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ABSTRACT

Alteration in the synthesis or enhanced inactivation of nitric oxide(NO) can induce impairment of endothelial cell function.
Insulin dependent diabetes mellitus(TDDM) is characterized by impaired endothelial function and vascular disease. NO is produced
through L-arginine pathway. To elucidate the hypothesis that the decreased production on NO in IDDM reflects vascular damage
and the NO production can be manipulated by cither dietary fat(7% of kg diet) or the oral supplementation with L-arginine(2g,/kg
bw), plasma markers for vascular endothelial damage and plasma lipid profiles were measured in streptozotocin(STZ)-induced
diabetic rats. Diabetic or normal Sprague-Dawley rats were fed 6 different experimental diets for 4 weeks(SO: soybean oil, SOA:
soybean oil + L-arginine supplementation, BT : beef tallow, BTA: beef tallow + L-arginine supplementation, OV: olive oil, OVA ;
olive oil + L-arginine supplementation). Plasma glucose, total cholesterol, HDL-cholesterol, LDL-cholesterol and triglyceride were
measured. Endothelial markers, plasma von Willebrand factor(vWi), thromboxane B, and 6-keto PGFlo. of aorta were measured by
ELISA. Plasma NO production was evaluated through the measurement of nitrite by EIA. Feeding saturated fatty acid(SFA, BT)
increased relative liver size(RLS) in diaberic rats compared to either polyunsaturated fatty acid(PUFA, SO) or monounsaturated
farty acid(MUFA, OV) The supplementation of L-arginine inhibited the liver and kidney enlargement in olive oil fed diabetic rats.
Plasma glucose was lower in diabetic animal fed the olive oil compared to fed beef tallow and the supplementation L-arginine
decreased it in diabetic rats fed beef tallow significanty(p < 0.05). Plasma TXB, levels were increased due to diabetes and the value
of beef tallow group showed highest value. Plasma vWf concentration of beef tallow group was higher value in normal rats and was
elevated more in diabetes. In diabetic groups, the vWf concentration of olive oil group was lower than beef tallow or soybean oil
group. The supplementation of L-arginine in diabetic rats decreased plasma TXB, and vWf levels significantly(p < 0.05). NO
production was higher in normal olive oil fed rats and was tend to be decreased in diabetic rats and the supplementation of L-
arginine recovered to normal value(p < 0.05). Olive oil supplemented with L-arginine tended to lower plasma total cholesterol and
LDL-cholesterol after 4 week treatment. These results suggest that generalized vascular endothelial changes based on plasma TXB,
and vWf occurs in diabetic rats. and olive oil with L-arginine supplementation contributes to a better control of the hyperglycemia,
endothelial changes and hypercholesterolemia accompanying diabetes as compared with beef tallow or soy bean oil in this rat model.
(Korean J Nutrition 35(1) - 5~14, 2002)
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Table 1. Composition of experimental diets

Ingrediets 50 BT ov
ghkg diet

Cornstarch 590.692 590.692 590.692
Casein( = 85% protein) 140.000 140.000 140.000
Sucrose 100.000 100.000 100.000
Fat

Soybean oil 70.000 0.000 0.000

Olive oil 0.000 0.000 70.000

Beef tallow 0.000 70.000 0.000
Fiber 50.000 50.000 50.000
AIN-93M-mineral mix 35.000 35.000 35.000
AIN-93M-vitamin mix 10.000 10.000 10.000
L-cystine 1.800 1.800 1.800
Choline bitartrate(41.1% choline) 2.500 2.500 2.500
Tert-butylhydroguinone 0.008 0.008 0.008

1) Mineral mixture: AIN-93G mineral mixture(g/kg mix)Calcium car-
bonate, anhydrous 357.00: Potassium phosphate, monobasic 196.
00: potassium citrate, Iri-potassium, monohydrate 70.78 : Sodium
chloride 74.00: potassium sulfate 46.60: Magnesium oxide 24.00:
ferric citrate 6.06: Zinc carbonale 1.65: manganous carbonate
0.63: Cupric carbonate 0.30: Potassium iodate 0.01: Sodium
selenate, anhydrous 0.01025: Ammonium paramolybdate, 4 hy-
drate 0.00795: Sodium meta-silicate, 9 hydrate 1.45: Chromium
potassium sulfate, 12 hydrate 0.275: Lithium chloride 0.0174:
Boric acid 0.0815; Sodium fluoride 0.0635: Nickel Carbonate 0.
0318: Ammonium vanadale 0.0066: Powdered sucrose 221.026

2) Vitamin mixture: AIN 93C Vitamin mixture 9g/kg mix) nicotinic
acid 3.000: Ca panthothenate 1.600: Pyridoxine-HCI 0.700: Thi-
amin-HC| 0.600: Riboflavin 0.600: Folic acid 0.200: D-Biotin 0.
020: Vitamin B12(cvanocobalamin) 2.500: Vitamin E(all-rac-o-
tocopheryl acetate, 5001U/g) 15.000: Vitamin A(all-trans-retinyl
palmitate, 500,0001U/g) 0.800: Vitamin D3(cholecalciferol, 400,
0001U/g) 0.250: Vitamin K3(phylloquinone) 0.075: Powdered
sucrose 974.655
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Table 2. Effects of dietary fat and L-arginine trealment on body weight and food efficiency ratio

Groups Initial body weight(g) Final body weight(g) Body weight gain(g) Food efficiency ratio
NsO? 211.8 £ 10.5"™ 321.7 + 12.5% 109.9 + 19.6° 0.2093 + 0.035°
NSOA 2197 + 95 3461 £ 9.4° 126.4 & 15.4° 02348 + 0.013°
DSO 2013+ 7.7 199.7 + 11.9° 1.6 +12.2° 0.0344 + 0.026°
DSOA 2140 + 7.4 237.3 + 18.8° 17.0 + 16.2° 0.0479 + 0.005°
NBT 214.0 + 10.2 3309 £ 84° 1168 + 8.4° 0.2115 £+ 0.043"
NBTA 219.3 = 14.4 3346 + 17.8° 115.2 + 10.9° 0.2547 + 0.022°
DBT 2057 + 6.7 2275 + 19.1° 107 + 16.4° 0.0497 + 0.018°
DBTA 194.3 & 6.87 197.1 + 25.9° 29 +31.6° 0.0714 + 0.040"
NOV 2158 + 7.7 3443 + 8.0° 128.5 + 13.9° 0.2629 + 0.022°
NOVA 2093 + 5.2 3423+ 7.5° 1316 £ 7.5° 0.2580 + 0.02%
DOV 2137 & 34 2347 £ 12.1° 207 + 14.2° 0.0282 + 0.015°
DOVA 209.3 + 5.0 211.0 +18.3° 1.7 +17.6° 0.0419 + 0.023°
1) Mean + SEM

2) The different alphabets in the same colurmn are significantly at p <{ 0.05 by Duncan's multiple range test.

3) NSO: normal saybean ail
DSOA: diabetic soybean oil + L-arginine
DBT: diabetic beef tallow
NOVA: normal olive oil + L-arginine

NSOQA: normal soybean oil + L-arginine
NBT: normal beef tallow

DBTA: diabetic beef fallow + L-arginine
DOV: diabetic olive oil

DSO: diabetic soybean oil

NBTA: normal beeftallow + L-arginine
NOV: normal olive oil

DOVA: diabetic olive oil + L-arginine

Table 3. Effects of dietary fat and the oral supplementation of L-arginine on organ weights

Groups" Liver weight(g) RLS” Kidney weight(g) RKS?
NSO 9.5 & 0.67 2.94 + 0.09" 2.19 £ 0.09* 0.68 + 0.01°
NSOA 105 + 0.4° 3.05 + 0.12% 2.37 + 0.08* 0.68 =+ 0.01°
D50 76 + 07* 3.78 + 0.16° 2.20 £ 012° 1.11 £+ 0.05°
DSOA 8.7 + 0.8 3.64 + 0.11¢ 247 + 0.11° 1.08 = 0.08°
NBT 9.1 + 0.4 2.76 £ 0.08% 2.17 + 0.07* 0.66 + 0.02°
NBTA 9.8 + 0.6™ 297 + 021" 2.36 + 0.09® 0.71 £ 0.02*
DBT 94 % 1,0 435 + 0.32° 2.37 + 0.15® 1.16 - 0.14°
DBTA 85 + 1.4 4.34 £ 045° 2.04 £ 015 112 + 0.20°
NOV 9.0 £ 0.3 261 + 0.10° 2.13 + 0.06™ 0.62 £ 0.02¢
NOVA 89 + 0.3* 258 + 0.06° 230 + 0.63* 0.67 £ 0.02°
DOV 9.2 % 0.8° 4.39 £ 0.26° 223 + 0.10® 1.06 + 0.06°
DOVA 70 + 0.9° 3.28 + 0.24* 2.19 + 017 0.88 + 0.07°
Significant factor® NS D NS D

The sare as the legend in Table 2
Mean = SEM

RLS: relative liver size, liver weight(g)*100/final body weight(g)

1)
2)
3) The different alphabets in the same ¢olumn are significantly at p <C 0.05 by Duncan's multiple range test.
4)
5)

RKS: relative kidney size, kidney weight(g)*100/final body weight(g)
6) Significant factor

D*A: Interaction of diabetes mellitus and L-arginine supplementation was significant at «=0.05 by F-test.
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Fig. 1. Effects of dietary fat and the oral supplementation of L-ar-
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05 by Duncan's multiple range test
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Table 4. Effects of dietary fat and the oral supplementation of L-ar-
ginine on plasma TXBz, vWf and 6-keto PGF,, of aorta

6-keto PGF,,

a)
Groups” (ng/rr;rlf(%vlasma) (ng/n;%;z; free (mU/m\;.V\:)flasma)
NSO 2,55+ 0.519™ 466 + 0.59™ 1.09 £ 0.26
NSOA 238+ 053" 2,67 £ 079 1.25 + 0.12*
DsO 4.41 £ 0.48° 512+ 1.46 2.28 + 0.50™
DSOA 3.02 + 0.51* 599 £ 0.32 1.37 & 0.20*
NBT 3.05 £ 0.38™ 3.73+£0.82 1.93 + 0.61*
NBTA 2.96 £ 0.62™ 382+ 1.06 1.56 + 0.77*
DBT 4.10 £ 0.46™ 692+ 117 2,79 + 1.07°
DBTA 277 £ 0.56™ 565+ 1.20 1.68 + 0.20*
NOV 2.80 & 0.81°" 4.52 £ 0.59 1.63 + 0.24"
NOVA 2.01 £+ 0.36° 3.89 + 0.36 1.76 + 0.10*
DOV 411+ 051 4.27 £ 0.52 2.08 - 0.55"
DOVA 297 + 0.65% 531+ 062 173 + 0.25*
Significgnt D*A NS D*A
factor
1) The same as the legend in Table 2.
2) Mean == SEM

3) The different alphabets in the same column are significantly at p
< 0.05 by Duncan's multiple range test
4) TXB,: thromboxane B,, 6-keto PGF.,: prostaglandin Flqa, vWF:
von Willebrand factor

5) Significant factor

D*A: Interaction of diabetes mellitus and L-arginine supplementation
was significant at o = 0.05 by F-test
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Fig. 2. Effects of dietary fat and the oral supplementation of L-ar-
ginine on plasma nitrite concentration. 1) The same as the legend
in Table 2. 2) Mean & SEM, 3) The different alphabets are sig-
nificantly at p<0.05 by Duncan's multiple range test.
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Table 5. Effects-of dietary fat and the oral supplementation of L-arginine on total cholesterol, triglyceride, HDL-cholesterol and LDL-cho-

lesterol in plasma

Groups” Total cholesteral Triglyceride HDL-cholesterol LDL-cholesterol
NSO 57.0 £ 5.0 874 £ 99® 21.0 + 3.2° 228 + 3.5%
NSOA 427 + 3.3° 833 + 6.9 197 + 2.3° 148 = 1.7°

DSO 974 + 86° 103.7 £ 9.8° 346 = 5.6° 471 £ 6.6°

DSOA 805 + 63° 80.1 £ 9.8° 330 + 14* 305 + 6.2*
NBT 572 + 7.3% 90.6 + 9.7" 209 + 2.7° 236 + 6.36™
NBTA 57.6 + 4.1° 929 + 9.4* 212 & 3.8 265 = 4.9
DBT 93.2 + 9.3° 1166 £17.8° 317 + 49* 328 + 54
DBTA 109.1 + 6.8° 724 £ 59° 405 = 55° 446 142

NOV 552 + 34 1020 +13.7® 217 + 1.6° 206 + 1.9%
NOVA 475 + 49° 728 £ 9.3 206 + 3.8 283 + 3.7
DOV 91.8 - 5.8° 105.6 +13.1% 370 £ 24° 361 = 7.8%
DOVA 769 £ 527 738 £ 5.4° 392 =+ 2.8 33.9 + 11.7%
Significant factor” D NS D D

1) The same as the legend in Table 2

2) Mean & SEM

3)

4) Significant factor

D: The effect of diabetes mellitus was significant at o« = 0.05 by F-test
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