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CHAPTER III

Results and Discussion'

Experiment I

Table 15 shows the data on weight gain and cerebral
enzymes in rats fed the different diets in experiments Ia
.and Ib. 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 niaecin on weight gain was also more
evident in the later stages. ‘In other wﬁrds,supplementa-
tions with glutamic .acid was found to have beneficial
effect on weight gain after the animals got adapted to the
diet, A\hereas omission of nicotinic acid was found to have
a somewhat adverse effect with the pr&gress 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
t0 have lower levels of l-glutamate-NAD-oxidoreductase and

L~g1utamatd-1—carboxy—lygse thus confirming previous
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observations in this laboratory kRajalakshmi,Govindarajan
and Ramakrishnan, 1965)}. The differences in the range of
values with regard to the former mﬁst be presumed to be

due to differences in the method used. The difference with
regard to L-glutamate-~i-carboxy-lyase was of a smaller order
in the present study than in £he previous ones 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
aminotransferase, 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, if has
been known to do so under certain conditions in which the blood
brain barrier is broken by means of some physical of chemical
methods such as local freezing or by ethyl chloride treatment
(Purpura, Girado, Smith and Gomez, 1958; Berl, Purpura,

Monteagude and Waelsch, 1960).

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

o
i



observations in this laboratory that,whereas glucose is
more rapidly oxidized by ﬁrain 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

ihtriguing.

Glutamic acid is not found to have a comnsistent
effect on L-glutamate~i~carboxy-lyase although the data

0of the second experiment suggest a beneficial effect,

Néither omission of niacin nor supplementation with
either ﬁiacin 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-NAD-oxidoreductase 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‘Téhle 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
vater maze in experiment~11a are shown in Table 17. Althongh
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 rever§al
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 presenﬁed 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 1ncre§se in the activities of L-glutamate-~NAD-
oxidoreductase and L-glutamate-~i-carboxy-lyase, The increase
in L-glutamate-i-carboxy-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 te have a superior nutritive value as
compared to that fed at home., G&Group XII fed the -diet based
on the food intake -0f 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 céntre.
This is perhaps net 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 xaniﬁine oxidase are
found to be associated with differences in L-glutamate-
NAD-oxidoreductase and L-glutamate-i-carboxy-lyase as in
the case of diets differing in protein quality and content,
A differgnee 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~

Williams maze are in accord with previous studies suggesting

an asgociation between the activities of certain cerebral

enzymes -and psychological performance,-

The results are of great significance from the stand-

point of practical nutrition and are congiétent with the

639
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results of several human studies cited earlier (Chapter I
pp. 10 to 13} suggesting a relation Between ma;putrition

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, whereqs 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 bhe without effect on eitﬁer cerebral enzymes or psycholo-

gical -performance (Rajalakshmi, Ali and Ramakrishnan, 1967).,

Experiment IV:

The weight changes of the groups are shown graphically
in figuré 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 seem:: to be related to the period of inanition. The
results are difficult to interpret because of the complex
factors involved., The data on cerebral enzymes of these
animals are shown-in Table 22, Again no consistent
differences are observed between the period of inanition

and the activities of the cerebral enzymes studied.

Thus contréry to expectation severe growth arrest
resulting from accidental causes were not found to affect
gsignificantly either growth, psychological performance or
cerebral enzymes after rehabilitation. However, this
experiment suffered from a number of drawbacks,., The age as
well as the initial diet of the §Xperimenta1 groups and
control animals wére 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. The results
of this experiment,although not admitting of definite inter-
pretation, paved the way for a carefully eontrolled experiment
subsequently carried out (Rajalakshmi, Ali.and Ramakrishnan,
1967). The 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 IIId) 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. 1In this connection handling

has been reportéd to affect response to electric shock

(Rajalakshmi, personal communication),

The data on cerebral enzyumes 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:l-carboxy-lyase are counsistent 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 incr%ased activity with the
administration of electroconvulsive shock (Group Illc

and IIId)., It is unlikely that this increased activity

is due to the synthesis of the engzyme in view of the shorf
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.
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