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= ABSTRACT=

This study was undertaken to invesigate the effect of early nutritional deprivation and
environment on neurotransmitter concentrations and behavior in later life. The restoring
process of rats fed foods ad libitum after 509% restriction of the casein or the Korean diet
during the prenatal and or the lactating periods was observed. There were two rearing
conditions, isolated and enriched, after weaning. Behavioral development was measured by

the Y-shaped water maze and the open field test. The neurotransmitters were analyzed af-
ter sacrifice at the age of 21 weeks.

The results are summarized as follows :

1) The body weight impairment by dietary restriction during the prenatal and lactating
periods could be restored within 18 weeks after weaning in case of living in a classical
cage. The effect of quantitative restriction was bigger in the Korean diet than in the casein

diet.

2) The brain weight was decreased by nutritional deprivation. Environmental enrichment
increased it slightly.

3) The concentration of neurotransmitters, norepinephrine, dopamine, and serotonin, were
not shown any traces of the dietary restriction at the age of 21 weeks.

4) In the maze test, the deprived rats made more errors than the nourished. and the rats
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fed the Korean diet more than those fed the cascin dict. The environmental enrichment

could decrease the number of errors.

5) In the open field test, the dietary deprived groups showed less reaction time, more
squares entered in the field, and less number of fecal boli than the nourished among the

environmentally isolated rats. However, rats living in the enriched cage without experience

of nutritional stress showed the lowest emotionality and the elevated exploratory activity.
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Table 1. Experimental design

Group Mating Birth Weanling
C-C-C Casein diet Casein diet Casein diet ad lib., classical cage ; isolated
ad lib. ad lib.

b-C-C Casein diet Casein diet " ”

D-D-C deprived ad lib.

bD-D-C Casein diet Casein diet ” "
deprived deprived

Cx-Cx-C Korean diet Korean diet ” ”
ad lib. ad lib.

Dg-Ck-C Korean diet Korean diet 7 ”
deprived ad lib.

Dg-Dy-C Korean diet Korean diet ” ”
deprived deprived

C-C-Cg Casien diet Casein diet " environmentally enriched
ad lib. ad lib. cage ; grouped

D~-C-Cg Casein diet Casein diet ” ”
deprived ad lib.

D-D-Cg Casein diet Casein diet ” “
deprived deprived

Ck-CxCg Korean diet Korean diet " "
ad lib. ad lib.

Dg-Ck-Cg Korean diet Korean diet ” ”
deprived ad lib.

Dx-Dg-Cg Korean diet Korean diet ” ”

C : Control diet
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Table 2. Composition of 15% casein diet 143] A4 st eleld FHo) 408 A7k
(kg diet ) FU4Ael Bolbe £%H 4Edolsl 42
Diet ] 7t 47b2] FeelA AP F-Eol F5L BAsigeh
Gradients 16% casein Ao, dgatde] M 2E AZo 2 AF B3A
2-e 245193, B, open fieldWold =izt vl
Corn starch 770 g o Am Faa B
Casei 278 5 FHagdoq, A, 3eE 4y F
tom secd. o 190 8 A MERGA AW AE 2AYL, U, AT
Cotton seed oil 40 mg WA o (fecal bili)e] 48 Zxstele}
Salt mixture @ 40 g ’
Vitamin A.D mixture® 1 ce 5) 2xzxe] 23
Fat soluble vitamins® 2 cc AP EES 5o 2 el E Austd 34 FHE
Water soluble vitamins @ + A &3 AUl A A=, 45, H7e A Rz
Vitamin B,,® 1cc wrel F%g $4F dry icee] Yol WEnasign
@ Salt mixture(g/kg salt mixture) : CaCo 300, 6 ) % norepinephrine, dopamine, serotonin %}
K, HPO, 322.5, MgSO,. 7H,0 102, CaHPO, Zrel ZA
2H,0 75, NaC, 167.5, FeCyH; O, 27.5, K1 0.8, e~ e
CuSO,. 5H,0 0.3, ZnCl, 0.25, MnSO,. H,0 5. Fx 899 norepinephrine, dopamine, serotonin
@ Vitamin A.D. mixture(mg/cc corn oil) : o] geFg Metcalfyd Woj] o) 3le] &35} chAcidified
vitamin A 0.1, vitamin D. 0.0L . L , -
® Fat soluble vitamins : a-tocopherol acetate butanole| #7-& ¥4 3lsle] norepinephrines} do-
5g, menadion 200mg, corn oil 200ml pamine-2 aluminael] &3] A trihydroxyindole x}
@ Water soluble vitamins (mg/kg) : choline ‘o0 2 B o) = o L ep R
chloride 2000, thiamin hydrochloride 10, ri- o 17 2 5%931 serotonin £ Dowex - 5053 &
boflavin 20, nicotinic acid 120, pyridoxinel0 A-gsle] ol Gmid o 2 Relslgrh RIml BEAE
calcium pantothenate 100, biotin 005 folic € Aminco- Bowman Spectrophotofluorometer&- A}
acid 4, inositol 500, PABA 100. . )
> > =] _] =
® Vitamin B,; solution : 5mg of vitamin B,,in $ated A=ata =,
500ml of distilled water.
7) Az A
2tme w9 BEHAE THPE FAEY =E
Table 3. Composition of korean diet
Nﬁ'iem Carbohydrate Protein Fat
Gradients(g) N g(Cal) g(Cal) g{Cal)
Rice powder 740 586(2344) 53(212) 9( 81)
Sugar 45 45( 180)
vegetable 65 46( 184) 1 4) 2( 18)
Fish powder 60 4( 16) 32(128) 7( 63)
Soybean powder 65 23( 92) 25(100) 11( 99)
Corn oil 25 25(225)
Total 1000 704(2816) 111(444) 54(486)
1) rice powder : moisture 11.7%, crude protein 7.2%,crude fat 1.2%, crude ash 0.7%.
2) vegetable powder : moisture 14.3%, crude protein 129, crude fat 2.6% crude ash 10.9%
3) fish powder: moisture 8.5, crude protein 53.3%, crude fat 11.0%, crude ash 20.9% .
4) soybean powder : moisture 52, crude protein 38.8%, crude fat 17.4% , crude ash 36% .
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Fig. 1. Shape of Y-shaped water maze
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Table 4. Body weight during experimental period?

Group Error
C-C-C 2.00 20 *9)
D-C-C 286 be
D-D-C 371 ¢
Cx-Cx~C 2.71 b€
Dy-Dx-C 3.67 €
Dy-Dg-C 371 ¢
C-C-Cg 157 2
D-C-Cg 2.00 #P
D-D-Cg 2.29 ab
Cx-Ck-Cg 1712
Dg-Cx~Cy 2.86 b€
Dx-Dx~Cy 2.86 b€

1) ‘mean 7

2) ‘means within a column not followed by
the same letter are significantly different
at a= .05 level, one-tail, by Mann-
Whitney U-test.

Group 3 week 6 week 9 week 12 week 15 week 18 week 21 week
C-C-C  304-+59%% 128.9+18.0% 234.71+296%°¢ 3044 +34.2° 341.6+37.5%° 367.2:148.1%> 378.6+44.4%
D-C-C  363+7.8* 135241262 241.7:£21.6°° 31464256 3485+27.0°% 369.6:-39.1% 381.3437.8*
D-D-C  199+56b 88.8 + 7.2%¢ 191.8+ 7.5P°4¢ 262.4 +60.9°¢ 297.4+-11.0°¢ 329.5+15.3%¢348.0+31.3%
Cx-Ck-C  258+40% b 1090+11.3% 2164+29.12P°d 290.2 +31.22°334.5+44.0°% 361.04-41.8%¢370,6+-35.4%
Dg-Cx-C 2554297  120,9430.6* 22144521304 2905 +-60.83P°344.74-72.8°° 360.4+78.0°°372.7.+63.2%
Dg-Dxk-C  146+19°  825+16.3b¢ 1783+25.8°9¢ 243.4 +30.6°° 279214385 305.0+32.5% 317.4+344%
C-C-Cg 394+58% 1366+ 662 2523+220% 31714255 350.3+43.1* 376.0+52.9% 384.8--50.0°
D-C-Cg 362476 133.3+2452 246.7+428% 306.2+575% 3580-£60.9% 387.5+67.2* 39557242
D-D-Cg 197456  82.6+11.85¢ 1745+1609° 231.4420.F 2778+30.5°° 310.2:-34.9% 323.9444.1%
Cx-CxkCe 258+4.1%0 1065+18.5% 2122+ 31.32P°d 264.3433.72P°305.5+-29.2%° 3295--30.075°343.24-32.8%
Dg-Cx-Ce 252+29% 1246-H145% 2186+50.196°9 266.1 457.8%0°303.0-58.72¢ 321.5-+61.7°%345.34+50.5%
Dg-Dg-Ce 145+1.9° = 744 +164c 1511-+414°%  22854250° 261.1+27.F 288.0-+38.4° 297.4426.9°

1) mean + S.D.

2) means within a column not followed by the same letter are significantly
different at a= .05 level by Tukey’s test.
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Table 6. Open field test?

Group Reaction time Entered squares Sierfoéle(ilst :‘?ent Fecal boli
test. 1 test. 2 test . 1 test. 2
C-C-C 26.62 272 3a g2 0. 2 8.22
D-C-C 22.3%¢ 260 @b 55 b 2.4° 44"
D-D-C 24,220 2.2% 28 ab 30 @ 092 4.3%
Cg-Ck-C 25,7 2b 26.82b 39 2 20 2 22 3.9P
Dg-Cx-C 24,73 2432 59 b 46 3 3532 3.6°P
Dg-Cx-C 2582 24.4%0 37 @ 46 % 1.0% 44b
C-C-Cg 21.0¢ 19.7 107 © 1184 6.7° 0.34
D-C-Cg 21.9° 23.1b 52 b 48% 3.3% 3.7b
D-D-Cg 26.0 23.5P 8"k 34 530 3.2be
Cx-Ck-Ce 198°¢ 20.9¢ 108 © 80 ¢ 6.70 15°¢
Dg-Cx-Cg 225" 2350 54 b 69 b 3.5 26b¢
Dg-Dx-Cg 21.3b¢ 2.4° 63 b 55 b 3.4% 2.4Y¢
1) mean
2) means within a column not followd by the same letter are significantly different
at a = .05 level, one tail, by Mann-Whitney U-test.
Table 7. Brain weight in different regions? (g)

Group Cerebrum Cerebellum Brain stem Whole brain
c-C-C 1.25 + 005 ® * 0.29 4+ 0.02 @ 0.41 -+ 0.02 2® 1.95-+ 0.09 b
D-C-C 1.20 + 0.05 b 0.26 + 0.01 abc 0.39 + 0.02 abc 1.85 + 0,08 bede
D-D-C 1.22 + 0.04 3 025 + 0.01 be 0.38 + 0.03 2be 1.84 4 0,06 bede
Cg-Cx-C 1.22 + 0.03 3 0.27 + 0.03 abe 0.40 + 0.02 2b¢ 1.89 4 0,06 abed
Dg-Cx-C 1.16 + 0.03b 0.26 + 0.01 abe 0.37 + 0.01 b¢ 1.79 + 0.05 de
Dg-Dg-C 1.16 + 0.05 0.24 + 001 ¢ 036 +0.04 € 176 +-0.04 ©
C-C-Cg 1.28 + 0.04 2 029 + 0.02 2 042 + 0.03 2° 1.99 + 0.07 2
D-C-Cg 1.21 + 001 % 0.28 4+ 0.02 @ 041 +0.03 2 1.90 + 0.06 3bed
D-D-Cg 1.20 + 0.04 2b 0.25 + 0.01 bc 0.36 + 0.02 © 1.80 + 0.06 de¢
Cx-Cx-Cg 1.23 + 0.03 3 0.28 4+ 0.01 2 042 4+ 0.02 2 1.93 + 0.07 2bc
Dg- Cx~Cg 1.21 + 0.05 ab 0.27 + 0.01 ¢ 041 + 0.03 *P 1.90 + 0.09 abed
Dg-Dg-Cg 1.20 4+ 0.03 3 0.25 + 0.01 bc 0.37 + 0.02 b€ 1.81 4 0.07 cbe
1) mean S.D.

2) means within a column not follewed by the same letter are significantly different

at = .05 level by Tukey’s test.
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Table 8. Concentration of norepinephrine in brain regions? (mg,g)

Group Cerebrum Cerebellum Brain stem Whole brain
Cc-C-C 0.32 + 0.02 0.22 + 002 062 + 0.03 0.36 + 0.02
D-C-C 031 + 002 021 + 002 0.62 + 0.03 0.36 + 001
D-D-C 0.31 + 003 0.21 + 002 0.63 + 0.04 0.37 + 0.02
Cg-Cg~C 0.31 + 002 0.22 + 0.03 0.62 + 0.02 0.37 + 002
Dy-Cx-C 032 + 002 0.22 + 002 0.61 + 0.02 0.37 + 0.02
Dg-Dg-C 032 + 003 022 + 003 0.64 -+ 003 0.37 + 0.01
C-C-Cg 032 + 003 0.21 + 003 063 + 004 0.38 + 0.02
D-C-Cg 0.33 + 0.04 0.21 + 003 0.62 + 0.03 0.37 + 0.03
D-D-Cg 0.32 + 0.03 0.22 + 0.02 0.63 + 0.02 0.37 + 0.02
Cg-Cx-Cg 0.32 + 0.02 021 + 002 0.63 + 003 0.38 + 0.02
Dg-Cx-Cg 0.32 + 0.04 0.21 + 0.02 0.63 + 0.03 0.38 + 0.04
Dg-Dg-Cg 033 + 004 0.22 + 002 0.63 + 0.02 0.39 + 0.03
1) mean +S.D.

N.S., not signifeantly different at a= .05 level by Tukey’s test.
Table 9. Concentration of dopamine in brain regions?

Group Cerebrum Cerebellum Brain stem Whole brain
C-C-C 0.46 +0.03 0.26 -+ 0.03 0.90 +0.05 0.53 + 0.03
D-C-C 0.46 +0.04 0.26 + 0.03 0.92 4-0.02 053 + 0.03
D-D-C 0.47 +0.03 0.27 + 0.03 0.92 +0.03 054 + 002
Cx-Cx-Cp 0.47 +0.03 0.25 + 0.04 0.91 +0.04 0.53 + 0.02
Dg-Cg-Cg 0.48 +0.03 0.25 +- 0.03 0.92 +-0.03 0.54 + 0.03
Dx~Dg~Cg 0.48 +0.04 0.28 -+ 0.04 0.93 +0.03 054 + 0.03
C-C-Cg 0.47 +0.03 0.26 + 0.02 0.93 4-0.02 0.53 + 0.02
D-C-Cg 0.46 4+-0.03 0.25 + 0.03 0.90 +0.03 0.55 + 0.03
D-D-Cg 0.49 +0.04 027 +0.03 0.94 +0.02 0.55 4+ 0.03
Cx—-Ck-Cg 0.48 4+-0.02 0.26 + 0.02 0.92 1-0.04 0.55 4- 0.02
Dg-Cg-Cg 0.48 +0.03 0.25 + 0.03 0.91 +0.05 055 + 0.04
Dk-Dy~Cg 0.40 +0.03 027 -+ 002 0.94 +0.03 056 + 002

1) mean + S.D.
N.S., not significantly different at

a= .05 level by Tukey’s test.
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Table 10. Concentration of serotonin in brain regions? (mg g )

Group Cerebrum Cerebellum Brain stem Whole brain
Cc-C-C 0.52+ 0.04 N.S. 0.41 + 0.03 1.02 4+ 0.06 0.61 + 0.03
D-C-C 0.53 + 0.03 0.41 + 0.04 1.03 4- 0.06 0.62 + 0.03
D-D-C 0.52 + 0.03 0.40 + 0.04 1.02 + 0.05 0.60 + 0.03
Cg-Cy-C 053 + 0.04 0.40 + 0.05 1.03 + 0.06 0.62 4 0.04
Dg-Ck-C 053 + 0.04 0.41 + 0.03 1.04 + 0.06 062+ 0.04
Dg-Dg-C 0.52 + 0.03 0.40 + 0.03 1.03 + 0.06 0.60 + 0.02
C-C-Cg 052+ 0.04 0.41 + 0.05 1.03 + 0.06 0.56 4+ 0.03
D-C-Cg 0.52 4+ 0.03 0.41 + 0.03 1.02 4+ 0.07 0.56 -+ 0.03
D-D-Cg 0.53 + 0.04 0.42 + 0.03 1.04 4 0.04 056 + 0.03
Cx-Cg-Cg 053 + 0.04 0.43 + 0.03 1.03 + 007 0.56 + 0.04
Di-Cg-Ce 0.53 4 0.04 0.41 + 0.04 1.02 + 006 0.56 & 0.04
Dg-Dg-Cg 054+ 0.03 041 + 0,04 1.05 + 0.05 057 + 0.03

1) mean + S.D.

N.S., not significantly different at = .05 level by Tukey’s test.
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