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MATERIALS AND METHODS



MATERIALS AND METIHODS

The present studies were concerned mainly with the
he!feots oglprénatnl or neonatél nutritional deficiencies on
brain glutamate dehydrogenase (GDH) and deearboxylase (GAD).
Additional determinations were made of protein and INA as well
‘in some experiments. Records were kept of body weight changes
during treatment and terminal brain weight, Fod¢intéke was

recorded wherever possible. ) .

For the studies on prenatal nutritiounal deficiency
fomales weighing 200 to 250 g were fod either a low prpﬁeln
‘diet (5%) or a high protein diet for a period of one month
and allewed to mate with males from the stock colony. The
pregnant rats were separated as soon as pregnancy waé evident
and kept in individual cages. They were continued on the
det;cient‘diet till partus, Neonatal undernutrition was
induced by either foeding the mothers a low protein diet
during lactation or by increasing litter size. For the studies
on the effects of protein deficiency confined to the lactation
period the mothers were fed a low protein diet from partus.
For the studies on neonatal undernutrition induced by
increasing litter size, pups born on the same day were pooled
and kept with foster mothers in litters of 16 or 8. For the
studies on the effects of maternal protein deficiency during}

both gestation and lactation the mothers were started on the
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low protein diet before mating and continued on this diet
till the end of the experiment. In all these cases a ocontrol
group of mothers was fed A high protein diet throughout, |

Water was provided ad 1ib, and so was tood‘exeep% when food

restriction was parh‘ot the experimental procedure.

Except in experiment Ila on the effocts of neénatal
‘undernutrition, the Charles Foster strain obtained from the
sarabhai Research Gentre; Baroda was used {(Strain B). In
this experiment which was done earlier, a slo§ growing strain
obtained previouali from Haffkine Institute ana ﬁsed_tili’

J:éeently in thisxlaboratory was used (Strain A).

The animals were fed either a stock diet or the
expérimental diets specified, The composition of these

diets 18 shown in Tables 1 and 2.

Table 1 ¢ Composition of the stock diet.

Ingredient o Auount_(g)
wheat flour . 350
bajra flour ’ ) 100 ‘
hengalgram flour - 110

milk powder ’ 210
sproute@ pulses 160
groundnut oil _ ‘ 70

dark green leafy vegetables ’ 60-80
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Table 2 ¢ Conmposition of low and high protein diets.

% dietary proteiﬁ

Jeomanacnvey

4 1 5 }j 20
.washed casein 4.8 6.0 24,0
vitamin mixture 2,0 5.0 2.0
salt mixture 4.9 . 4.0 | 4,0
groundnut oil : 7.0 7.0 7.0
suerose - 18.0 -
sago | 82,2 63,0 63.0

Shark liver oil 2«3 drops per week per rat providing
70~400 mop of vitamin A was given. - ' '

Edible c¢asein obtained from Amul Deiry, Anand was washed
with alooho) and then washed free of alcchol with tap water
and finally with distilled water. The washed casein was dricd
and nsed, FEach lot was analysed for nitrogen content by the -
microkjeldahl method and protein content was caloulated as

N x 6.250"

Commereially available sago prepared frou taploca flour
{Manihot utilissima) was ground and used in place of starch gé
it proved more suitable, It contains only 0.2 per cent

protein and no more than traces of vitamins and ninerals.
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As taploca flour is processed tc some extent duriﬁg the
 preparation of sago, the starch in the same  is believed to

. be readily available (Booher, Behan and MeMeans, 1951). -

The vitamin mixture used was formulatedkprevigusly‘1n,
this laboratory on the basis of the allowances suggested by
Brown and Sturtevant {1949), the recommendations made by
RAS-NRC (1962) and evidence reviewed by Mitchell (1964}.'

The composition of the same is given in Table.3

Table 8 : Compodition of the vitamin mixture.

- - Amount per kg of

the diet
thiamine hydrochloride (mg) 1.5
riboflavin (mg) 2.5
pyridoxine hydrcchloride (mé) -1,0
niaein (mg) ~ ’ = 15,0
caleium-d~pantothenate (mg) - 10,0
choline chloride (mg) ‘ 750.0
inositol (mg) 230§d
para-aminobangoic acid (mg) 10,0
folic acid (mg) 1.0
cyanocobalamin (meg) 8,0
biotin (mogj 1.0

e 2

>powder§d angar approximatéely 19 g so as to make a total of
20 g.
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The salt mixturs uged was the Hawk-ﬁsgr salt mixture

' No. 3 (Hawk, Oser and Summerson, 1954). The oompo;ificn‘of
the same is given in Table 4. Both mixtures werc prep;}gd

in bulk and stored in air tight bottles. The vitamin mix&?rex

was stored in brown bottles in cold condition.

~ Table 4 : Composition of the salt mixture.

Amount (g)

salt mixture A* 16.7
dicaiciun tricitrate, 4&20 308.,2
Ca(ﬂé?OQ)a 320 112.8
Kzﬁ ?04 218.7 .
KC1 . 124.7
NacCl ‘ 77,0

‘ CaCog | ' 68.5
MgSG; (anhydrous) . ~ 38.3
3MgCOy. Mg(OH), 3H,0 ‘ \ 35.1

-

¥ 100 g of salt mixture A contained :
Feﬂﬂ4,éitrate, USP, 01,41 g; CuS0,.5H,0, 5.98 g;
NaF, 0,76 g} MnSO,.2H,0, 1,07 g; KAl (S0,),.12Hg0;

0.54 g3 and KI’ 0.24 g

' The diets were prepared once a week and the vitarin

mixture and groundnut oil were added at the time of feeding,



Chemioals

- The chemicals used in the experiments were of research
grade purity and obtained either from the British Drug Iouse
or the Sarabhai Chemicals. The fine chemicals were obtained

from the sources indicated'beinw 3

i

Leglutamic acid BPH

Pyridoxal phosphate ‘ E.Merok
Gamma-amindbgtyric acid BbH ‘

NAD reduced : V.P.Chest Institute, Delhi
2-oxoglutarate Sigma ) |
Ninhydrin Ptiéer

Bovine Albumin Armours

The experiments cerried out are briefly described below :
Experiment 1

This experiient wags concerned with the effects of prenatal
undernutrition. As méntionea ear;ier, females waro,fad a low
protein diet from a month be!ore mating ﬁhrough gestation till
partus. The progeny of these animals, were compared with those

born of mothers normally nourished throughout;

Experiment IYa ond 11b

In previous studies in this laboratory undermmtrition
during the first four qeeks of 1ifo was found to decrease the

activities of brain glutamate dehydrogenéée and decarboxylase
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(Parameawéran, 1974). Thesenstudies,raiged a question as to
the age when the effects of neonatal undernutrition are most
evident as this might be expeoted to depend on the rate of
brain growth and maturation of brain engymes. The present |
studies were carried out to study the effects of neonatal

undernutrition at different ages.

~ Neonatal undernutrition was induced by manipulating
;Iitter size. Animals were reared by tosﬁer mothors either in
ﬁarge or standard litters of sizg_iﬁ and78¥ The pups were
killed at 7, 14, 21 and 28 days after birth. Some pups were

killeﬂjsoon after birth for comparison,

The' above experiment as well as previous experiments in
this laboratory were carried out on.a strain of raﬁi'(stiain A)
used in this laboratory for the last 15 years, This strain was
obtained from the Haffkine Imnstitute, Bombay and reported to be

‘orzgxnaily ot the Wistar strain.

The possibility that the atrainlhaa undergone some changes
during the several decades prior to their introduction in thiﬁ
‘laboratory cannot be ruled out. AnimaIS\tn this strain
reached a weaning wveight of 45-30 g at 4 weeks of age. More
' recently a faster~gruwing strain (Gharles foster strain B)
which reaches a weight of 45-8%0 g at 3 woeks was cbtained,

As the older strain has more or less b&en replaced by this
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strain for studies currently in progres, the above experiment

was repeated with the new,stgainﬁ

Experiment I11

In the previous eiperimant undernutrition induced during
the ﬁeonatal period by inereasing litter size was found to be
associated with deficits im GDH and GAD at 14 and 21 days, but
not at seven days. In othéx studies in tﬁis labogatory it was
found that the effects of prenatal and neonatal nndernutrition
on brain 1ipids varied with the severity of undermutrition
‘(Rajalakshmi and Nakhasi, 1974). These abservatinné raised
the question as to whether the effeets‘of neonatal under-
nutrition on brain GO and GAD show a similar variation. In
this connection increasing litter size to 1€ is found to
rosult in a bhody waight deficit of about 50% whereas a much
greater deficit of wbout 70% is obtained by feeding the
mothers a low protein dief during both géstation and lactation,
Studies were made of the effecis of 1ncreaéing the severity of
undernutrition during the ﬁeonatal period by this procedure on

the size of the brain enzyme deficits observed previously.

Experiment IV

In the experiments just desecribed, deficits in brain GDH
" and GAD were found with 2 and 3 weeks of neonatal undernutrition

bhut not at one week., Studies were-therefore made of the
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;omparative effects of und;rnutrition.eonfinaq to different
periods prior to weaning i.e, undernutrition confined to
’only'one woek (first or third week after birth) or two wecks
(first and aeoonﬁ\or’secand and third), To restfiet under-
nutrition to the periods specified, pups born of and reared
- by well-nourished mothers were transferred to mothers fed 2
low protein diet from partus at the appropriate age. All

the pups were saerificed at weaning.,

Experiment V

As mentioned earlier, in previous studies in this
leboratory protein deficiency during the immediate postweaning
pericd was found to resnlt in defieita in brain glutamato
dehydrogenase and deoarboxyiase, but undernutrition oonfined
to the postweaning period was without similar etfect,‘but
resulted in deficits when it was preceded by neopatal undgr-
hutritiun (Rajalakshmi, Parameswaran, Telang and Ramakrishnan,
$974), The ahove observations were sought to be confirmed
~and extended by comparing the effeots of undernutrition and/or
protein deficiency before and after weaning and the reveréi-
.bility of any offects found. In this connection some
irreversible effects on behavioral parameters have been found
when postwenning undernutrition or protein deficiency on rats
is preeeded by neonatal’ undernntrition as well (Barnes et al,

1968)6. ' :
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Pups were reared in small or large litters till weaning.
Those reared in large iittere were fed for 6 weeks from
weaning either a low protein diet (4%) or 2 high protein diet
{(20%) ad 11ib,, or the latter in restricted amounts. Pﬁps
from the control group were fed a high protein diet througnout.
- The progein content of the low protein diet ond the amount of
food provided in the restricted group were adjusted so that
- hody weiéhta remained praetically constant duriﬁg this period.
Sbme animals from each group were killed at the end of the
6 weeks period. The remniﬁing animais were fed a higﬁ protein

diet ad 1ib. for a further period of 6 weeks,

Experiment VI

As the effects of def;cieney can be expected to vary in
ﬁirrarent regiong of the brain, studies wero mande of the
‘ﬂomparative effects of neonatal undernutrition in the cerebrum,
cerebellum and brain stem at 14 and 21 days. Neonatal under-
nutrition was achievﬁd by feeding & low protein diet to the
mdthers‘from the day of partus till the specified period,

Biochenmicul assays

The animals were decapitated and the whole brain with the
olfactory lobes removed, freed from blood vessels, wiped free
of blood and weighed., For studies on different regions the

brain was placed on a paetridish inverted over orushed ice, -



The cerebrum was taken along with the frontal lobes and the
cerebellum and brain stem were taken up to the first dorsal
nerve., Fine foreceps and a scalpel were used for the
separation. A ten per cent extract ﬁaa'preparéd by homoge~
.nizing the brain with an appropriate quantity of potassium
phosphate buffer (0.02M), pH 7.0 in a Potter Elvehjem
homngenizer for 60 seconds at 07 at 4000 r.p.m, Triton-xX-$00
was added at the level of 2.5 mg per ml of homsge;ata and the
samo kept at 0-19 for 30 minutes. This homogenate was uéad
as such for the assay of GAD, For the assay of GIil, the
supernatant obtained after oenfri!ugation at 8000 x g for
30 minutes at 0° was used. The details of the assay system
and procedures used in the estimation of enzyme activities

‘ are summarized in Table 5,

Estimation of protein

‘ Protein was precipitated from 0.2 ml of the abeove
extract by adding one ml of 10% trichloroacetic acid. The
supernatant was removed by centrifugation and the residue
dissolved in 10 ml of O.,iN. .Sodium hydroxide and protein
content was estimated by the method of Lowry, Rosebrough,

Farr and Randell (1951). Bovine albumin was used as standard.

Estimation of DNA

’One ml of the above extract was mixed in a tube contaihing

2.5 ml of 10% TCA and allowed to stand for 15 minutes after



Table 5
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Assay system and procedure for GDH and GAD,

SHIUNEINEES

" L-glutamate :

NAD
oxidoreductase (GDH)
(EsCoy 1.4.1,2)

"C"'Cﬁ“‘t‘.;

L-glutamate-i-corboxy-
lyage (GAD)
(B.c., 4.1,1.15)

Basis of method
‘used

Buaffer
Substrate

‘Enzyno extract

Other components

Final volume

Conditions of
incubation

Start of
reaction

Termination of
reaction
Treatment of

blank

Parameter
neasured

Enzyme unit

s iy

-

Bulen (1956)

Tris, pH 8.0,
100 nicromoles

2:oxoglutarate
(neutralized),
20 micromoles,:
Supernatant, 0,1 ml,

(w11 ),80,,

300 micromoles,NADiL,,

0,1 mieromole,
3 ml.
30°, 2 minntes.

Addition of
2-oxoglutarate

-

2-oxogloutarate
omitted

Oxidation of NADH
measured in terms
of reduction in
optical density at
340 mu,

Amout of enzyme

which catalyses the
oxidation of

1 micromole of ,
NADﬁz in one minute,

Rajalakshmi ot al (1965)

Potassium phosphate.
buffer, pH 6.5,
50 nmicromoles

L-glutamate
{Neutralized),

10 mioromoles.

Crude extract, 0.2 ml,

Pyridoxal phosphate,
0.02 micromocles.

‘ 1.0 ml‘

370, 30 minutes.

Addition of enzyme

‘extract.

The assey tnbes heated
for 2 minutes in a
boiling water bath,

Prosh enzyme replaced
by boiled enzyme.

'chromatographic

deternination of GABA
formed.

Amount of enzyme
required to form

1 micromole of GABA
in 1 hour,
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which it was centrifuged at 2000 r.p.m. for 10 minuﬁes. The .
| residne was washed with 2.5 ml of 10% TCA, saspended in 5 ml' ‘
of 95% ethanol and the supernatant was removed by centrifu-
gation. The 1ipid~fgee residue was suspended in 2.5 ml of
5% TCA and heated for 15 mimutes at 90° with occasional
stirring, cooled and centrifuged at 2000 r.p.m, for 10 nminutes.
The supernatant obtained wes taken for the estimation of DNA

'-by the method of Schneider (1957).

Inlthe présantation of the results enzyma.aétivity has
been expreossed in terms of units per g tisaue,l The picture
.‘remaine¢ practically the same when expressed iﬂfterms of
épeeific activity as the concentration of protein was nqt
"appreciably affected by any of the conditions siudied.‘ As
DNA cohgontration.was either unaltered or slightly increased
this was also trué of activity per mg DNA, Since the
differences reported wonld‘only be magnified by a consideration
of whole brain values, tissue ooncentration‘is oonsidered'a

valid eriterion,



