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Studies on Early Protein Undernutrition of Rats

Jong Yull Yu

Department of Nutrition, Duk Sung Women’s College

Seoul, Korea

—Abstract—

These experiments were designed to study the influence of early protein undernutrition on growtil,
behaviors toward food, general attitude toward a new environment, brain size and body composition of
the experimental rats.

The following experimental groups were studied.

Lactation period (3 weeks)

(Diets of mother rats) After-weaning protein deprivation period

25% Casein diet None deprivation (25% Casein diet)
129 Casein diet None deprivation (25% Casein diet)
25% Casein diet 59 Casein diet (4 weeks)
25% Casein diet 5% Casein diet (8 weeks)
129 Casein diet 5% Casein diet (4 weeks)
1295 Casein diet 59 Casein diet (8 weeks)

After a long period of rehabilitation with 25% casein diet the following results were obtained.

1. Growth rate during lactation period is closely related with the protein levels of the diet for mother
rats. The average body weight of offsprings of the mother rat fed 25% casein diet is 46. 0 grams at 21
days old. However, that of the mother rat fed 12% casein diet is only 23.0 grams.

2. The group of protein undernutrition during lactation (3 weeks) (offsprings of mother rat fed
low protein diet, 12% casein diet) could never catch up with the normal group in iis growth even after
twenty-four (24) weeks of rehabilitation.

3. However, the groups of protein undernutrition during either four (4) or even eight (8) weeks
after weaning could catch up with the normal group in their growth after long period of rehabilitation.

4. The absolute amounts of carcass protein and fat of the normal group are larger than those of
the protein deficient groups. In terms of percent carcass, however, the normal group showed higher body
fat and lower body protein than the early deficient groups. However, there is no difference between
preweaning (3 weeks) and postweaning (8 weeks) deficient groups. It is assumed, from these differences
in body composition, that there might be any differences in physiological and metabolic functions among
these various groups, and also that the basic formation of various metabolic regulators (protein-nature)

might be fixed mostly during lactation and postweaning period.
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5. The groups of protein undernutrition during either three (3) weeks lactation or four (4) weeks:
after weaning are not so remarkably different from the normal group in their amounts of food intake
and spillage. However, the groups of undernutrition during either eight (8) weeks postweaning or eleven
(11) weeks (3 weeks lactation period plus § weeks postweaning period) showed higher amounts of food
intake and spillage. In these respects, it seems that desire for food is closely related with the degree of
early hunger in protein and also seems that the longer be deficient in early life the more food spillage is
found.

6. Both preweaning and postweaning deficient groups showed generally nervous and restless. The
normal group is staid and showed less mobilities.

7. The average size of the brains of the group subjected to protein deficiency during three (3) weeks
lactation period is smaller than that of the group of the eight (8) weeks postweaning deficiency. This
means that the development of the brain is made mostly during lactation period. The group of the eleven
(11) weeks postnatal deficiency is significantly different from the normal group in its brain development.

It is assumed, in connection with the results of various maze tests reported, that the brain size is

closely related with the intellectual ability.
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Table 1. Diet composition®®
25% 12% 5%
Casein diet/Casein diet/Casein diet
’ g g g
Major components
Casein® 25.0 12.0 5.0
Glucose monohydrate? 52.7 65.7 72.7
Hyd‘v‘fgi‘;:f)ﬁ oilt 15.0 15.0 15.0
Salt mixturet 4.0 4.0 4.0
B-vitamins in sucrose 2.0 2.0 2.0
Fat-soluble vitamins 1.0 1.0 1.0
Choline’ 0.3 0.3 0.3
Total 100. 0 100.0 100. 0
B-vitamins in 2. 0 g sucrose
(mg)
Thiamine- HCl 0.40
Riboflavin 0. 80
Pyridoxine- HC] 0. 40
Ca-pantothenate 4. 00
Niacin 4.00
Inositol 20. 00
Biotin 0.02
Folic acid 0.20
Vitamin Bys 0. 003
Menadione 1. 00
Fat-soluble vitamins in 1.0 g corn oil
(mg)
Vitamin A acetate 0.31
Vitamin D (Calciferol) 0. 0045
a-Tocopherol 5. 00

1. Vitamin-test casein, Genera! Biochemicals, Chagrin:
Falls, Ohio, U.S.A.

2. Cerelose, Corn Products Company, Argo, Illinois,
U.S.A.

3, Primex, Procter and Gamble Company, Cincinnati,
U.S.A.

4. Hubbell, R.B., L.B. Mendel and A.J. Wakeman 1937-

A new salt mixture for use in experimental diets, J.

Nutr., 14 : 273. Nutritional Biochemicals Corporation,

Cleveland, U.S A,

Choline dihydrogen citrate, Nutritional Biochemicals-

Corporation, Cleveland, U.S.A.
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Table 2. Feeding design of Expt. 1

Lactation period (38 wks)

Group \ No. rats (Diet of mother rat)

After weaning period (4 wks) Rehabilitation period (21 wks)

I-A 8 ‘ 25% Casein diet 25% Casein diet 959 Casein diet
I-B 8 129 Casein diet 25% Casein diet 25% Casein diet
I-C 8 25% Casein diet 5% Casein diet 259 Casein diet
1-D 8 129 Casein diet 59% Casein diet 25% Casein diet
Table 3. Feeding design of Expt. [
Group No. rats Laggfé?nof {:;ﬁegsr;’gts) After weaning period (8 wks) | Rehabilitation period (16 wks)
I-A 8 259 Casein diet 259% Casein diet 259 Casein diet
I-B 8 12% Casein diet 259% Casein diet 25% Casein diet
I-C 8 25%; Casein diet 5% Casein diet 259 Casein diet
I-D 8 129 Casein diet 5% Casein diet 259 Casein diet
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Fig. 1. Apparatus for mobility test
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Table 4. Average body weight of pups during lactation period
Diet of mother rat l No. rats \ one day old 7 days old ‘ 14 days old 21 days old
o] g g
25% Casein diet 16 6.4 16.2 25.0 46.0
12%5 Casein diet | 16 6.2 10.6 15.7 25..0
Table 5. Average body weights after rehabilitation!
Group f Expt. | “ Group { Expt. I
g g
i-A 401 +5.8 I-A 419 £10.2
I-B 350% 4.1 1-B 384*% +12.7
I-C 379 +2.0 I-C 402 £11.2
1-D 320%*%+4. 1 I-D 341%%49, 3
8 rats each group
1. Expt. 1 21 weeks rehabilitation (28 weeks old)
Expt. 1 16 weeks rehabilitation (27 weeks old)
2. Mean+Standard error
* P<0.05
** p<0.01
Table 6. Body composition, 27 weeks of age in Expt. J!
GP 1-A GP [-B GP 1-C GP I-D
g 9% carcass g 9% carcass £ 9 -carcass g 9% carcass
Body wt | 419+10.2 384*+12. 7 402+11.2 341%*4+9.3
Carcass? | 388+10.1 352 +12.3 369+10. 4 311 +85
Protein 821+2.3 121.3%£0.25| 80 +2.9 122.6%*3-0.22 82+2.0 |22.2%+0.20, 69 1.9 |22 1*+0.25
Fat 5542.7 | 13.840.49 | 43 £2.7 |12. 1* 40,49 45+2.1 | 12.1*%0.50] 39 =£1.3 | 12 4*%+£0. 40

8 rats each group
1. Mean+Standard error

2. Wet weight of body minus brain, blood and gastro-intestinal tract

* P<0.05
P <0.01
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Table 7. Average food intake and spillage (7 days period) in Expt. [
Food intake Food intake . »
Group No. rats 1 Food spﬂlag?nz:kzé of food
100 g body wt | body wt?-%
J [ g/day & g/day %
ad libitum
I-A ‘ 8 4.44-0.10¢ 0. 19540. 006 2.0£0.40
I1-B 8 4. 3+0.13 Q.184+0.014 2,240 41
1-C l 8 \ 4.64+0.10 0. 204+0. 013 2.2+0. 80
[-D ! 8 4.3:+0.20 0. 187+0. 009 2.6+0.79
one hour feeding

I-A 8 2.1+0.12 0. 09310. 006 4.2+0.94
I-B 8 2.22+0.09 0. 096+0. 004 4,9-+1.08
I-C 8 | 1. 9£0. 09 Q. 0830, 004 3.94+1.08
1-D 3 ’ 2.310.24 0. 098+0. 009 4,9+0. 92

1. Meand-Standard error

Table 8. Average food intake and spillage (7 days period) in Expt. [
Food intake Food intake .
Group No. rats Food spxlla%xelt:lie% of food
100 g body wt body wil-%
) l g/day g/day %
ad libitum
I-A 8 3.8 =+0.18! 0.171 =£0.007 2.91+0.72
1-B 8 4.2 +0.16 0.185 =+0.019 3.241.10
1-C 8 4.3% +0.11 0.189 -£0.003 3.9240. 90
I-D 8 4. 8%4-0. 05 0. 204** 10, 003 4, 84+1.10
one hour feeding
I-A 8 2.3 #0.19 0.102 =+0. 0056 5.3+1.02
I-B 8 2.5 +0.14 0.109 -£0. 006 5.9+1.10
n-c 8 2.5 +0.12 0.111 £0.005 5.6%1.12
I-D 8 3.0%%4-0. 13 0.123*0. 006 10. 8+2. 04
1. Mean+-Standard error
* P<0.05
*¥* P <0.01

‘Table 9. Average rate of decrease in food intake in repeated space feedings* in Expt. I ( F

ood intake in grams

100 g body wt
Feedings
Group No. rats
1st 2nd ) 3rd f 4th
I-A 8 2.8 1.2 0.7 | 0.6
I-B 8 3.1 1.0 1.0 0.6
I-C 8 3.2 1.1 0.7 0.5
I-D 8 3.9 1.2 0.8 0.5

* Intervals between feedings are one hour and each feeding duration is 30 minutes
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Table 10.

Results of mobility test in Expt. 1!

Group No. rats No. squares? crossed No. Standings up Duration of standings up®
I-A 8 54.4 +10.5¢ 40.6+7.8 62.2+14. 3
I-B 8 89.6*+12. 5 48.9+7.7 74.8+15. 8
i-C 8 92.4*+ 9.9 56.2+8.1 83.6+14.9
I1-D 8 88.2%+ 8.2 52.845.2 75.4311.7

1. All data are those happened during 9 minutes test per rat
2. Each square is 6'/X6. 75"
3. Time unit is second
4. Mean=-Standard error
* P<0.05
Table 11. Brain weight and its relation to body weight at 27 weeks of age

Group I-A I-B I-C I-D
Brain wt, g 1. 89+0. 08* 1.74+0. 10 1. 80+0. 13 1. 65*+0. 07
Brain wt, % of body wt 0.4540. 05 0.46+0.05 0.4540. 06 0.48 =0.08
Brain wt, % of BW?.75 2.05%0.02 2.01+0.03 2.014-0.02 2. 10%+0. 02

8 rats each group
1. Mean+Standard error
* P<0.05
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Fig. 2. Growth at the age of 21 days. 25% and 12%

casein in their mother-rat diets

Fig. 3. Growth after 25 weeks rehabilitation from the
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Fig. 6. Rate of decrease in food intake in repeated space
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100 grams body weight

* Intervals between feedings are one hour and each feed-
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Fig. 7. Rate of decrease in food intake in repeated space
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* Intervals between feedings are one hour and each fee-
ding duration is 30 minutes.
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