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Effects of N-3 Fatty Acids on Renal Function in Rats of Different Ages*
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ABSTRACT

This study was performed to investigate the effects of n-3 fatty acids on renal function in male Sprague-Dawley rats of different
ages 5-, 15- and 19-months old. The rats were fed a 20% (w,/w) lipid diet containing 10% fish oil, compared with control animals
fed a 20% lipid diet without fish oil for 4 weeks. The results were as follows: kidney weights were significantly higher in fish oil-fed
rats compared to control rats. Plasma levels of toral lipid, total cholesterol, and triglyceride markedly increased, with aging and LDL-
cholesterol showing a significantly lower level in fish oil-fed rats than control rats. The urinary protein and glomerular filtration rate
(GFR) increased with aging. GFR was higher in fish oil-fed rats. However, urinary protein was the same in the two groups. Renal
medulla thromboxane B, (TXB,) tended to be lower in fish oil-fed 19-month-old rats. Urinary TXB, and PGE, were found to be
higher in 19-month-old rats with higher proteinuria. Light microscopic examination showed interstitial inflamration, tubular
atrophy, interstitial fibrosis and glomerular mesangium increase. Although glomerular sclerosis increased with aging, fish oil in the
diet had no effect on histological changes. In conclusion, plasma lipid, urinary protein excretion and renal histological change
showed a significant increase with aging. The reduction of TXB; in the medulla and increase of GFR caused by fish oil indicated n-3
fatty acid could affect renal funetion in line with the hypolipidemic effect. (Korean J Nutrition 33(2) : 134~140, 2000)
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Table 1. Composition of experimental diets (g/kg diet)
Control diet Fish oil diet
Corn starch 600 600
Casein 150 150
Fat

Beef tallow 100 50
Corn oil 100 50
Fish oil” 0 100
Salt mixture” 35 35
Vitamin mixture™ 10 10
Choline chloride 2 2
DL-methionine 3 3

1) EPA-rich fish oil <(EPA 30.83%(30.83g/kg diet), DHA 11.72%(11.
72g/kg diet>

2) AIN salt mixture™(g/kg)
Calcium phosphate, dibasic(CaHPO4 - 2H,0), 500; Sodium ch-
loride(NaCl), 74; Potassium citrate, monohydrate(K,C.H.0; - H
2Q), 220: Potassium sulfate(K:SO.), 52: Magnesium oxide(MgQ),
24 Manganous carbonate(43 - 48% Mn), 3.5; Ferric citrate(16 -
17% Fe), 6: Zinc carbonate(70% ZnO), 1.6: Cupric carbonale,
0.3: Potassium iodate, 0.07; Sodium selenite, 0.01: Chromium
potassium sulfate, 0.55: Sucrose, finely powdered, to make 1000.

3) AIN vitamin mixture™(kg mixture)
Thiamin - HCI, 600mg: Riboflavin, 600mg; Pyridoxine - HCl,
700mg: Nicotinic acid(nicotinamide is euivalent), 3g: D-Calcium
pantothenate, 1.6g; Folic acid, 200mg, D-Biotin, 20mg; Cyano-
cobalamine(Vitamin B12), Tmg; Retinyl palmitate or acetate(Vi-ta-
min A), 400000 IU vitamin activity as stabilized powder; DL-o-
Tocopherol acetate(Vitamin E), 5000 IU vitamin E activity as sta-
bilized powder; Cholecalciferol, 2.5mg(100000 IU): Menadione,
5mg: Sucrose, finely powdered, to make 1000g.
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Table 2. Plasma lipid concentrations” (mg/dl)
Age(month)  Diet Total lipid Total cholesterol Triglyceride HDL-cholesterol LDL-cholesterol®
5 o 243.7 + 20,5 1502 = 11.4° 624+ 6.2° 17.61 = 2.80™ 12001 £ 11.7*
£ 2095+ 9.7 1106+ 7.1° N7£ 67° 1731 £ 279 849+ 7.2
15 C 347.6 £ 21.4° 141.0+ 8.0™ 137.8 =19.9" 1847 = 1.79 979+ 8.6"
F 209.0 + 18.3° 1183+ 7.7 638+ 57° 14.87 + 1.82 90.7 £ 8.1"
19 C 445.6 £ 55.3° 190.1 &+ 17.3* 202.6 + 39.9° 1106 £ 1.03 138.4 + 14.9°
F 342.0 £ 373" 136.6 = 12.0° 140.0 + 24.1° 1454+ 1.78 94.2 + 10.3*
s AB AB AB NS B
1) Mean =+ S.E.

2) Values with different alphabet among groups were significantly different at p <{ 0.05 by Duncan's multiple range test.

3) Significant factor A Effect of age was significant at p < 0.05 by F-test. B: Effect of diet was significant at p < 0.05 by F-test.
4) LDL-C = total cholesterol -~ (HDL-C + TG/5)

5) C: Control diet  F: Fish oil diet

Table 3. Kidney weight, urinary protein, urinary creatinine excretion, plasma creatinine concentration, and creatinine clearance rate(GFR)"

Age Diet Kidney weight Urinary protein Urinary creatinine Plasma creatinine  Creatinine clearance”
{(month) (g (mg/day) (mg/day) {mg/dl) (ml/min,GFR)
5 C 291 £ 0.09° 1.79 = 0.26* 10.64 + 0.52° 0.87 = 0.02™ 0.85 &+ 0.04
F 3.16 = 0.16* 233 & 0.26" 13.69 % 0.87* 0.90 £+ 0.02 1.06 + 0.06"
15 C 3.01 = 0.09" 1.67 = 0.27° 13.22 & 0.94" 0.90 + 0.02 1.03 4 0.07*
F 3.21 £ 0.09" 1.52 + 0.27 14.05 + 0.84% 0.88 + 0.02 1.10 = 0.05°
19 C 317 £ 017* 5.57 & 245 1481 = 135" 091 + 0.01 114 £ 0.11°
F 347 £ 015 5.14 + 1.79® 16.33 + 1.30° 0.91 % 0.01 1.25 £ 0.10°
SE¥ B A AB NS AB
1) Mean =+ S.E.

2) Values with different alphabet among groups were significantly different at p < 0.05 by Duncan's multiple range test.
ns: Not significant p < 0.05 by Duncan's multiple range test
3) Significant factor ~ A: Effect of age was significant at p <{ 0.05 by F-test. B: Effect of diet was significant at p < 0.05 by F-test.

U d
4) Cernlfmin) = crimg/day)
Scr(mg/ml) % 1440(min/day)
t, Cer: Creatinine clearance(ml/min) Uer: urinary creatinine excretion(mg/day)

Scr: serum creatinine(mg/ml) 1440 = 24hr x 60min(min/day)
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Table 4. Urinary excretion and renal medulla concentration of TXB; and PGE; in 5, 19 month-old rats”

Age Diet Urine(ng/day) Renal medullaing/g tissue protein)
(month) TXB, PGE, TXB, PGE,
5 C 17.40 £ 1.53™ 741 £ 0.72™ 177.76 £ 10.0¢ 19.45 =+ 1.98™
F 14.80 = 1.84 6.48 £ 0.75 128.92 + 25.09° 14.84 + 1.28
19 C 17.89 £ 2.15 5.70 + 0.52 136.56 £ 24.49° 18.51 + 2.56
F 17.89 = 1.69 6.50 £ 0.78 54.19 + 9.86° 1859 + 2.63
SF NS NS AB NS
1) Mean = S.E

2) Values with different alphabet among groups were significantly different at p < 0.05 by Duncan's multiple range test.

ns: Not significant p <{ 0.05 by Duncan's multiple range test.
3) Significant factor

A: Effect of age was significant at p < 0.05 by F-test.

B: Effect of diet was significant at p < 0.05 by F-test.

NS: Not significant p < 0.05 by F-test.

Table 5. Urinary excretion and renal medulla concentration of TXB; and PGE; of 5, 19 month-old rats grouped by urinary protein

concentration"(ng/day)

Age ) N Urinary protein Urine(ng/day) Medulla(ng/g tissue protein)
Diet Class
{month) (mg/day) TXg: PGE, TXB, PGE,

5 C  Highin = 5 244 + 0347 1925+ 1.36 871+ 1.22 175.97 £ 14.56 18.12 + 2.87
Low(n = 5) 1.14 £ 0.61 15.57 + 2.63 6.11 + 0.14 180.15 &+ 16.44 21.24 = 2.86
F High(n = 5) 2.88 = 0.18* 1576 £ 1.84 6.45 + 0.75 174.72 £ 19.72 1593 + 2.37
Low(n = 4) 1.63 1+ 0.24 136 £1.44 6.52 £ 0.71 98.39 £+ 28.34 14.01 £ 1.56

19 C High(n = 3) 13.33 £ 2.72% 22.37 £ 0.69 7.04 = 0.28* 108.54 + 27.82 14.53 £ 3.1
Low(n = 5) 0.92 + 0.32 15.2 + 2.82 4.90 + 0.56 164.58 £ 35.42 2049 £ 3.29
F High(n = 3) 10.08 £ 5.54* 22.83 + 1.66* 8.69 = 1.12* 36.04 £ 15.78 2265 % 6.23
Lowin = 5) 218 £ 0.67 1493 + 1.14 5.18 = 0.41 61.45+ 1155 16.14 £ 1.95

1) Mean £ S.E.

2) Values with star within the column are significantly different at o =
3) High: high proteinuria group, Low: low proteinuria group

0.05 by Student t-test
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 normal, +° mild, ++: moderate, ++ +: marked, ++++ - severe)
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