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MATERIALS AND METHODS

As menitioned earlier, the aim of the present investigations
was to study the pattern of chemicel maturation of gray and
white matter in the rat brain witk reapépt to the concentrations
of lipids, 2',3'-cyelic nuclectide-3'-phosphohydrolase (CN¥),
phosphoethanolanine (PET) and phosphocholine transferase (pCcT)
anpd to investigate the eoffects on the same of undernutrition
during the neonatal period and/or nutritional deficiency with
regard to eliher foced energy or protein during the postweaﬁing
period., Additional studies were also made of the reversibility
of these effects, and of the effects of perinatal thiamine
deficieney. The studies were also extended to the composition

of the whole Dbrain and spinal cord.

Albipno rets belonging to the Gharles-Foster strain bred and
maintained in the departmental rat colony were used for the
investigations exdept for those experiments (Part of V and VI)
which were carried out in the laboratory of Prof. Horroeks in
Ohio State Umiversity for which rais bhelonging to the Wistew

strain and obtained from eommereial sources were usod.

The parameters studied were t

{a) the composition of whole brain, gray and white matfer with
regard to moisture, prnteih;,cbolesteral,-galactolipids,

phospholipids,. plasmalogens and gangliesides,
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~(®) the relative contributions of different phospholipid
components such as etharolamine, phosphoglycerides, choline
phosphoglycevides, sphingomyelin and inesitol and serine

phosphoglyecerides to total phospholipids.

.
(¢) aetivities of CNP, phosphoethanolamine and phospho@holine

transferases in gray and white matter,

By comparing the composition of whole brain, gray and white
matter attempts were made to arrive at estimates of the propor-
tions of gray and white matter, using the velues for eritical

ecnstituénts such as galactolipids.

The various experiments oénéueted on different aspects
are briefly indicated in Table 7. Maternal protein deficiency
during lactation was induced by feeding mothers a 5% protein
diel after partus, Pups born on the same day were pooled
together and allotted to the different groups. For the induotion
of perinatal thiamine deficiency motherd were fed a thiamine
free diet from the 14th day of gestation and eontinued

throughout lactation,

The mothers were provided food and water ad lib. The pups
had an access to the maternal diet from sabout the 16th day of
age. At the end of the experimental period the animels were
killed by decapitation, the brains removed and the white and
gray matters sepérataﬁ (wherever appropriate the spinal ecord

was also removed) and used for analyses.
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The de&igﬁ of the experinments

The same 15 already indicated in Table 7. Sowme additional

details are given below

Experiment - I : Lipid composition of gray and white watter in rat

brain at different ages.

‘Studies were carried out to understand the lipid composition
of’gray and white matter in mt brain gt different ages. For
this purpose groups of rats with the age of 2,3,4,6,9,12,20 or
82 weeks ware used. In thevfir&t 5 groups approximately equal
nunber of male and fomale rats were used., whereas in the last
3 groups only male rats were used, After noting their body
weights the rets were killed by decapitation, the brainswere
removed , weighed ard the gray and white matters (usually a
minimum amomt of 150200 g of sach was ccllected for the study;
wore separated. The separated gray and white matters were kept
in ehdoroformiMethanocl (2:1) mixture at ~10% for the extraction
of lipids. The extraction and estimations were dome within a )

month after the collection of the samples.

For the comparison, the whole brain was aisg analysed ab

selected ages (2,3,6,9 and 52 woeks).
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Experiment - II

(a) Bffeots of neonatal undernutrition on the lipid ocouwpesition

of rat brein gray and white motter.

(b) Effects of undernutrition, protein deficiency and rehabili-

tation in the postweaning period on the lipid composition

of brain graoy snd white matter of rattunderncurished prioer

to weaning.

i

To study the effect of preweaning and postweaning under-

' nutriiion or rehabilitation, mothers fed the stoek diet (18%
protein} during gestation were divided inéo two groups
immediately after delivery. Onec group was continuedpn the

stock diet and the other fed a low protein diet diring lactation.
The puﬁs from both groups were eithef kitled or weaned at 21 days
of age. The pups reared by the stoek diet fed mothers were fed
high protein (20%) diet after weaning (centrol} wheveas those
rea&ed by the low protein diets were fed either a low protein
diet i;?} or a high protein diet agd lib, (HP) or the latier in '
restriected amodnts(ﬁgé-ﬁ}. The rats were caged individuslly

and water was given ad lib. Food intake was recorded daily and

body weights once a week,

Experiment - III : Effgebs of perinstal thismine defiociency on

the 1ipid cuépositian of rat brain and

spinal cord.,
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To study the effects of perinatal thiamine deficiency
female rats were fed a high protein diet (25%) either ad 1ib,
{(control} or in resiricted amounts (pair fed with thiamine
deficient group) or a thiamine free high protein diet ad iib.
{experimental) from the i4th day of gestation to the 21st day
of lactation. The bhody weights of the pups were recorded once
a week, fhe pups ware killed at 21 days of age, the brains and

spipal icords removed and used for the determination of lipids.

Experimenmt - IV : Hffects of perinatal thiamine deficiency on

the 1ipid composition of rat brain gray and

white matter.

The dietary and other protocol were as in experiment IIIX

except the separated gray aend white matier from the brain were

used for the analysié.

Experiment -V : LCffects of ago and nutritional deficienciss

on the activity of 2',83'-evelic neucleotids

3!-phosphohydrolase (CNP) in the rat brain

gray and white matter.

Studies were carried out to understand the development of
CNP in gray and white matter during development of brain. Male
rats of the Wistar strain purchased from Holtgman & Co.
Indianopolis, USA were used for th;s study. The rats were
killed, the brains removed and gray and white moatter separated.

Samples from 3=-4 brains were pooled together foxr each estimation.
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A 10% tissue homogenate (about 0.5 g tissune was used) was
prepared in 0,32 M suerose in 0,04 M tris-HC1 buffer, pH T.d.

0.5 ml of the homogenate was used for protein and CNP assays.

Undernutrition was induced as deseribed in experiment II
execpt that the eontrols were fed a 26% protein diet and the
undernourished a 3.5% protein diet. Perinatal thismine
deficiency was induced as described in experiment I1I, The
separated gray and white matter from these rats were processged

ag deseribed ahove,

Experiment -~ VI 1 Hffegts of neonatal undernutrition on the

activities of phosphoothanolamine (PET} and

phosphodholine trangforases (PCT) in rat

brain gray and white watter.

To study the effeet of neonatal undernuirition on PET
and PCT, the mothers were fed o high protein diet (26%) or a
low protein diet {3.5%) during laotation. The pups were
killed 2t 21 days of age, brains removed and gray and white
matter separated. Samples from 4 brains were pooled for each
estimation. A‘iﬂﬁ tissuq extract {about 0.5 g tissue was used)
was propaved in 0,32 M suerose in 0,01 ﬁ tris~3H0] buffer pH 7.4.
Miorosomes were prepared from the tissue extraet and used for

7

the assay of PET and PCT.



Diets

-

Animals were fed ¢ither a normal stock diet prepared in
the laboratory or stoek diet obtained from commeroial sources
or the experimental diets prepared in the laborateory. The

gomposition of these diets are shown in Tables 8,9, and 10.

Table 8 : Composition of the stock diet used in the

laboratory.
3 Ingredients S g Am;;;t (gs )
Wheat flour (Tritium aestivum) 3%0
Bajra flour (Pennicitum typhoideum) 100
Bengal gram flour (Cicer arictenum) ii0
Milk powder¥® 210
Sprouted cow peas (Vigna catjang) 80
Groundnut o1l {Peanut oil} 70
Fenugreek lcaves (Trigonellé foenum 70
graceum)**
Protein content ' 18%

-—— ‘ v -

* Floar sweepings from the Amul Milk Dairy, Amand, contalning
skim and wheole milk powder.

*¥% Penugreek leaves were used when in 3eéson, otherwise
vitamin A acetate in oil (5000 I.U.) were addéd.
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Table ¢ : Composition

% dietary protein

o Y L i

4® § 52 | a® gs-lasb
%ashed casein (g) 4,8 éIB" 24,0 35.5
Vitamin mixbure (g)% 2.0 2,0 2.0 2,0
Salt mixture (g)*¥ 4.0 4.0 4.0 4.0
Sroundnut oil (g) -
{peanut oil) 7.0 7.0 7.0 7.0
Suerose {g) 2040 20,0 20.0 20,0
Sago (g) 62.2 61.0 43.0 37,0

#  gomposition given in Table 11,

#%  composition given in Table 12,

8. used in experiment Il.
b, used in experiments XIII, IV and V.

Casein used in oxperimental diets was obiained from Amul
Doasy : ‘
Biery, Anand, washed with aloohol and then with tap water to

remove the aloohol and finally with distilled water. The

washed casein was dricd and used.

Commercially available sago prepared from tapioca filour

" {Manihot ntilissim&) was fround and used as a starch source as

it contains only 0,2% protein and only traces of vitamins and

minerals, As tapioca flour is processed to some extent during
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the preparation of sago, the staveh in the same is believed

to be readily available (Bocher, Behan and MoMeans, 1051),

Table 10 : Composition of commercial &iet*.

TR it DU W N T S 2T W3 Wk s i M i oo T O 4 W - "

Low protein Hizh protein

Ingredients é (diet) é (diet)

(g/300 g)
Casein (vitamin free) 3.5 26,0
Corn starch (85%) + sugar (15%) 81.5 58.9
Hydrogenated cotton seed o0il . 840 8.0
Salt mixture, USP XIV 4,0 4.0
Vitamin mixture 3.0 3.0

- - ——— A A o Snn iy B Wi - v . - A————

* wuwsed in experiments V and VI in the form of a pellet.

The vitaasin mixture whose composition ils given in Table 1t
is formulated in this laboratory om the basis of the allowances
sugeested by Brown and Sturtevani (1949}, recommendations made
hy NAS-NRC (1962) and evidence reviewed by Mitchell (1964),

The vitamin mixture was atorgd at 4° in air‘tight dark brown

bottles.

Eor thiamine defieient groups (expewiments IIi~FVand-V
ﬁhiamine—hyﬁrugb&nséﬁ@\was»amﬁdﬁny%<£r6m»%§e vitamin misture,



Table 11 ¢ Composition of the vitamin mixture*,

Anount per kg. diet

—— o~ e s e e - oy

savrise

Thiamine hydrochloride {(mg) 4.0
Riboflavin {(mg) : 4,0
Pyridoxine hydwochloride (mg) 1.0
Niacin (mg) | 18,0
Caleiunm-d-pantothonate (mg) 10.0
Choline chloride. (mg)  750,0
Inositol (mg) ‘ 200,0
Paramino-benzoic acid (mg) : | 10.0
Folie aeid (mg) | 1,0
Cyanocobalamin (mog) . | 5.0
Biotin (mog) | . 1;0
Cholecrloiferol (mg) ' 7.5

Powdered sugar (approximately, 19g) was added so as to make a

total of 20 g.

W S S Tl N YD U U Yt e S

* wused in experiments II, I1I, Iv‘anﬂivi
For thiamine deficient groups (experiwents I1I, IV and V)
thiamine hydrochloride was omitted fyrom the vibtamin mixture,

The salt mizbture xused was the Hawk-Oser salt mixture

Noé3 (Hawk, Oser end Summerson, 10564). The composition of e
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of the same is given in Table 12. Bobh miztures were

prepared in bulk and stored in air tight botiles.

The diets were prepared once & week and the vitamin

nixture and groundnut oil were added at the time of Ieeding.‘ff

Table 12 : Coumposition of salt mixture*,

LT o

L

. - " e - e
.

hde 2 117

-

-

o Y-

Awount (g)

%%

Salt mixture 4

Dicaleium tricitrate, . 4H,0
9&(32F04)2 H,0

Kéﬂ?ﬂé

XC1
NaC1l
eacaa .
MgS0, {anhydrous )

3Mg CO4Mg (0H), 3H,0

16,7
308.2
" 112.8
' 218,7
124.7
77.0
68,5
38,3
35,1

* wuged in experiments II, III, IV ang V.

##® 100-g of salt mixture A contained @

Fe(Nﬁ4) citrate, USP ~ 91.41 g; CuSO,, 5H,0, 5.98 g;

Nar, 0.76 g; ¥ns0
a!ld KI, 0424 gl’

4 3320, 1.07 g; KAI(SO4)2 12H20, 0.54¢8;



Chemicals :

The chemicals used in the experiments were of research

grade purity and obtained eilither from the Britisk Drug House

Limited or Sarabhai Chemicals,

All the solvents were of reagent

grade purchased from the local markets, The following chemicals

were obtained from the sources indicated against them.”

Ad@nosine 2',3'-eyclic phosphate

Alkaline phosphatese
Bovine serum albumin

BEOT

Cerebrogides

Cholesterol
146~Gﬂ?~eholine

140—canEthanolamine

ChP-Choline
gne-nthanolamine

Cocarboxylase

Deoxycholate (Sodium salt)

Dicaprin

N M DI, SN SN VT WA Dol .

TN,

Sigma Chemical Co., U.3.A.

V.#s Chest Institute,
Delhi.

E. Merck, Germany
Amersham, U«.¥. -

New Buogland Nuclear,
U.SeA,

Sigma Chemieal Co., U.S.A.

Mathenson Coleman snd
Bell, U.8 oAt

Sedary Research Chewmicals,
Canada.
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Dithiothreitol g Sigma Chemical Co., U.S.A.
EGTA §

§
Imidazole ]
Perchloric acid (60%) i B, Merck, Germany
Phosphﬂlipid standards 3 g V.F’ Chest Inﬂtitute. .
(rPG, CPG, SM, SPG and IFG) j Delhi ‘ .

- Potassium dihydrogen phosphate "§  BDH, U.K.

Ribose~5~phosphate §

4§  Sigmo Chemical Co., U.S.As
Sedoheptulose-7-phosphate &
Silica Gel 'G?  § ©. Merck, Germany,

The‘reagents used for various estimations are given in

Table 13,

Separation of the brain and the spinal cord :

The rats were decapitated and the skin was incised aldng
the median line. The brains with olfactory lobes were removed
immediately and but in cold normal saline (0.9%). The adhering
blood vessels were removed by pressing the tissue between the
‘f0lds of filter paper and the tissue was weighed. For
separating the spival cord, the dorsal muscleg were %ut and the
voertebral column Sut open from foramen magnum to the 3rd luwmbar
vertebra, The spinal cord was removed and put in eold saline

{(0.9%}¢ The adhering blcod vessels were removed by pressing
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Table 13 3 Reagents and standards used for varions estimations.

-~

Sre

3
No, Name

Method ¢f preparation

LT Yo
forenosnn

——- . -

1. 1-Amino -2-Naphthol -4 - To 195 ml of 15% sodium
sulphonie aecid reagent bisulphite were added 5 mi of
(ANSA) ~ X 20% sodium sulphite and 0.5 g
' of ANSA. The contents were

shaken amd £filtered through
whatinan No. 1 filter poper.
The reagent was preserved at 40
in a stoppered brown glass bottie.

2. i-Amine -2 -Naphthol -4~ To 10 mi of water, 19.25 mg of

Sulphonic Acid reagent ANSA, 115.4 mg of sodium

(ANSA) -~ IX bisulphite and 115.,4 mg, of
sodivm sulphite wefe added and
shaken well and filtered through
whatman Mo, 1 filter paper.
This was stored at 4° in a
stoppered brown glass botble.

3. Bovine serum albumin 40 nmg of bovine serum albumin
(protein standard) was dissolved in 10 ml of water
and from this 1 ml was dilunbted
to 10 ml with wategﬁo give a
final concentration of 400 meg/ml.

4. Brin Buffer In 1000 ml beaker 20 ml of 0,9%
sodium ehloridqe, 515 mi of 1.,15%
KC1, 100 ml of 1,75% dipotassium
hydrogen phosphate and § ml of
3.82% MgS0, .TH,0 were taken and
mixed well. The pH of the
solution was adjusted to 7.4
using 1N HC1.

oo A -

* glags distilled water was used for preparing the reagents.
contde.
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Table 13 : eontd.
Sr,. ? g
H Name H Method of preparation

No, i 3

5¢ Cerebroside standard 10 mg of cerebrosides were
dissolved in 10 ml of distilled
alecohol, 1 nl of this was
dilnted to 10 ml with alcohol 1o
give & finnl eoncentration of
106 meg/mi.

G Chloreform:Mothanol Two wlanmes of chloroform were

mixture (2:1) mixed with one volume of methanol.

The nmixture was shaken well and
stored at 4° in @& & dark bottle,

Ts Cholesterol stardard 100 mg of cholesterol were

8.

104

T o e 0 S

30 mM 2',3t~0yelic
adenosine monophosphate

1% ecopper sulphate

1 ¥ oytidine
diphosphoryl (140}
choline (140~cnp
choline}

dissolved in 100 ml of Qistilled
aleohol, 10 ml of this was
diluted to 50 ml with alcohol to
give a concentration of 200
meg/ml, °

118.8 mg of 27,3'-cyelic
adenosine monophosphate were
dissolved in 10 ml 6f water.

1g of copper éulph&te were
dissolved in 100 ml water.

5.0 mg of cold CDP-choline were
dissolved in 10 nml of water. To
this a known amount (around

5 meij) of radioactive CQ?~§4(C)
choline was added in such a way
that 20 ul of €DP-choline added

- e e

-

——

contdes.
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Tabhle 13 : countd,.

Sr.
Ko,

Nanme Method of pre;;a%?ion

La LY T 2
asamens

to the incubation medium would
contain a minimum radioactivity
of 10000 epm. The concentration
of CDP-choline was assayed hy
measuring the absorption of
ceybidine nueleotide at 260 and
280 "M in a spectrophotemeter,

11, 1 mM cytidine diphospho- This was prepared exactly the
ryl (140)-5§thanolam1ne same way as CDP-choline using
(cor-14(c) wthanolanine) 4.6 mz of CBP-sthanolamine.

12. 1 =M Dicaprin ’ 4.61 ng of dicaprin wevre taken
in a vial and to this 10 ml of
warn (60°) 0,02 M Tris ICL
buffer (pH 7.35) were added and
shaken well on a vortex mixer,
The contents of the vial was
sonicated for & min, ab 1°
using Biosonie IV sonicator
(Bronwill, Rochester, U.S.A).

13, 1 m¥ Dithiothreitol (DTT) 15.4 mg of DIT were dissoclved
in 10 ml of water,

14, 10 mm EGTA 23 mg of EGTA were dissolved
in 10 mi of water,

15, 0.3 ¥ HC1 4.2 ml of concentrated (12N)
HC1 were diluted to 1 00 ml
with waters

I [

i - S - - i -

contd. 'S
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Tabie 183 : contd.

Sr.
No,

Name

Ae a2t 272

(2T T 1Y Y

Method of preparation

$
|
f
t
1
H
1
]
i
[
{

A -~ g gy e Yot WD W s S

16. 0,2 M Inidazole buffer 1,36 g of imidazole were tiakon
(PR 6.2} ‘ in 50 ml of water and the pi
adjusted to 6.2 with IN HCL.

The volume was wmade to 100 ml
with water. ’

17. Todine reagent. 38 mg of iodine were dissolved
in 50 ml of 3% XI solution,
From this 1 ml was diluted to
10 ml with 8% XI.

18, Iron reagent 2.5 g of Feela.SBzO wore
‘dissolved in 100 ml of 87T%
orthophosphoric geid. 8 ml of
this were diluted t¢ 100 nl
with concentrated sulphuric
acid (36N).

i9. Lowry's 'A' solution 2% sodium carbonate was
prepared by dissolving 2g of
sodium carbonate in 100 ml of -
‘ 0.1N sodiwm hydroxide.
Y
20, Lowry's 'B' solution 1% copper sulphate and 2%

L sodium potassium tartrate were
prepared separately and mizmed
iz a ratic of 1:1 just beforxe
VS Ce

21, Lowry's 'C' sclution 2 ml of Lowry's 'B' soluiion
’ were mixed with 100 mi of
Lowry's 'A' moliution.
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Sr.
No.

—~ T~ -

Name

[T Ty
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-— - -

Hethed of preparation

22, Lowry's "Bt solution

23, 0.8 M Magnesium chloride

24 . 40—§£1Magganese chioride

-

A mixture consisting of 50 g

of sodium tungstate, 12.0 g

of sodiunm molybdate, 350 ml of
water, 25 ml of85% phoesphoric
acid and 50 ml of concentrated
hydrochloric aecid (12N) were
refinxed in a sand bath (150°)
for 18 h. The splution was
cooled and to this solution 75 g
of lithium sulphate, 25 mi of
water and a few (5-6) drops of
hroaine solution wore added.

The mixture was then boiled for
15 minutes to TomOVe oxcess
bromine, cooled 4o room tempera-
ture (30°) am diluted to ome
litre with water and filtered
through whatman No. 1 filter
paper. This stock solution was
diluted freshly with two wliunes
ofwater before us'e.

4,66 g of Mgclz.anzﬂ were
dissolved in 100 ml of water.

0,792 g of Mhﬂlg.éﬁzo were
dissolved in 100 ml of water.

- - -
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28,

26,

27,

28,
29,

30,

21,
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Method of preparation

Aoy v o B U o S

Molybdate I (2.5%)

Molybdate II (5%)

N—Acg}yl neuraminic
acid (MANA) standard

Orecinol reagent
i

0.88% potessium
chloride (XC1)

Phosphorus standard

3% Potassinm lodide
(K1)

2.5 g 0of ammonium molybdate were
dissolved in 160 ml of SN
sulphuric acid.

50 g of ammonium molybdate worxre
dissolved in 200 ml of water. To
this were added 300 nl of 10N
su)lpshurie acid and diluted %o
1000 nl with water.

10 mz of NANA were dissolved in
10 w1 of distilled water. 1 ml
of this was diluted to 10 ml with

. water tohgive a concentration of

160 meg/ml.

100 mg of orcinol were dissolved
in 100 ml of 26N sulphuric acid.

0,88 z of KC1 were dissolved in
100 ml of water.

87.87 mg of potassium dihydrogen
phosphate {EE2P04} were dissolved
in 100 m1 of water. 1 ml of this
was diluted to 10 ml with water to
give a conecentration of 20 meg of
phos phorus/mi,

3 g of KI were dissolved in 100 m1
of water.

R
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No, | Name : Method of preparation
3a. 40 mM Ribose-5-phosphate 146.2mg of ribose-5-phosphate
: were digsolved in 10 ml of
water.
33, Seintiliator 400 mg of BBOT were dissolved
in 100 ml of toluenso.
34, Sedoheptulose~T~phosphate & mg of sedoheptulose~T-
standard phosphate were dissolved in
5 mi of water. From this, 1 ml
was diluted to 10 ml with water
to give a concentration of
160 meg/ml.
35, 2% Sodium arsenite '2 g of sodium arsenite were
dissolved in 100 ml of 0.5N HC1
36. G,01M Sodium carbonabe 106 mg of anhydrous sodium
carbonate wore dissolved in
100 ml of water.
3%7. 0.2 M Sodium carbonate 2.12 g of aphydrous sodium
carbonate were disgolved in
160 ml of water.
a8. 25 mel Sodium periodate 475 mg of sodium periodate
were dissolved in 1060 ml of
62 mM sulphuriec acid.
39. 1% Scdium deoxycholate 100 mz of sodium deoxycholate

- were dissolved in 10 ml of

0.04 M Tris HCL buffer, pH 7.5.

—
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Table 13 3 contd,

61

Torp K " o ot

WY N o, A7 o S e o S S

8 t

Sra g Name i Method of preparation

2‘!00 ! 4 N

40, 2% Sodium potassium . 2 g of sodium potassium

tartrate tartrate were dissolved in
100 ml 9f water.

4;:.' 0.32 M Sucrose i1 g of suecrose were dissolved
in 100 ml of water. ‘

42, (0,32 M Sucrose in 0,01M 11 g of suerose were dissclved

tris IC1 buffer (pH T.4) in 100 ml of 0,02 M tris HC1
buffeor {PK 794}¢

43, iN Sulphuric adid 10 ml of concentrated sulphuric
acid B{36N) were diluted to
360 ml with water.

44, 25 N Sulphurie acid 150 ml of concentrated sulphuric
acid (36N} were diluted to
22C mi with waler,

45. 62 mM Sulphuric acid 0,356 ml of concentrated
sulphuriec acid (36N) were

| dilnted to 1060 ml with water.

46, Thiamine pyrophosphate 10 ng of TPP were dissolved

£3PP) in 10 ml of 'Brin' buffer,

47 6% Thiobarbituric acid 6 g of TBA were dissolved in

(TDA)

water and the pH adjusted to
9.0 using 1N NaGH and the
volume mode upto 100 wl with

, water.
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48,
49.

50.

51.

52,

Ea g2 221 2 )

Name

SRV EDERRD

Method of preparation

7% Trichloroacetiec
aeid (TCA)

7.50% Triehloroaestic
acid (TCA)

0.2 M Tris-IC1 buffer,
pH 7.5

Upper phase reagent

AR s, S -

T g of TCA were dissolved in
100 ml of water, '

7.5 g of TCA werc dissolved in
i90 mi of water.

0.605 g of tris (hydroxy
methyl} aminomethane wero
dissolved in 50 ml of water
and the pi adjusted to 7.5
with 1N HCl. The volume was
wade to 100 ml with water.

G.805 g of tris (hydroxy.
methyl aminoethane h were

dissolved in 50 ml of water

and the pll adjusted to 7.6
with IN HC1l., The volume was
made to 100 ml with water.

3 ml of chloroform, 47 ml of
methanol and 48 ml of water
were mizd well and stored
at 47 in brown bottle,

"
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the tissue between folds of filter paper and the tissue was

weighed,

Separation of gray and white matter from the brain s

The pre-weighed brain was placed on a preccoled glass
plate kept on ice and the cerebelium and olfactory lobes
removeds. The gray portion of the ecerebral cortex was removed
using a sharp blade taking care to avoid any contamination of
white material. The adhering blood vessels and water were
yewmoved by pressing the tissue between the fold of filter
papaer and weighed, This was used ag 'gray matter'. The
remaiving parts of cerebral hemisﬁheies were cut open and the
white matter colleected usinz a fine foreeps ond a nesdle. The
brain stem was cut open and the gray matier seen was removaed
and the remaining white matter was collected. The white
matter collected from the ecerebral hemispheres and brain stem

was pooled and surface moisture removed using the filter paper.

Preparation of microsomes 3

The method of Radominska @yrek and Horrocks (1972} as
modified by Radominska pyrek et al (1977) was used for the
preparation of miorosomes. A 10% homngénate {about 500 mg of
tissue was used) of the ﬁissue wasg prepared using 0,32 M
suerese in 0.01 M tris HC1l buffer (ph 7.4} and homogenizing

the tissue at 4% in a potter Elvehjem homogenizer at 1500 rpnm.
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It was homogenized first for 30 seeonds with 6 up and down
st;okes. After an interval of 30 seconds the tissue was again
homogenized for 30 seconds to achleve complete homogenization.
The prooédure followsd to isolate mierosomes from the homoge-
nate is given in %E%EE&. The microgomal fraction obtained was
dispersed in 10 ml of 1 M tris HC1 buffer (pH 7.6) and diluted

ten times with water and used for protein and enzyme assays.

Table 14 : Procedure for the isolation of microsomes.
(A1l the operations were carried out at 4%)

10% tissue homogenate (about 5 ml)

, spun at 18000 g/20 min.
; | i
. N’
pellet ) sapernatant
(erude wmitochondrin} spun at
disearded 1,05000 g/60 min.
§ .
i 1
) - ‘ o
pellé% supe?&atant
{orude microsomes) {eytoseol}
suspended in 10 nl of 0,325 discarded
CM sucrose ~

spun at 1,0500C g/60 min,

{ | 4

PU YT Y 221 2L

pelliet supernatant
{pure microsones) disecarded
0Jm

suspended in 10 ml of tris
AC1 buffer (pH 7.6) L \

—



68

Biochemical estimations ‘

Lipid exiraction : The method of Foleh gb al (1957) modified

by Suzuki (1965a) was used to extract 1ipid§£mum the tissue.

A knewn amount of tissne (rough{y 1.5 g in the case of whole
brain and 0.2 g in the osse of gray matter, white matter or
spinal cord) was ground with 20 volumes of cold chloroform:
methanol mixture (2:1)avepended in 40wk of tris-HCl bduafler
2<63 at room temperature (3@0) for 3-4 minutes using a glass
mortar and pestle. The éanﬁenta wers filteréd thﬁ@ugh whatman
¥oe 1 filter paper and the residue on the filter paper
immersed in chloroform:methanol mixture (2:1) along with thg‘
filter paper was kept overnight at 4%, The resi&ue‘fram the
filter poper was reextracied with 10 volumes of solvent
mixture (the 301vént used for avernightwgaﬁé;sion was used

and fresh sclvent mixture added if necesssry) and filtéred again
using whatman No. & filter peper. The filtrates were pooled
together and the volume made upito 30 ml with selvent mixture
in the case of brain, and 10 mi. in the case of gray matter,
white matter or spinal cord, The combined extraet was talen =
in a test tube and shaken well with 0,2 volumes of 0.88% K01
golution, The contents were centrifugad in a elinical
centrifuge at sseé rpm for 5 min. The dpyer rhase was
colleeted using a pasteur pipette and the lower phasce was

treated with 0.2 volumes of upper phase reagent (chloroform
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methanol : 0,88% KC1 in the ratio of 3:47:48)., The tube was
again centrifuged and the npper phase was removed. The lower
phase was agaln treated with 0.2 volumes of upper phase
reagent ; centrifuged and the upper phase was collected. All
the upper phases were pooied together and dialysed at 2% for 24 1
against distilled water and the volume made to 10 ml with water.
F;am this aligmote were used for the estimation of gangliosides.
The lower phase (ealled the 1lipid extract} was diluted to 10 ml
with chloroformi:methanol mixture (2:1} and used for the
estimation of cholesterol, phospholipids, galactolipids, plasua-

logens and diffevent classes of phospholipids.

Estimation of eholesterol

The method of Bowmen and Wolf (1962) was used for the
estimation of cholesterol, Aliquots {(0.1-0.2 ml) of the lipid
extract were taken in duplicates in test tubes and evaporated
to dryness at 60° in a waster bath., To this 3 ml of distilled
ethyl aleohol were added. Three ml of 'Iron reagent' were then
added while shaking the contents of the tube on a vortex
shaker. The color developed was read after 30 min at 540 am
in a Deckman spectrophotometer against a reagent blank which
contained ethyl alcohol instead of the sample. A stardard
graph was prepared taking different concentrations of

ehnlesterol {20-120 meg) and tyeating fhem similarly.
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Dstimation of gailactolipids

The method of Svennerholm (1956) modificd by méskovio
2t a1 (1672) was wsed for the estimation of galactolipids,
Aliquots of 1ipid extraot (0.1-0.4 ml) wers taken in test tubes
and evaporated to dryness at 60° in a water bath, To each tube
0.3 ml of sthanol was added and the tubes were again kept in 60° |
water bath for 3 min to dissolve the lipid in alecohol., After
cooling to room temperature (30%), three ml of orcinol reagent
werc added. The tubes were shaken well on the vortex mixer and
‘Kept in'a water bath at @Oﬂifor 20 min. After cooling uhder tap
water and nixing §heir aontents well on a vorteﬁ nixer, the
¢olor formd in tﬂe tubes were read against the reagent blanik,
which contained 0.3 ml. of alcohol instead of the lipid extreast,
at 505 nm in & Beckman spectrophotometer. A standerd groph waos
prepared nging different ooﬁcentratians of standard cercbrosides

{20-120 mcg).

Phospholipid estimation

Lipid phosphorus was estimated by the method of Bartlett
(1982). Aligquots of 0,1-0.2 ml of the 1ipid extract wore taken
in test tubes in duplicate and evaporated to dryness at 60° in a
water baths Ono ml of 60% perchloric acid was added to each
tube along with a small piece of poreelain., The tubes were
hoated for 36 min in a sand bath maintained at 280°, After the

completion of digestion, as judged by the celoriess aupearance
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of the solution, the tubes wore c¢ooled to room temperature
(300} and volume made up to 1 ml with perchloric acid, To this
was added 8,1 ml of distilied water, 0.5 ml of molybdate II
reagent and 0.4 ml of ANSA-I reagent. The tubes were shaken
well and kept in a boiling water bath for 8 min. They were
then copled at room temperature (30%) and the eolor obtairved
was reaid agginst a reagen§ blank, containing only perchlorie acid
ét 829 ﬁm in o Beokman sﬁeetrophotometer. A stendard graph was
prepared by taking different concentrations of phosphorus
standard (iue meg}. The values obtaimed for phosphorus were
maltiplied by 35 to obtain the phospholipid content of the

sanmple,

Separation end estimation of various phospholipids

The separation of different phospholipids from the lipid
extraet was achieved using fhe thin layer echromstographic
method of Horrocks (1068). Glass plates (20 x 20 om) were
cieangﬁ.in glass distilied water and ecg$9§ to a(th;ckaess of
0,5 um with silica gel '6' (a siurry was prepared by taking
35 g of silica gel 'G! 1@ 67 mi of 0.01 Miﬂagaﬁ3. This can be
used to ecat 5 plates). The coated plates were alr dried ab
room temperaturs (It takes 60 min to dry) and them activated
for one hour at 110° in an oven before use. The lipid exbract,
gontaining 10-20 még phosphorus, was spotted just one inch

ahove the bottom of the plate. The plaies were developed to a



height of 13-15 em in a chamber presaturated for 60 nin with
chloroform : methanol : amwonia (65:25:4) solvent miﬁture. It
took 60 min to develop. The plates were removed and air dried.
The spots afnﬁifferent phospholipids were visualized by

exposing the plates to iodine vapour,

For the separation of alkenylacyl glycerophosyh&ryl ws
ethanolamine (Ethanclamine plasmalogens )} from diacyl GPE the
method of Horrocke end Sun (1972) was used. The iipid exireact
containing 10-20 mex phosphorus was spotted at the lower left
cormer cf'silica gel plate. The plate was first developed to é
height of 13-15 en in chloroformi:methenol :ammonia (65:25:4 )
solvent mixture. It was air dried for 10 min and exposed tHo
concentrated hydrochloric acid fumes for 5§ min and again air
dried for 1C min. Tho second TLC run was made at right awngles
to the first in a solvent system containing chloroform: ecetones
methanol iwatex (75:30:15:&%&} and. allowed to0 run to a height of
10-12 em. After this the plate was removed and air dried for
10 min and the spois were visualized by exposing the plate to

iodine vapour.

The various phospholipid spots werc dotected using the
appropriocte authentic standards and scraped into the test tubes
and the phosphorus was estimated by the method of Bartlett
(1959), For blaonks silica gel from unspotted area corresponding

to the spot obfuined was scraped and processed.
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Egtimation of plasmalogens

The method of Gottfried gg;ggmjggez} was used for the
estimation of piasmalogens. Aliquots of lipid extract
(0.2~0.4 ml) wers taken in tost tubes and evaporated to dryness
in a 60° water bath, To the dried sample was added 0,5 mi of
methanol and the same kept in a 6c? water bath for 3 min., 0.5 nml
of iodine reagent was then added and mixed well om 2 vortex
mizer, After 10 min 4 ml of alochol were added and again mixed
well, The left over iodine was weasured a2t 355 nm in a
Reckman spectrophotometer against alecchol blavk., 0.5 mi of
iodine roagent was used as o stamdard -instead of lipid extraet

and processed,

Estination of ganglicsides

Gangliosides in terms of N-acetylneuraminiec acid moiety
present were estimated by the method of Warren (1959) modified
by Skoza and Mohes (1076). Aligquots of the upper phase
obtained during lipid extraction (0.2-0.5 ml) were token in
test tubes in duplieate and the volume made upto 0.9 ml with
glass distilled wateor. O« ml of 4N H2804 was added and the
gample digested in a water bath at 80° for 2 n to release the
l1ipid bound NANA. The tubes were eooled to room temperature
(30°) and 0.25 mi of 0.25 moM sodinm pericdate was added.
After 30 min the excess of periocdate was removed by adding

0.25 ml of 2% sodium arsenite and shaking well nq@ vortex mixer.
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This vwas followBd by the additiem of 0.5 ml of thiobarbiturie
acid reagent, The tubes were kept In s boiling water bath for
7.5 min and then cooled o room tcmperature (30°) and 2.5 mi of
diﬁethyl gulfoxide was added. The readings were taken at 532 nm
and 549 nm in a Beckmen spoetrophotometer against é blank '
containingoiN H2304 instead of the sample. The standard graph
was prepared by taking different concentrétions of NANA (6-80 mog)
and processing theun as above, The interference dug to other
ecarbohydrate compeundsin this estimation was corrected by using

the following equation :

9
Amount of HAMA = 0,08 x 0D 2t 549 - 0,03 x ON at 532,

Estimation of protein

The method of Lowry e} al (1961) was used for the estima-
tion of protein, O.i-&.g‘ml of ﬂiluteﬂ;iissue homogenate or
mierosomal fraction was taken in a teétitnbé and the volume
made to 0.6 ml with glass distilled water. To this was added
3.0 m1 of Lowry 'C! reagent and allowed to stand for 10 nmin at
room bemperature (800). After this, 0.3 ml of Lowry 'E' was
Sﬁded and the contents in the tube were mixed well om a vortex
mixer. The ¢olor developed in the noxt 30 min was read at -
750 nm in Beckman speotrophobometer againét a,n§g$gi containing
water instead of sample. Different concentrations (20-120 neg)

of standard protein (bovine serum slbumin) wére taken and

processed as above fo prepare a standard graph.



Agsay system used for 2'.3'-cyclic nueleotide 3'-phospho-

hydrolase (CNF)

The two step procedure of Karihara and Takshashi (1973)

was used for the assay of CW¥ aetivity, In this the first step

invoives the deeyelization of the substrate (oyolic 2',3'-AMP)

by the enzyme CNP. In the second step the dephosphorylation of

the product formed (2'-AMP)} is achieved by using pure alkaiine

phcsphataﬁe. The liberated inorganie phosphorus was estimated,

The detalls of the procedurc arve indiecated below ¢

I _Step :

- -

Activation of enzyme protein

Buffer

Detergent

Enzyme (0.1 mg pretein/ml)
Conditions of incubation

{b} Preineubation :

Buffer

Activated enzymne protein

Conditions of incubation

(¢) ZIncubation

Amount of substrate
added to preincubated
mixture

Tris HCYL (pH 7.5}, 0.2 ¥, 0.1 ml.
Sodiam deoxycholate 1%, 0.2 ml,
0.2 m1

25°, 5 min.

Imidazole buffer (pH 6.2),
G.2 M, 0.\; mi.

042 mi (1L0-20 mog)
37%, 3 win,

’

30 =M cyelle AMP, O.1 nml,



Conditions of incubation

Tarmination of yreaction

{(d) Treatwent of blank

IT1 Ste

o Y - o,
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37°, 20 min.

Addition of 0.2 ml of 0,2 M

Naacﬂs

1. Water instead of enzyme in
atep b,

2. Vater instead of substrate
in step C.

3. Engyme pdded after thé
addition of 0,2 M Nazc:f)a.

{a} Release of inorganiec phosphorns

Aliquot taken from the
incubated mixture

Alkaline phosphatasge

Conditions of incubation

Ternination of the
reasction

0,8 ml

0.1 ml containing 50 meg of
enzyme protein,

37°, 1 h

1 m} of 7% TCA was added and
centrifuged.

(b) Estimation of inorganic phosphorus

For estimating inorganic
phosphorus, 0.5 wl of the
supernatant was taken and‘fgitn
0,05 ml of 2.5/@ ammonium

molybdate I and (.45 ul of ANSA-IX

repgent were added. Color
developed in 10 min, was read at
720 nm in a Beckman spectrophoto-
meter against a blank contnining
distilled water instead of
supernatant,
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(¢) Enzyme unit The amount of enzyme requived
0 liberate i pmole of inorganic
phosphorus under the assay
conditions.,

(@) Speecifiec activity Enzyme units/mg protein in
enzyne prepavation,

Assay systens used for 1,2-Diglycerol:;CDP-choline phosphocholine
transferage (PCT,BC 2.7.8.2) and 1,2-Diglycerol-CDP-athanolanine
phosphoethanolanine transferase (PET, RC 2.7.8.1). V

o pren

ﬁetails of assay .!: Enzyme
system and prode~ ] - - -

" dure 3 PCT i PET
Basig of the method Radominska pyrek Radominska pyrek
used ) et 8l (1977} et a1 (1977)
Tris HC1 bufler 40 ;1 40 nl
8Pl 7.6), 0.2 M
10 mM EGTA . z0m1 20 p1
1 oM. D7 20 al 20 ni
0.2 M Zﬁ{gﬁlg 20 ml ~-

40 mM Mnmg - 20 }11
i oM Dicaprin ‘ 20 a1 20 )11
4w cpp (M¢)-choline 20 al. -

1 ma oor (Y4¢)-Ethano- - | 20 p1
lamine

Start of reaction by 20 a1 20 p1

adding mlerosomal enzyme

protein (0.3 mg/ml) \

Troatment of blank. Enzyme protein Bnzyme protein

onitted owitted

Gonditions of 37°, 20 wmin. 37°, 20 min.

incubation

Ternination of 3 mi of 2:4 chioro~ 3 nl of 2:1 chioro~

Sreaclion form:methanol sdded forym methanol added

and shaken well. and shaken well.



Extraction and estimntion
of the product formed

Thnzyme uniy

Specific activity

78

The tube was cepirifuged and the
upper phase siphoned out with
pasteur pipette. The lower phase
was' treated twice with 0.6 ml of
chloxoformimethanol swater
{3:47:48) mixture and the upper
phase removed by centrifugabion.
The lower phase c¢ontaining the
produet (CPG or EFG) was trans-
ferred to radioactive vial. Zhe
tube was rinsed with chloroform:
methanel (2:1) and the washings
tronsferred to the vial. The
contents in the vial evaporated by
keeping the vial at 60° in an
ineubator. After coeling the
sample to roow temperature (25°),
10 ml of seintillator was added to
the vial and-dhe radioautivity—of
the~wviai and the radiozetivity of
the product wae measursd in
Beckman LSC-100Q,

Agount of cnzyuwe required fox the
conversion of 1 nmole of sub-
strate tnto produet in an hour
unﬂeﬁihe sssay conditions,

Enzyme uﬂitgﬁer‘mg protein of
engzyne preparotion.
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Assay system used for transketolase

The method of DreyTus and Momiz (1062) was used for the

assay of transketolase activity.

conditions are given below !

(8) Activation of the enzyme

Brin ffer
PP snlutinn'

Enzyune (107 tissue
nomozenate)

Conditions of incubation
(v) Incubation

Substrate
Conditions of incubation

Termination of reaction
(¢) Troatment of blank

(d) Estimation of the product
formed (sedoheptulose
7-phoaphate)

The detaiis of the assay

Gedh ml
3:15 nl

G2 al}

370. 30 min.

0.1 ml of 40 mM
rigosewswyhosphate
37 s 30 nin,

Addition of 1.4 nml of 705%’
TCA.

Addition of TCA before
adding the substrate,

The samples was centrifuged

~and 1 ml of supernatant taken

for the estimation of produet.
4.5 ml of a mixture of cold
sulphuric acid (36N) end'water
(6:1) were added to the sample
and heated in a boiling weter
kath for 4 min, eooled and the
color developed by adding



{(e)

(£y

(g)

(h)

Reagent blank

Standard

Enzyme unit

Specific activity

80

0.1 ml of 3% eystein HCYL
and mixing thoroughly on a
vorteox mixer, The complete
color was allowed to develop
by keeping the tube for 5 h
at room temperature (30°).
The colour developed was
read at 520 nM against a.
reéagent blank.

1 mil of distilled wator used
instead of incubation wmixture
and processed as above,

Different concexitrations
{25-100 meg) of sedoheptulose
T -phosphate were taken and
nrogessed as above.

Amount ‘of enzyme requirsd for
the formation of 1 memole of
sedoheptulose T7-phosphate
per min under the assay
conditions.

Enzyme units ner mg protein
of enzyme preparction.



