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MATERIALS AND METHODS

As stated earlier the present investigations
were concerned with the effects of different'diets on
brain enzymes in young albino rats. Four different
experimen%s concerned with the following aspects were

studied.

I. comparative effects of calorie and protein

deficiencies during the postweaning period.

II. effects of supplementation of lysine or lysine-
rich foods to kodri (Paspalum scorbiculatum L.),

maize (Zea mays) and wheat (Triticum aestivum),

ITI. effects of supplementation of glutamic acid
to diets differing in protein content and to

a low protein diet at different levels.

1V, effects of vitamin A depletion and repletion

in rats given low and high protein diets.

ANIMALS

Weanling albino rats from the stock colony maintained

in this laboratory were used in these investigations. The



33

animals assigned to the different groeups were matched for
age, body weight and sex. To the extent possible litter-
mates were assigned to the different groups. They were
housed individually in galvanised iron cages. Water

and food were provided ad libitum unless otherwise specified.
Food intake was recorded daily and body weight once a week.

The animals were sacrificéd for biochemical gtudies at the

end of the treatment.

DIETS
Unless otherwise stated the composition of the

diet was as given in Table 1.

Table 1: Composition of the diet
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vitamin free casein¥* 87
+ sago flour

vitamin mixture ) 2
salt mixture - ) 4
groundnut oil T
shark liver oil 2-3 drops per

week providing
68-102 meg of -
vitamin A _
*amount adjusted so as to provide protein at the
required level.
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Edible casein obtained from Amul Dairy, Anand
was washed first with alcohol and then washed free of
the létter with tap water and finally with distilled
water. The washed casein was dried and used, Each lot
was analysed for nitrogen content by the mierokjeldahl

method and protein content calculated therefrom,

Commercially available sago prepared from tapioca
flour {(Manihot utilissima) was groun& and used in place
of starch as it proved more suitable than commercially
available starch. It contains only 0.2 per cent protein
and no more than traces of vitamins and minerals. As
tapioca flour is processed to some extent during the
preparation of sago, the starch in the same is believed

to be readily available,

The vitamin mixture was formulated previously in
this laboratory on the basis of the allowances suggested
by Brown and Sturtevant (1549),recommendations made by
NAS-NRC (1962) and evidences reviewed by Mitchell (1964).

The composition of the same is given in Table 2.



Table 2: Composition of vitamin
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mixture

thiamine hydrochloride (mg)
riboflavine (mg)

_pyridoxine hydrochloride (mg)
niacin (mg)
calcium-d-panthothenate (mg)
choline chloride (mg)
inositol (mé)

para amino benzoic acid (mg)
folic acid (mg)
cyanocobalamin (mecg)

biotin (mcg)

amount per kg
of the diet

—-————— - o T T TEVE . G e W s s S S T T

1,5
2.5
1.0
15.0
10,0
750.0
200,0
10,0
1.0
1.0

1.9

powdered sugar to make a total weight of 20 g. -
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The salt mixture used was the Hawk-Oser salt

mixture No.3 (Hawk, Oser and Summerson, 1954), The

composition of the same is given

in Table 3. Both

mixtures were prepared in bulk and stored im air tight

bottles. The vitamin mixture was stored in brown

bottles in the cold room.
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The diets to be fed were prepared once a week, but
the vitamin mixture and groundnut oil were added at the

time of feeding.

Table 3: Composition of salt mixture

. . " " - T . " W A S o S S . S -~ —— " T7" - Vo SO T o s Yo S " o Y S fo A N O s WIS A s i A Ut T S A A U A - dno S . o
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salt mixture A* 16.7
calcium citrate, 4320 308.2
Ca(H2P04)2.H20 112.8
K,HPO 218.7
KC1 124,7
NaCl 77.0
CaCOg 68.5
3Mg003.Mg(OH)2 3H,0 35.1
MgSO0, ( anhydrous) 38.3

" o T S0 " . " T o T~ S o " V] — T Y — - . o . W s T S Y OB U G N S A D R T W O T et O e O e S T WO

*100g of salt mixture A contained: FeNH4 citrate, U
91.41 g; CuSO4.5H20, 5,98 g; NaF 0,76 g; MnSO4.2H20,

1,07 g; KAl(so4)2.1zﬁéo, 0.54 g and KI, 0.24 g.

EXPERIMENT I
As stated earlier, the object of this experiment was
to ascertain whether the effects of a low protein diet were

due to reduced food intake., Two groups were fed ad libitum
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low protein (LP) and high protein (HP) diets containing
5 per cent and 20 per cent protein. A third group was
fed the HP diet in amounts consumed by the LP group. The

period of treatment was 10 weeks.

EXPERIMENT 11

(a) Studies were made of the effects of supplementing
kodri (Paspalum scorbiculatum L.}. The composition
of the diet is given in Table 4. An additional
group was fed a diet containing 7.3 per cent casein.
The food was given ad libitum and the period of

treatment was 10 weeks.

(b) In this experiment, the nutritive value and protein
quality of maize (Zea mays), and wheat (Tri?ieum
aestivum) were improved by the addition of bengal gram
(Cicer arietinum) and fenugreek leaves (Trigonella
foenum graecum) and the effects of such addition
studied. The composition of the diet is given in
Table 5. The animals were compared with a group
receiving a 10 per cent casein diet. The animals

were fed ad libitum for 8 weeks.



Table 4: Composition of the diets used in Experiment Ila

41

- - — —— T T_— - - W S O CU > T o ot o W U I N VD O Y oy ot S DT A e S U WO SO P T T S T T o>~ -~

ingred}ents ______________ groups__ -
) D N - S
kodri 87,0 87.0 -

lysine - 0,173 -

caseln ‘ - - 8,0

sago - - 79.C

salt mixture | 4.0 4,0 4,0
vitamin mixture¥* 2,0 2,0 2,0
groundnut oil 7.0 7.0 730

- —— T " R30S T T O O Vo 7. 1 > b W"> W T W S " S W . O SO o W A o o S O e S WA S W, M e e A W SIS b S o B S O -

*two drops of shark liver o0il were given orally teo all
animals once a week providing 68-102 mcg of vitamin A,

Table 5: Composition of different diets used in

Experiment IIb

- T S — S —— - o, P~ - - T —— —— "y o -5 S - VD T ke S e iy S Pyt Wl b YO A WS S A S Sl e SR, B i D B N W

ingredients - amount (g)
basal supplemented

________________________ ___diet _______ . _____4iet _____
cereal or millet¥® 150 120
bengal gram - 30
(Cicer arietinum)
groundnut oil 8.0 8.0
fenugreek leaves - 40
(Prigonella foenum
graecum)

4,0

- ¢rude common sait 4,0

- i oy T don g - — T~ — 2 V> . Ay, JU. — . S S N o S70a: o W W MO S SAIE T . VS Y. s S

used.

———— .~ - — o A O TV e TS " A
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EXPERIMENT IIIX

As mentioned earligr; supplementation with
glutamic acid was found in previous studies to re%erse
the effects of a low protein diet on brain glutamate
dehydrogenase and decarboxylase. Further studies were
carried out to ascertain the level of supplementation
at which such reversal occured and the effects of such

supplementation to diets differing in protein content,

(a) Glutamic acid was added at the level of 5 per cent
to diets containing 3, 5, 8 and 20 per cent protein.
5 g of glutamic acid were added to 100 g of diet

before feeding.

(b) Glutamic acid was added to a low protein diet (5%)
at a level of 1,2,3,4 or 5 per cent and studies
were made of the effects of such addition. 1In
both the above experiments the rats were fed

ad libitum for a period of 10 weeks.

EXPERIMENT IV

Studies were made of the effects of vitamin A
deficieney in animals fed low and highlprotein diets.
Additional studies were made of the effects of

repletion,
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Groups of rats were fed either the LP or HP
diet with or without vitamin A. After 11 weeks of
treatment all the animals in the LP groups and half
the animals in the HP group were killed for tihe
biochemical studies. The remaining animals were
given the HP diet with vitamin A for a period of

6 weeks.

The low protein animals failed to show either
clinical deficiency symptoms or enzyme deficits
after 11 weeks of treatment. The experiment was
repeated in im the case of low pfotein animals with

a longer period of treatment (17 weeks).

FOOD MATERIALS
The millets, cereals, pulses, sago and groundnut

0il were purchased in bulk from the local market.

A summary of the experimental conditions used
in different experiments is given in Table 6. The
following parameters were measured in all the above

experiments:

i« growth

2. faod intake
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3. 1liver weight
4., brain weight
5. brain enzymes
(a) glutamate dehydrogenase

(b) glutamate decarboxylase.

In addition determinations of brain GABA-T

and liver GDH activities were made in experiment I.

BIOCHEMICAL ASSAYS

At the end of treatment the animals were killed
by decapitation. The brain was removed and freed
from the blood vessels. It was weighed and a 10 per cent
extract was prepared in potassium phosphate buffer
(0.02 M), pH 7.0, by homogenizing in a Potter-Elvehjem
homogenizer for 60 seconds at 0° at 4000 rpm. The
homogenate was tredated with triton X-100 at a level of
2.5 mg/ml and kept at 0-1° for 30 minutes. This homogenate
was used as such for the assay of GAD and GABA-T. For
the assay of GDH the supernatant ebtained after centri-
fugation 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 (A



mﬂ Jnoy U0 ut oyrwWBINF
Jo @TowWoOJOTH SUO WIO] 09
poaainbax smizue Jo junome

powlaoy ajrevmelnis

smAzue poIroq 4Aq
poeoutdox ewmAzue YsoJJ

saqinuaIw 2 J0J
yjeq Joyes Suriroq ut
pejeay soqny Aesse ayj

) 19BI)X0
smAzZue® JO WOTYIIPD®

seqnuIH Qf ‘o8

\ : ™ 0%
- 9ToWMOIOTW ZO*0
¢taqeydsogqd Texopiaid
‘soTowoxoTw QT ‘VIVH
™ 20 ‘10®BILX8 a9pnIo

sejomoxoIw Q7
‘ageavinidoxo~g

£0 [OWOIOTH ow
‘0°s8 HA ‘stay
(g96T) ueuysiINemey pue

(L-vavn)

Inoy 9uo ur vgvho

JO 9TOWOJIOTH dSUO WIOY O}
paxtnboa smAzue JOo Junowe

powaor vdvy
smAzu® pairoq £q

poorv1dea owAzue yYsaaJ

seqnuTm g JI0J

yjeq Jogem Furiroq uft
po1edYy saqny Aesse oyl

10BJI1XS
amAzud® Jo HOT1IpPp®

soqnuim Qf ‘,1LE
W 0°T

2 TowoIOTHM ZO*Q

toqeydsoyd texoptaid

T 2°0f308I1X9 BpPNID

soToweIoTH (T

foqewEInIZ-

S0 TOWMOJIOTH (G
‘geg pd ‘xeyyng
9qeydseyd umtsserod

ue (eaeputson ¢ mysyeieley

(avo)

sseTAX0oqiroop osemelni’d

M v g e i O " G o e AN S o o > W W P S - - -

aqnutw T ut mmm«z

Jo 8jomoxoTm (Q*T JoO
UOT2BPIXO0 dUY) SosLTelro
yoTym amAZU® Jo junowe

TRAIOQUT SpUOOS8S (O 23®
fm o3¢ 1e L1r1susp Trorgdo
Ut uoilonpex Aq poansesu

CHAVN Io woTlepIXO

P11 1wo. eqvaeviInifoxo~g

eqea
-gqnifoXo~g IO UOT]IpD®

SpuUocods Qg .08

™ 0°'¢

o fomoxoT T°Q° CHAVN

59 [OWO0.X0 TH oom.wemmhmzv
jueqengsdns Tm T*Q

sojomoxoTH QF ‘(pesil
~BIlN8U) 918I8INT150X0~-Z

saTomoxo T QQT
‘o's md ‘stag
(9%6T) uaing

(Ha9)
oseUdFoIpAyep oremeqnid

Aesse amAzyue

1TUn emAzZue

poansesm J9qromraed
Jueiq Jo jusmgwox]

uoT1089 X
JO UOTHBUTHIDY

HOTQ0BOX JO 1JBIS

uotrleqnouTt
I0 SUOIQTPUOD

omn 10A TRBUTJ

squenodmen xeyqo
100I1X0 omwAzud

ereIx1sqns

Joyrng
poylem JO stseq

FO STTRIIQ L O1q%®y



CHEMICALS

47

The chemicals used in the experiments were of

research grade purity and were generally obtained from

the British Drug House Ltd. or from E. Merck except for

the following chemicals, which were obtained from the

sources indicated.

Chemicals

GABA

2-oxoglutarie acid

NAD reduced

Pyridoxal phosphate

DEAE cellulese
Fluphenazine
dihydrochloride
Triflupromazfne
Hydroxyzine

Chlorpromazine’

)
0

4

e s

Sources from which ebtained

Sigma Chemical Co., U.S.A,

Carl Scheiehel and
Schuell, New Hampshire

Unichem Laboratories
Ltd., Bombay

May and Baker Ltd.,Bombay

Calcium phosphate gel (dry wt. 11 mg per ml) was

prepared by the method described by Keilin and Hartree

(1938).



