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ABSTRACT

This study was performed to investigate the effect of n-3 fatty acids and dietary protein levels on renal function. Fifteen-month
old male Sprague-Dawley rats were divided into 4 diet groups. Two-month old rats were used as a control group. The experimental
diets contained either 8% or 25% casein and lipid levels of the diets were 20% by weight. For the control group, the lipid was
composed of beef tallow and corn oil on a 1 : 1 basis, and fish oil was comprised 75% of the fat mixture for the fish oil group. Rats
were fed the diets ad libitum for 8 weeks. GFR and urinary protein excretion were higher in high protein groups, while fish oil
exhibited no effects. Renal medulla TXB, and PGE,; concentrations tended to be higher in high protein groups and lower in fish oil
groups. Light microscopic examinations showed that glomerulosclerosis, tubular atrophy, tubular cast, interstitial inflammation and
interstitial fibrosis tended to be higher in aged rats and in high protein groups and lower in fish oil groups. Serum levels of total lipid,
triglyceride and total cholesterol were higher in aged rats and lower in fish oil groups while serum HDL-cholesterol level was higher
in young rats and in fish oil groups. However, dietary protein level had no effect on serum lipid levels. Serum TBARS concentration
was higher in aged rats and in fish oil groups. In conclusion, fish oil caused changes in serum lipid concentrations and eicosanoids
metabolism. The effect of fish oil on renal function was less obvious than dietary protein. However, fish oil seemed to be effective in
lessening deterioration of renal function due to aging and/or high protein diets through changes in lipid and eicosanoids

metabolism. (Korean J Nutrition 34(8) : 843~ 849, 2001)
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1. 48 SEYAMS W A

£ A7 ME 13/0¥% 9 Sprague-Dawley £ 53
FHE U5 15719 0] B w7 DY FAE (BHSF
AR Z ARSERe] & F9) R R ARSI AL, 2709 9
HE 1Yste nEuFAEE UFUL HEAA dzT
o2 g3 on, Zh voloA AFd W& FiE (Ra-
ndomized-block design)ell 3l ztot3 1074 471¢]
Aoz BERsle 853 ARSI 1oy ARST|7E
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Es=bi=g

A3 2ol thulal shakg 8% casein (A2 o)) 3}
25% casein(aghdAlo) o 2 8l o] & 74zt off- A
3 EFOE WL Ao] At e Aol A9
20% 2 39, ol = A (beef tallow, X8 432k
S (corn oil, ALADE THOE o] AHEIIL
o, o) ftellE tE2T "10194 24} 25% <} ol (fish oil, &
2 AF) 75%E A 3t} gerslE e Ao
Wro)] 67%. ol 5047} HAx, F71 8%} wjepyl &
American Institute of Nutrition(AIN)9] 4o} zA4"&
Ang Azsle] AHEsUTHTable 1), M iz} of
ko) Alo] xpaak 1418 Table 29 Ut A8 717t &

A7) 48 ool AFUel g W Axsle] 7
S92, RE Yol W nusdt. 49 $2E @ v
# gelsto] A% et B3} Aol Aelel T

REEREEREEEE
sk ol 9y Hol2 877 A% F ANRAT x

E oln] RuE WY 2447 B¢ w8 SRk
oo AL 7)17bo] B H 1247+ F7) ¥ ethyl eth-
Table 1. Composition of experimental diets (gkg diets)
Control diet Fish oil diet
Low High Low High
protein protein protein protein
Corn starch 670 500 670 500
Casein 80 250 80 250
Fat
Mixed oil" 200 200 50 50
Fish oil® 0 0 150 150
Salt mixture” 35 35 35 35
Vitamin mixture® 10 10 10 10
Choline chloride 2 2 2 2
DL-methionine 3 3 3 3

1) Beef tallow: Corn oil = 50 : 50
2) Fish oil was supplied by Pulmuone

3) AIN-76 Salt mixture 4) AIN-76 Vitamin mixture

Table 2. Fatty acid composition of experimental diets (%)
Fatty acids Control diet** Fish oil diet™
C14:0 1.20 3.28
C16:0 16.20 18.50
C16:1 1.05 495
Cc18:0 10.10 6.29
C 18 : 1(n9) 33.40 19.62
C 18 : 2(n-6) 32.10 9.09
C 18 :3(n-3) 0.85 0.85
C 20 : 4(n-6) - 1.43
C 20 :5(n-3) - 4.28
C 22 :5(n-6) - 2.21
C 22 :6(n-3) - 20.41
Unknown 5.1 9.09
2 PUFA 32.95 38.27
2/ SFA 27.50 28.07
P/S ratio” 1.20 1.36
n-3 0.85 25.54
2n-6 32.10 12.73
n-3/n-6 ratio” 0.03 2.01

2 polyunsaturated fatty acid

X saturated fatty acid

X n-3 fatty acid

2 n-6 fatty acid
3) Fatty acid composition of beef tallow was analyzed by Lotte
Samgang co.
4) Fatty acid composition of comn oil was analyzed by Cheil Jedang co.
5) Fatty acid composition of fish oil was analyzed by Pulmuone co.

1) P/S ratio:

2) n-3/n-6 ratio:
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A8}gl 31 7+ TBARSE Buckingham''®¢ ¥3ste] 3
et act.

AbEA] ojukg-S FEH] A3 FelotEld A A S (crea-
tinine clearance)$ A3t 9| creatinine 33
Folin®] %ol o), A< creatinine ¥ %= Folin
and Wu®] #y'"g o] 43t 520nmolA WA P
ok & el e Lowryo) WS o] 48 750nmel
A w| A gt

Eicosanoids FolA A% 7153 #-E A2 Bn
91 gE AEL TXA. PGL, PGE, $794d & 79
e TXAS PGEA 558 N3 #=ddA 433t
o] ¥ TXA,= ¥z7)7} &ol $A4317) oz frg A3
02 HHE dAEAS TXBE FA3 TXA, A5
AEE A E TXB.% PGE,Y FE+ enzyme im-
munoassay(EIA) kit(Amersham, Uppsala, Sweden)
& AHgEte At en, A% 23U TXB:% PGE,
2 Yehir) 9% pellete] @A Lowryd 4 o]43}
of & @A g FAHI TS WH o R A

4, Ag9 Az

2E A9 Fdye X9 25 32 JEYla 7
Ao HaEH FoHL a=0.05 A4 Dun-
can’s multiple range test® #ZE3lAt} o], o] ot
WA 75, n-3A4 A4l o G 0= 0.05 FFl
A three-way ANOVAE B3ttt

Table 3. Serum lipid concentrations in aged and young rats fed diets containing different protein level or fat source”

Groups Total lipid(mg/dl) Triglyceride(mg/dl) Total cholesterolimg/dl) HDL-cholesterol(mg/dl)
OLC*n = 9) 345.57 &+ 3115 139.03 + 19.46 117.56 + 7.46° 10.31 £ 1.46°
OHC(n = 9) 339.52 + 30.11° 111.20 + 12.28* 132.85 + 9.25° 12.44 = 1.94*
OLF(n = 9) 185.68 + 14.19¢ 70.14 + 991~ 85.93 £ 6.25° 14.81 + 1.94*
OHF(n = 10) 20093 £+ 11.82¢ 66.67 + 9.66% 88.19 £ 5.31° 16.48 + 1.39*
YLCin = 9) 269.55 £ 17.31 94.81 + 7.85" 112.20 + 8.87¢ 13.66 = 1.93*
YHC(nh = 9) 284.52 + 19.24* 97.99 + 9.83* 116.99 + 4.81° 17.81 = 2.64
YLF(n = 8) 14715 £ 13.74 67.40 + 10.50 79.45 = 4.90° 19.01 = 191
YHF(n = 9) 163.04 + 13.77¢ 5115+ 8.3 79.76 + 6.02° 18.76 + 2.76°
SFY A C A C C A C
1) Mean + S.E.

2) OLC: Aged rats fed low-protein control diet
OLF: Aged rats fed low-protein fish-oil diet
YLC: Young rats fed low-protein control diet
YLF: Young rats fed low-protein fish-oil diet

OHC: Aged rats fed high-protein control diet
OHF: Aged rats fed high-protein fish-oil diet

YHC: Young rats fed high-protein control diet
YHF: Young rats fed high-protein fish-oil diet

3) Values with different alphabet within the column are significantly different at & = 0.05 by Duncan's multiple range test.

4) Significant factor
A: Effect of age was significant at @ = 0.05 by 3-way ANOVA,

C: Effect of n-3 fatty acid was significant at o = 0.05 by 3-way ANOVA.
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Table 4. TBARS level in serum and liver in aged and young rats
fed diets containing different protein level or fat source"

Groups Serum Liver .
{nmol/ml serum) (nmol/g wet liver)
OLC*n = 9) 4.14 + 0.46™ 455 + 0.81"
OHC(n = 9) 437 £ 0471 3.96 + 0.38
OLF(n = 9) 7.57 £ 1.67* 4.23 + 0.89
OHF(n = 10) 4.87 + 0.21° 3.98 + 0.67
YLC(n = 9) 3.78 + 0.49° 477 + 0.46
YHC(n = 9) 3.92 £ 0.22° 4.25+ 0.48
YLF(n = 8) 517 £ 049 4.48 + 0.69
YHF(n = 9) 4.19 + 0.39* 563+ 1.16
SF¥ A, C, BC NS
1) Mean + S.E.

2) Same as Table 3.
3) Values with different alphabet within the column are significantly
different at o = 0.05 by Duncan's multiple range test.
4) Significant factor
A Effect of age was significant at ¢ = 0.05 by 3-way ANOVA.
C: Effect of n-3 fatty acid was significant at oo = 0.05 by 3-way
ANOVA.
BC: Interaction of protein level and n-3 fatty acid was significant
at o = 0.05 by 3-way ANOVA.
NS: Not significant at @ = 0.05 by 4-way ANOVA.
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Table 5. Light microscopy findings in aged and young rats fed diets containing different protein level or fat source
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1) Same as Table 3.

2) Values are number of rats.

: normal, & minimal, +: mild, ++ : moderate, + 4 4 marked

3) Degree of histological change:
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Table 6. Creatinine clearance rate(GFR) and urinary protein ex-
cretion in aged and young rats fed diets containing different protein
level or fat source”

Creatinine clearance® Urinary protein

Groups {ml/min, GFR) (mg/day)
OLC?n = 9) 0.93 £ 010> 0.77 + 0.16°
OHC(n = 9) 1.17 £ 011° 2.08 + 0.67*
OLF(n = 9) 1.08 + 0.11* 0.93 £ 0.15*
OHF(n = 10) 1.03 + 0.11* 1.23 £ 0.17*
YLC(n = 9) 0.82 + 0.11™ 0.79 £ 013
YHC(n = 9) 0.90 + 0.13™ 1.70 £ 0.28*
YLF(n = 8) 0.68 £ 0.07¢ 0.90 + 0.24~
YHEn = 9) 0.96 + 0.08* 1.89 + 0.28*
SF® A B

1) Mean + S.E.

2) Same as Table 3.
3) Values with different alphabet within the column are significantly
different at o = 0.05 by Duncan's multiple range test.
4) Significant factor
A: Effect of age was significant at & = 0.05 by 3-way ANOVA.
B: Effect of protein level was significant at & = 0.05 by 3-way
ANOVA.
. Ucr(mg/day)
3) Certmlfmin) = — el % 1240(mirvday)
where Ccr: Creatinine clearance(ml/min)
Ucr: Urinary creatinine excretion(mg/day)
Scr: Serum creatinine(mg/mil)
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PGE, & yololl 23t #2129 A}olZ Ko 52 F oA
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Table 7. Renal medulla concentration of TXB, and PGE, in aged
and young rats fed diets containing different protein level or fat
source"

Groups ' TXB, 4 . PGE, ‘
(ng/g tissue protein) (ng/g tissue protein)
OLC?(n = 9) 84.87 + 2,47 475.44 + 20.69*
OHC(n = 9) 84.25 + 234 440.75 + 30.26*
OLF(n = 9} 76.45 + 2.25° 419.37 &+ 33.75
OHF(n = 10) 78.00 £ 3.19* 507.80 + 22.88°
YLC(n = 9) 7392 £ 2.50° 428.98 + 30.05*"
YHC(n = 9) 84.60 £ 1.78° 452.35 + 16.72*
YLF(n = 8) 76.08 + 2.85° 364.11 + 27.24¢
YHF(n = 9) 81.67 = 2.40* 393.18 + 28.04
SF¥ B, C, AB A
1) Mean + S.E.

2) Same as Table 3.

3) Values with different alphabets within the column are significantly

different at & = 0.05 by Duncan's multiple range test.

4) Significant factor
A: Effect of age was significant at a = 0.05 by 3-way ANOVA.
B: Effect of protein level was significant at & = 0.05 by 3-way
ANOVA.
C: Effect of n-3 fatty acid was significant at o = 0.05 by 3-way
ANOVA.
AB: Interaction of age and protein level was significant at o =
0.05 by 3-way ANOVA.
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