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ABSTRACT

This study was performed to investigate the effect of protein intake on kidney development

and function in growing rats. Fourty-two male Spraque-Dawley rats of weighing 97.5+ 1.9g

were divided into 3 groups and given 5%, 15% or 50% casein diets for 6 weceks.

Body weight gain was higher in the 50% group. The kidney weight was selectively affected

mote by the level of dictary prorein compared to the other organs.

DNA and RNA conrent were significantly higher in the 15% and 50% groups than

in the 5% group but the differences disappeared when DINA and RNA were expressed

pet g of kidney weight. Protein and protein/g kidney content were increased with increasing

level of protein in diet.

GFR/animal and GFR/100gB. W. were significantly higher in the $0% group compared
to the 5% and 15% groups. There was no differences in PAH clearence and RBEF.

Osmolality was not affected by dietary protein level. BUN and urinary nitrogen excretion

were increased with the increasing dietary protein level

Although urinary Ca cxcretion was not significantly difference among 3 grougs, the rats

in the 5% group showed 30% less Ca cxcretion compared to the other groups.

Above results suggest that dictary protein level has a great effect on the kidney weight

and GFR in growing rats. Especially the hyperfiltration inhanced by high protein dier may

accelerate the kidney scnescence.

KEY WORDS ! dictary protein - GFR + RBF * osmolality + BUN * urinary Ca.

INTRODUCTION

The kidney is one of the most important organ
to maintain body's internal homeostasis. It is, ho-
wever, a vulnerable organ to be deteriorated in
structure and function with advancing agc”'-”.
Age-related reduced kidney function may lead to

water, electrolyte, and acid-base imbalance, which
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1s a contributing cause of the chronic diseases in
late adulthood, such as renal and cardio-vascular
diseases, hypertension, and diabetes mellitus?).
Growth, developmentand aging of kidney are
under great infuluence of the diet, especialy protein

146 When animals are fed a high protein

leve
diet, increases in glomerular filtration rate(GFR)

and in the kidney size are rcportcd7"9). Also men
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with a normal mixed diet have a higher GFR than
vegetetians with low protein intakel®.

At a pormal level of Ca intake, increases in die-
tary protein are reflected in incremental increase
in urinary Cal. A decrease in the fractional resor-
ption of Ca by the kidney tubule reported to be
the most likely cause of the protein-induced hyper-
calciuria'?.

Although the excess of protein intake becomes
an issue in western socicties?), sufficient protein
intake is srill recommended in Korea. However,
some korean families from high socioeconomic
class are reported to take more protein than RDA
1314, Due to the changes of dietary patterns and
economic expansion in Korea, it is expected that
protein consumption would be increasing furcher.

Therefore, we studied the cffect of different
levels of dietary protein on the development and

function of kidney in growing rats.
MATERIALS AND METHODS

Fourty-two male rats of Spraque-Dawley strain
weighing 97.54+ 1.9g were devided into 3 groups
and given cither 5% (low protein), 15 % (control)
or 50% casein diets(bigh protein) for 6 weeks.
Composition of the experimental diets are shown
in Table 1. The contents of Ca and P in the dier
were manipulated to be 0.6% and 0.4%, respecti-
vely. All rats were housed individually in wire bot-
tomed cage and were allowed to eat and drink
water ad. libitum.

The food intake and body weight were measured
every week. Three days before the end of the ex-
periment, all rats were placed in metabolic cage
for the collection of 1-day(24 hours) urine speci-
men. After the experimental period, all rats were
fasted for 12 hours. PAH(Para Amino Hipurate,

12.5mg/ml in 2% sodjum sulfare) solution was

injected subcutaneously in the lumbar region to
G rats in each group. Fifty minutes after the injec-
tion, the rats were picked up over the funnel and
the bladder drained by suprapubic pressure. Imme-
diately following urine collection, blood was obtai-
ned by decapitation'®). The rest of rats were also
decapitared for blood collection and kidney, spleen,
liver, and epididymal far pad were quickly removed
and weighed.

Osmolality of renal medulla and cortex were
measured by osmometer(Fiske Associate, Catalog
N. 110825) according to the Schmidt-Nielsen's
method*®. DNA and RNA contents in kidney
were analyzed by Schmidt-Thanhouser’s modifica-
tion'” of the diphenylamine reaction. Kidney pro-
tein was assayed by the method of Lowryw), lipid
by the method of Folch', blood urea nitrogen
(BUN) by the method of Berthelot®. Urinary
and plasma Ca were analyzed by Automic Absorp-
tion Spect{Perkin Elmer CO. 2380). Urinaty PAH
(Upan) and plasma PAH(Ppay) which obtained
from urine and plasma of rats injected PAH solu-
tion were analyzed by method of Goldring'.
Upan, Ppan and Hematocrit(FHct) were used to
calculated PAH dearance(Cpay) and renal blood
flow(RBF), using following formulas.

Upan Xdaily urine volume

Cpan(ml/min) = >
PAH
. Cpan
RBF(ml/min) = TH
- Hee

Urinary creatinine(Ucr) was measured by me-
thod of Folins and plasma creatinine(Pcr) by me-
thod of Folin & Wu?!). Creatinine clearance(Cer)
was calculated as follows.

Ug, X daily urine volume
P,
All values were presented as mean+ 8.E. Schffé

Cer(ml/min) =

test was used to test statistical significance.
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Table 1. Composition of experimental dier.(g/kg dier)

5% casein diet

15% casein diet 50% casein diet

Corn Starch 798.92
Casein 50.00
Corn Oil 100.00
Salt mixture! 14.72
Vitamin mixture® 10.00
CaCOs 8.79
Ca(HsPOs)o-Ho0 15.57
Choline Chloride 2.00

699.78 352.80
150.00 500.00
100.00 100.00
14.72 14.72
10.00 10.00
9.51 11.09
14.19 9.59
2.00 2.00

1) Salt mixture(mg/kg diet) » MgCO3 6900, ZnCOs 96, FeSO; THo 0 124, CuS0, * 5H:0 20, MnSO, * H:0
150, KI 1.3, NaCl 2500, NagCO3s 1600, KoCOs 3530 NapSeQ; 0.22

2) Vit mixture(mg/kg mix) - Thiamin * HCl 600, Riboflavin 600, Pyridoxine * HCl 700, Nicotinic acid
%000, D-calcium pantothenate 1600, Folic acid 200, Vitamnin Bye 1, Colecalciferol 2.5 - Menadione 5.0,
Retinyl palmitate * 400,000 TU Vit A activity, DL-tocopheryl acetate : 5,000 TU Vit E activity

Table 2. Food intake, protein intake, weight gain, and PER of rats fed on 5%, 15% and 50% casein

diet for 6 weeks"

Exp. Food intake Protein intake Weight gain PER
Group (g/6 weeks) (g/6 weeks) (g/6 weeks)

5% 389.37+ 24.60a 19.49+1.23a -3.28+ 5.88a -0.21+£0.22a
15% 624 .90L 24 .66b 92.69+ 3.38b 159.07+ 6.94b 1.61+ 0.04b
50% 621.86+ 34.65b 812.01+17.25¢ 188.66+ 13.68b 0.60* 0.02¢

1) Mean+ $.E. Value with different alphabet within the column were significantly different at 0=0.05

by Schffé test.

Table 3. Weights of liver, spleen, thymus, epididymal far pad(EFP), and kidney"

Exp. Liver Spleen Thymus EFP Kidney
Group () (g) (g) () (g)

5% 542+ 0.28a 0.82%0.02a 0.52x0.02a 1.37+ 0.05a 0.89+0.01a
15% 8.00+t 0.28a 1.86+0.06b 0.80%£0.04b 5.19£0.24b 1.5+ 0.02b
50% 10.01£ 0.51a 1.58+ 0.08c 0.80+ 0.05b 3.164 1.86b 2.38% 0.66¢

1) Meant S.E. Value with different alphabet within the column were significantly different at (a=0.05)
by Schlfé test. NS © Not significant at @=0.05 by Schffé rest.

RESULTS

Table 2 lists food intake, body weights, and
protein efficiency ratio(PER). Food intake and
body weight gains were significantly lower in 5%
cascin group than in 15% groups. PER of the
15% group was the highest followed by the 50%
and 5% groups.

The weights of spleen, liver and epididymal fat
pad were significantly lower in the 5% casein
group compared to the other groups and no signi-
ficant difference was seen between the 15% and
50% groups(Table 3). Kidney weight was increa-
sed significantly with increasing level of protein
in the diet.

DNA and RNA contents of kidney were signifi-
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Table 4. DNA, RNA, and protein contents of Kidney”
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f0.05 by Schffé test. NS & Not signilicant at o

1} Meant S.E. Value with different alphabet within the column were significantly different ar o

by Schffe test. Left kidney is used to measured of DNA, RNA and Protein contents.

cantly higher in the 15% and 50% groups compa-
red to 5% group, however, DNA and RNA conte-
nts per g kidney weight did not differ(Table 4).
Protein/whole kidney and protein /g kidney ten-
ded to be higher in high protein group, even
though the differences were not significant.

There was no significant difference in renal os-
molality among experiment groups(Table 5). GFR
per animal(Table 5) was significantly higher in the
50% group and this difference was unchanged
even when GFR was expressed per 100g body wei-
ght. PAH clearance and RBF were not affected
by the dietary protein level(Table 5).

BUN and urinary N excretion was increased
with increasing level of protein intake. Even
though there was no significant difference in uri-
nary Ca cxcretion, the rats in the 5% group sho-
wed 30% less Ca excretion compared to the othet
gtoups(Table 6).

DISCUSSION

The dietary protein level had a great effect on
kidney weight in growing rats. The rats fed 5%
casein diet for 6 weeks showed only half of the
kidney weight of those fed 15% casein dier, whe-
reas the kidneys of the rats in 50% group weighed
126% more than the 15% control group. When
organ weights of 5% and 50% groups were com-
pated to the 15% control group, liver weights
were 42.8% and 112.6%, thymus 60.5% and 100
%, spleen 60.3% and 116.2% , respectively. There-
fore, the kidney and the liver secem to be affected
more by low protein diet than that of the spleen
and the thymus. The kidney is also the most affec-
ted organ by exrremely high protein diet, leading
to hypertrophy. This result implies that protein
nutrition plays a very important role in kidney
development and function.

Selective srimulation of kidney growth by high
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Table 5. Osmolality, GFR, and RBF!

Exp. Osmola.lity(mOsmoIe) GFR GFR(ml/min/ Cran RBF
Group Cortex Medulla (ml/min) 100 BW) (ml/min) ml/min)
5% 745+ 5.8IN.8|7.92+ 1.12N.S| 0.06+0.03a 0.07+0.03a | 5,05+ 1.28N.5 |8.59+ 2.18N.S
15% 6.15+0.86 6.69+ 0.56 0.244 0.04a 0.09£0.01a |3.56+£0.03 7.2140.69
50% 5.79+0.29 6.47+ 0.55 0.59+ 0.08a 0.20+0.02a |4.81+0.43 8.771£0.78

1) Mean+ S.E. Value with different alphabet within the column were significandly different at a=0.
05 by Schffé test. NS i Not signilicant at 0=0.05 by Schiffé test.

Table 6. Blood urea nitrogen(BUN), urinary nit-

rogen, and urinary Ca contents

1

Exp. BUN Urinary N | Urinary Ca
Group (ong/dl) (mg/day) (mg/day)
5% 5.66+ 0.43a| 4.73+0.56a |0.49+ 0.08NS
15% 9.75+1.48b|12.274 1.44a|0.71+ 0.08
50% 12.58+ 0.80b |86.84% 5.71b| 0.70£ 0.07

1) Meanz S.E. Value with different alphabet within
the column were significantly different at 0 =0.05
by Schifé test. NS & Not significant at a=0.05 by
Schffé test.

protein intake has been indicated in studies from
the 1930's*)). Millward®) rcported that protein
restriction reduced kidney weight more than brain
weight.

In the 5% group DNA/g kidney was 21% less
than that in the 15% control group, but protein
content was higher by 13 %, and consequently the
protein/DNA ratio was higher than the other
groups. These results may imply that low protein
diet decreased DNA synthesis more than protein
synthesis. Therefore, renal hyperplasia markedly
reduced by protein restriction. Howarth?®) obser-
ved the similar result in musce of growing rats
fed protein restricted dier.

GFR, measured by the clearance of creatinine,
was Increased with increasing dierary protein level
These results arc similar to the already established
studics. Pullman er al®) and Jakobson et al®) have
found in rats that high prorein feeding had an
effect on increase in GFR and on the other hand
GFR was decreases by feeding low protein diet,

Many studies reported that RBF was also changed
with the level of protein in the diet, parallel to
the GFR change?”. In this study, however, there
was no difference in RBF with 3 different casein
levels in diet.

In accordance with many other reports?®, BUN
and urinary nirrogen were increased with increasing
level of dietary protein. But no significant ditfere-
nce in BUN was found between the 15% and
50% groups. This result showed that the increasing
amount of urea excretion accompanied by the inc-
reased GFR in relation to high protein diet had
kept the level of BUN relatively constant.

Urinary Ca excretion tended to be higher in
the 15% and 50% groups than in the 5% group.
This result is good agreement with the many other
reports shown hypercalciuria induced by high pro-
tein diet?®3). Allen?® has found that high protein
intake decreased Ca reabsorption in kidney tubule
and resulted in hypercalciuria. On the other hand,
Kim and Linkswiler!! reported that increasing uri-
nary Ca excretion by high protein intake was due
1o increasc in GFR and decrease in Ca reabsorption.
In the rats fed 5% casein diet, GFR and utinary
Ca excretion were relatively low. However, urinary
Ca excretion was nearly the same in the 15% and
50% groups neverthless there was a large differe-
nce in GFR berween the two groups. Therefore,
the increasing urinary Ca can not be explained
by the increased GFR only, and some other factors
besides of GFR have an c¢ffect on urinary Ca excre-
tion. If high protein diet continues for lifc time,
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the tendency of diet-induced hypercalciugia may
exert an ill effect on bone health in later aged
years.

In conclution, low protein diet decreased kidney
weight and GFR, on the other hand high protein
diet stimulated kidney growth and increased GFR
in greater extent. It must be considered that high
protein diet has two-sided effects 3 it can stimulate
kidney growth but gives overloading metabolires
to be excreted which resulted in hyperfiltration.
If glomerular hyperfiltration conrinues nephronic
function may be rapidly deteriorated. Therefore,
continued hyperfiltration caused by high protein
intake from early in life may precipitate deterjora-
ton of kidney functjon with advancing age.

Literature cited

1) Anderson S, Brenner BM. Effects of aging on the
renal glomerulus. Am J Med 80 : 435-442, 1986

2) Papper S. The effects of age in reducing renal
function. Geriatrics 83-87, 1973

3) Ludman D. Kidney senescence ! A model for
aging. Nutr Rev 46 209-214, 1988

4) Brenner BM, Meyer TW, Hostetter TH. Dietary
protein intake and the progressive nature of kid-
ney disease. / Engl J Med 307 . 652-659, 1982

5) Hostetter TH, Meyer TW, Rennke HG, Brenner
BM. Chronic effect of dietary protein in the rat
with intact and reduced renal mass. Kidney Int
30 * 509-517, 1986

6) Johnson JE, Barrows CH. Effects of age and die-
tary restriction on the kidney glomeruli of mice +
observations by scanning electron microscopy.
The Anatomical Record 196 © 145-151, 1980

7) Farr LE, Smadel JE. The effect of dietary protein
on the cource of nephrotoxic nephritis. J Exp Med
70 © 615-627, 1939

8) Schoolwerth AL, Sandler RS, Hoffman PM, Klahr
S. Effects of nephron reduction and dietary pro-
tein content on renal ammoniagenesis in the rat.
Kidney Int 7. 397-404, 1975

9) Cho MS, Choi NS, Kim WY. Effect of dietary pro-
tein level on bone metabolism of young and aged
rats. The Kovean J Nutr 22 . 497-506 1989

10) Bosch JP, Saccaggi A, Lauer A, Ronco C, Bellen-
donne M, Glabman 5. Renal functional reserve
in humans : effect of protein intake on glomerular
filtration rate. Am J Med 75 . 943-950, 1983

11) Kim YH, Linkswiler HM. Effect of level of protein
intake on calcium metabolism and on parathyroid
and renal function in the adult human male. J
Nutr 109 . 1399-1404, 1979

12) Allen LH, Oddoye EA, Margen S. Reduction of
renal calcium reabsorbtion in man by consumption
of dietary protein. Am J Clin Nuftr 32 . 741-749,
1979

13) Hyun WJ, Mo SM. The dietary status of kinderga-
rten children from a high socioeconomic apart-
ment compound in Seoul. Korean ] Nutr 13 . 27-
36, 1980

14) National nutrition survey report. Ministry of Hea-

15) Friedman SM, Polly JR, Friedman LL. The cleare-
nce of inulin and sodium p-aminchippurate in the
rats. Am J Physiol 150 : 340-352, 1947

16) Schmidt-Nielsen B, Graves B, Roth J. Water re-
moval and solute additions determining increases
in renal medullary osmolality. Am J Physiol 244 | F
472-F482, 1983

17) Schmidt-Nielsen B, Barrett JM, Graves B, Cross-
ley B. Physiclogical and morphological responses
pf the rat kidney to reduced dietary protein. Am
J Physiol 248 . F31-F42, 1985

18) Peterson GL. A simplication of the protein assay
method of Lowry et al. Which is more generally
applicable. Anal Biochem 83 : 346-356, 1977

19) Folch JML, Stanley GSH. A simple method for
the isolation and purification of total lipid from
animal tissues. J Biol chem 226 . 497-509, 1957

20) Korean ] Biochemistry Lab. of Biochemistry.
Seoul, 1986

21) Oser BL. Hawk’s physiology chemistry, 14th, ed.
Mec. Graw, Hill Book Co. Toronto, 1965.

22) Mackay CM, Mackay LL. The effect of retarded
growth upon the length of life span and upon the

— 406 —



23)

24)

25)

26)

Lee, Hyun Sook - Kim, Wha Young

ultimate body size. J Nuir 10 ; 63-79, 1935
Miliward DJ. Protein turnover in skeletal muscle.
IL. The effect of starvation and protein-free diet
on the synthesis and catabolism of skeletal muscle
proteins in comparison to liver. Clin Sci 39 . 591-
603, 1970

Howarth RE. Influence of dietary protein on rat
skeletal muscle growth. J Nutr 102 : 37-44, 1972
Pullman TN, Alving AS, Dern R], Lanolowne M.
The influence of dietary protein intake on specific
renal functions in normal man. J Leb Clin Med
44 . 320-332, 1954

Jakobsson B, Celsi G, Lindblad BS. Aperia A. Inf-
luence of different protein intake on renal growth
in young rats. Acte Paediaty Scand 76 : 293-299,
1987

27) Pitts RE. The effects of infusing glycin and of
varying the dietary protein intake on renal hemo-
dynamics in the dog. Am J Physiol 142 . 355-365,
1944

28) WAlser M. Urea metabolism ;| Sources of nitrogen

and its regulation. In amino acids : metabolism

and medical applications, ed. Blackburn GI., Grant

JP, Young VR pp77-87 Littlelon MA : Wright

PSG

Kim HY, Cho MS, Kim WY, Kim SH. The effects

of dietary protein on bone metabolism in the rats

of different ages. Korean J Nutr 19 © 66-73, 1986

Allen LH, Bartlett RS, Block GD. Reduction of

renal calcium reabsorption in man by consumption

of dietary protein. J Nutr 109 : 1345-1350, 1979

29)

30)

Aol gl Feo] Ay B Ao A Jwol viXe FF
of & w-4 3} 4
EREE R R EL I T
==&

E dreas Aeolgtdld fiel 43z AFY A 22 Zledl PAE d¥%E =
Atet7] 8 HaAFel 97.5+1.9¢%) £3 YHE 5%, 15% 223 50% casein H o1 = 6F 3¢
AbEetath MFErtES G E FF0] 2255 gty I vl dsgol AT A
w2 g el 7, 8@, F4 Fo & A7 v 2o A7 F DNAS RNA TEF2
15% 73 50% o] 5% 7ol &l fFe2 kot @9 FA T DNASH RNA BT A=
Fel &= Aol7t AT F prowein® T4 g proein H¥EFHS Aol E ~FEo] &

F2 F7HG AT A AL (GFRIE Aol Bd $80] £45% EFoh AYF(RBOE
2 g Atele] fod Aolg HolA @tth m=FMARL WAA FE ve e
FAFL Aolg BRAT w=FFMATL 55T we AFE AAT

2 A7 @Rz 4478 AN anwole A% FAFIE FAFA AFA S
Hee FANEL & & Ao

— 407



