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ABSTRACT

This study was performed to investigate the effect of different dietary fat sources on renal
senescence in aged rats. Seventeen month old male Sprague-Dawley rats were divided into 3
groups according to urinary protein excretion. Four month old rats were used as a control
group. The rats were fed one of three different experimental diets ; 20% beef tallow 20% corn
oil, 20% fish ol diet. They were fed experimental diets ad libitum for 16 weeks. The results are
summarized as follows. Serum lipid concentrations were higher in aged rats than in control rats,
with the beef tallow group showing the highest level, followed by the corn oif and fish ofl
groups. Old rats showed higher HDL and lower LDL levels than the control groups. Age and
dictary fat had no effect on VLDL. GFR for the both age groups were increased with
experimental period with the beef tallow group showing the highest value. Uginary protein exc- -
retion was also increased with experimental period in both age groups. There was a large
increase in urinary protein in ‘old rats that were fed beef tallow and corn oil, but not in old rats
fed fish oil. On the contrary, the effect of dietary fat on urinary’ protein was not: found in
control groups. There was individual susceptibility in the effect of dietary fat on urinary protein.
Old rats fed beef tallow with high initial urinary protein showed highest increases, but, the .
change was not significant in rats with a low initial value. It was also found that the- increase’
was kept low in rats of the fish oil group with high initial urinary protein. The corn oil group
showed in between values. There were no differences in urine and renal tssue concentrations
of TXB, Aged rats showed a tendency of having hlghcr urinary PGE, excretion and lower .
renal cortex content. Since higher PGE, excretion was reported to be associated with dccrcascd
renal function, this might suggest that the aged rats show renal function reduction. Light
microscopic examination showed that glomerular segmental sclerosis, mcsanglal matrix expa-
nsion and tubular atrophy were more frequently present in aged rats, and that these changes
were more significant in the beef tallow group, followed by corn oil and fish oil groups: The
percentage of urinary protein excretion was increased in aged rats in association with mcrcascd
glomerular sclerosis and mesangial matrix. This changc could be partly due to a change in
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cicosanoids metabolism. Therefore, modification of dietary fat could affect the eicosanoids
metabolism in kidney and renal senescence. (Korean J Nutrition 31(3) : 253~262, 1998)

KEY WORDS : dietary fat source - renal senescence - urinary protein - eicosanoids metabolism

- glomerulosclerosis.
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Table 1. Composition of experimentat diets -~ (g/kg diet)
Beef tallow Corn oil Fish oil

diet diet diet

Corn starch 600 600 600

Casein . 150 150 150

Beef tallow 200 )

Com oil 200

Fish oil® 200

Salt mixture” 35 .35 35

Vitamin mixture? 10 10 10

Choline chloride 2 2 2

DL-methionine 3 3 3

1) AIN Salt mixture(ghkg mixture) : Calcium phosphate,
dibasic(CaHPO, - 2H,0) 500.0, Sodium chioride(Na
Cl) 74.0, Potassium citrate, monohydrate(K;C¢HO, -
H,O) 220.0, Potassium sulfate(K,S0,) 52.0, Mag-
nesium oxide(MgO) 24.0, Manganous carbonate(43 —
48%Mn) 3.5, Ferric citrate(16 — 17% Fe) 6.0, Zinc car-
bonate(70% ZnO) 1.6, Cupric carbonate(53 - 55%
Cu) 0.3, Potassium iodate(KlO;) 0.0%, Sodium sele-
nite(Na;5e0; - 5H,0) 0.01, Chromium potassium sul-
fate {CrK(SO.), - 12H,0] 0. 55 Sucrose, finely powd-
ered to make 1,000
AIN - Vitamin mixture(mg/kg mixture) : Thiamin - HC)
600, riboffavin 600, Pyridoxine - HCI 700, Nicotinic
acid(Nicotinamide is equivalent) 3,000, ‘D-Calcium
pantothenate 1,600, Folic acid-200mg, D-Biotin 20,
Cyanocobatamine(Vitamin B,;) 1, Retinyl palmitate or
acetate(Vitamin A) As stabilized powder to provide
400,000 IU vitamin A activity, DL-a-Tocopherol ace-
tate(Vitamin E) As- stabilized powder to provide 5,000
iU vitamin E activity, Cholecalciferol 2.5(100,000 iU)
Menadione 5, Sucrose, finely powdered to make 1,000
Fish oil was kindly supplied by Pulmuore. Fatty acid
composition was as follows(%)
Beef Tallow ~ C14 : 0(2.4), C16 : 0(20.4),
C16:1(2.1), C18 : 0(18.9),
C18: 1 n-9(41.1), C18 : 2 n-6(5.8),
C18 : 3 n-3(0.9), Unknown(8.4)
Corn ail - C16 : 0(12.0), C18 : 0(1.3),
C18:1n9(25.7), C18 : 2 n-6(58.4),
C18 : 3 n-3(0.8), Unknown(8.4)
Fish oil — C14 : 0(3.97), C16 : 0(19.26),
C16 : 1(6.25), C18 : 0(5.02),
C18 : 1 n-9(15.02), C18 : 2 n-6(1.42),
C18 : 3 n-3(0.85), C20 : 4 n-6(1.90),
€20 : 5 n-3(5.70), C22 : 5. n-6(2.94),
C22 : 6 n-3(27.21). .
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Table 2. Serum lipid concentrations in aged and control

rats fed diets containing different source of fat"

.. . , Total
Groups? T(:tal L'?'d Tnglyczrde cholestero!
mg/dl) (mg/dl) (mg/dl)
OB 270.2+£26.9% 118.4+187® 89.7+6.4%
oC 232.2424.3* 120.4+16.3° 107.8+8.8*
OF 1516+ 421 792+ 33%  859+44%
YB 23234134  99.8+16.2% 99.449.9*
YC 179.1+30.8> 71+ 3.3° 87.6+6.9*
YF 101.5+ 3.4° 919+ 7.1* 703+6.4°
Significant A B NS B
factor”
1) Mean+S.E.

2) OB : 17 month old rats fed beef tallow diet
OC : 17 month old rats fed corn oil diet
OF : 17 month old rats fed fish oil diet
YB : 4 month old rats fed beef tallow diet
YC : 4 month old rats fed corn oil diet
YF : 4 month old rats fed fish oil diet
3) Values with different alphabet within the colume 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 F-test.
B : Effect of fat source was significant at a=0.05 by
F-test.
AB : Interaction of factor A & B was significant at
=0.05 by F-test.
NS : Not significant at «=0.05 by F-test.
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Table 3. Serum lipoprotein distribution™

Groups? HDL(%) VLDL(%) LDL(%)
OB 36.50+1.78 19.00+3.11 44.50+1.94
OC 50.751+3.88 25.50+2.70 23.50+3.74
OF 43.75+£2.92 26.50+2.69 28.50+2.04
YB 64.00+£3.23 19.63+1.07 16.25+3.13
YC 55.25+549 24.13+236 20.63+3.20
YF 38.13+2.31 28.88+0.64 33.00+2.10

1) Mean£S.E.
2) See Table 2

3) Effect of age, fat, and interaction of age & fat on
serum lipid distribution were significant at a=0.05 by
MANOVA.
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Fig. 1. Sequential changes of creatinine clearance.
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Fig. 2. Sequential changes of urinary protein .excretion.
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Fig. 3. Sequential changes of urinary protein excretion in
aged rats. Twenty-four aged rats were devided into
three groups by the initial urinary protein. Each 1st &
2nd tertiary groups had 4 rats from beef tallow gr-
oup and 2 from corn oil & 2 from fish oil. 3rd ter-
tiary group had 4 rats from com oil & 4 from fish oil.

Fig. 4. Sequential changes of urinary protein excretion in
aged rats subgrouped by initial urinary protein ex-
cretion(Low or High). By urinary protein excretion
at 4 weeks, upper 3 rats & lower 3 rats of each di-
et group were selected and the diet effects were ob-
served for the experimental period.
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Table 4. Urinary excretions of thromboxane B, and pros-

rlo

Z

-—‘ *‘

m}o

taglandin E;"
Groups” TXB.(ng/day) PGE,(ng/day)
OB 15.68+6.81™ - 73.42+31.19"
OC 15.21+2.04 76.36+11.41
OF 12.64+7.95 69.22+45.26
YB 14.2611.77 . 67.85+ 7.53
YC 11.52+3.63 55.24+16.61
YF 12.00+1.70 49.33+ 6.49
Significant factor” NS NS
1) Mean+S.E.

2-4) See Tabe 2
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Siso] FatsmA YEke Beelzta malch & 2
Qo AHR7IZ 12% FE Usihe ARAcshE
o s A% 2 wa wA F7is as 4
ue ezt Z7iee] Wk Faske APITE F7)
3] 1% e APl PGB} S718 Ao

= #5499

3. RETA M)
iR AT A4 2H B A%
= Table 601 UERIRTE. AFABSHE & Mﬂm
Ueh} OBZd OCTAIA sole] % @ ol A%
(mild) 24 2GR segmental sclerosisi= <
9] AL RE Ho|FoA gk ﬁ‘*‘\’i_ﬂiz"v“’ﬂﬂ“ o
FEolAut et F @ wkevt A% F4& B
ool 9% AL B F AN T LA 3-011*13’:
o278 5rlElzt BF *ﬂ~ 2909 BE(moder
ate)s} AeHmarked) @ FAE B F= & wrejy
Agey oFzH -9—’1‘—"‘*%%1"11*1‘* 3"@““3 Z4
2 ugod o) F 2l 439 22 Uehy Mo}
1“‘4 259 98 Fol% bt Azrael A4
¥ OB, OC, YC@MH "}E}‘Xfﬂ *ﬂi“}‘ -r]'ﬁ"(tub— :
ular atrophy) 83& 2 A= %‘Tﬂ-ﬁ"ﬂ’*“ %ol ’”73 :
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“nglg tisste proté‘in)

Table 5. Renal tissue concentrations of thromboxane B, and prostaglandin E;”

Groups? Cortex Medulla
TXB, PGE, TXB, PGE,
OB 147998+ 9.23* 265.36+41.82° 1477.20% 1201"s 282.77 £22.65°
oC 1391.16x 70.80° 301.04£35.04" 1323.85+156.51 358.98i 5.20°
OF 1455.824 6.93° 313.00+ 7.25% 1355.07+ 30.22 ‘ 303.69;17§19bf'
YB 1445.28+ 34.70° 33568+ 7.95° 1343.97£142.73 273.43£19.04° = -
YC 146610+ 2.08 328.89+ 4.88% 1348.83%+ 81.29 268.94%13.45%- -
YF 1137.18+189.17° 322.82+£18.94° 1275.27+129.71 - 34520+ 3.99%
Significant factor” NS ) NS NS B, AB.

1) Mean+S.E. 2-4) See Table 2 .
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Table 6. Light microscopy findings in kidney biopsy

Glomerulosclerosis Mesangial Interstitial el

» . . . Tubular atrophy Interstitial fibrosis
Groups Segmental Global matrix increase  inflammation

R T I T e T T Ik S S s SIS S PR U RS

( NO_BS) 3 1 1 41 000 41004100500 2300

(NO—CS) 2 2 0 1 4 1 0 O OS5 0 0 3 2 0 0 3 2 0 0 3 2 0 0

(NO—FS) 22 1 0 5 0 0 0 5 0 0 0 3 0 2 0 3 2 0 0 5 0 0 O

(NY—BS) 5 0 0o 0 500 0 3 290011 3 05 00 05 00 0

(NY_C3) 3000 3 00 0 21001 20021002100

(NY_F3) 2+ 0 0 3.0 606 0 3 0 00 0O 1 2 0 21 0 0 3 000

1) See Table 2

2) Values are number of rats
3)Degree of histological change :

HAE 53] OBZ sulelrt BF A5 $HE B
oo}, A7HE 4ZE 52744 Beton] 3] AT
9] ZA7} Atk AFAIE 3 (glo-merular ma-
trix increase)2 OF, YFE #|9)3 2E FojA 2AH
o] o}f Aold] 2& AolE B oul OB, OCT-E 54t
g 257t A% F& 2EAEY S4E UE Yol
2o] Adh Ffrol W FFE B3] E 4 Uk A
AHog FeFNA 284 Wslrt Bo] vehgtorn
3 FHE $XE FET TIA 7 gol EAEA
1 ofE I3 TN 7P Y. dEFAME £
A& FFT TN OE Tl vlE] AATEANE &3 5
A Z3)9] W) Jepou 52390 2 o4&
FET T 28 Wiyt AA e A% 2
o]z] &gkt

ol 8/4¥E 3} 14718= 4] Milan normotensive
rat& ©]4% Salvati $29 dFNME & + UAUE
b, oJEx & 47 rR7A R o7t B FHA
A | A AT B @38 2ol F Qo] w3l
ofsf AlFAY A3t AADE AR FU =3
£ Ao E Aol A i3t g9 Yeh} $45
T TN AF 249 ¥l 7PE 2ol BAEHA
oo ANHo2E $RE FFH F2HA 239
ZA T ol ol AAEY}. 1BF $A= Y
olof M A A WHIE ZFINHSE £ F AN
. a8y oJfE FBT 5279 Agde oz
HAo] $-X|Fofl Hl3le] e Ao g yol {7 A%
eslol] 9% o) He} 71T AAE ST
ALY F U8

Klahr % @2% A2 12 7)%59 o]ide] 447

—=normal ; +=mild ; + 4+ =moderate ; + + + =marked

71 Aell #2A o4& WA UehiA = ARz
9 Fgolut F3t B T A% 249 M3t dojt
W o, AFF, vd 59 NG 715 S A2 3
& QA 9§t} olgs 72 Wal= AbEAl Y
o} 31¥2} EAe & chargest sizeol] i A4
ZAE doA wudo] Lehte o] @Y. ol
B 7oA OF2Y =g wjd o] $xu &4
FE A 523k g8 4¥ritel AFHsdx
Z7V1A ¥ AL M) Foin AlRgn

X EE

20t
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2= YIEFY AE A8 vjusigon 1 A9E
soksid o 2
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