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MATERIALS AMD METHODS

As mentioned earlier, the aim of the present investigations 
was to study the pattern of chemical maturation of gray and 
white matter in the rat brain with respect to the concentrations 
of lipids, 2* ,3*-cyclic nucleotide-3'rphosphohydrolase (CNP), 
phosphoethanolaaine (PBT) and phosphocholine transferase (PCT) 
and to investigate the effects on the same of undernutrition 
during the neonatal period and/or nutritional deficiency with 
regard to either food energy or protein during the postweaning 
period. Additional studies were also made of the reversibility 
of these effects, and of the effects of perinatal thiamine 
deficiency* The studies were also extended to the composition 
of the whole brain and spinal cord*

Albino rats belonging to the Charles-Foster strain bred and 
maintained in the departmental rat colony were used for the 
Investigations except for those experiments (Part of V and VI) 
which were carried out in the laboratory of Prof* Horroeks in 
Ohio State University for which rats belonging to the Wistar 
strain and obtained from commercial sources were used*

The parameters studied were t

(a) the composition of whole brain, gray and White matter with 
regard to moisture, protein, cholesterol, galactolipids, 
phospholipids,; plasmalogens and gangllosides.
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. <*> the relative contributions of different phospholipid
components such as ethanolamine, phosphoglycerides, choline 
phosphoglycerides, sphingomyelin and Inositol and serine

i

phosphoglycerides to total phospholipids.
c.(o) activities of CNF, phospho ethanol amine and phosphofholine 

transferases in gray and white matter*

By comparing the composition of whole brain, gray and irttite 
matter attempts were made to arrive at estimates of the propor
tions of gray and white matter, using the values for critical 
constituents such as galactolipids*

The various experiments conducted on different aspects 
are briefly indicated in Table 7* Maternal protein deficiency 

during lactation was induced by feeding mothers a 5% protein 
diet after partus* Pups born on the same day were pooled 
together and allotted tq the different groups. For the induction 
of perinatal thiamine deficiency nsother4 were fed a thiamine 
free diet from the 14th day of gestation and continued 
throughout lactation*

The mothers were provided food and water ad lib. The pups 
had an access to the maternal diet from about the 16th day of 
age. At the end of the experimental period the animals were 
hilled by decapitation, the brains removed and the white and 
gray matters separated (wherever appropriate the spinal cord 
was also removed) and used for analyses*
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The design of the experiments s

The same is already indicated in Table 7. Soto additional 
details are given below t

Experiment - I : Lipid composition of gray and white matter In rat
brain at different ages.

Studies were carried out to understand the lipid composition 
of gray and white matter in rat brain at different ages. For 
this purpose groups of rats with the age of 2,3,4,6,9,12,20 or 
82 weeks wore used. In the first 5 groups approximately equal 
number of male and female rats were used* whereas in the last 
3 groups only male rats were used* After noting their body 
weights the rats were killed by decapitation* the brain^were 
removed , weighed and the gray and whit© matters (usually a 
minimum amount of 150-200 mg of each was collected for the study) 
were separated. The separated gray and white matters were kept 
in ch'loroformjMethanol (2:1) mixture at -10°. for the extraction 

of lipids. The extraction and estimations were done within a 
month after the collection of the samples.

For the comparison, the whole brain was also analysed at 
selected ages (2,3,6,9 and 52 weeks).
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Eaeporinent - II

(a} ttHdernutrition on thc Ilgld poaposit ion

of_ rat brain gray and white matter*

( b) Effects of andernutritionp protein deficiency and rehablli- 

tation in tbe postweaning period on the lipid composition 

of brain gray and white matterof rats undernourished prior 

to weaning.

To study the effect of preweaning and postweaning under-
nutrition or rehabilitation, mothers fed the stock diet (i8$

protein) daring gestation were divided into two groups
immediately after delivery* One group was eontinuedjm the

stock diet and the other fed a low protein diet during lactation.

The pups from both groups were either killed or weaned at 2i days

of age. The pups reared by the stock diet fed mothers were fed
high protein (20$) diet after weaning (control) whereas those

reared by the low protein diets were fed either a low protein 
fou-

dietV[LP) or a high protein diet ad lib. (HP) or the latter in
/Un

restricted amounts uHP-R). The rats were caged individually

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

body weights once a week*

Experiment - 111 i Effects of perinatal thiamine deficiency on
the JUpid composition 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 lib, 
(control) or in restricted amounts (pair fed with thiamine 

deficient group) or a thiamine free high protein diet ju| lib. 
(experimental) from the 14th day of gestation to the 21at day 

of lactation. The body weights of the pups were recorded once 
a week, The pups were killed at 3i days of age, the brains and 

spipal•cords removed and used for the determination of lipids.

Experiment - IV s Effects of perinatal thiamine deficiency on
«mm rriniTnir Ttrrn rt tiiwt't » »i n — h tm tth it i n n i it — -~rair« ir» m i>«* m n m in r m — >■ iilrii iw» i—

the lipid oo^apoaition of rat brain gray and 

white matter.

The dietary and other protocol were as in experiment III 
except the separated gray and white matter from the brain were 

used for the analysis,

Ex^erlEent : Effects jofjt^e^andjnutriJfcloftaljdeflciencies

on theactivity of AL&L -cyclic neueleotifle 
3 * -phosphohydrolase (CNP) in the rat brain

i w n^rnum ■< mSbm >«■ — pm n. ,m ,1, on >.i — w Wt — — mm ymwm m ww

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 Holtgaan & Co* 
Xndianopolis, USA were used for this study. The rats were 

killed, the brains removed and gray and white matter separated. 

Samples from 3-4 brains were pooled together for each estimation.
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A 10% tissue homogenate (about O.S g tissue was used) was 
prepared in 0,32 M sucrose in 0,01 M tris-HCl buffer, pH 7*4* 
0,5 ml of the homogenate was used for protein and CMP assays*

Undernutrition was induced as described in experiment II 
except that the controls were fed a 26% protein diet and the 
undernourished a 3,5% protein diet* Perinatal thiamine 
deficiency was induced as described in experiment III. She 
separated gray and white matter from these rats were processed 
as described above.

Experimenti “.VI t Effects of neonatal undernutrition on jbhe_
activities of phosphoetfaanolaruine (PET) and 
phosphoftholine transferases (PCS') in rat 
brain^gray. and white matter.

So study the effect of neonatal undernutrition on PBS 
and PCS, the mothers were fed a high protein diet (26%) or a 
low protein diet (3,5%) during lactation. She pups were 
killed at 21 days of age, brains removed and gray and white 
matter separated. Samples from 4 brains were pooled for each 
estimation, A 10% tissue extract (about 0,5 g tissue was used) 
was prepared in 0.32 M sucrose in 0,01 M tris-HCl buffer pH 7,4, 
Mlcrosoraes were prepared from the tissue extract and used for 
the assay of PIS and PCS,
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Diets

Animals were fed either a normal stock diet prepared in 
the laboratory or stock diet obtained from commercial sources 
or the experimental diets prepared in the laboratory, the 
composition of these diets are shown in Tables 8,9, and 10.

Table 8 : Composition of the stock diet used in the
laboratory*

Ingredients

Wheat flour (Tritium aestivum)
Bajra flour (Pennicitu© typhoideilin) 
Bengal gram flour (Cicer arietenum) 
Milk powder*
Sprouted cow peas (Vigna cat Jang)
Groundnut oil (Peanut oil)
Fenugreek leaves (Trigonella foenua

graeeum)**
Protein content

I Amount (g) 
S3«0
100
110
210
' 80

70
70

18$

* Floor sweepings from the Anail Milk Dairy, Anand, containing 
skim and whole milk powder*.

** Fenugreek leaves were used when in season, otherwise 
vitamin A acetate in oil (5000 I.U.) were added#
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fable © t Composition of experimental diets. ' J
'i -v

) % dietary protein

\ 4a J Sa | 20a !
* * **«• «m * ’.muju.—n—

"V"

Washed casein (g) 4.8 6.0 24.0 30,0

Vitamin mixture (g)* 2.0 2.0 2.0 2,0

Salt mixture (g)** 4.0 4.0 4.0 4.0

Groundnut oil (g)
(peanut o il) 7.0 7.0 7.0 7.0

Sucrose (g) 20,0 20.0 20.0 20,0

Sago (g) 62.2 61.0 43.0 37,0

* composition given in Table 11.

** composition given in Table 12.

a. used in experiment II.

b. used in experiments III, IV and V.

Casein used in experimental diets was obtained from Asmil 

Btepy,- A«and, washed with alcohol and then with tap water to 

remove the alcohol and finally with distilled water. The 

washed casein was dried and used.

Commercially available sago prepared from tapioca flour 

(Man!hot utilissiraa) was ground 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 starch in the same is believed 
to be readily available(fiocher, Behan and MoMeans, 1951),

Table 10 : Composition of commercial diet*.

Ingredients

imows,wwatowk

Low protein • 
(diet) J

High protein 
(diet)

(g/100 g)

Casein (vitamin free) 3*5 26.0

Corn starch (85$) + sugar (15$) 81.5 58.9

Hydrogenated cotton seed oil . 8*0 8.0

Salt mixture, TJSP XIV 4.0 4.0

Vitamin mixture 3.0 3.0

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

The vitamin mixture whose composition is given in Table 11 

is formulated in this laboratory on the basis of the allowances 

suggested by Brown and Sturtevant (1949)« recommendations made 

by NAS-NEC (1962) and evidence reviewed by Mitchell (1964),
The vitamin mixture was stored at 4° in air tight dark brown 

bottles*

thiamine deficient groups (experiments 

fbf&afflc- hydro<diljorld@MPas-etaltted 4roiMrhe vitaiaim^mlxttsre'.



Table 11 t Composition of the vitamin mixture*.

Thiamine hydrochloride (rag) 

Riboflavin (rag)

Pyridoxin© hydrochloride (mg) 

Miacin (mg)

Calciuia-d-pantothenate (mg) 

Choline chloride (mg)

Inositol (ag)

Paramino-benzoic acid (mg) 

Folic acid (mg)

Cyanocobalamin (mog)

Biotin (meg)

Cholecalciferol (mg)

Powdered sugar (a^roximately , 

total of 30 g.

{ Amount per kg. diet
•» *

4.0

4.0

1.0
15.0

10.0

750.0

200.0 

10.0

1.0

5.0

1.0

7.5

19g} was added so as to make a

* used in experiments II, III, IV and V.

For thiamine deficient groups (experiments III, IV and V) 

thiamine hydrochloride was omitted from the vitamin mixture.

The salt mixture sensed was the Hawk-Os er salt mixture 

Ho43 (Hawk, Gser and Summers on, 1954). The composition <s£ tfee-
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' f;
,» ^ V' ^ (

of the same is given in Table 12. Both mixtures were

prepared in bulk and stored in air tight bottles. ^ <
)

J f .

The diets were prepared once a week and the vitamin 

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

Table 12 : Composition of salt mixture*.

| Amount (g)
•

Salt mixture A 16.7

Oioaloium tricitrate, , 41TgO 308.2

pa(H2P04>s h2o 112.8

K23P04 218.7

KC1 124.7

NaCl 77.0

CaCO*3 ' 68.5

MgS04 (anhydrous) 38.3 ,

3 Mg C0gWg(0H)2 3Hg0 ^ 3o«l

* used in experiments II, III, IV and V.

** 100 g of salt mixture A contained s

Fe(Mi4) citrate,-BSP - 01.41 g; CuS©4, SHgO, 5.98 g;

NaF, 0.76 g; MoS04, 2HgO, 1.07 g; KAl(S04)2 123^0, 0.54g; 

and IQ, 0.24 g.



Chemicals :

The chemicals used in the experiments were of research 

grade purity and obtained either from the British 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.

Adfnosine 2* ,3‘-cyclic phosphate 

Alkaline phosphatase 

Bovine serum albumin 

BBOT

Cerebroaides

Cholesterol

14C-CDP-choline 

141•C-CBP HSthanolamine

CD?-Choline

CD? -Sthano1amine

Cocarboxylase

Deoxycholate (Sodium salt) 

Dicaprin

§
$
I
$ Sigma Chemical Co,, U.S.A.

I
§ V.P* Chest Institute, 
§ Delhi.

§ E. Merck, Germany

| Aaersham, U#K,

| New England Nuclear, 
1 O.S.A,

I
I
§ Sigma Chemical Co., U.S.A*
I
I
| Mathenson Coleman and 
| Bell, D.S.A.

f Sedary Research Chemicals, 
| Canada,
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Bithiothreitol
1GTA
Imidazole

Perchloric acid (60$)

Phospholipid standards 
(EPS, CPG, SM, SPG and IPG)

Potassium dihydrogen phosphate

Ribose-5 -phosphate 
S e do heptuiose-7-phosphate

Silica Gel *6*

§ Sigma Chemical Co,, U.S.A.

| E, Merck, Germany

| V.P. Chest Institute, 
I Delhi

j BM, II ,K.

| Sigma Chemical Co., U.S.A.
I
| E. Merck, Germany.

The reagents used for various estimations are given In 
Table 13,

Separationb of thenbrain and u the spinal cord t

The rats were decapitated and the skin was incised along
the median line. The brains with olfactory lobes were removed
immediately and hut in cold normal saline (0,9$). The adhering

blood vessels were removed by pressing the tissue between the
folds of filter paper and the tissue was weighed. For

cseparating the spinal cord, the dorsal muscles wore cut and the 
vertebral column §ut open from foramen magnum to the 3rd lumbar 

vertebra. The spinal cord was removed and put in cold saline 
(0.9$)• The adhering blood vessels were removed by pressing
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fable 13 % Reagents and standards used for various estimations.

Sr,
No,

*•>*
*

s

#

Name J Method of preparation
*

1* i-Amino-2-Naphtha 1-4-
sulphonie acid reagent 
(ANSA) - I

fa 195 ml of 18% sodium 
bisulphite were added 5 ml of 
20% sodium sulphite and 0,5 g 
of ANSA* The contents were 
shaken and filtered through 
Whatman No. 1 filter paper.
The reagent was preserved at 4° 
in a stoppered brown glass bottle.

2 • 1 -Amino -2 -Napbtho i -4-
Sulphonic Acid reagent 

; (ANSA) - II

To 10 ml Of water, 19,25 tag of 
ANSA, 115.4 mg of sodium 
bisulphite and 115,4 mg, of 
sodium sulphite were added and 
shaken well and filtered through 
whatman Ho. 1 filter paper*
This was stored at 4° in a 
stoppered brown glass bottle*

3# Bovine seriim albumin 
(protein standard)

40 tag of bovine serum albumin 
was dissolved in 10 ml of water 
and from this 1 ml was diluted 
to 10 ml with watex^o give a 
final concentration of 400 mog/ral*

4* Brin Buffer In 1000 ml beaker 20 sal of 0.9$
sodium chloride, 515 tal of 1.15$ 
KOI, 100 ml of 1.75$ dipotassium 
hydrogen phosphate and 5 ml of 
3.82$ MgSO4.7H20 were taken and 
mixed well. The pH of the 
solution was adjusted to T.4 
using IN HC1.

* glass distilled water was used for preparing the reagents.
oonta,•
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Name Method of preparation

5« Cerebroside standard 10 tag of cerebrosides were
dissolved in 10 ml of distilled 
alcohol, 1 ml of this was 
dilated to 10 ml with alcohol to 
give a final concentration of 
100 aeg/ral.

6* ChloroformsMethanol 
mixture (2 si)

fwo volames of chloroform were 
mixed with one volume of methanol. 
The mixture was shaken well and 
stored at 4° in a £ dark bottle.

7* Cholesterol standard 100 mg of cholesterol were
dissolved in 100 ml of distilled 
alcohol. 10 ml of this was 
diluted to 50 ml with alcohol to 
give a concentration of 200

8. 30 mM 2* s3*-cyclic
adenosine monophosphate

9* 1$ copper sulphate

1C, i taM cytidine
diphosphoryl (14C)
choline (l4C~CDP

choline)

118,8 rag of 2’ ,3 * -cyclic 
adenosine monophosphate were 
dissolved in 10 ml of water.

Ig of copper sulphate were 
dissolved in 100 ml water*

5.0 rag of cold CD?-choline were 
dissolved in 10 ml of water. To 
this a known amount (around 
5/ACi) of radioactive C»P-8 * * * * * i4(C) 

choline was added in such a way 
that 20 ul of CM5-choline added

contd...



Table 13 * oontd.

Sr, | 
NO. | Name *

A

Method of prepajjfcion

to the incubation saedium would 
contain a minimum radioactivity 
of 10000 epta. The concentration 
of CBP-choline was assayed by 
measuring the absorption of 
oytidine nucleotide at 260 and 
880 nV*fin a spectrophotometer.

11, 1 mM eytidine diphospho-
.14 .ryl ( C} -Ethano 1 amine 

(0DP-14(C) -Ethanolasaine)

12, 1 ibM Meaprin

This was prepared exactly the 
same way as CDP-choline using 
4*6 m, of COP-et hanofamine•

4,0 mg of dieaprin were taken 
In a vial and to this 10 ml of 
warm (60°) 0,02 M Trie SIC1 

buffer {pH 7,35) were added and 
shaken well on a vortex mixer. 
The contents of the vial was 
sonicated for 1 sain* at 4° 

using Biosonic IV sonicator 
(Bronwill, Rochester, U.S.&),

18, 1 nsM Mthiothreitol (BTT) 15,4 tag of OTT were dissolved
in 10 ml of water*

14. 10 mm B6TA

15, 0,5 H HC1

23 ag of E6TA were dissolved 
in 10 ml of water,

4*2 ml of concentrated (12N) 
HC1 were diluted to 1 00 ml 
with water.

contd..*
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fable 13 s contd.
' # *

Hoi | NaBSe
•

*! Method of preparation
s

tt -n iiw nil.

16. 0,2 M Imidazole buffer
{pH 6»2)

1,36 g of imidazole were taken 
in 50 ml of water and the pH 
adjusted to 6,2 with IH HOI.
The volume was made to 100 ml
with water.

If# Iodine reagent 38 mg of iodine were dissolved 
in 50 ml of 2$ KI solution.
From this 1 sal was diluted to 
10 ml with 3$ SI.

18# Iron reagent 2,5 g of FeGlg.eiigO were 
dissolved in 100 ml of 8f$ 
©rthophosphorie acid, 8 ral of
this were diluted to 100 isl
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 sodium hydroxide.

20, Lowry’s *B* solution Vj% copper sulphate and 2$ 
sodium potassium tartrate were 
prepared separately and raised 
in a ratio of 1;1 Just before
use.

21# Lowry’s *C’ solution 2 ml of Lowry’s ’a’ solution
were mixed with 100 ral of
Lowry’s ’A’ solution.

contd.*«
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fable 13 t contd.

Sr.
Mo, Mans© ! Method of preparation

32. Lowry's *E* solution A mixture consisting of SO g
of sodiiua tungstate, 12.5 g 
of sodium molybdate, 350 ml of 
water, 25 ml of85$ phosphoric 
acid and 50 ml of concentrated 
hydrochloric acid (12N) were 
refluxed in a sand bath (150°) 

for 18 h. The solution was 
cooled and to this solution 75 g 
of lithium sulphate, 25 ml of 
water and a few (5-6) drops of 
bromine solution wore added.
The mixture was then boiled for 
15 minutes to remove excess 
bromine, cooled to room tempera
ture (30°) and dilated to one 

litre with water and filtered 
through Whatman Mo, 1 filter 
paper. This stock solution was 
diluted freshly with two volumes 
ofwater before use.

23, 0*2 M Magnesium chloride 4.66 g of MgClg.6HgO were
dissolved in 100 ml of water•

-m (V) 71
24. 40 mm Manganese chloride 0,792 g of MnClg.dHgO were

dissolved in 100 ®1 of water.

contd...



Table 13 : contd.

Sr*
No. lame

25, Molybdate I (3.5$)

Method of preparation

2.5 g of ammonium molybdate were 
dissolved in 100 ml of 5N 
sulphuric acid.

26. Molybdate II (5$) 50 g of ammonium molybdate were
dissolved in 200 ml of water. To 
this were added 300 ml of ION 
sulphuric acid and diluted to 
1000 ml with water.

27. N-Acetyl neuraminic 
acid (NANA) standard

28, Orcinol reagent

10 mg of NANA were dissolved in 
id ml of distilled water, i ml 
of this was diluted to 10 tal with 
water to give a concentration of 
iOO meg/ml.

100 mg of crclnol were dissolved 
in 100 ml of 25N sulphuric acid.

29, 0,88$ potassium
chloride (KCl)

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

30, Phosphorus standard 87*87 rag of potassium dihydrogen
phosphate (MgP04) ware dissolved 
in 100 ml of water. 1 ml of this 
was diluted to 10 ml with water to 
give a concentration of 20 meg of 
phosphorus/ml.

Si 3$ Potassium iodide
(m)

3 g of Id were dissolved in iOO ml 
of water.

contd.,



Table 13 : contd

33. 40 mM Iiiboee-5-phosphate

33, Scintillator

34, Sedoheptulose-7-phosphate 
standard

35, 2$ Sodium arsenit®

36. 0.01M Sodium carbonate

37. 0,2 M Sodium carbonate

Method of preparation

146,2ntg of ribose-5-phosphate 
were dissolved In 10 ml of 
water.

400 mg of BBOT were dissolved 
in 100 ml of toluene,

5 nig of sedoheptulose-7- 
phosphate were dissolved in 
5 ml of water. From this, 1 ml 
was diluted to 10 ml with water 
to give a concentration of 
100 mcg/rol.

2 g of sodium arsonite were 
dissolved in 100 ml of 0.5N HC1

106 mg of anhydrous sodium 
carbonate wore dissolved In 
100 ml of water,

2,12 g of anhydrous sodium 
carbonate were dissolved in 
100 ml of water.

38. 25 mcM Sodium periodate 475 mg of sodium periodate
were dissolved in 100 ml of 
62 mM sulphuric acid.

30, 1% Sodium deosycholate 100 mg of sodium deosyeholate 
were dissolved in 10 ml of 
0.01 M Tris HC1 buffer, pH 7.5.

oontd,..
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Table 13 $ contd.

Name

40* 2$ Sodium potassium
tartrate

Method of preparation

2 g of sodium potassium 
tartrate were dissolved in 
100 ml of water*

41* 0.32 M Sucrose 11 g of sucrose were dissolved 
in 100 ml of water *

42, 0,32 M Sucrose in 0.01M 
tris HC1 buffer (pH 7,4)

43, 151 Sulphuric ad id

44, 25 N Sulphuric acid

45, 62 mM Sulphuric acid

46, Thiamine pyrophosphate 
<T.PP)

47* 6% Thiobarbiturie acid
(TM)

11 g of sucrose were dissolved 
in iOO ml of 0*02 M tris HC1 
buffer (pH 7.4).

10 ml of concentrated sulphuric 
acid 2S(36K) were diluted to 
360 ml with water*

150 ml of concentrated sulphuric 
acid (36N) were diluted to 
220 ml with water,

0,35 ml of concentrated 
sulphuric acid (36N) were 
diluted to iOO ml with water*

10 mg of TPP were dissolved 
in 10 ml of ♦Brin* buffer,

6 g of TBA were dissolved in 
water and the pH adjusted to 
0.0 using IN NaOil and the 
volume made upto 100 ml with 
water*

contd*,.
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Table 13 i oontd.

Name

48* 7$ Trichloroacetic
acid (TCA)

Method of preparation

7 g of TCA werb dissolved in 
100 ial of water*

40. 7.50% Trichloroacetic
acid (TCA)

7.5 g of TCA were dissolved in 
100 ail of water*

50* 0.3 M Tris-HCi buffer,
pH 7*5

0.605 g of tris (hydroxy 
methyl) arainoraethane wore 
dissolved in 50 ml of water 
and the pH adjusted to 7.5 
with IN HC1. The volume was 
made to ICO ral with water.

51. 0.2 M TrfeHCl buffer,
pH 7.6

0.605 g of tris (hydroxy 
methyl arainoethane h were 
dissolved in 50 al of water 
and the pH adjusted to 7*6 
with IN HC1. Tfee volume was 
made to 100 ml with water.

52. Upper phase reagent 3 ml of chloroform, 47 al of
methanol and 48 al of water 
were raised well and stored 
at 4° 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 i

The pre-weighed brain was placed on a preoooled glass 
plate kept on ice and the cerebellum and olfactory lobes 
removed* The gray portion of the cerebral cortex was removed 
using a sharp blade taking care to avoid any contamination of 
white material* The adhering blood vessels and water were 
removed by pressing the tissue between the fold of f ilter 
paper and weighed. This was used as ’gray matter*. The 
remaining parts of cerebral hemispheres were cut open and the 
white matter collected using a fine forceps and a needle* The 
brain stem was cut open and the gray matter seen was removed 
and the remaining white matter was collected. The white 
matter collected from the cerebral hemispheres and brain stem 
was pooled and surface moisture removed using the filter paper.

Preparation of microsomes %

The method of Esdomihska ^yrek and Horrocks (1972) as 

modified by Kadominska pyrek et al (1977) was used for the 
preparation of microsomes. A 10$ homogenate (about 500 tag of 
tissue was used) of the tissue was prepared using 0*38 M 
sucrose in 0.01 M trig HCl buffer (ph 7.4) and homogenizing 
the tissue at 4° in a potter Elvehjem homogenizer at 1500 rpm.



67

It was homogenized first for 30 seconds with 6 up ana down
strokes. After an interval of 30 seconds the tissue was again
homogenized for 30 seconds to achieve complete homogenization.
The procedure followed to isolate mierosomes from the homoge^-

fable. i*t
mate is given in ££§■iSl« The microsomal fraction obtained was 
dispersed in 10 al of 1 M tris HOI buffer (pH 7.6) and diluted 
ten times with water and used for protein and enzyme assays.

Table 14 i Procedure for the isolation of mierosomes,
o^ x ^..^All x^he operations ^vere carried out nat 4 )___

tissue homogenate (about 5 ml)
spun at 18000 g/20 sin.

!si'

| SpU!

pellet (crude mitochondria) 
discarded

9

t
supernatant 

spun at1,05000 g/60 min.

pellet
(crude mierosomes) 

suspended in 10 al of 0.32*> 
Om sucrose

supernatant(cytosol)
discarded

spun at 1,05000 g/60 min,

J--------------1supernatant 
discarded
oh

suspended in 10 ml of.tris HC1 buffer (pH 7,6) L

pellet(pure miorosomes)
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Bioche miealrestimationg

Lipid extraction : The raethod of Folch ojb. &£. U95T) modified
By Suzuki (1965a) was used to extract llpids^rom the tissue*

A known amount of tissue (roughly 1,5 g in the case of whole 

Brain and 0,2 g in the case of gray matter, white matter or 
spinal cord) was ground with 20 volumes of cold chloroforms 

methanol mixture (2si )susapeaded-
(vSt<6^ at room temperature (30°) for 3-4 minutes using a glass 

mortar and pestle * The contents were filtered through Whatman 
No, 1 filter paper and the residue on the filter paper 
immersed in chloroform:methanol mixture (2:1) along with the 
filter paper was kept overnight at 4°. The residue from the 

filter paper was reextracted with 10 volumes of solvent 
mixture (the solvent used for overnight immersion was used 
and fresh solvent mixture added if necessary) and filtered again 

using Whatman No, 1 filter paper, The filtrates were pooled 

together and the volume made upto 30 ml with solvent mixture 
in the case of brain, and £0 ml, in the case of gray matter, 

white matter or spinal cord. The combined extract was taken s 
in a test tube mid shaken well with 0,2 volumes of G*88$ KOI 

solution. The contents were centrifuged in a clinical 
centrifuge at 3000 rpm for 5 tain* The upper phase was 

collected using a pasteur pipette and the lower phase was 
treated with 0,2 volumes of upper phase reagent (chloroform
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methanol t 0,88$ KB1 in the ratio of 3s47:48), The tube was 

again centrifuged and the upper phase was removed. The lower 

phase was again treated with 0,2 volumes of upper phase 

reagent9 centrifuged and the upper phase was collected. All 
the upper phases were pooled together and dialysed at 4° for 24 h 

against distilled water and the volume made to 10 ml with water, 

From this aliquot e were used for the estimation of gangliosides. 

The lower phase (called the lipid extract) was diluted to 10 ml 

with chloroform:methanol mixture (2:1) and used for the 

estimation of cholesterol, phospholipids, galactolipids, plasma- 

logens and different classes of phospholipids#

Estimation of^cholesterol

The method of Bowman 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 water bath. To this 3 ml of distilled 

ethyl alcohol were added. Three ml of ’Iron reagent1 were then 

added while shaking the contents of the tube on a vortex 

shaker. The color developed was read after 30 rain at 540 nra 

in a Beckman spectrophotometer against a reagent blank which 

contained ethyl alcohol Instead of the sample, A standard 

graph was prepared taking different concentrations of 

cholesterol (20-120 meg) and treating them similarly.
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Estimation ofigalactoliffide

The method of Svennerhalui (1956) modified by Meskovie 

at ai (1972) was used for the estimation of galacto lipids* 

Aliquots of lipid extract (0.1-0.4 ml) were taken in test tubes 
and evaporated to dryness.at 60° in a water bath* To each tube 

0.3 ml of ethanol was added and the tubes were again kept in 60® 

water bath for 3 min to dissolve the lipid in alcohol. After 
cooling to room temperature (30°), three ml of oreinol reagent 

were added. The tubes were shaken well oh the vortex mixer and 
kept in a water bath at 80° for 20 min. After cooling under tap 

water and mixing their contents well on a vortex mixer, the 

color formed in the tubes were read against the reagent blank, 

which contained 0.3 ml. of alcohol instead of the lipid extract^ 

at 505 nm in a Beckman spectrophotometer. A standard graph was 

prepared using different concentrations of standard cerobrosides 

(20-120 meg).

Phospholipid estimation

Lipid phosphorus was estimated by the method of Bartlett 

(19S9). Aliquots of 0*1-0*2 ml of the lipid extract were taken 
in test tubes in duplicate and evaporated to dryness at 60° in a 

water bath. One ml of 60$ perchloric acid was added to each 

tub© along with a small piece of porcelain. The tubes were 
heated for 30 min in a sand bath maintained at 230®. After the 

completion of digestion, as fudged t»y the colorless appearance
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of the solution, the tubes were cooled to rooia temperature 
(30°) and volume made up to 1 ml with perchloric acid. To this 

was added 8*1 ml of distilled 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 cooled at room temperature (30°) and the color obtained 

was read against a reagent blank,containing only perchloric acid 
at 830 nia in a Beckman spectrophotometer, A standard graph was 
prepared by taking different concentrations of phosphorus 
standard £l**8 meg). The values obtained for phosphorus were 

multiplied by 25 to obtain the phospholipid content of the 
sample. '

Separation and estimation of variousphpsphpliglds

The separation of different phospholipids from the lipid 
extract was achieved using the thin layer chromatographic 
method of Horrocks (1968). Glass plates (20 x 20 cm) were 
cleaned in glass distilled water and coated to a thickness of 
0,0 mm with silica gel *G* (a slurry was prepared by taking 
35 g of, silica gel *0* in 6? ml of 0.01 M NSgOOg. This can be 
used to coat 5 plates). The coated plates were air dried at 
room temperature (It takes 60 pin to dry) and then activated 
for one hour at 110° in an oven before use. The lipid extract, 

containing 10-20 meg phosphorus, was spotted just one inch 
above the bottom of the plate. The plates were developed to a
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height of 13-15 cm in a chamber presaturated for 60 min with 

chloroform : methanol : ammonia (65:25:4) solvent mixture. It 

took 60 min to develop, The plates were removed and air dried, 

file spots of different phospholipids were visualized by 

exposing the plates to iodine vapour.

For the separation of alkenyiaeyl g1ycerophosphory1 *» 

ethanol amine (Kthanolamine plasmalogens) from diaeyl GPE the 

method of Horrocks and Sun (1972) was used. She lipid extract 

containing 10-20 meg phosphorus was spotted at the lower left 

corner of silica gel plate* The plate was first developed to a 

height of 13-15 eta in chloroforms methanol samnionia (65:25:4) 

solvent mixture. It was air dried for 10 min and exposed to 

concentrated hydrochloric acid fumes for 5 min and again air 

dried for 10 rain. The second TLC run was made at right angles 

to the first in a solvent system containing chloroform:acetone: 

methanol:water (75:80:15:8^6) and allowed to run to a height of 

10-12 era. After this the plate was removed and air dried for 

10 tain and the spots were visualized by exposing the plate to 

iodine vapour.

The various phospholipid spots were detected using the 

appropriate authentic standards and scraped into the test tubes 

and the phosphorus was estimated by the method of Bartlett 

(1959). For blanks silica gel from unspotted area corresponding 

to the spot obtained was scraped and processed*
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Estimation of plaeaalogens

The method of Gottfried et_ al (1963) was used for the 
estimation of piasinalogens, Aliquots of lipid extract 
(0,2**0,4 ml) were taken in tost tubes and evaporated to dryness 
in a 60° water bath. To the drijsd sample was added 0,5 ml of 
methanol and the same kept in a 60° water bath for 3 min. 0*5 ml 

of iodine reagent was then added and mixed well on a vortex 
mixer. After 10 min 4 ml of alcohol were added and again mixed 
well, The left over iodine was measured at 355 na in a 
Beckman spectrophotometer against alcohol blank, 0,5 ml of 
iodine reagent was used as a standard instead of lipid extract 
and processed.

Estimation j> f Jg; 1 o s i d as

Gangliosides in terms of M-acetylneuraminic acid moiety 
present were estimated by the method of Warren (1059) modified 
by Skosa and Mohos (1976), Aliquots of the upper phase 
obtained during lipid extraction (0.2-0.5 ml) were taken in 
test tubes in duplicate and the volume mad© upto 0,9 ml with 
glass distilled water, 0,1 ral of IN HgSO^ was added and the 
sample digested in a water bath at 80® for 2 h to release the 

lipid bound NANA, The tubes were cooled to room temperature 
(30°) and 0*25 ml of 0,25 moM sodium periodate was added*

After 30 rain the excess of periodate was removed by adding 
0.25 ml of 2% sodium arsenite and shaking well onfa vortex mixer.
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This was followed by the addition of 0,5 ml of thiobarbiturie 
acid reagent. The tubes were kept in a bailing water bath for 
7.5 min and then cooled to room temperature (30°) and 2,5 ml of 

dimethyl sulfoxide was added. The readings were taken at 532 na 
and 549 nta in a Beckman speetrophotometer against a blank 
containingoiN HgSO^ instead of the sample* The standard graph 
was prepared toy taking different concentrations of NANA (5-$© meg) 
and processing them as above. The interference due to other 
carbohydrate compoundsin this estimation was corrected toy using 
the following equation s

qAmount of NANA » 0,08 x OB at 549 - 0,03 x OH at 532, 

Estimation of proteinWO WIWH, HI—I ■'iHl'il WttwWW

The method of Lowry e£ al (1953.) was used for Hie estima
tion of protein, 0,1-0.2 ml of dilated tissue homogenate or 
microsomal fraction was taken in a test tube and the volume 
mads to 0,6 ml with glass distilled water. To this was added 
3,0 ml of Lowry *0* reagent and allowed to stand for 10 min at 
room temperature (30°), After this, 0,3 ml of Lowry ,E* was 

added and the contents in the tube were mixed well on a vortex
mixer. The color developed in the next 30 min was read at

bitvwH
750 ns in Beckman spectrophotometer against a Waatik containing 
water instead of sample* Different concentrations (20-120 meg) 
of standard protein (bovine serum albumin) w§re taken and 
processed as above to prepare a standard graph.
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Assay system used for 2’.3*“Cyclic nucleotide 3*-niiosrfio-~IM mm am mill u i auiTi   mm mi ■■ u >«m»iw iiMinrtwnnm 'M fun >m ■ !■ Tii i mm n» mm iiimiw >iim .m wm> «n'i» in ■     m'nw m »i i >»■ flu — iw m

hydrolase (CNP)<tm\m >i II Mil —» »■> !■<! Mu 1HII j. w» — mm

The two step procedure of ICurihara and Takahashi (1973) 

was used for the assay of CNP activity* In this the first step 

involves the deeyelization of the substrate (cyclic 2’ ,3*-AMP) 

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

the product formed (2*-AMP) is achieved by using pare alkaline 

phosphatase. The liberated inorganic phosphorus was estimated* 

The details of the procedure are indicated below t

I Step s— m* %« o— ninfW

Acti,vat,ion of n enzymeprotein

Buffer

Detergent
Enzyme (O.i mg protein/ml) 

Conditions of incubation 

(b) eIqcttbation :

Buffer

Activated enzyme protein 

Conditions of incubation

Tris MCI (pH 7.5), 0.2 M, 0.1 ml 

Sodium deoxyeholate tfo, 0.2 ml, 

0.2 ml 
25°, 5 rain.

Imidazole buffer (pH 6.2),
0,2 If, 0.1 ml.

0.2 ml (10-20 aog)
37°, 3 min.

(c) Incubation.

Amount of substrate 30 mM cyclic AMP, O.i ml.
added to preincubated
mixture
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Conditions of incubation 37°, 20 min.

Termination of reaction Addition of 0.2 ml of 0.2 M
Nasc°g

(d) Treatment of blank 1. Water instead of enzyme in 
step b.

2. Water instead of substrate 
in step e.

3. Enzyme added after the 
addition of 0.2 M NagC03.

il_Ste£

(a) Release., of inorganic phosphorus

0.3 ml

0*1 ml containing 80 meg of 
enzyme protein.
37°, lh

1 ml of 7fs TCA was added and 
centrifuged*

(b} Estimation of inorganic phosphorus

For estimating Inorganic 
phosphorus* 0.5 ml of the 
supernatant was taken and ^its 
0.05 ml of 2.5j/M ammonium 
molybdate I and 0*45 ml of ANSA-II 
reogent were added. Color 
developed in 10 min. was read at 
720 me in a Beckman spectrophoto
meter against a blank containing 
distilled water instead of 
supernatant*

Aliquot taken from the 
incubated mixture

Alkaline phosphatase

Conditions of incubation

Termination of the 
reaction
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(e) Enzyme unit The amount of enzyme required
to liberate 1 jumole of inorganic 
phosphorus under th© assay 
conditions•

(d) Specific activity Enzyme unita/mg protein in
enzyme preparation*

Assay systems used for i,2~Biglyeero 3. :CDP-choline phosphocholine 

transferase, (PCf ,EC 2.7.8*2} and 1,3-Diglycerol-CBP-ethanolamine

phosphoethanolamine transferase (PET, EC 2,?.8.1).

Details of assay 
system and prod© 
dure

Basis of the method lladoninska pyrek Eadominska pyrek
used et al ,(1077) et ol (1977)

Tris HC1 buffer
WH 7.6), 0.2 M

40 Ml 40 jul

10 mM EGTA 20 All 20 ;il

1 saM BTT 20 Ml 20 j»l

0.2 M MgClg 20 Ml -
40 mM MnClg - 20 ^il

1 laM Dicaprin 20 /a 20 ^»1
1 mM CBP (14C)-choline 20,|U
i mM CDP (14C) -12th ano -

1amine
20 pi

Start of reaction by 
adding microsomal enzyme 
protein (0.3 rag/ol)

20^1 20 jttl

V

Treatment of blank Enzyme protein 
omitted

Knzymo protein 
omitted

Conditions of 37°, 20 min. 37°, 20 min.
incubation
Termination of 3 ml of 2:1 ehloro- 3 ml of 2:1 chloro-

%gjxdk'crn form: met hand added fora methanol added
and shaken well. and shaken well.



78

Extraction and estimation The tube was centrifuged and the
of the product formed upper phase siphoned out with

pasteur pipette, The lower phase 
was treated twice with 0.6 ml of 
chlorofo ran methanol :water 
(3:47:48) mixture and the upper 
phase removed by centrifugation. 
The lower phase containing the 
product (CPG or EPS) was trans
ferred to radioactive vial, 4'he 
tube was rinsed with chloroform: 
methanol (2 si) and the washings 
transferred to the vial. The 
contents in the vial evaporated by 
keeping the vial at 60° in an 
incubator. After eooling tho 
sample to room temperature (25°), 
10 ml of scintillator was added to 
the vial
thensjB^ai and the radioactivity of 
the product was measured in 
Beckman LSG-100,

Enzyme unit Amount of enzyme required for the
conversion of 1 nmole of sub
strate into product in an hour 
undent he assay conditions*

Specific activity Enzyme unitsfper sag protein of
enzyme preparation.



Aesay. syeteta used for transkoto iase

The method of Dreyfus and Moniz (1P62) was used for the 
assay of transketolase activity. The details of the assay 
conditions are given below s

(a) Activation of the ^ enzyme

Brin buffer
TPP solution
Enzyme (10$ tissue 

homogenate}
Conditions of incubation 

(h) Incubation 

Substrate
Conditions of incubation 
Termination of reaction

(c) Treatment of blank

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

0.15 ml 
0.15 ml 
0.2 ml

37°, 30 ©in.

0.1 ml of 40 mM 
rlbose-5 -phosphate 
37 $ 30 min.
Addition of 1.4 ml of T.8#
TCA.

Addition of TCA before 
adding the substrate*

The samples was centrifuged 
and 1 ml of supernatant taken 
for the estimation of product. 
4.5 ml of a mixture of cold' 
sulphuric acid (36N) and water 
(Ssi) were added to the sample 
and heated in a boiling water 
bath for 4 ain^ cooled and the 
color developed by adding
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,

0,1 ml of 3% eystein 1IC1 
and mixing thoroughly on a 
vortex 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 
reagent blank.

(e) Reagent blank 1 ml of distilled water used
instead of incubation mixture
and processed as above*

{fY Standard Different concentrations 
(25*400 meg) of sedoheptuloso
7-phosphate were taken and 
processed as above*

(g) Enzyme unit Amount of enzyme required for 
the formation of 1 mcmole of
sedoheptuloso 7-phosphate 
per min under the assay
conditions*

(fa) Specific activity Enzyme units per mg protein 
of enzyme preparation*


