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Abstract—Studies were made of the effects of undernutrition during the neonatal period and also protein 
deficiency and undernutrition during the post-weaning period on brain acetylcholine. Rats undernour­
ished from birth to 4 weeks so as to result in a body wt deficit of 43 per cent had an associated deficit 
in brain Wt of 14 per cent, but the concentration of acetylcholine in the brain was not affected. In the 
case of post-weaning undernutrition, acetylcholine concn was found to be affected in protein deficiency 
as well as in severe calorie restriction.

Acetylcholine plays a key role in the transmission 
of nerve impulses (Nachmansohn. 1961). It has been 
suggested that the concentration of ACh in the brain 
varies inversely with the functional activity of the 
brain, as it has been found to be increased in anaes­
thesia and sleep (Richter & Crossland, 1949; Cross­
land & Merrick, 1954); in deep narcosis (Elliot et 
al, 1950) and following the administration of CNS 
depressants (Naik et al., 1970). The concentration of 
ACh in the brain was found to be decreased during 
convulsions, electrical stimulation of brain and emo­
tional excitement (Richter & Crossland, 1949). The 
concentration of ACh in the brain of the rat increases 
with age up to 100 days or more (Crossland, 1951; 
Naik et al, 1970). It is generally accepted that during 
the neonatal period when the brain is rapidly develop­
ing, undernutrition may interfere with normal matu­
ration as judged by brain wt, DNA and lipids (Dob- 
bing, 1968; Winick & Noble, 1966). Since an increase 
in the concentration of ACh is associated with such 
maturation, and continues beyond the weaning age, it 
was considered of interest to study the effects on brain 
ACh of undernutrition during the neonatal as well as 
the post-weaning periods.

In previous studies in this laboratory, protein defi­
ciency during the post-weaning period was found to 
affect the activities of brain glutamate dehydrogenase 
and glutamate decarboxylase whereas undernutrition 
did not have a similar effect suggesting that the effects 
of undernutrition are different from those of protein 
deficiency (Rajalakshmi & Ramakrishnan, 1972). 
This raises the question of whether protein deficiency1 
has similar-effects on-other brain constituents such as

ACh and whether these effects differ from those of un­
dernutrition. The present studies were therefore con­
cerned with the effects on brain ACh of neonatal un­
dernutrition and of both undernutrition and protein 
deficiency during the post-weaning period.

METHODS AND MATERIALS

Animals. Albino rats were used in these studies. Neonatal 
undernutrition was induced by increasing litter size. Pups 
born on the same day were reared by foster mothers in lit­
ters of 8 or 16 up to 7, 14, 21 or 28 days of age. The mothers 
were given food and water ad lib. For studies on the effects 
of undernutrition and protein deficiency during the post- 
weaning period five groups of weanling rats, matched for sex 
and body weight were' used, littermates being assigned to the 
different groups as far as possible. They were fed for 5 weeks 
on a diet containing 5, 8 or 20% protein ad lib. or one con­
taining 20% protein m restricted amounts. In the case of the 
restricted groups the amounts were adjusted at 50 and 25 
per cent of the ad lib. food intake of animals fed the 5% pro­
tean diet.

Assay of ACh. The whole brain including the olfactory 
lobes was used for the assay The animals were killed by 
decapitation and the brains were removed immediately, 
weighed and ground with pestle and mortar m 3 ml of ice- 
cold 10% TCA. Further extraction was carried out by the 
method of Toru & Aprison (1966) ACh was assayed on 
eserimzed frog rectus abdominus muscle. The sensitivity of 
the muscle was ascertained by repeated applications of stan­
dard ACh chloride. The procedure for bioassay was essen­
tially similar to that described in Pharmacological Exper­
iments of Isolated Preparations (1968). The only variation 
was that instead of matching the standard response to the 
sample, a known amount of standard was used each time 
and the sample response compared with it. The validity of



- —*k. Rmalakshmi, A. B Kulkarni and C. V. Ramakrishnan 

Table I Effects of neonatal undcrmitrition on brain acetylcholine at different ages

Litter Body wt (g)
size (mean + s.e.m.) 

(age m days) X 16

Brain wt (g) 
(mean ± s.i'm.) 
8 16

Acetylcholine1 
(mean ± s.e.m.)

;ig/brain ng/g brain
8 16 8 16

birth 5 0-21 0-14(4) 0-63
±0-01 ±0-04 ±0-02

. 7 ft 92 0-68 0-62 1-17(2) 1-00(4) 1-^72
±0-20

1-63
±001 ±0-05 ±0-15 ±004 ±0-02

14 16 II2 0-95 0-842 1-32(4) 1-072 (6) 1-39 1-24.
±0-03 ±0-02 ±0-05 ±0-05 ±0-06 ±0-05

21 28 182 1-25 H3 1-55(6) 1-35(7) 1-23 H9
±0-03 ±002 ±0-14 ±010 ±0-11 ±0-10

28 60 342 1-41 i-222 2-57(6) 2-22(7) 1-80 1-80
±007 ±0-07 ±0-17 ±018 ±0-10 ±0-14

Number of estimations shown in brackets.
1 As acetylcholine chloride
- Values significantly different from control values {P < 0-001).

this procedure was ascertained by separate experiments in 
which the assays by the two procedures gave almost identi­
cal results. AH the chemicals used were of research grade 
purity and were obtained either from B.D.H. or E. Merck.

RESULTS AND DISCUSSION 
The results of the experiment on neonatal undernu­

trition are presented in Table 1. The body and brain 
wt deficits were as expected on the basis of other,

studies (Dobbing, 1968). Although the ACh content of 
the brain was slightly lower, the decrease was statisti­
cally significant only at 2 weeks and was in proportion 
to the decrease in brain wt for the concentration of 
ACh was not affected. This contrasts with the lower 
concentration of brain lipids, with a similar degree of 
neonatal undernutrition (Dobbing, 1968; Guthrie & 
Brown, 1968). Further studies are needed to ascertain 
if a decrease in maternal stimulation because of in-

Table 2. Effects of post-weaning deficiencies of protein and calories on brain acetylcholine

Brain

Group Diet
No of 

animals

Food
intake
(g/dav)

Bod)
wt
(g)

wt |
(g)

(mean ± se.m.)

Acetylcholine1 
(mean ± s.e.m.) 

pg/bratn /tg/g brain

1 5“„ protein . 6 6 66 1-322 2 212 i-692
±001 ±0-19 ±013

2 8% protein 5 7-6 92 I-372 2 661 1-90
±0-01 ±0-14 ±015

3 20% protein
(controls led nil lih) 6 9 136 1-50 3-55 2-36

±0-01 ±0 14 ±0 13
4 20% protein 4 3 59 1-282 2-77 2-15

restricted3 ±0 02 ±0 11 ±008
5 20% protein 6 1 5 39 1 262 • 1 622 1 302

severely restricted4 ±001 ±0 13 ±010

The period ol treatment was 5 weeks
1 As acetylcholine chloride
2 Values significantly different horn control values (P < 0 01)
3 50% of the ad hi, food intake ol animals fed 5% protein die!
4 25% of the mi lib, food -make of animals fed 5*';. protein dies
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Undcrmitrihon and brain ACh levels

create in Inter size counteracts the efTects of undernu- 
trition

The results of the experiment during the post-wean- 
mg period arc presented in Table 2. Both protein defi­
ciency and vcr\ severe calorie restriction (group 5) 
resulted in significantly losver amounts and con­
centrations of brain ACh. With less severe degrees of 
food restriction only the total amount in the brain and 
not the concentration was affected. This was also true 
of the 8"'„ protein diet. This contrasts with the differen­
tial effects of calorie and protein deficiencies during the 
post-svean mg period on brain enzymes (Rajalakshmi 
& Ramakrishnan. 1972). In these previous studies, 
protein deficiency but not severe undernutrition 
resulted in lower activities of brain glutamate dehydro­
genase and glutamate decarboxylase although body wt 
m the latter were much less than m the former. It is, 
however, interesting to note that although the retarda­
tion m body wt was comparable in the protein defi­
cient and severely undernourished animals (groups 1 
and 4) the amount and concentration of, brain ACh 
were significantly more in the latter case.

The finding of a lower brain ACh with severe under- 
.nutrition contrasts with the increase reported in star­
vation .(Naik et ai, 1970). This may be because the 
effects of chronic undernutrition are different from 
those of complete starvation. In this connection, in 
other studies in this laboratory, a low protein diet was 
found to produce effects different from those of a pro­
tein free diet (Rajalakshmi & Ramakrishnan, 1972). 
In conclusion, the concentration of brain ACh in rats

was unaffected by undernutritjon during the neonatal 
period but was found to be decreased by both severe 
undernutrition and protein deficiency during the post- 
weaning period
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INDIVIDUAL VALUES

In the subsequent pages individual values for 

main biochemical parameters, studied in detailed experiments, 
are listed. The numbers heading the respective columns 
denote the parameter as given below :

Column
No.

1

2

3

b

5
6

7

8

Parameter

Number of the animals

Body weight (g)

Brain weight (g)

Brain protein (mg/g brain)

Brain DNA (mg/g brain)

AGhS ( jmoles of acetylthiocholine 
iodide hydrolyzed per minute per gram 
brain)

ChAc ( jumoles of radioactive ACh formed 
per hour per gram brain)

ACh ( yug per gram brain)



EXPT : Effects of maternal protein deficiency during gestation 
on prenatal development at birth s

j_ _ _ _ _ r_ _ _ _ _ _ _ _ _ i_ _ _ _ _ _ _ _ »_ _ _ _ _ _ _ _ _ _ _ _ _ i_ _ _ _ _ _ _ _ _ i_ _ _ _ _ _ _ _ _ _ *

1 2 3 4 5 6 7

tHOUP - G+ (At birth) :

1. 6.5 0.234) 
0.277)2. 6.1 55.8 1.85 1.93 0.36

3. 6.3 #.274}

4. 5.5 0.265)
5. 6.0 0.259]

0.272)
55.5 1.80 2.48 0.32

6. 6.4

7. 6.1 0,272)
0.264]

0.265)
8. 5.6 56.0 1.90 2.20 0.40
9. 5.7

10. 7.1 0.277)
0.287)11. 6.4- 58.0 2.05 2.2 0.35

12. 6.3 0.289)
0.257)13. 5.1

CEOUP - G" (At birth) :

1. 4.7 0.192) 
0.191 ] 

0.190)
2.
3.

4.5
4.5 57.50 1.90 1.93 0.30

4. 4.3 0.191 )

5. 4.8 0.185)
6. 4.0 0.220)

56.00 1.85 0.36
7. 4.5 0.212] 1.93

8. 4.5 0.190)

Gontd...
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1 2 3 4 5 -6 7

9. 4.5 0.213) 
0.234 ]10. 4.6 58.00 1.90 1.93 0.28

11. 3.5 0.205)
0.204 ]12. 4.3

13. 4.0 0.218)
0.217]14. 5.0 56.00 2.05 1.93 0.34

15. 4.5 0.187)
16. 4.5 0.228]

17. 4.6 0.225)
0.216]

0.202)
0.190]

18. 4.7
19. 4.2 57.0 1.95 1.65 0.34

20. 4.3
21. 4.3 0.182)

22. 4.5 0.162)
0.198]

23. 4.2
24. 4.3 0.199) 51.0 1.80 1.93 0.35
25. 4.5 0.196)

0.179]26 4.5 ’
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EXPT : ACh levels In the brain of pups (G+ ) at birth.

1 2 3

1. 4.5 0.198
2 • 4.7 0.205
3. 5.3 0.215
4. 5.3 0.220

5. 5.2 0.215
6. 5.0 0.215
7. 4.4 0.205
8. 4.8 0.230

9. 5.1 0.230
10. 5.6 0.225
11. 4.8 0.205
12. 4.5 0.190

13. 5.2 0.220
14. 4.7 0.201
15. 5.4 0.215
16. 5.7 0.245

0.860

0.693

0.532

0.454
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EXPT i ACh leve in the brain of neonatally undernour ished
pups.

1 2 3 8

GROUP : 7 days (SL) :

1. 9.5 0.665
2. 11.0 0,688 1.92
3. 11.5 0.691
h. 11.0 0.69^

5. 9.0 0.655
6. , 10.0 0.670 1.50
7. 11.0 0.675
8. 11.0 0.691

GROUP i 7 days ( LL) i

1. 9.5 0.604-
2. 8.5 0.660 1.63
3. 8.0 0.655

9.5 0.64-0

5. 8.5 0.615
6. 8.0 0.565 1.58
7. 8.0 0.590
8. 8.5 0.620

9. 8.0 0.575
10. 8.5 0.660 1.69
11. 8.0 0.510
12. 8.5 0.660

Gontd...
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1 2 3 8

GROUP : 14 days (SL)

®OUP

1. 16.5 0.96

2. 17.0 0.97

3. 19.5 1.050
4. 19.0 1.005

5. 18.5 1.050
6. 12.0 0.750

7. 12.5 0.870
8. 14.5 0.940

4 days (LL) :

1. 10.5 0.950

2. 12.5 0.790

3. 10.5 0.850
4. 9.0 0.910

5. 9.5 0.810
6. 11.0 0.870

7. 9.0 0.820
8. 10.0 0.815

9. 11 .0 0.775

10. 11.5 0.950

11. 9.5 0.965

12. 10.0 0.905
13. 11.5 0.745

1.549

1.255

1.388

1.393

1.26

1.27

1.39

1.35

1.13

1.07

Contd,..



mm ^ M

2 3 8

GROUP : 21 days (SL) :

GROUP

1. 30 1.290
1.35

2. 32 1.280

3. 29 1.255

b. 33 1.290 1.02

5. 35 1.265
1.32

6.

21 days

27

(LL) :

1.2*5

1 . 22 1.150

2. 1if 1.005 1.37

3. 13 0.995
0.96

17 1.120

5. 25 1.210
1.11

6. 22 1.155

7. 20 1.135
1.28

8. 2b 1.290

9. 19 1.115

10. 17 1.030

• 11. 16 1.030
1.21

12. 27 1 .24-0

13. 23 1.115
0.98

1*f. 22 1.113

1?. 2*+ 1.210 1,if3

Contd
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1 2 3 8

GROUP i 28 days (SL) s

1 . 71 1.44 1.51
2. 70 1.36 1.84
3. 62 1.37 1.88

4. 1.35 1.85

GROUP : 28 days (LL) :

1 26 1.105 1.86

2 • 4-7 1.104 1.70
3. 41 1.256 1.77

33 1.260 2.02

EXPT : Effects of neonatal undernutrition on cholinergic
enzymes ••

1 2 3 4 5 6 7

GROUP : 8 Litter size (28 days) :

1. 59 1.440 80.95 1.99 10.0 3.8
2. 63 1.515 85.70 2.42 10.0 4.0
3. 61 1.425 85.70 2.29 9.5 3.6
4. 60 1.420 92.80 2.06 9.0 3.6
5. 59 1.380 92.80 2.25 9.5 3.8
6. 58 1.315 88.09 1.93 8.5 4.0
7. 52 1.345 85.70 2.25 10.5 3.4
8. 64 1.475 97.62 1.95 9.0 4.0

contd...
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1 2 3 4 * 6 7

GROUP : 16 Litter size (28 days) :

1 39 1.330 92.8 2.20 11.03 3.5
2. 32 1.170 8 *.7 1.8* 10.48 4.0

3. 33 1.180 • 8*.6 1.9* 9.00 3.8
4. 35 1.2*0 88.90 2.00 9.*0 3.2
*. 35 1.2** 92.8 2.10 9.38 3.2
6. 29 1.2** 88.90 1.9* 9.38 3.8
7. 30 1.14* 8*.60 2.00 9.00 3.6
8. 36 1.26* 8*.60 2.10 11.48 4.0

EXPT i Effects of prenatal and/or postnatal undernutrition on
the cholinergic system in the progeny :

1 2 3 4 5 6 7

GROUP *. Gr+L+ (7 days) :

1. 17 0.720 *8.0 2.0 4.41 0.7*
2. 20 0.805 60.* 2.2

3. 15 0.70* 5*.o 1.7 3.2* 0 .**
4. 18 0.740 *7.* 2.0

5. 17 0.720 59.o 2.1* 3.10 0.80
6. 20 0.78* 60.* 2.40

7. 15 0.68* **.* 1.8 3.50 0.60
8. 17 0.71* *8.0 2.0

Contd.*.
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1 2 3 4 5 6 7

GROUP : G+L“ (7 days) :

1. 8 0.620 55.0 1.80 4.41' 0.80
2. 12 0.705 58.0 2.20

3. 10 o.65o 60.5 1.85 3.50 o.55
4. 9 0.630 55.0 1.85

5. 9 0.640 55.0 1.75 3.10 0.60
6. 12 0.710 60.5 1.90

7. 10 0.655 58.0 2.20 4.41 . 0.55
8. 8 0.633 58.0 1.70

StOUP : G"L” (7 days) :

1 10 o.58o 60.5 2.0 2.50 0.50
2. 7 0.510 58.0 1.9
3. 7 0.520 55.5 1.9 3.10 o.45
4. 6 0.480 55.0 ' 1.8

' 5. 6 0.490 58.0 2.0 2.25 o.55
6. 8 0.520 59.5 2.1

7. 8 0.510 60.0 1.8 2.10 o.5o
8. 7 0.500 55.5 1.9

GROUP : G+L+ (14 days) i
1. 26 1.180 75.5 2.18 4.41 1.95
2. 27 1.205 80.5 2.25 5.51 2.00
3. 28 1.116 85.0 2.00 4.41 1.85
4. 27 1.243 65.5 2.45 5.51 1.85
5. 29 1.390 70.5 2.25 4.41 2.00
6. 28 1.152 75.5 2.10 4.96 1.75
7. 27 1.147 80.0 1.95 4.41 1.75

Gontd....
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1 2 3 4 5 6 7

GROUP : G+L“ (14 days) :

1. 8 0.689 65.5 1.90 3.82 1.20
2. 9 0.746 70.5 1.95 5.51 1.30
3. 10 0.855 70.0 2.00 3.90 1.60
4. 9 0.767 80.5 2.00 4.56 1.65
5. 13 0.980 80.5 2.25 4.24 1.80
6. 13 1.020 75.5 2.25 3.90 1.80
7. 12 0.995 80.5 2.10 3.90 1.65
8. 14 1.115 75.5 2.10 5.51 1.80

GROUP : G’L“ (14 days) s

1. 9 0.757 70.5 1.85 3.86 1.40
2. 8 0.718 70.0 1.90 3.64 1.30
3. 6 0.680 65.5 2.00 3.53 1.05
4. 8 0.713 75.5 2.25 3.64 1.45
5. 9 0.750 75.5 2.15 3.64 1.60
6. 9 0.745 80.5 2.10 3.86 1.45
7. 7 0.560 70.5 2.10 3.53 1.30
8. 8 0.710 80.5 2.00 3.64 1.50

CHOUP : G+L+ (21 days) :

1. 41 1.413 90.45 2.12 8.27 3.40
2. 41 1.347 95.80 2.34 8.77 3.65
3. 43 1.400 109.48 2.25 8.82 4.00
4. 47 1.413 98.50 2.81 9.92 4.50
5. 4 5 1.323 95.80 2.12 8.82 4.35
6, 44J'T 1.395 90.45 2.03 10.47 3.90

Contd
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1 2 3 4 5 6 7

GROUP : G+L” (21 days) i

1. 11 1.039 90.45 2.12 11.03 3.4
2. 12 1.192 95.80 2.25 10.48 4.0
3. 14 1.223 95.80 2.03 9-93 4.0
4. 13 1.035 90.45 2.12 11.03 3.4
5. 13 1.170 98.50 2.03 9.38 3.0
6. 15 1.012 98.50 2.34 11.03 3.4

7. 13 1.110 95.80 2.03 10.48 3.0

GROUP : G”L” (21 days) :

1. 15 1 .041 95.80 2.12 8.07 3.50
. 2. 12 1.081 95.80 2.25 8.82 3.35

3. 13 1.118 90.45 2.05 7.72 3.25
4. 13 1.022 90.45 2.12 7.72 3.50
5. 13 1.173 98.5 2.12 8.27 3.50
6. 10 0.930 95.80 2.03 8.2? 3.00
7. 9 0.920 95.8 2.03 7.82 2.80
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KXPT s Effects of dietary rehabilitation on brain APh, AGUE
and ChAc activity of rats undernourished in early life.

1 2 3 6 7

GROUP : G+L*R+ :

1 135 1.570 8.61 4.5
2. 140 1.585 8.51 4.3
3. 145 1.605 10.54 4.8
V. 130 1.520 8.51 4.0
5. 128 1,380 9.45 3.8
6. 126 1.380 9.00 4.3

(210UP : G+ITR+ i

1. 80 1.385 10.54 4.20
2. 75 1.370 10.54 3.90
3. 72 1.425 9.93 3.70
V. 70 1.280 9.93 3.50

7b 1.330 12.05 3.85
6. 75 1.300 9.93 4.00

®OUP : G~L~R+ :

1. 70 1.350 12.05 4.00

2. 65 1.300 10.54 3.75
3. 62 1.270 8.85 3.00
4. 66 1.285 9.93 3.5o
5. 60 1.260 8.85 3.5o
6. 67 1.295 10.54 4.50
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SXPT : Effects of maternal protein deficiency during gestation 

and/or lactation on brain ACh levels of the progeny at 

21 days.

1 2 3 8

GROUP : G+L+ :

1. 4-0 1.360 1.4-5

2. 4-2 1.385 1.50
3. 46 1.4-00 1.65
4. 4-7 1.4-10 1.75
5. 4-5 1.380 1.55
6. 4-8 1.4-15 1.70

GROUP : G+L“ •
*

1. 10 1.020 1.10
2. 14- 1.223 1.40
3. 12 1.190 1.20
4. 14- 1.220 1.55
5. 15 1.250 1.60
6. 13 1.100 1,4o

ffllOUP : G”L“ :

1. 9 0.925 0.90
2. 10 0.94-0 1.05
3. 14- . 1.050 1.55
4. 14- 1.100 1.40
5. 12 1.085 1.25
6. 13 1.100 1.20



3XPT : Effects of post-weaning protein deficiency on 
cholinergic system i

1 2 3 8

GROUP i 5 % Protein •
•

1. 7b 1.34 1.86
2. 59 1.28 1.79
3. 56 1.32 1.83
4. 73 1.35 1.15

• 5. 63 1.33 2.00
6.

GROUP : 8 % Protein
75

•
*

1.31 1.42

1. 83 1.34 1.94
2. 71 1.34 2.38
3. 86 1.41 1.70
V. 106 1.36 1.89
5. 102 1.35 2.05
6.

®OUP : 20 fo Protein

98

ad lib, i

1.43 1.22

1. 139 1.52 2.40
2. 120 1.51 2.91
3. 140 1.54 2.12
4. 145 1.58 2.03
5. 130 1.44 2.37
6. 144- 1.45 2.50

Gontd....
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1 2 3 8

GROUP : 20$ Protein Pair-fed to 5$ protein ••

1. 93 1.32 2.4-0
2. 95 1.39 2.50
3. 88 1.4-3 1.70
If. 89 1.31 1.98

110 1.31 1.73
6. 95 1.36 1.85

GROUP : 20$ Protein fed at 50$ intake of 5$ Protein Group s

1. 63 1.28 2.4-0

2. 63 1.39 2.06
3. 56 1.24- 2.06

55 1.30 2.11

GROUP s 20 $ Protein. fed at 25$ intake of 5$ Protein Group :

1. 39 1.28 1.4-8
2. 37 1.23 1.21
3. 38 1.25 1.30
if. 36 1.23 1.60
5. 4-5 1.31 0.92
6. 39 1.26 1.29
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EXPT : Effects of postweaning deficiencies of protein and 
calories on cholinergic system.

1 2 3 4 5 6 7

GROUP s 5 % Protein ad lib.

1. 60 1.545 134.6 1.26 9.93 4.8
2. 48 1.447 112.2 1.12 7.62 3.8
3. 60 1.493 97.9 1.58 8.62 4.3
4. 67 1.501 130.6 1.58 10.54 5.5

80 1.495 112.2 1.57 8.51 4.8

GROUP : 8 fo Protein ad lib.

1. 108 1.480 115.0 1.38 10.47 5.2
2. 109 1.490 124.9 1.58 8.82 3.8
3. 90 1.460 124.9 1.50 9.93 3.8
4-. 92 1.405 107.1 1.45 9.37 5.0
5. 130 1.405 83.6 1.29 11.03 4.5

GROUP : 20 $ !Protein ad lib.

1. 93 1.496 115.0 1.32 10.54 3.8
2. 133 1.560 120.2 1.38 7.28 4.8
3. 123 1.590 120.2 - 8.61 4.3
4-. 123 1.526 120.2 1.45 8.51 4.5
5. 140 1.695 96.1 1.32 8.51 5.2
6. 117 1.528 124.9 1.25 7.62 4.0
7. 20 5 1.811 102.0 - 12.8 5.5

Contd....
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1 2 3 4 5 6 7

GROUP : 20$ Protein pair-fed to 5$ Protein Group :

1. 90 1.525 115.0 1.45 8.61 3.8

2. 106 1.540 115.0 1.51 9.93 5.0
3. 96 1.620 124.9 1.45 7.62 3.8

95 1.495 134.6 1.45 7.62 4.5
5. 108 1.465 120.2 1.45 9.93 4.5
6. 130 1.580 107.1 1.64 10.54 5.o

7. 118 1.295 102.0 1.51 10.54 5.15

GROUP : 20$ Protein fed at 50$ intake of 5$ protein Group

1. 68 1.425 129.8 1.64 9.93 4.8o
2. 57 1.385 134.6 1.57 7.62 3.75

3. 45 1.380 124.9 1.51 7.62 3.45
4. 60 1.420 105.7 1.57 9.93 4.65
5. 42 1.330 124.9 1.45 7.62 3.85

6. 87 1.555 117.3 1.54 10.54 4.85

7. 91 1.565 97.0 1.41 9.93 4.65

GROUP s 20$ Protein fed at 25$ intake of 5$ protein Group

1. 42 1.290 124.9 1.45 9.93 4.8o

2* 35 , 1.315 134.6 1.58 7.62 3.45

3. 37 1.220 115.9 1.64" 7.62 4.0

4. 47 1.440 110.5 1.32 9.93 4.80"

5. 50 1.300 124.9 1.38 10.54 3.75
6. 50 1.436 89.8 1.51 8.61 3.45

7. 50 1.435 112.2 1.58 9.93 4.00

8. 52 1.423 93.9 1.51 10.54 4.80
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EXPT : Post-weaning protein deficiency for a period of
65 weeks.

1 2 3 4. 5 6 7

GROUP t 5 $ Protein diet ad lib.

1. 123 1.590 129.8 1.92 6.16 4-.0
2. 175 1.532 124-.9 1.99 8.81 4-.65
3. 118 1.4-12 129.8 2.08 6.61 »f.85
4*. 170 1.550 120.2 1.4-9 7.71 5.00

GROUP s 20$ Protein diet ad lib.

1. 216 1.712 120.18 1.92 7.71 4-. 5o
2. 328 1.855 129.80 1.67 6.61 5.06
3. 183 1.602 124-.90 1.83 6.61 4-.26
4-. 260 1.775 124-.90 2.08 7.71 4-.10



(SOUP :
1.

21 days :
25 1.28? 1 80

2. 20 1.184
3. 16 1.0^0 1.2519 1.175
5. 24 . 1.305 1 4o
6. 16 1.060

7. 15 1.045 1.60
8. 26 1.300

GROUP :
1.

28 days s
32 1.350 1.85

2. 24 1.260 1.60

3. 20 1.145 1.36
4. 30 1.346 1.90
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SXPT : Effects of pre- and post-natal thiamine deficiency Qn 
brain ACh levels s

Pair-fed Control_______ Thiamine deficient
2 3 8 2 3 8
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GROUP i Thiamine Deficient (7 days) :

55.4

52.8 

65.7

6
8

8
7

7
9

8
9

0.480
o.5oo
o.5o5
o.5oo

0.490
0.510

o.5oo
0.515 68.2

GROUP : Pair-fed Controls (14 days) :

GROUP s Pair-fed Control (7 days) :

0.50

0.55

0.60

6.75

o.55

0.55

o.65

0.75

2.0
1.80
1.45
1.65

2.75

3.31

3.39

4.41

3.08'

3.31

3.52

4.41

6.5
6.0

2.20

2.30

1.85

1.90

1.80

1.85

2.10

2.00

2.50 
2.00 
1 .90 
2.10 
2.30 
2.25 
2.00 
2.45

1 2 3 4 5 6 7

BXPT : Effects of- pre- and post-natal thiamine deficiency 
on cholinergic system of the progeny.
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GROUP : Pair-fed Controls (28 days)

1.
2.
1:

20
24
32
26

1.150 
1.275 
1.350 
1.305

84.5
86.0
88.5
85.5

GROUP : Thiamine Deficient (28 days)

GROUP : Pair-fed Controls (21 days) :

GROUP i Thiamine Deficient (14 days) :

1 2 3 4 5 6 7
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GrdUP

1

2

3

4

GROUP

Pair-fed Control :

22 0.923
26 0.962
22 0.918
24 0.983

24 0.950
23 0.915
25 0.979
26 0.970

19 0.908
26 1.020
21 0.902
21 0.920

21 0.980
22 0.915
23 0.980
24 0.984

Thiamine deficient

0.095
0.088
0.127
0.108

0.130
0.115
0.105
0.105

0.130
0.135'
0.115
0.105

0.122
0.117
0.120
0.125

0.075
0.128
0.110
0.086
0.098
0.130
0.104
0.085

0.122
0.124
0.098
0.115

0.097
0.136
0.116
0.110

SXPT : Effects of pre- and post-natal thiamine deficiency on 
weights of brain regions at 21 days.

Sample 1 2 Cortex Cerebellum M & P
No. (g) (g) (g)
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EXPT : Effects of pre- and post-natal thiamine deficiency on 
AChE activity in the brain regions of rats at 21 days.

Sample Pair-fed Control Thiamine Deficient
No. Cortex Cerebellum M & P Cortex Cerebellum 1 & P

Brain DNA (mg/g)
1 1.73 5.71 1.96 1.61 6.43 1.49
2 1.61 6.55 1.96 1.61 5.71 1.61
3 1.55 6.07 1.90 1.73 6.78 1.84
4 1.61 6.43 1.90 1.61 6.79 1.85

Brain protein (mg/g)

1 80.90 90.50 78.50 . 90.50 83.50 85.70
2 80.90 88.10 114.30 85.70 90.50 92.80

3 88.10 83.30 102.40 76.20 92.80 85.70
71.40 88.10 92.80 90.50 8.90 88.10

AChS - nmoles of subs. hydr olyzed/min. /g. brain.

1. 1.654 1.654 3.860 2.206 2.206 2.757
2 1.654 1.654 3.088 2.206 1.544 1.875
3 2.426 1.094 4.412 3.309 1.324 2.016
4 2.206 2.206 3.300 2.206 1.875 3.419



- 24- -

S* C
D ft © H
> O H
-

C
D 3 B O
'

P £ 3*K H
> w
,

(D O c+ (0 O $ C
O £ P c+ P H $ H
*E

H
ft

i' © t? © H
- O H
- © 3 c+

•dEhH0,£8o•d<21

a©PL.

C
O

<3
0C

M

C
O

C
DC

M

-r vaoo
 

* » vn
va

 
tu

U
> 

O
 O

JrO O
 

J- i—
 

uK
vO

ft N w

ftC
D

o

onOO
lA

C
O

O
w

o• 
•

o
 o

-r VJ
\w

r\
rocM
irvlja

» •O
O

-F o

o 
o

• • vn
Q

N
oo

cx> C
N 

O
N

O 
O

O
C

a 
O

O
O

cn o00 o
 

01
— 

votrs

£C
O

C
O 

C
M O

J 
\r\Xrs

IfNvO

ca
va

fu
 0

0
o 

o

oo
 oo

 oo
 oo

00 O 
O

co 
C

N
O
N 

000

oO
O

C
D
 0

0
vo

va
ov

a

T~ 
C
M 

ro
 J- 

XT
n
nO 

in
o

o

ft p s w§ *T
3

C
h

va

ooN
0O

O
 

00 C
N

O
n

\rs

00
 0

0 
vn

ca
 

vn
o

f\TV
 O

 
IXN

C
O

 
00 C

N
.

1r\
oo

N
O

VO
 

O
N
 C

D
o 

o

_N
 _

i
o 

va
-F

ro
 -N3CD

oN
O

00
N

3 
ru

 c
o 

O
O

O

oo 
oo 

oo 
oo

C
M N

O 
O

O
N J

 rO 
O

N
r-

-F va

O O
 

trsvo
 

00
 00

N
Jl C
D

C
O

O
O

 
■N

3 O
' 

ov
a

oo 
oo 

oo 
oo

n
o
 ro

 o
n

c
o

n
o

 ro
co

vn
 

ov
av

ao
 ro

o 
ov

a
«»
Jk
 •

C
D

 -N
 C

D
 C

D
 C

D
 -V

 -»
 fv

j
ro

 -r
-rv

ar
o 

-vj
o

 ro
 

oo
oo

oo
va

va

KN
O

C
O

O
O O

N
O C

M00 
C
M C

M t- C
M ro

 C
M C

M C
M

4
• c

m
m

m
tn

o c
n

o
o o

 
J-N

O
 cv

 C
^oo N

O tN
00

irvoooo o
m

m
tv

C
N

i-C
O

C
O

O
O

cO O
 cv 

C
M C

O
 C

M roro
 C

M rO
 C

M

ov
va

 -Fco 
ro

 -x

pj
 

m
m
X

p va
ov

N m

C
M

tN
C

O 
O

va
co

-r-
r-r

-ro
N

va
 

vn
co

o 
-f

c
d

 +
 o

 o

’crvolfvoo
 O

 O
lA

 
C

O O
N

O (N
j- J

 coco
 

fO
J* rorororororo

■F
C

O
 C

D
C

d
C

d
 C

D
 -F

 ■
f'

o 
J-

4T
<3

n
vo

 co
ca

o

~v
l\Q

 ^
n

O
-v

J-
O

n
O

 ro
 

O
'v

av
ao

 C
D

va
ow

aro

■C
M

-F
*C

d
c

d
 4

 ̂-F
 -p

r"
 va

 -F
 

va
ov

 o
d

-4 
o

n
 to

o 
o

n
 

va
o 

o 
oo

io
-T

o

<a,
j>j

C
C
N O

nO
J-Io

c
O O

N
O 

©
 

rO
J-  roj- Jr ro

 J- ro
 *©C

OC
M

ft
• 

• 
[ZJ

T- 
C
M roj- \C

N
nO O

-C
Q O

ov
va

va
N

a o
w

n 
ca

 ca
 

o 
-r

va
ca

o 
oo

 va
 o

v~ 
C
M rO

J- C
tsnO C

N
C0



- 25 -

GROUP :

GROUP : Thiamine Deficient ( 1*+ days) :

GROUP : Pair-fed Control (7 days) :

1 . 7 0.510 53.6 1.94-
■ 2. 9 0.575 75.5 2;66

3. 8 o.55o 60.9 2.26
4-. 8 0.535 73.1 2.26
5. 9 0.595 68.2 2.02
6. 7 0.4-95 63.3 2.10

GROUP : Thiamine Deficient (7 days) ««

12 3 4-567

cholinergic system of the progeny.
EXPT i Effects of post-natal thiamine deficiency on
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GROUP i Pair-fed Control (28 days) :

1. 60 1.4-95 90.47 1.99
2. 57 1.1*90 90.47 2.32
3. 57 1.415 88.09 2.19

60 1.445 85.79 2.06
5. 58 1.405 90.47 2.25
6. 57 1.415 88.57 2.38
7. 55 1.470 88.09 1.93
8. 57 1.435 90.47 ,1.93

GROUP i Thiamine Deficient (28 days) :

GROUP : Thiamine Deficient (21 days) :
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1
I. M lit. |

Control 4.*

1
II. Pair-fed 2

Control ^

1
III. Thiamine 2

Deficient 3

KXPT : Bffects of post-weaning thiamine deficiency on thiamine
content (ug/g) in the tissues. ’ ’ ~

-------------------------- — 1----------- L. „ -  ...........  *,V-------------------------- ^      -   - It -.........  i ■ i    
' i

Group Sample Cortex Cerebellum M & P
No.

SXPT : Effects of dietary rehabilitation in Pre- and Post- 
natally thiamine deficient rats.

_Control_
3

Rehabilitated
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Gr .III : 50$ Thiamine P.J1.*

1. 1.390 1.84
2. 1.320 1.60
3. 1 ®090 1.34
4. 1.415 1.21
5. 1.405 1.36
$, 1.410
7. 1.260 2,00

Gr. V : 10$ Thiamine PTP.*

SXPT : Effects of post-weaning thiamine deficiency on brain
ACh levels.

\ t 1
13 8 | 1 3 8

i

* P.F = Pair-fed to ad lib, intake of 0$ thiamine 
group (Gr. VI).
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GROUP : Pair-fed. Control.

1. 68.84
2. 68.25 , 73.25
3. 64.90 76.21
4. 68.61 76.20
5. 71.16- 76.49
6. 68.90 77.02

EXP? i Effects of post-weaning thiamine deficiency on moisture 
content (j) of the different tissues : --------------------

Wo. Liver Heart Cortex Cerebellum H & P
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