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CHAPTER III

Results and Discussion

Experiment I

Table 15 shows the data on weight gain and cerebral 

enzymes in rats led the different diets in experiments la 

and lb. In the first experiment, glutamic acid supple­

mentation was found to result in decreased weight gains 

during the early stages, and increased weight gain during 

the later stages. This is believed to be due to the poor 

acceptability of this diet and reduced food intake till 

the animals got used to the taste of glutamic acid. The 

effect of omission of niacin on weight gain was also more 

evident in the later stages. In other words, supplementa­

tions with glutamic acid was found to have beneficial 

effect on weight gain after the animals got adapted to the 

diet, V/hereas omission of nicotinic acid was found to have 

a somewhat adverse effect with the progress of treatment. 

Supplementation with either nicotinic acid or pyridoxine 

was not found to have a significant effect. As might be 

expected, the high protein animals showed significantly 

greater weight gains in both experiments.

In both experiments the low protein animals were found 

to have lower levels of L-glutamate-NAD-oxidoreductase and 

L-glutamatd-i-carboxy-lyase thus confirming previous
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observations in this laboratory (Rajalakshmi,Govindarajan 
and Ramakrishnan, 1965). The differences in the range of 
values with regard to the former must be presumed to be 
due to differences in the method used. The difference with 
regard to L-glutamate-i-earboxy-lyase was of a smaller order 
in the present study than in the previous one* This could 
have been due to the longer period of treatment used in that 
study or other variables.

No differences were found between low protein and high 
protein animals with regard to 4-aminobutyrate-2-oxoglutarate 
aminotransferasef an observation consistent with that in the 
previous study.

Supplementation with glutamic acid was found to have 
a beneficial effect on L-glutamate-NAD-oxidoreductase in both 
experiments. It is possible that it exerts a stimulatory 
effect in some unidentified way. Although this amino acid is 
not known to cross the blood brain barrier, normally, it has 
been known to do so under certain conditions in which the blood 
brain barrier is broken by means of some physical or chemical 
methods such as local freezing or by ethyl chloride treatment 
(Purpura, Girado, Smith and Gomez, 1958; Berl, Purpura, 
Monteagude and Waelsch, i960).

It is possible that a low protein diet may bring about 
changes in transport of substances across the blood brain 
barrier. This seems plausible in view of unpublished



64
observations in this laboratory that;whereas glucose is 
more rapidly oxidized by brain tissue slices of high 
protein animals, glutamate is more rapidly oxidized by 
these of low protein animals, suggesting differences in 
permeability between the two groups (Thrivikraman, and 
his associates, unpublished observation). Whatever the 
explanation^the effect of glutamic acid is certainly 
intriguing.

Glutamic acid is not found to have a consistent 
effect on L-glutamate-i-carboxy-lyase although the data 
of the second experiment suggest a beneficial effect.

Neither omission of niacin nor supplementation with 
either niacin or pyridoxine are found to have a signifi­
cant effect. There is some trend in the data to suggest 
adaptation to a diet free from nicotinic acid, as the 
activities of L-glutamate-NAB-oxidoreduetase and i-glutamate- 
i-carboxy-lyase are found to be somewhat more with a longer 
period of treatment.

Experiment II
The effects of adding different supplements on. the 

nutritive value of kodri are shown in Table 16 from which 
the supplementations are seen to improve the nutritive value 
of kodri as might be expected from the improvement brought 
about in lysine content.
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Data on the performance of different groups on a 

water maze in experiment Ila are shown in Table 17. Although 

no significant differences were found between the different 

groups with regard to errors in either the forward trials 

or the reversal trials, the relative difficulty of reversal 

learning as compared to original learning (or reversal 

index, was found to be less in the supplemented groups* From 

evidence reviewed by Rajalakshmi and Jeeves (1965) this would 

appear to be a valid measure of learning performance. The 

combined scores of the three supplemented groups were found 

to be significantly less than those of the basal diet group*

The enzyme data are presented in Table 18 from which 

the improvement in the nutritive value of kodri brought 

about by the supplementations is found to result in a 

significant increase in the activities of h-glutamate-NAD- 

oxidoreductase and L-glutamate-i-carboxy-lyase. The increase 

in L-glutamate-i-earboxy-lyase is of a smaller order but is 

quite consistent in the two experiments. The differences are 

found to be statistically significant in the second experi­

ment. No difference is found in the activity of 4-amino- 

butyrate-2-oxoglutarate aminotransferase* The results are 

consistent with these found with differences in protein

content*
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Experiment III

-The results of experiment III are presented in 
Table 19 from which the diet formulated and fed at the 

centre is found to have a superior nutritive value as 

compared to that fed at home. Group II fed the diet based 
on the food intake-of children given breakfast and lunch 

at the centre and taking dinner and tea at home compares 
with group III fed only the diet provided at the centre•

This is perhaps not surprising as the diet provided at the 

centre was designed so as to correct the basic deficiencies 

in the diet.

The differences in the nutritive value of the diets 
as judged by weight gain and liver xanthine oxidase are 

found to be associated with differences in L-glutamate- 

NAD-oxidoreductase and L-glutaraate-1-carboxy-lyase as in 

the case of diets differing in protein quality and content*

A difference is also found in the case of 4-aminobutyrate: 

2-oxoglutarate aminotransferase which may be due to 
differences other than in protein content*

The data on psychological performance on the Hebb- 
Wiiiiams maze are in accord with previous studies suggesting 

an association between the activities of oertain cerebral 
enzymes and psychological performance.

The results are of great significance from the stand­
point of practical nutrition and are consistent with the



* 
Ta
ke
n 
fr
om
 t
he
 d
at
a 
of
 c
oi
nv
es
ti
ga
to
rs
 (
Ba
ma
ch
an
dr
an
 a
nd
 a
ss
oc
ia
te
s,
 U
np
ub
li
sh
ed
 d
at
a)
.

1 Di
et
 a
t 
th
e 

ce
nt
re

H
I o>•

+1
oo>

on■Hl'l
•

•H

7.
6+

0,
06

08*0 ♦ 89 23
 + 

0.
61 tH

CO
»o

♦1
00CO

••HtH
♦I

tH 'l
C-tH

•+»®ft-a
X3
+»arH3g

-

Di
et
 a
t 
ce
nt
re
 

+ 
di
et
 a
t 
ho
me

II

00•

■H
IO
00

tH

+1
IO
•COtH

CO
■H*O.+i
<0•

65
 + 

0,
71 CM00.o

+1
0»tH

COCO
•o

♦1

CM

a*•CO
tH

+1

00•H

•a3

®tH
Xt
xt
©+»a
fH
a§
ovi

Ho
me
 d
ie
t

I

70
 + 

6.
5 ■H•o+1

IO
•COVI

0tH
1

CO•(0

eo
CO•o
+1

•HCO 16
 + 

0.
91

22
 +

 0.
54 a•0»

+1
t#
ea

ho
me
 d
ie
t,
 h
om
e

Bo
dy
 c
om
po
si
ti
on

We
ig
ht
 g
ra
in
 (
g)

Bl
oo
d 
he
mo
gl
ob
in
(g
/l
OO
ml

)

Li
ve
r 
xa
nt
hi
ne
 o
xi
da
se
*

(u
ni
ts
 p
er
 g
. 
we
t 
ti
ss
ue
)

©OB

+»oa
®uoxstH
M
011
•»a ©® -p§ 1 

n aS +»
® af-i3 f
ft >4tS«(4
©o

©aa
rH

1*
o&uao
tH 
• •eIs

arH
•4

©•Pa3
■p
arH
W>
0s
1

03#• 0 © a 
+s a a fcSh © >»«N 
■p aJ3
e h a 4? 

•fH O?i

't a

Ps
vc
ho
io
si
ca
l 
pe
rf
or
ma
nc
e

Er
ro
r  
sc
or
es
 i
n 
He
bb
-W
il
li
am
s 

ma
zeBi

ol
 of

le
al
 d

at
a,
 o

er
eb

ra
l 

en
zy

me
s 

an
d 

ps
yc

ho
lo

gi
ca

l 
pe

rf
or

ma
nc

e 
of

 r
at

s f
ed

Ta
bl
e 

19



71

results of several human studies cited earlier (Chapter I 
pp« 10 to 13) suggesting a relation between malnutrition 
and psychological performance.

It must be pointed out that the diets in this experi­
ment were fed ad libitum and the calorie intake of group I 
was 85% of that in groups II and III, whereas in the field 
studies the calorie intake of the controls was only 65$ 
of that of the experimentals. Had the amount of food fed 
to the animals been so controlled as to resemble this 
situation the differences might perhaps have been greater. 
However, it is difficult to state this catagorically without 
actual experimentation as mere calorie restriction is found 
to be without effect on either cerebral enzymes or psycholo­
gical performance (Rajalakshmi, Ali and Ramakrishnan, 1967),

Experiment IV:
The weight changes of the groups are shown graphically 

in figure 1 which gives an idea of the early growth arrest 
in the experimental animals, However^this was not found to 
affect either nitrogen retention after rehabilitation or 
status at death with regard to liver protein and blood 
hemoglobin (Table 20). Their weight gains after rehabili­
tation were comparable to those in stock animals.

The data on psychological performance are shown in 
Table 21. Although the stock animals appear to have 
learned both the discrimination and the reversal in fewer
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trials there is no statistically significant difference 
between this group and group I subjected to maximum 
inanition. The performance of the various groups does 
not seemr: to be related to the period of inanition, The 
results are difficult to interpret because of the complex 
factors involved, fhe data on cerebral enzymes of these 
animals are shown in fable 22. Again no consistent 
differences are observed between the period of inanition 
and the activities of the cerebral enzymes studied.

fhus contrary to expectation severe growth arrest 
resulting from accidental causes were not found to affect 
significantly either growth, psychological performance or 
cerebral enzymes after rehabilitation. However, this 
experiment suffered from a number of drawbacks, fhe age as 
well as the initial diet of the experimental groups and 
control animals were different. Further the experimental 
animals suffered varying degrees of growth retardation only 
after weaning. The results might have been different if 
such retardation had occured prior to weaning, fhe results 
of this experiment,although not admitting of definite inter­
pretation, paved the way for a carefully controlled experiment 
subsequently carried out (Rajalakshmi, Ali and Bamakrishnan, 
1967). fhe present results are in accord with the results 
obtained in that study.
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Experiment V
The data on shock avoidance of animals subjected to 

different treatments are presented in Table 23. Unfortu­
nately the data are difficult to interpret as even animals 
not subjected to electroconvulsive shock (Group Illd) fail 
to show a clear cut shock avoidance. In general, the stock 
animals were found to show a greater degree of shock avoidance 
as compared to low protein and high protein animals, as judged 
by the time taken for stepping off the platform. This might 
have been due to the greater extent to which the low and high 
protein animals, which were weighed once a week during dietry 
treatment, were handled as compared to stock animals which 
were not handled prior to testing. In this connection handling 
has been reported to affect response to electric shock 
(Rajalakshmi, personal communication).

The data on cerebral enzymes are presented in Table 24.
The differences between animals fed low protein and high 
protein diets with respect to L-glutamate:NAD-oxidoreductase 
and L-glutamate:1-carboxy-lyase are consistent with the 
results of experiment I. It is not possible to conclude, 
in the absence of proper controls, whether the shock differen­
tially affects the two groups. However, from the data on 
stock animals, it would appear that animals given both electro­
convulsive shock and foot shock do not differ from those given
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either alone with regard to these two enzymes* These 
results need confirmation by further experimentation. 
4-aminobutyrate:2-oxoglutarate aminotransferase^ on the 
other hand;appears to show increased activity with the

t

administration of electroconvulsive shock (Group Hie 
and Hid)* It is unlikely that this increased activity 
is due to the synthesis of the enzyme in view of the short 
interval of fifteen minutes between the administration 
of the electroconvulsive shock and sacrifice. The apparent 
increase in activity must therefore be presumed to be 
due to factors such as destruction of some inhibitor or 
release of some activators. Sulphahydril groups are known 
to get released during electroconvulsive treatment (Ellman 
and Sullivan, 1965)* Serum transaminases levels are also 
considerably increased during electroconvulsive therapy 
(Poloni, 1956).

Further investigations are necessary to identify
the mechanism involved and to find out to what extent foot 
shock alone affects the parameters measured.


