mul-
tiple range test 5) * : <0.1, ** : p<0.05, *** : p<0.01,
NS : not significant, A oil, B : carbohydrate



Table 10. Lipoprotein lipase(LPL) activities” in epididy-
mal fat pad and heart
Epididymal fat pad
b ‘/LPL P Heart LPL
SB 59.7+3.12%% 98.2+4.48°
ST 53.0+0.73° 103.8+5.85™
SP 63.3+0.50° 115.3+1.74"
CB 62.9+0.88° 97.8+4.28°
CT 52.640.38 103.4+5.43%
cp 63.8+0.76° 117.3+£3.01°
Significant ARk Axr

factor”

1) Lipoprotein lipase activities is expressed as pmoles free
fatty acids released per g tissue per hour 2) Mean+SE 3)
Values with different superscripts were significantly dif-
ferent at p<0.05 by Duncan’'s multiple range test 4) ***
p<0.01, A : oil, B : carbohydrate
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