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ABSTRACT

This study was performed to investigate the effect of dietary protein level on renal senescence.
Male rats of 337.8+5.7g body weight were undergone unilateral nephrectomy or sham-
operation. The rats were divided into high protein(40% casein), normal protein(15% casein) and
low protein(8% casein) diets and fed experimental diets ad libitum for 24 weeks. The results are
summarized as follows. There was a hypertrophy of the remnant kidney of uninephrectomized
rats of 40% or 15% protein group, coming up to the comparable weights of both kidneys of
sham-operated rats. However, the hypertrophic effect was not seen in uninephrectomized rats
of 8% protein group. Serum albumin was lower in uninephrectomized rats. With increasing
dietary protein level blood urea nitrogen was increased, whereas, urinary urca nitrogen
excretion was decreased. Urinary solute excretion was higher in uninephrectomized group than
in sham-operated group. However, effect of dietary protein level on urinary solute excretion
varied depending on the solutes tested. GFR and urinary protein excretion, throughout
experiment, increased with feeding period and with dietary protein level. Proteinuria was most
severe in uninephrectomized rats fed 40% casein diet. Maximum urine concentrating ability
measured after dehydration was not different among the experimental groups. Light micro-
scopic examination showed focal segmental glomerulosclerosis and mild increase of glomerular
mesangial matrix in uninephrectomized rats fed 40% and 15% protein diet, however, which was
not observed in uninephrectomized rats fed 8% protein diet and in sham-operated rats fed 40%
diet. Immunofluorescence studies revealed segmental deposits of albumin in the mesangium
and capillary loops in high protein and uninephrectomized groups. Minimal granular deposition
of IgG was noted in the mesangium of all experimental groups. In conclusion, high protein
intake accelerated deterioration of renal function and it was correlated with morphological
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changes. Low protein intake was effective in preventing these changes. (Korean J Nutrition

29(10) : 1059~1071, 1996)

KEY WORDS : protein level - uninephrectomy - GFR - urinary protein - Maximum urine
concentrating ability - glomerulosclerosis.
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Table 1. Composition of experimental diets  (ghkg diet)
40% casein 15% casein 8% casein

PN

p

diet diet diet
Corn starch 442.3408 696.2773  767.3801
Casein 400.0 150.0 80.0
Corn oil 100.0 100.0 100.0
Salt mixture"” 14.72 14.72 14.72
Vitamin mixture”  10.00 10.0 10.0
CaCOy, 0.5239 0.336 0.2828
Ca(H,PO,), - H,O 22.4153 23.6667 24.0171
Choline chloride 2.0 20 2.0
DL-Methionine 8.0 3.0 1.6

1) Salt mixture ingredients(mg/kg mixture) : MgCO, 6900,
ZnCO; 96, FeSO, - 7H,O 124, MnSO, - 5H;O 150,
CuSQ, - 5H,0 20, KI 1.3, NaCl 2300, Na,CO; 1600,
K,CO; 3530, Na, SeQ; 0.22, Sucrose, finely powd-
ered to make 1000. ’

2) AIN(American Institute of Nutrition) vitamin mixture
ingredients(per kg mixture) : Thiamin.HC! 600mg, Ri-
boflavin 600mg, Pyridoxin - HCl 700mg,
Nicotinicacid(nicotinamide is equivalent) 3g, D-Cal-
ciumpantothenate 1.6g, Folic acid 200mg, D-Biotin
20mg, Cyanocobalamin{vitaminBy,,) 1mg, Retinyl-
palmitate(vitaminA)-as stabilized powder to provide
400,0001U vitamin activity or 120,000 retinol e-
quivalents, DL-a-Tocopherylacetate(vitaminE)-as sta-
bilized powder to provide 5,000 IU vitamin E activity,
Cholecalciferol 2.5mg(100,000 1U. May be in powd-
er form), Menaquinone(vitaminK) 5.0mg, Sucrose,
finely powdered to make 1,000g.
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Table 2. Food intake, body weight and kidney weight at the end of feeding period from uninephrectomized and sham-
operated rats fed diets containing different protein level”

Food intake Weight gain Kidney weight

(g/24 wks) (g/24 wks) Right(g) Left(g) Total(g) mg/g BW
NH? 2786+111.5%" 191.8+15.9* 2.68+0.127 - 2.68+0.12° 5.23+0.24%
NM 2862+ 75.6% 230.1+18.4° 2.41+0.20° - ‘2411020 4.53+0.46%
NL 2769+ 70.8® 140.9£21.1° 1.85+0.07° - 1.85+0.07¢ 410+0.27°
SH 3108+224.4° 161.0+18.7° 1.7840.08™ 1.72+0.06° 3.50+0.14° 7.03+£0.38"
SM 2869+103.0" 167.4+18.9° 1.55+0.08" 1.50+0.08® 2.87+121° 6.41+027"
SL 2592+ 98.7° 145.1+14.4° 1.40+0.09° 1.37+0.10° 2.78+0.19° 5.90+0.24™
SF4) P* S*, P*** S***, prxx P*** S***, P*** S***, Pxx

1) Mean+S.E.

2) NH : uninephrectomized-40% protein diet, NM : uninephrectomized-15%protein diet, NL : uninephrectomized-8%

protein diet, SH : sham-40% protein diet, SM :

sham-~15% protein diet, SL :

sham-8% protein diet group

3) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range

test.
4) Significant Factor
S : Effect of nephrectomy was significant by F-test.

P : Effect of dietary protein level was significant by F-test.

* Rk kK
’ r

- significant at =0.1, 0.05, 0.01 respectively.
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Table 3. Urinary excretion of minerals" (mg/day)
Sodium Potassium Magnesium Phosphorous Chloride Calcium

NH 33.6+1.83" 157 £2.79° 2944055 1694142 15.3 +2.44" 4.49+0.41°
NM 36.5+1.44® 25.3 +2.88° 223+039®  149+1.01% 13.8 +2.92* 4.27+0.28"
NL 411+2771° 261 +3.76 29240470 125+1.32° 16.3 +257° 4.29+40.27°
SH 31.8+0.32° 6.36+0.50° 1.38+0.09°  12.1+1.56" 8.92+0.64° 3.66+0.33*
SM 36.0+1.42° 17.5 +2.88" 1.89+£0.19® 11.2+1.02° 104 +1.24% 3.42+0.32°
St 31.8+0.32° 25.7 +3.22° 2611044  11.6+082° 109 +£2.28" 3.46+0.22°
SF” S**, prx S***, P*** ¥ S*** S*** S***

1) Mean+S.E.

2) Values within a column with different superscripts are significantly different at p <Z0.05 by Duncan's multiple range

test.
3) Significant Factor
S : Effect of nephrectomy was significant by F-test.
P : Effect of dietary protein level was significant by F-test.
* ke xex s gignificant at «=0.1, 0.05, 0.01 respectively.



1064/ 3% A% AR Ao A Ao] chuzl

FE3} %)% W

Table 4. Serum concentrations of protein and urea nitrogen, and urinary urea nitrogen excretion”

Protein(mg/dl) Albumin(mg/dl) Blood urea nitrogenimg/dl)  Urine urea nitrogen{mg/day)
NH 6.51+0.16™ 392+0.11° 17.7+1.25° 14.76 £1.65°
NM 6.73+0.19 4,18+0.16™ 15.8+1.01* 29.08+3.17"
NL 6.68x+0.16 4.02+0.07" 12.9+1.04" 41.80+0.82°
SH 6.88+£0.15 4.54+0.16" 15.441.28™" 18.22+1.68°
SM 6.99+0.28 4.45+0.22* 12.5+0.46% 33.66+3.11°
SL 6.580.17 4.16+0.21™ 10.54-0.50° 42.79+1.06°
SF3) NS N S***I pHrx S*: prEx
1) Mean+S.E.

2) Values within a column with different superscripts are significantly different at p <C0.05 by Duncan's multiple range

test.

ns : Effects of nephrectomy & dietary protein were not significant by Duncan's multiple range test.

3) Significant Factor
S : Effect of nephrectomy was significant by F-test.
P : Effect of dietary protein level was significant by F-test.
* xxx o gignificant at @=0.1, 0.01 respectively.

NS : Effect of nephrectomy and dietary protein level were not significant by F-test.
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Fig. 1. Sequential changes of GFR in uninephrectomized-
and sham-operated rats fed diets containing dif-
ferent protein level.
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Fig. 2. Sequential changes of urinary protein excretion.
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Table 5. Maximun urine concentrating ability"

Change of Wt Urine volume Osmolality
(g) (mi/6 hrs)  (mOsmolkg H,0)

NH 19.54+225™  0.67+0.171° 3491+ 471™
NM  209+1.82 0.34+0.10™ 3707+ 359
NL  189%£1.56 0.28+0.11° 3799+ 473
SH 17.3+1.94 0.62+0.07° 3822+ 244
SM 19.1+£2.17 0.344+0.11*  5047-+1063
SL 16.5+1.89 0.32+0.07 4057+ 722
SFB! NS prokx prx
1) Mean= S.E.

2) Values within a column with different superscripts are
significantly different at p < 0.05 by Duncan's mul-
tiple range test.
ns : Effects of nephrectomy & dietary protein were
not significant by Duncan's multiple range test.

3) Significant Factor
P : Effect of dietary protein level was significant by F-
test.
wx k% significant at 0=0.05, 0.01 respectively.

NS : Effects of nephrectomy and dietary protein level
were not significant by F-test.

Table 6. Light microscopic findings of the kidneys"

5 i

& AL eEwdel Fisld ko ARAFEY
solute-free water AF57} 4 gcin B =P,
Firsts* e nchii£lo] & wel FHo|A] Lo] Zrtele
Re A3t 4HRl9] o] NuTBAFFEY older
F7ret] D Rg wddAE o 2N dojue d4dol
g Bago B APz athldelg 9l A%t
HA A =g A wjdeke] 212 83 4R
2t feldoz e g B Q0T B vF
FEY Jolglz #Heo] glojA o
o] Zagdn Hagot®, o|gA
2ot BEA Uehdthe 3 7t
B HAsEEede] wud A
AX 2739 7% H8 #3 F A3
g dneln & 4 YA

3. =S Ha}

222 FEHn|Ador AT A= Table 69}
FEIAAT. AHAZSHFig. 3-A), AFAIES] &7
(Fig. 3-B), Alx® 9% @3S Hole FH5] +2
NH, NM, SH oA 22A=] o] A3 9t 4o v
FEol AT TS & ASdTH A ARt o
T 2 AT Tl A7t f e 15% ol/de]
A Aol Hl ABATANN Aurt A AFE B
Aot gk o) g H]l AEA LM & AP
ol A ES0] Aot AAHFig. 3-C).

FAEvE s #FF A Table T4 vebd
uhe} ot 2AZAE & AAR 300kl 120t oA
AREAR 2ERle] A 2 PR Al
EAER 48 Ao TAHAUEH, F= NHe
NMTAA & 4 e neiies 4 Fxrt

e

Glomerular . Interstitial fibrosis .

matrix increase Glomerulosclerosis Tubular atrophy & inflammation Nephrocalcinosis

S Sl 0 S i S e o s e S e e s e P~ e i e 2 s ~Sis sl s e s
mfs)o41003020021200032004001o
e 1130 0 3020 0 121 1 0 0221 0 201 1 1
gy 4010 0 5000 0 0500 0 0140 0 20271 0
(5:15)2012030110202100410030200
(Sr:‘is)5000050000320001400020300
g 401 0 0 5000 0 4100 0 041 0 0 2021 0

1} Values are number of rats.
2) degree of histological change : ~, normal :

+, mininal : +, mild ; + 4+, moderate ; ++ 4+, severe



A% Aoz vehidthFig. 4-A). B8 28 Ad oA
ANFAA [gGo] Ao s daEglon Aoy 4
2o W Aol WA Ykeh(Fig, 4-B),
Brenner®= A14-& AT $EA single nep-
hron GFRe] 27310 Al2A|2E A Ee} 7] Ho] 24
3 zARsL doldrla Hasgr. AL & o

Fig. 3. Photomicrographs of kidney sections in un-

inephrectomized rat fed a 40% casein diet.

A) A glomerulus with segmental sclerosis and adhe-
sion to Bowman's capsule at the direction of 7-8
o'clock is seen(X400).

B) Glomerular mesangium is mildly expanded by in-
creased matrix(X 400).

C) Minimal mononuclear cell infiliraten is seen in the
interstitium{X 200).
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Table 7. Immunofluorescent microscopic findings of the

kidneys"”
g G Albumin
T T T T S e
s 212 0 0 1.1 2 1 0
My 0050 0 0 212 0 0
sy 032 0 0 302 0 0
ol 041 0 0 310 0 o
My 1 31T 0 0 410 0 0
o 230 0 0 500 0 0

Values are number of rats.
degree of histological change : —, normal : =, min-
inal ; +, mild ; +4, moderate ; +4 +, severe

Fig. 4. A) Photomicrographs of a glomerulus stained with
fluorescent conjugated antiserum specific for al-
bumin in uninephrectomized rat fed a 40%
casein diet. Note the segmental lumpy deposits
of albumin especially in the mesangium(X 200).
B) Photomicrographs of a glomerulus stained with
fluorescent conjugated antiserum specific for
IgG in uninephrectomized rat fed a 40% casein
diet. Note the minimal granular 1gG deposits in
the mesangium(X 400).
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Fig. 5. Percent survival in uninephrectomized- or sham-
operated rats fed diets containing different protein
level. Data are expressed as a percent survival of
total rats on the first day on experimental diets for
each group.
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