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Effects of Dietary Protein Levels on Organ Growth and Protein Metabolism
in Early and Normally Weaned Rats
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Deparment of Food and Nutrition, College of Human Ecology, Seoul National University,
Seoul, Korea

ABSTRACT

This study was designed to examine how dictary protein levels affect organ growth and
protein metabolism in early and normally weaned rats. Early and normally weaned rats separated
from the dam on the 15th and 21st day postpartum, respectively, were fed diets containing three
levels of protein ; low(10%), normal(20%) and high(40%). On the 35th day, the weight and
DNA, RNA and protein contents in brain, liver, and kidney were determined to ascertain organ
and cellular growth. Furthermore. serum total protein, albumin, o-amino N and creatinine and
urinary urea N, and creatinine were determined in order to ascertain protein metabolism and
renal functions. Dietary protein levels were not observed to significantly affect total DNA
content, which may represent an index of cell number in the liver, brain and kidney. Fresh
weight and protein/DNA ratio, which may represent indices of cell size, significantly increased
in proportion to dietary protein in the kidney. As for the early weaned rats, the liver cell size
significantly decreased. Dietary protein levels and weaning periods did not affect serum total
protein and albumin. However, serum urea-N significantly increased in proportion to dietary
protein levels whereas serum a-amino N was decreased by early weaning. Nitrogen retention
was lower in early weaned rats fed low or high levels of protein than in normally weaned rats.
The results demonstrate that low or high levels of dietary protein have less desirable effects on
protein metabolism in prematurely weaned rats. (Korean J Nutrition 31(1) : 5~12, 1998)
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Table 1. Composition of experimental diets

(/100 g Diet)

Ingredients Low Normal High
Casein 10 20 40
Starch 70 60 40
Soybean Oil 10 10 10
Cellulose 5 5° .5
DL-Methionine 03 0.3 0.3
Mineral mix." 35 3.5 35
Vitamin mix.? 1 1 1
Choline-chloride 0.2 0.2 0.2

1) AIN-" 2) AIN-7®
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Table 2. Body weight, food intake and food efficiency ratio

WE e R e et 31(1): 5~12, 1998/7
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Fig. 1. Growth change during experimental period.
E : early weaning Low : low protein
N : normal weanign Normal : normal protein
High : high protein

Final weight(g) Weight gain(g) Food intake(g) FER"

Normal Weaned

Low 130.0+ 4.7™ 4.9840.27"> 12.37+£0.29° 0.40+0.02°

Normal 157.3+ 5.0° 6.8510.28° 11.60+0.51° 0.591+0.02*

High 139.4+ 4.8 5.554+0.35" 9.62+0.20° 0.58+0.05"
Early Weaned )

Low 129.1% 4.6™ 4.2940.18 10.00+0.36" 0.434+0.01™

Normal 1485+ 9.3* 5.29+0.40* 9.23+0.61" 0.57+0.03°

High 117.3£11.1° 3.7940.49° 7.2040.48° 0.52+0.06™
Protein Levels * * * *
Weaning Period NS? *

* . NS

1) Values are Mean =+ SE of six rats

2) NS : Not significantly different

3) Superscripts with different alphabet in columns are significantly different at p <0.05 by Duncan'’s muItlple range test

4) FER : Food efficiency ratio, weight gainffood intake

*significantly different at p<0.05 according to protein levels and weaning period, respectively
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Table 3. The weight, DNA, RNA and protein contents of liver
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o] Ty AF o] BTl vis) folFos ysk
o} Z71olfrol e FoAQ ol HelA gsic
ol 9 AAe] wi$ W Ao} ¢EHE R 7]
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Fresh weight(g) DNA(mg) RNA(mg) Protein(mg) Protein/DNA

Normal Weaned .

Low 5.30+0.22™  1513+0.82% 52.48+1.65" 375.93+11.54° 25204157

Normal 6.18+0.18 18.17+1.20° 62.60+3.76™ 553.77 +46.09° 27.80+£1.96

High 5.60+0.20 14.97+1.01° 64.92+2.65° 419.40+36.66° 28.03+1.34
Early Weaned .

Low 5.33+0.24 17.5242.65% 51.78+3.75% 331.20%18.40° 22.86+1.89

Normal 5.99+0.51 23.16+4.35° 61.45+4.27° 381.02+17.43° 23.74+3.03

High 5.49+0.61 19.08+2.60° 47.53+4.89° 378.20+51.75° 23.96+3.32
Protein Levels NS NS * * NS
Weaning Period NS NS * * *

1) Values are Mean =+ SE of six rats

2) NS : Not significantly different

3) Superscripts with different alphabet in columns are significantly different at p<0.05 by Duncan’s multiple range test
*significantly different at p <0.05 according to protein levels and weaning period, respectively
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Table 4. The weight, DNA, RNA and protein contents of brain

Fresh weight(g) DNA(mg) RNA(mg) Protein(mg) Protein/DNA

Nomal Weaned

Low 1.62+0.03" 4.30+0.12™* 3.88+0.16° 91.46+3.10° 21.26+0.45%

Normal 1.79+40.03* 4,82+0.14 4.10+0.13° 102.75+3.13° 21.95+0.28°

High 1.76+0.02" 4.67+0.15 3.85+0.16° 96.38+2.40" 20.73+0.70°
Early Weaned

Low 1.6240.02° 4.58+0.18 3.47+0.12° 92.88+3.01° 20.3040.48°

Normal 1.79+0.06° 4.68+0.18 3.9240.12° 101.98+2.96° 21.83+0.43°

High 1.67+£0.05% 4.5240.20 3.88+0.09° 95.17+2.51% 21.224+0.36™
Protein Levels * NS * * *
Weaning Period NS NS NS NS NS

1) Values are Mean +SE of six rats

2) NS : Not significantly different

3) Superscripts with different alphabet in columns are significantly different at p<{0.05 by Duncan’s multiple range test
*significantly different at p<0.05 according to protein levels and weaning period, respectively

Table 5. The weight, DNA, RNA and protein contents of kidney

Fresh weight(g) DNA(mg) RNA(mg) Protein(mg) Protein/DNA

Nomal Weaned

Low 1.13+0.05" 10.52+0.58* 6.68+0.56® 85.53+ 4.56° 8.13+0.21°

Normal 1.4140.06™ 10.46+0.44® 7.68+0.25® 105.86+ 5.04° 9.94+0.13"

High 1.56+0.05° 9.08+0.62° 8.22+0.61% 110.07+ 5.44° 12.33+0.49"
Early Weaned

Low 1.13+0.07° 10.23+0.65* 5.13+0.37¢ 85.65+ 6.20° 8.37+0.29°

Normal 1.59+0.16 12.74+1.54° 8.80+0.76° 111.18+11.36*- 9.82+0.52°

High 1.5040.14° 11.03+1.03* 7.88+0.41" 121.12+ 5.58° 10.4240.67°
Protein Levels * NS * * *
Weaning Period Ns? NS NS NS NS

1) Values are Mean = SE of six rats

3) Superscripts with different alphabet in columns are significantly different at p<0.05 by Duncan’s multiple range test
*significantly different at p<{0.05 according to protein levels and weaning period, respectively
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Table 6. Total Protein, albumin, urea N and a-amino N in serum

Total Protein Albumin Urea N o-amino N
(g/dh) {g/dl) (mg/dl) (pmol/ml)

Normal Weaned

Low 5.35+0.45"™" 3.87+0.44™2 3.87+0.49° 8.09+0.35™

Normal 5.20+0.45 3.60+0.41 14.17+£0.65" 8.5640.50°

High 5.08+0.26 3.62+0.26 28.47+2.51° 10.07+0.20°
Early Weaned

Low 5.00+0.13 3.52+0.36 3.9540.25° 7.10+0.06°

Normal 6.00+0.42 3.98+0.29 13.08+1.25° 7.46+0.33¢

High 5.32+0.25 3.73+017 28.62+2.76° 7.87+0.40
Protein Levels NS NS * *
Weaning Period NS NS NS *

1) Values are Mean +SE

2) NS : Not significantly different

3) Superscripts with different alphabet in columns are significantly different at p <0.05 by Duncan's multiple range test
*significantly different at p <0.05 according to protein levels and weaning period, respectively
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Fig. 2. Effects of early weaning and protein levels on urine
urea N(UUN) and hydroxyproline(OHPro).
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Fig. 3. Effects of early weaning and protein levels on ni-
trogen balance.
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