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RESU1TS AND DISCUSSION
wm ■Mini in ■! 11>» i pi i ^ii mu mi —.win w> ohiihwwwiwwiw

Experiment - I

Changes in the lipid composition of the rat brain with age r

As mentioned earlier, the CMS enjoys priority in development 
because of its well known role as a controller of body functions. 
Several studies have been carried out on the lipid composition 
of the developing brain in several species (Brante, 1949; Wells 

and Dittraer, 1967; Cuzner and Davison, 1908; Dallal and Enstein, 
1969; Norton and Foduslo, 1973; deSousa and Horrocks, 1979), 
but relatively few report^ are available on the lipid composition 
of gray and white matter during development (Brante, 1949;

0*Brdln and Sampson, 1665; Vanier jt al, 1971; Svennerholra and 
Vanier, 1972). These studies have been mainly carried out on 
the human brain and no systematic studies have been carried out 
on the rat brain although the same has served as a model for 
most of the neurochemical studies including those on the 
effects of nutritional end environmental factors.

Changes in the gray matter can be expected as a result of 
the maturation of the neuronal cells including axonal growth 
and dendritic arborization. Changes in the white matter can be 
expected as a result of maturation of oligodendroglial cells 
and increased myelination. Information on the composition of 
gray and white matter and the proportions of the two would, 
therefore, provide indices of maturation of these two compos* 
nents. Such information would enable us to interpret more
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clearly the changes in the same resulting from nutritional 
and other stresses#

She present studies in the context were concerned with 
changes in the composition of gray and white matter in the rat 
brain during development. To the extent possible data were 
also obtained on the whole brain* From the comparative data 
on chemical composition of the whole brain* gray matter and 
white matter attempts were made to calculate the proportions of 
gray and white matter*

Groups of rats were hilled at 0,i ,2,3 *4 *6,9 ,12,20 and 52 
weeks of age* Comparable numbers of males and females were 
used for the first seven groups of rats and only males for the 
last three ages* Data on body weights and brain weights ore 
presented in Table 15, The body and brain weights * are 
comparable with those reported by others {Wells and Bittner* 
1967; Horton and Poduslo, 1973; deSousa and Horroctes , 1979}*
The weight of the brain reaches about 70% of the reference 
(52 weeks) value by 8 weeks of age* whereas the corresponding 
figure for the whole body weight is about 9%. The corresponding 
values in percentages are 55 and 5 at 2 weeks * 30 and 3 at one 
week and 13 and 2 at birth. Thus, the pattern is consistent 
with the well known priority enjoyed by the brain in ontogenic 
development. This also accounts for the much smaller increments 
in brain weights as compared to the body weight (Table 15),
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Changes in moisture content and the concentrations of

lipid and the nonlipid residue are shows in fable 16* With

age the decrease in the moisture is more in white matter ami 
to*) .

-*««« in gray matter, the values being 80ft for both gray and 
white matter at 2 weeks of age and7©ft and 70ft respectively at 

02 weeks of age* At all ages the nonlipid residue is found to
Oerrrfftwvanl

be sore than lipid p&#t4en in the whole brain, gray matter 

as well as white matter* fhis contrasts with the human brain 

specially in the case of white matter in which the lipid
C»'<T)P=r«S37l~ . .perfcien Is more than the nonlipid residue (Brante, 1949)* At 

this point it is of interest to note that the lipid oonteni of 

the brain specially the white matter increases as we go up 
from lower vertebrates to the higher (Brante, 1040). The 

lipid to nonlipid ratio is more in vlilte matter and less in 

gray matter at all ages, as expected*

Changes in the concentration of various lipids in whole 
brain, gray matter and white matter are shown in fable 17. 

Since gangliosidos account for only a very small proportion 
(2ft) of total lipids in the brain, the sum of chloroform: 
methanol (2:1) soluble lipids i.e. cholesterol, galaetolipids 

and phospholipids has been considered to represent, for all 

practical purposes, the lipid content of the brain by 
several investigators (Obrien acfl Sampson, 1965; Cuzrter at al, 

1968; Horton and Poduslo, 1978)* In a preliminary study it 

was found that the sum of these lipids was comparable with the 
value obtained gravimetrically for total lipids, the values
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Table 16 I Proportions of moisture, lipid and non-lipid 
component of the rat brain with development*

age (weeks)
2 6 ! 0

moisture (e£)

whole brain 86 81 70 78 74
gray matter 86 @2 82 81 78
whit® matter 86 80 76 74 70

lipid (mg/g fresh weight)*
—4at«•**«*——lift**—Ml—* nu ww W wwA 1

whole brain 42 58 75 70 • 98
.. gray'matter 38 40 50 68 62

white matter 32 85 ill 113 iss
non-1 laid cotaponent** 
um/k fresh weight 1 •

, whole brain 06 13i 130 144 140
gray matter 09 136 126 137 157
white matter 86 118 125 ISO 163

lipid {$ dry weight)
.

whole brain 36 31 35 35 38
gray matter 28 2? 32 30 28
whit© matter 38 42 47 44 46

» mu' —i *■' — jmih mi ■ w

contd,#



Table 16 i contd. age (weeks)

son-lipid componentyw»W»y*»jhi y»«H> Wi-ii
{% ary weight!

whole brain 70
gray matter 72
white matter 62

lipifi/non-lipid
<W«t Q»«» ■ilKiWIMWMwIMifaWB

whole brain 0,44
gray matter 0,38
white matter 0,61

6© 65 66 62
73 68 70 72
58 S3 56 54

0,44 0.54 0.55 0,62
0,36 0,47 0 * **42 0,40
0,72 0,8© ©*75 0,85

* lipid values were taken from Table 17,
** non-lipid component is mainly protein* , T

moisture values were mean of 3 to 4 separate estimation^, 
all the values were rounded up to whole figures*
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differing by not more than 55$. The sum of these three lipids 

was, therefore, considered as total lipid content.

At all the ages> the concentrations of total lipids, 

cholesterol, gal ac to lipids and phospholipids are sore in white 

matter than in gray matter with intermediate values for the 

whole brain (Table 1?}. The white natter is found to Contain© 

higher concentration of galaetolipids at all stages. This is 

consistent with a high concentration of gal acto lipids in aye I in 

which forms a major component of white matter (Norton and 

Aatilio, 1966}* A similar picture was obtained when the 

concentration;)of different lipids in gray and white matter were 

expressed as ratios (Table 19}*

If the values for 52 weeks were considered as reference 

values the total lipid concentration of gray and white matter 

reached 955$ and 75$ respectively of reference values by 4 weeks 

of age whereas in the whole brain the concentration was 77$, at 

6 weeks of age (Table 20). A slow increase in the lipid 

concentration of the whole brain and white natter throughout 

the period of study ia consistent with the slow accumulation of 

myelin in the rat brain during this period (Norton and Pofiuslo, 

1973),

The concentrations of cholesterol, galaotolipids and 

phospholipids in whole brain reached respectively 75$, 545$ >

and 86$ of reference values by 6 weeks of age* The corresponding 

values for gray and whit© matter were 99, 99 and 98 and 82, 81
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and 80 respectively (Table 20). Thus gray matter showed an 

earlier saturation with regard to lipid composition. This is 

consistent with the rapid increase in axonal growth and 

synaptic connectivity during this period in the gray matter 

(Benjamins and Mckkaim, 19TB; Vaaier et al. 1971) and also the 

biochemical maturation of nonmyclin components during^ this 

period (Be Maooioni and Caput to, 1968? Baulk and Bavisoa,

1969).

The percentage contribution of different lipid classes to 

total lipids varies between 2-6 weeks of age in the whole brain, 

as well as both gray matter and white matter with initial 

increases in galactolipids and cholesterol (except for whole 

brain cholesterol value) (Tables 21 and 22» Pig. 2a). By 4-6 

Weeks of age the percentage contributions of different components 

reached the stable values. This is also reflected In the molar 

ratios of the three components (Tables 21 and 22),

The data on the distribution of various phospholipids of 

whole brain, gray matter and white matter are shown in Table 18. 

It is reassuring that the sum of the different phospholipid 

components does n®t differ appreciably from the value obtained 

for total phospholipid, the recovery being of the order of 

90-100$ (Table 18). Between 2-4 weeks of life the concentration 

of EP6 increases much more than that of CFG in whole brain, 

gray matter and white matter so that the ratio of EM to CP6 

increases (Table 22). Both lipids reach peak concentrations by
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D-—□ G«AV MATTER
A-----A WHITE MATTER
0—0 WHOLE BRAIN

(a)

(a) 1,2 and 3
7,8 and 9

(h) 1*2 and 3
4,5 and 6
7,8 and 9
iO, il and

phospholipidst 4*5 and 6 t cholesterol, 
galacto lipids* 
choline pfaosphoglycerides 
ethanolamne phos phog lycerides 
serine + inositol phosphoglyoerides

Fig, 2

Developmental changes in the lipid composition 
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4-6 weeks In both gray and white matter. T?he concentration 
of sphingomyelin in these two areas increases till 6 weeks of 
age. this is also true of serine and inositol phospfeoglycerides 
with regard to gray matter hut the increases in whole brain and 
white matter continue for a much longer period (fable 18 and 
Fig. 2b}.

The pattern of changes in the concentrations of different 
lipids in the whole brain1 with age compares with those reported 
by others for the rat brain (Walla and Bittmer, 1967; Guzner 
and Davison, 1968} Norton and Poduslo, 1978} deSousv. and 
Horrocks, 1979} and human brain (Bronte, 1949} Eouser and 
Yamamoto, I960). Similarly the pattern of changes in the 
concentrations of different lipids in gray and white matter 
with age are comparable with those reported by others for 
human brain (Brante, 1049} Vanier et al, 1971} Svennerholm 
and Vanier, 1972}•

It is known that with the progress of aye limit ion the 
proportion of white matter increases. However, the complexity 
of the brain makes it very difficult to get precise information 
on the proportion of white matter as it 1® difficult to achieve 
a quantitative separation of gray and white matter. An 
indirect approach was, therefor®, made to get estimates of the 
proportions of gray a and white matter by comparing the 
composition of the whole brain with that of gray and white
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matter with regard to a selected lipid component using the 

equation*

100 r s xp * (100«x)q4

where s represents the percentage of gray matter and p, q
the*

and r the eoneentrationiof lipid respectively in gray matter, 

white matter and whole brain* Solving the equation for x 

should give us the proportions of gray and white matter.

This approach was tried with total lipids as well as 

galactolipids* The most consistent pattern was obtained when 

galactolipid concentration was used (Table 23).

To investigate further the validity of the values obtained 

for gray and white matter myelin content as percentage of dry 

white matter was calculated. Since myelin in the brain is 

present predominantly in the white matter, the myelin content 

of the whole brain reported by Norton and Poduslo (1973) was 

used for calculating myelin as percentage of dry white matter.

As the myelin yield was reported to be only 60% by the same 

authors, the actual myelin content of the brain was calculated 
by multiplying their reported value by 5/3*

It can be seen that myelin content as percentage dry weight 

of whit© matter is 48-46 when calculated on the basis of 

galactolipid concentrations in whole brain, gray matter and 

white matter whereas it varies from 38-52 per cent when total 

lipid was used for calculations (Table 23). Thus the values
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for myelin as percentage of the dry weight of white matter came 
to around, 45$ at all the ages,, except in the oase .of 2 weeks old 
rats (fable 23). It is known that myelination starts -just before 
this period in the rat brain (Horton, 1976). ffhese values are 
lower than the reported value of 50$ for bovine (Horton and 

Autilio» 1966) and human (Brante, 1949) white matter. At this 

point it is of interest to note that data reported by Suzuki 
et al (1968) suggest a lower myelin content of white matter in 

the rat brain as compared to that in the bovine brain. Shis 
could be due to species differences in myelination. Shese 
observations raise a question whether the rat brain white matter 
contains less myelin compared to bovine brain white matter.
Since the myelin as percentage of dry white matter did not show 
appreciable change with age it can be concluded that a pure 
fraction of white matter has been obtained at all ages.

fo further check the validity.of the values obtained for 
the proportions of gray and white matter, the concentrations of 
different lipids were recalculated for the whole brain from gray 
and white matter lipids and compared with the analysed values 
for the whole brain (fable 24 and Hg, 4). A fair measure of 
agreement was found between the analysed and calculated values. 
When, the differences were expressed as percentages of analysed 
values, the differences did not exceed ten percent.

fhe proportions of gray and white matter obtained (81$ and 
19$) in the case of 3 weeks old rats were reasonably close to 
the generous estimates of 75$ and 25$ by Horton andloduslo 
(1973). fbe proportions obtained in the adult rat compares with
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104
the valuesof 50$ each for gray and white matter reported for the 
adult human brain (Brants, 1949)*

fhe weight of gray matter reached its maximum value by 3 weeks 
of age vmereas the amount of white .matter increased for a much 
longer period (Pigs* 3a?b and c). fhe apparent decrease in the 
weight of gray matter is consistent with the probability that with 
the probability that with the progress of myelination some of the 
matter classified as gray at 9 weeks may tend to be classified as 
white at 52. She lack of a similar change in dry wight is due to 
the decline in moisture content between 9 and 52 weeks from 81$ 
to 78$. She rate of increment of white matter (mg/week/brain) 
reached a peak value by 3 weeks of age <Fig.3d)» It is reported 
that the rate of increment of myelin in the whole brain also 
reaches a peak value by 3 weeks of age (Horton and Podualo,1973)«

Changes in the contents of different lipids in whole 
brain and gray and white matter are shown in Fig. 4*. White 
matter lipids showed a steady Increase with age whereas, the 
gray matter lipids reached maximum values by 6 weeks of age.
She whole brain lipids also increased with age (Fig* 4). fills 
may be duo to continued increase in white matter content.

She percentage contribution of white matter lipids to 
whole brain increases with age whereas thatof gray matter 
decreases (Fig. 5)* She contribution of gray matter to the 
whole brain Comes down frosj36$ at 2 weeks to 46$ at 52 weeks 
•whereas the contribution of white matter goes up from 14$ at 
2 weeks to 54$ at 5,2 weeks* fhe contribution of the total



Pig. 3
105

i i J- a" " 52
ABE (WEEKS)

3(a) I. rate increment 
(mg WM/brain/week)

II. white matter content 
(®g>

Changes in different components of rat brain 
during development*

W
EI

G
H

T 
(m

p.
)



GALACTOUP/D&

AGE (WEEKS)

»••■■■♦ WHOLE BRAIN
m-m GRAY MATTER 
Jr-* WHITE MATTER 
*-X WHOLE BRASH CAL.

ABE (WEEKS)

10G

Fig* 4

Changes in the content of different lipids in 
whole train, gray matter and white matter with

age •

TOTAL LIPIDS CHOLESTEROL

ABE (WEEKS}

ABE (WEEKS)

8

s

m
p/

W
H

O
LE

 TI
SS

U
E

m
f/W

H
O

LE
 TI

SS
U

E
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Percentage contribution of different lipids by 
gray and white matter to the whole brain in rat 
during development*
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lipids, cholesterol, galactolipids and phospholipids of white 

matter to the whole brain were greater than that of weight, 

the values being 19, 18, 42 and 17 per cent respectively at 

2 weeks of age end 72, TO, 86 and 60 per cent at 52 weeks of 

age. This Is consistent with the higher lipid concentration 

of white matter to begin with, which further increases during 

development.

The changes in the oontent of different lipids in white 

matter, myelin and nontayelin components of white matter arc 

shown in Pig. 6. As expected, it is clearly seen that the 

content of myelin lipids is higher than that of the nontayelin 

lipids. The differences between myelin and nonayelin lipid® 

increase with age and are maximum for galaotolipids and minimum 

for phospholipids (Fig. 8).
s.

The percentage contribution of myelin and nonayelin lipids 

to the white matter with age is shown in Fig. 7. The contribu

tion of myelin and nonayelin are 65 and 35$ respectively to 

white matter at all ages except at an early age point (2 weeks). 

These values are in good agreement with previously reported 

values for bovine white matter (Horton and Autilio, 1966).

The contribution of myelin phospholipids, cholesterol and 

galaetolipids are 43, 54 and 77$ respectively at 2 weeks of 

age and reach 58, 73 and 88$ by 52 weeks of age.

Even though the estimate derived for the contribution of 

the nontayelin component white matter lipids is in good agreement
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AGE (WEEMS)

Values for myelin were taken from Norton and 
Poduslo (1078)*

vis * 6

Content of different lipids in myelin and nonoyelin 
components of white matter with age*
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^ :U
2 3 6 S 52. 2 3 6 9 52
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PHOSPHOLIPIDS

Z3NON-MYEUN WMVELIN

ETHANOLAMINE
PHO&PHOGLVCERIDES

1 3 6 9 52

CHOLINE
phosphoglvcerides

2 3 6 9 62 7. s e a 7a 2 3 6 5 52

Fig* 1

POrcentoge contribution of different lipids by 
myelin and nonmyelin components to the white 
matter with age.
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with the previously reported values for bovine white matter 
(Morton and Autilio,1866), the pattern with rogard to different 

lipids in nonmyelin lipids seem to toe different (Table 2S).

The most striking differences®: are with regard to the 

levels of galaotollpids and cholesterol in nonmyelin lipids. 
Horton and Autilio (1966) have reported 28% of galaotollpids 

and 14% of cholesterol in nonmyelin component lipids whereas 

the values obtained in the present study are 15% for galacto- 
lipids and 24% for cholesterol. At this point it is of 

interest to note that in the nonmyelin lipids of rat spinal 

cord cholesterol, galaotollpids and phospiolipida form 14, 16 
and TO per cent of total lipids respectively (Smith, 1969).

The nonmyelin component of white matter contain® mainly 

axe ns, oligodendroglia and supporting astroglial cells. Proa 

Table 0 it can toe seen that none of the components present in 
nonmyelin white matter has more than 20% of the total amount 

of galaotollpids • The reported values for the galactolipids 
of nonmyelin whits matter as 28*2% (Horton end Autilio, 1966) 

is rather surprising.

When the distribution of lipids in the different 
subcellular fractions of the brain (other than myelin) were 

examined* the contribution of galactolipids to total lipids 
was not more than 20% in any of the fractions (Cusner and 

Davison, 1968). This further supports the lower levels of 

galactolipids in the nonmyelin component of white matter in
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the present study. However, the lipid composition of the 

nonray el in component of white matter does not show any 

consistent pattern with age (Table 25),

From these studies it is found that the amount of gray

matter reaches adult values hy 3 weeks of age whereas white ,

matter showed a steady increase till one year of ago. The

concentration of different lipids seems to be sore ia white
<*

matter than in gray matter at all the ages studied. This is

specifically true with regard to galeetolipids • This is
fc- 'thj-*

consistent with the fact thatjjgalactolipids ingrain are 

mainly present in mye 1 in which is rich in white matter. The 

concentrations of different lipids reaches the adult, value by
v

4 weeks of age whereas white matter showed steady increase 

till one year of age. However, the composition of different 

lipids as percentage of total lipids reaches stable values by 

4—8 weeks of age in both gray and white matter. Thus the 

increasing concentrations of different lipids in white matter 

with age were due to the slow accumulation of lipid rich myelin. 

The proportion of white matter in whole brain increased with 

age andH^hat-^-^ey^^ter-TSeereased-. Similarly the 

contribution of white matter lipids to whole brain lipids 

increased with age whereas that of gray matter lipids decreased. 

White matter contains around 45 and 55 per cent of myelin and 

nonmyelin components respectively on dry weight basis at all 

the ages except at 2 weeks of age. However, two thirds of 

whit© matter lipids were contributed by myelin. This is



J13

Table 25 i Lipia composition of the non myelin component of 
rat brain whit© matter at different ages**

>mi* WHWlKMWMHWl %» Kit !■!»■> MI »l> »i ■■ >■ — ■ 11 ■<! il«n ■

ag© (wee&s)
6 | 9 |

of total lipids)

cholesterol 23 41 24 23 18

gala© to lipids 7 11 16 14 9

phospholipids 70 48 60 63 73

(# of total phospholipids)

ethanol amine 28 42 46 47 30
phosphoglycerides

choline phosphor 40 40, 41 35 21
glycerides

* values calculated from non-myelin lipid values of Pig* 6.



specially true with regard to rayclIn specific gaiactolipida 
which form around 80% of the galaotolipids in white matter*



EXPERIMENT ~ II ^

Effects of undernatritioa on the develogingrat brain i

As mentioned earlier, the suckling period in the rat is 

characterised by morphological and biochemical changes 

associated with the rapid maturation of the brain* This 

involves neuronal growth with increase in cell size, axonal 

growth, dendritic arborization and synaptogenesis (Davison 

and Dobbing, 1968; Vanier et al. 1971; Benjamins and Mckhann, 

1976). It is also characterised by greater syelination and 

an increase in the proportion of white matter (Norton and 

Poduslo, 1973)* Several studies have demonstrated the 

adverse effects of nutritional stress during this period on 

the development of the brain as judged by histological (Bass 

et al, 1970a; Slassi and Siassi, 1973; Krigman and Hogan,

1976) and biochemical studies (Culley and Mertz, 1965; Geison 

and Waisman, 1970; Rajalakshmi and Nakhasi, 1974; Wiggins: cjb al. 

1976; Reddy and Sastry, 1978)* Some of these changes are 

associated with changes in gray matter ffeug* decreased 

dendritic arborization, axonal growth and reduced number of 

synapses per unit area) whereas others suggest changes In 

white matter (e.g. decreased number of oligodendrocytes and 

retarded syelination).

Studies were, therefore, carried out on the comparative 

effects of undernutr it ion on the proportions of gray and 

white matter and their lipid contents* Additional studies



JIG

were ra&d© of the reversibility of the effects observed with 
dietary rehabilitation after weaning*

Previous studies have shown that neither undermtri tioii
\

nor protein deficiency in the postweaning period affects the 
lipid compos it ion of the brain (bobbing and Widdowoon, 1965; 
Rajalakshmi and Nakhasi, 1974a). Studies were mad© to find 
out whether the results are modified by a low plane of 
nutrition prior to weaning as some studies suggest that the 
effects of nutritional stress during the postweaning period 
depend on the previous dietary history of the animal 
(Eajalakshmi and Telang, 1975)*

Pups born in the stock colony on the same day were pooled
together arid assigned in litters of eight to mothers fed
either the stock diet (18$ protein (C) or a 5$ casein diet
(TO)* Some of the animals from both groups were killed at
3 weeks of age* The remaining animals in the control group
were continued on a 20$ protein diet for a period of six
weeks (C). The pups reared by low protein mothers were divided
into 3 groups. One group received a 20$ protein diet ad lib*

diet(BN-HP), another a low prot©in^(TO-LP) and the third, the high 
protein diet in restricted amounts (BH-QP-R).

The animals were caged individually and water was given 
ad lib* Body weights were recorded once a week and food
intake daily



The rats were decapitated at 9 weeks of age, the brains 

removed, and the gray and white matter separated and used for 

lipid estimations•

The growth rate and food intake of the rats in different 

groups are presented in Fig, 8, The body weights of the 

rehabilitated animals failed to achieve a complete reversal of 

growth retardation, an observation consistent with expectation 

on the basis of many other studies (e.g* Gulley and Linenberg, 

1968; Rajalakshai at, al,, 1974; Reddy and Sastry, 1979). As in 

other studies the food intake of the rehabilitated animals was 

more in relation to body weight.

Effects of preweaning undernutrition %
wmim im — mm«wi ow *■■»« iiWm ■■ m iiiwmwi — tm mi iiinumim nnin «n m»iin mm mm

r
Body and brain weights of undernourished rats were 29/ 

and 765® of control values at the age of weaning (i,e, 3 week® 

of age), Undernutrition was found to be associated with 

deficits in the concentrations of cholesterol, galaoto lipids 

and phospholipids in white matter wherSas ingray matter only 

galactolipids were found to be affected (Table 26), Among 

the phospholipids the concentration of total plaesmlogens and 

ethanolamine plastsalogens showed a significant decrease in the 

white matter followed by a moderate decrease in choline 

phosphoglyeerides (Table 26), The concentration of phospholipid 

components was not affected h in gray matter, However, the 

composition of various lipids as percentage of total lipids 

was not affected during undernutrition both ingray and white 

matter (Table 27).
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The lipids whose coneentratiom were found to he 
affected in white matter were also found to he affected la 
the whole brain during undernutrltion. Culley and Mertz 
(1965), Eajalakshmi and Nakhasl (1974), Krigman and Hogan 
(1976) and Eeddy and Sastry (1978) roported a significant 
decrease in the concentrations of cholesterol, galoctalipids 
and total phospholipids in the whole brain, Culley et al 
(1966), Geison and Walsraan (1970), Ghittoni and de lianeglis
(1972), Reddy and Sastry (1978) and Ghittoni (1979) In

\

plasraalogens, Ghittoni and de lavegiia (1972), Jnilafchanl 
and Subraraanyam (1977) and Reddy and Sastry (1978) In 
othanofamine phos phoglycerides and Reddy and Sastry (1978) 
in choline phosphoglycerides. Decreased concentrations of 
galactollpids in gray and white matter (ICokrady et al, 1972) 
and galeetolipids and plasmalogens in the white matter 
(Fishman at al,, 1969) hove been reported in the case of 
malnourished children.

Effects of postweaning undernntr ition or protein deficiency 
or rehabilitation on the lipid contents of brain gray and 
white ...matter t of neonatally undernourished rat ;

The results of studies on the effects of postweaning 
undernutrition or protein deficiency on brain lipids in 
neonatally undernourished rats are presented in Table 28,
The deficits in body and brain weights of neonatally under
nourished groups persisted eves after rehabilitation for six
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weeks even though the increment in body and brain weight of 

the rehabilitated rats were 292ft and 175ft of control© 

respectively. Similar results were obtained in several other 

studies (Gulley and Linenbsrg, 1968; Geison and Waisman, 1970; 

Rajalakshtai et al, 1974; Reddy and Sastry, 1978; Redfly at al. 

1979), In the ease of the groups which continued to be 

stressed nutritionally (i.e, undernourished or protein 

deficient the percentage deficits in body and brain

weights increased (Table 29).

In the ease of rehabilitated rats as well as rots 

nutritionally stressed during postweaning period there was 

no change in the concentration and composition of different 

lipids in gray and ■s&ite matter (Tables 27 and 28). This 

contrasts with the significant deficits reported in the 

concentration of whole brain lipids in rats nsonatally under

nourished and rehabilitated during postweaning period (Geison 

and Walsraan, 1970; Ra.lalatcshmi et al. 1974; Reddy and S as try, 

1978) or continued on low protein diet or restricted diet 

(Geison and T/aisman* 1970; Krigtaan and Hogon, 1976; Reddy 

and Sastry, 1978).

The discrepancy observed in the results obtained on the 

whole brain and in gray and white matter could pexfcass be 

explained on the basis of changes in the proportions of gray 

and white matter. In fact this led to the computations 

described for estimating the proportions of gray and white 

matter in the previous chapter.
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Table 29 i Percentage increments in the body weight and brain 
weights of rat between 3 and 9 weeks age*

control I ““?« I B
z. t ! nourished J litated i t<A) ! (n\ I (C\ ! A -r -tan I 0

' \

f» increment

body weight STS 141 T98 52 292

brain weight 20 it 35 56 ITS

gray matter - 5 *» 3 16

white matter 135 104 165 77 122
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The proportions of whits and gray matter in ail three 

groups (i.e, control,rehabilitated and protein deficient 

groups) ware calculated using the valuator galactolipids 

for whole brain, gray natter and shite natter. Since the
i

data on galaetolipid contents of whole brain in the case of 

rehabilitated and protein deficient groups wore not available 

in this laboratory, they were calculated using the data on $ 
deficiency in galactolipids reported by Seddy and Sastry 

(1918) and values for control group available in this 

laboratory. The data on galactolipid concentration in whole 

brain, gray natter and white natter in normal, rehabilitated 

and protein deficient rats are given in Table 30. Using these 

Values the proportions of gray and white matter were calculated 

using the algebrdjpal equation mentioned in the previous 

experiment,
\

The proportion of white matter was reduced in under

nourished group at 3 weeks of age, The deficit increased in 

the animals subjected to postwenning protein deficiency# The 

question may arise whether the white matter used for the 

investigation® was pure* Myelin as percent of dry white 

matter was found to be around 45$ irrespective of the age and 

experimental group (Table 3i) suggesting that a reasonably 

pure fraction of white matter had been isolated from all the

groups,
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faille 30 ? Concentration of galaotolipids in whole brain, 
gray matter and white matter of the rat#

brain weight (g) 1.44 1.10 1.73 1.24 1.48

■ ■ tissue galaetolipida 
(aig/g fresh tissue)

whole brain 6*70 S.00 13.0 0.80 10.4

gray matter 4*43 3.83 4.63 4.4-4 4*56

white matter 16.6 13.2 ■ 28.2 27*1 27.7

UN-HP : aeonatally undernourish ed rats were rehabilitated with 
high protein diet during postweaning period*

UN-MP-B : neoratally undernourished animals were given restricted 
high protein diet,

U$-LP : neormtally undernourished rats were given low protein diet 
during postweaning period#
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fable 31 s Effects of postweaning undernutritton or rehabilita
tion on the contents of gray and white matter and 
myelin in brains of neonatally undernourished rats .

;
i
t

\t# BN

9
UN-HP | 

s
UN-LP

gray matter 
(# whole brain)

81.6 87.2 64.2 74.8 76.3

white matter 
(fo whole brain)

18.4 12.8 35,8 25.2 23.7

content im/brain)

gray matter 1172 957 1111 1106 926

white matter 264 141 619 373 288

dry weight* 
(rag/irain)

'

gray matter 164 134 211 210 176

white matter 54 29 163 #8 76

myelin yield** 22.7 13.5 75 44 32

myelin as per cent 
dry weight of 43 47 46 45 42
whits natter

C : control, UN * undernourished, BNHSP i neonatally under
nourished rats fed low protein diet, UN-HP s neofcatally under
nourished rats rehabilitated with high protein diet ad lib.

* dry weights in the cose of experimental group were calculated 
assuming that there were no changes in moisture content 
(Galley and Mertas, 1965), for control groups

C^vaines~^ormoisture content were taken from expt. No. I (fable 16).

** myelin values for 3 weeks were taken from the data of Mr. Harjit 
Singh of this department. For 9 weeks values were taken from the 
data reported by Reddy j*t al (1979) •

# for calculating the proportions the mean values of gal acts- 
lipids were taken from fable 3i.



In the undernourished rat, the content of different lipids 
seems to he decreased in the whole brain, gray matter and white 
matter at 3 weeks of ago, the maximum effect being observed in 
ihd case of white matter (Table 33 and Fig, 9), The deficits 
were persistent in all the three tissues even at 9 weeks of age 
when they were subjected to continued nutritional stress in the 
form of a low protein diet (Table 33 and Fig#, 10 and iOa), On 
rehabilitation the content of different lipids were restored to 
normal values in gray matter. This is perhaps consistent with 
expectation as the content of gray matter as well as the conce
ntration of lipid came back to normal. The deficits in the 
lipid content of whole brain are completely due to the deficits 
in the white matter (Table 33 and Figs* 10 and 10a).

The values for tissue weights of undernourished rats are 
7-ft, 82 and 53$ of controls for whole brain, gray matter and 
white matter respectively at 3 weeks of age. The corresponding 
values at 9 weeks being TO, 83 and 47$ for undernourished and 
86, 100 and 60$ for the rehabilitated rats (Table 34). A 
similar pattern of changes was observed with respect to different 
lipids also. The per cent contribution of different lipids by 
white matter to whole brain seems to be decreased in the 
experimental groups at 3 and 9 weeks of age (Fig. 11). The 
increments in the contents of different lipids in undernourished 
animals were less than those in the controls • But in the rehabi
litated rats the increments were greater than in controls 
suggesting the operation of a *eatoh up* phenomenon (Table 35).
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Fig. 9

Effects of neonatal uncle smtrition on the content 
of brain lipids at 3 weeks of age.

i

TOTAL LIPIDS CHOLESTEROL &RLRCTOUP/DS

TOTAL PHOSPHOLIPIDS

□ CONTROL 
UNDERNOURISHED 
■ WHOLE BRAIN 
E3 GRAY MATTER 
M WHITE MATTER

EP&
20f

CPG

nk iaI 11 1 Ik
I



Ta
bl

e 
33
 : 

Ef
fe

ct
s 

of
 p

os
tw

ea
ni

ng
 u

nd
er
nr
ot
vi
 ti
cr
i a

nd
 r

eh
ab

il
it

at
io

n 
on

 t
he

 l
ip

id
.c

on
te

nt
 o

f 
wh

ol
e

br
ai

n ,
g r

ay
 M

at
te

r 
an

d 
ch

it
© 

ma
tt

er
 o
f 

ne
on

at
al

 ly
 u
nd

er
 no

ur
 is

 be
d 

ra
ta
*

131

* v
al

ue
s 

ca
lc

ul
at

ed
 f

ro
m 

me
an

 v
al

ue
s 

of
 T

ab
le

 2
8.

**
 v

al
ue

s 
ca

lc
ul

at
ed

 f
ro

m 
th
e 
da

ta
 o
f 

Re
dd

y 
an
d 

Sa
st

ry
 <

19
78
),

42
.7

11
.0

10
.3

21
.3
 

8.
5

0.
14 8.
5

6.
7

1.
5 

4.
1

WM

64
.0

16
.1
 

5.
1

42
.7 5.
8

0.
97

16
.4

17
.6 2.
7

7.
8

24
*8

20
*1 3.
6

9*
3

11
0 

23
.9

 
15

 *4
 

66
*4

31
.9 8.
1

7.
8

16
.0 4.
7

0.
12 6.
7

5.
0

1.
1

3.
3

54
.6

13
.6 4.
1 

37
.0 4.
7

0.
83

13
.9

14
*7 2.
3

6.
2

19
.3

15
.7 2.
8

7.
4

83
.7

19
.4

11
.9

53
.9(m

g/
wh

ol
o 

ti
ss
ue
)

WB
**

,I
 GM

-.
j-
”
s s,

WM

HO

! TO
**

70
.1

17
.4

17
.5

35
.3

10
.4

0.
22

14
.5

10
.7 2.
4

6*
9

WM

64
.8

16
.3

 
5.

0
43

.4
 

5.
5

1*
03

16
.1

17
.0 2.
7

T.
5

32
.5

24
.4 4.
3

11
.813
6

31
.1

22
.5

82
.7m

et
ha

no
la

mi
ne

 
ph

os
ph

og
ly

ee
ri

de
s

ch
ol

in
e

ph
os

ph
og

ly
ee

ri
de

s
sp

hi
ng

om
ye

li
n

se
ri

ne
 a

nd
 i

no
si
to
l 

ph
os

ph
og

ly
ee

ri
de

s

to
ta

l 
li

pi
ds

ch
ol

es
te

ro
l

ga
la

ct
ol

ip
id

s
ph

os
ph

ol
ip

id
s

pl
as

na
lo

ge
ns

co
nt

ro
l

WB
 : 

wh
cl
eb
x'
ci
fi
* : g

ra
y 

ma
tt

er
, W

M 
: w

hi
te

 m
at

te
r

ON
 ~L

P 
: n

eo
na

ta
ll

y 
un

de
rn

ou
ri

sh
ed

 r
at

s 
we

re
 g

iv
en

 l
ow

 p
ro

te
in

 d
ie

t 
du

ri
ng

 p
os

tw
ea

ni
ng

 p
er
io
d,

UN
 -H

P 
: n

eo
na

ta
ll

y 
un

de
rn

ou
ri

sh
ed

 r
at

s 
we

re
 r

eh
ab

il
it

at
ed

 w
it

h 
hi

gh
 p

ro
te

in
 d

ie
t 

du
ri

ng
 p

os
tw

ea
ni

ng
 

pe
ri
od
.



TOTAL LIPID5 TOTAL PHOSPHOLIPIDS

| nCONTPOL Wk UNDER NOURISHED W REHABILITATED

i

W0* WHOLE BRAIN GM^GRAY MATTER WM-WHITE MATTER

\

Fig. 10

Effects of postweaning protein deficiency 
or rehabilitation on the content of brain 
lipids at 9 weeks of age.

1

i*
 £■ «

"p
lS

Sŝ
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Pig. 10(a)

Effects of postwoaning protela deficiency 
or rehabilitation on the content of different 
phospholipids of rat brain at f) weeks of age.
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Effects of postwe&ning protein deficiency or 
rehabilitation on the percentage contribution 
of different lipids by gray and white matter 
to the %vhole brain at 3 and 9 weeks of age.
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An attempt was also made to calculate the nonrays 1in lipid 

content of the white matter in the ease of control, rehabili

tated and protein deficient groups. Myelin values for the 

three groups were calculated frost the data reported by Reddy 

et al (1970) making an assumption that myelin yield is only 

60$ (Norton and Poduslo, 1973). It is also assumed that all 

the myelin is present in white matter (Sabri and Davison, 1977). 

The decrease in the lipid content of white matter in the 

experimental groups was due to the decrease in lipid content of 

both myelin and nonrayelin fractions (Table 86). This was 

clearly reflected when the lipid values of experimental groups 

were expressed as percentage of control values (Table 37).

The contribution of different lipids by myelin and nonmyelin 

fractions to the white matter in control end experimental 

groups is shown in Fig. 12. which shows that the major portion 

of the lipids in white matter are contributed by myelin in both 

control and experimental groups. It is found that the decrease 

in lipids is almost same in myelin and nonmyelin fraction during 

the preweaning undernutrition. Even though the deficits in the 

content of myelin and nonmyelin components were similar in the 

rehabilitated rats, the deficits in the nonmyelin lipids seem 

to be more suggesting the decreased rate of lipid synthesis, 

in nonmyelin^(Table 37).

In conclusion, experimental underautrition has differential 

effects on the gray and white matter lipids. %© concentration 

of different lipids in gray matter was not affected except for



Ta
bl

e 3
6 : 

E
ffe

ct
s o

f n
eo

na
ta

l un
de

rn
ut

ri
tio

n a
nd

 po
st

w
ea

nl
ng

 un
de

r n
ut

ri
tio

n o
r r

eh
ab

ili
ta

tio
n 

on
th

e c
on

te
nt

 of
 di

ffe
re

nt
 lip

id
s in

 es
ye

lin
 an

d ro
n«

w
yo

3 
in

 fr
ac

tio
ns

 of
 w

hi
te

 Su
tte

r i
n

,141m 
I

m
b 

!

---
---

__
__

__
__

8 
! 

14
 | 

15
1m.

H
r 

—
M

IS
 j

I 
ST

w
m
 ! s

et
**

! m
w i

 mi
• 

S * *
O

Ti
-H

P
K
k̂
h*

a

t *

dT-Sfl

7.
4 

1*
9 

1.
8

3*
7

1.
1

1.
4

M
in

 M
il—

i'l
l—

i in
.—

i u 
liw

in
 H

U
 W

 —
ijf

cl
ift

in
 —

 tf
ti 

ftl
 W

 »f
i M

.iii
iii

 W
ii —

 M
il

| ME
* I 

N
M

F | W
M

 I W
**

;
im

w
m

 «W
> 

1̂
1 

.̂1
1 

m
i.M

M
 ■ 

—
»■

 n
iim

 i ^
 

w
m

 n.i
 w

nA
ift

. „
*m

|i»
ft*

i.—

| 
9 

| 
10

 | 
11

 |
* * « 

«

0.
4 

14
.5

 
7.

5 
7.

0 
6.

7 
4.

4 
2.

8 
8.

5 
5,

8 
2.

7

- 
10

,4
 

8.
1 

2.
4 

4.
7 

2.
3 

2.
4 

6.
5 

4.
0 

2.
5

1.
4 

35
.3

 
20

.3
 

15
.0

 16.0
 

10
.0

 
6.

0 
21

.3
 

13
.5

 
7*

8

0.
1 

17
.5

 
14

.2
 

3.
3 

7.
8 

6,
8 

1.
0 

10
.3

 
9.

5 
00

8

1.
6 

17
.4

 
12

.0
 

5.
4 

8.
1 

5,
9 

2.
2 

11
.0

 
8.

6 
2,

3,
0 76

,0
 46.2

 
28

.8
 81.9

 
22

,7
 

9.
2 42

.7
 

82
.6

 
10

.7
(is

g/
fr

es
h t

iss
ue

)
6.

8 
10

.4

3.
0 

8.
4

1.
0 

1.
9

3.
2  

5.
1

0.
4 

0.
9

1.
3 

1.
9

2,
5 

2.
1

2,
9

et
ha

no
la

- 4. 
ta

ln
e 

ph
oo

ph
o-

 
gl

yc
er

id
es

pl
as

m
a*

lo
go

ns

ph
os

ph
o-

 11.2 
8.

0
lip

id
s

22
.7

 
15

.9

7.
1  

4,
1

4.
4 

3*
4.

to
ta

l
lip

id
s

ch
ol

e
st

er
ol

ga
l a

ct
 a

- 
lip

id
s

f

i 4**s-
!'

co
nt

ro
l

ag
e (w

ee
ks

)

| M
E*

 f K
M

P~
f 

3 
|*

*4
*

W
M

3 
!

,m
m
 T* 

W
 *** 

.*
co

nt
ro

l | underno
ur

ish
ed

 |
ra

t b
ra

in
.

co
nt

d



fa
M

e 3
6 : 

co
nt

d,
I I
* <© ) I l

I j
I "rt !

t i
H *
■ i

«»»»*•!»
0i{

I t
I ca }i-

I Vi iI *’* I1 »
| m(*mJ
I o *
I * !j i
t 3
i i
i o ii < 
i i
iI 00 $ t 1 J

I o
I
IJ isit

i «»*,*,*
i i

I *« I

<*
83
[

tO

U
K

-I
f s 

ne
on

at
al

ly
 un

de
rn

ou
ris

he
d r

ut
s w

er
e g

iv
en

 lew
 pr

ot
ei

n d
ie

t d
ur

in
g p

os
tw

et
m

in
g p

er
io

d,
U

H
-S

P : 
no

o n
at

al
 ly

 un
de

 rn
on

r i
sb

ed
 ra

ts
 w

er
e r

eh
ab

ili
ta

te
d w

ith
 hi

gh
 pr

ot
ei

n ̂
du

rin
g p

os
tw

ei
m

in
g p

er
io

d*

# iiya
lii

i v
al

ue
s fo

r 3
 we

ek
s w

er
e ta

ke
n f

ro
®

 th
e d

at
a o

f A
t 

* S
ap

jit
 Si

ng
h o

f t
hi

s d
ep

ar
tm

en
t *

 
*•

* ia
y©

iin
 va

lu
es

 fo
r 9

 w
ee

ks
 we

re
 tak

en
 fro

m
 th

e d
at

a r
ep

or
te

d b
y F

is
hm

an
 je

t al
, (1

97
1)

«
W

M
 ° w

hi
te

 m
at

te
r, M

 : m
ye

lin
, HMF

 r n
on

 ra
ye

lin
 fr

ac
tio

n.

C
ho

lin
e 

3.
8 

2.
8 

1.
3 

1.
8 

1.
2 

0.
6 

10
.8

 
5*

5 
5.

3 
5.

0 
2.

9 
2.

1 
6.

7 
3.

8 
3.

0
ph

os
ph

o-
gl

yc
er

id
es

ot
he

r 
2.

2 
2*

2 
~ 

1.
2 

1.
4 

- 
9.

3 
5.

9 
3.

4 
4*

4 
2.

7 
14

7 
5,

6 
3.

7 
1.

9
ph

os
ph

o
lip

id
s

(S
M

+S
I'G

+I
PG

)'



Ta
bl

e 3
7 ? E

ff
ec

ts
 of

 ne
on

at
al

 tra
de

 r*
ra

 hr
 it i

on
 an

d p
os

ttr
ea

ni
ng

 un
de

rn
ut

rit
 io

 n 
or

 re
ha

bi
lit

at
io

n 
on

 
th

e li
pi

d c
om

po
s it

 io
n o

f m
ye

lin
 en

d n
on

 m
ye

lin
 fr

ac
tio

ns
 of

 w
hi

te
 ma

tte
r o

f r
at

 br
ai

n*
143

69 69 72 67 67
 

SO
 

78 68
 

63

U
N

-I
IP

K
M

M
M

ie
M

iW
M

tM
* 

M
l »

H
 *m

 II
 ■

» 
»I

H
 W

 '»«
—

I ■■
■

m
ye

lin
 ! non 

m
ye

lin
'

56386i 45 44 25

N
A 33 40 5150 39 40

 
30

43 49 49 48 49
 

28
 

59 52 46

%
 of

 co
nt

ro
l va

lu
e®

}

no
n m

ye
lin

U
N

-L
P

9

50 45 52 10 43 m 31 45 H
A

59 m 46
 

52 47
 

55
 

50 48
 

64

a
 It©

 A
m 

f 
trjte&

a 
h

o
b | 

«n©
A

ssun
de

rn
ou

ris
he

d
3

tis
su

e w
ei

gh
t

to
ta

l li
pi

ds
ch

ol
es

te
ro

l
ga

la
ot

ol
ip

id
s

ph
os

ph
ol

ip
id

s
pi

 as
ra

al
og

en
s

et
ha

no
l a

m
in

e 
ph

o s
ph

og
ly

ce
rid

es
ch

ol
in

e ph
os

ph
o-

 
gl

yc
er

id
es

ot
he

r p
ho

sp
ho

lip
id

s 
(S

M
 + 

SP
G

 + 
im

)

ag
e (w

ee
ks

)

U
N

-L
P : 

ne
on

at
al

 ly
 un

de
rn

ou
ris

he
d r

at
s w

er
e g

iv
en

 lo
w

 pr
ot

ei
n d

ie
t d

ur
in

g p
os

t w
ea

ni
ng

 pe
rio

d*
O

N
-H

P : 
tie

on
at

al
ly

 un
de

rn
ou

ris
he

d r
at

s w
or

e re
ha

bi
lit

at
ed

 w
ith

 hi
gh

 pr
ot

ei
n d

ie
t d

ur
in

g p
oe

tw
ea

ni
ng

 
pe

rio
d.

N
A

 : n
ot

 ap
pl

ic
ab

le
.



■jfr loor 
80- 

60-

TOTAL UPIDS CHOLESTEROL SALACTO LIPIDS TOTAL PHOSPHO LIPIDS

ETHANOLAMINE CHOLINE OTHER
PHOSPHOGLYCERIDES PHOSPHOGLYCERIDES PHOSPHOLIPIDS

3 3
- AGE (.WEEKS)—

□ MYELIN 
NON MYELIN 
E3 CONTROL 
■I UNDER NOURISHED

mm rehabilitated

3

^ ctuU. ™t U «, Ae -nyvUh
ikon 'kdoMZLY VoJaUS.

141

Fig* 12

Effects of postweaning protein deficiency or rehabili
tation on percentage contribution of lipids by ay el in 
and no nay el in components to the white matter of rat 
brain at 3 and 9 weeks of age*

iiiS)

-Z
 C

O
NT

RI
BU

TI
O

N-
---

8 fe
W
 #



galaetolipids whereas the white matter showed significant 

deficits in most of the lipids at 3 weeks of age* At 9 weeks 

of age no significant differences were observed in the 

concentration of any of the llpida in the experimental groups 

both in gray and white matter suggesting that there are no 

qualitative differences, fhe changes in the concentration of 

different lipids at 9 weeks of age in whole brain are mainly 

due to the reduced amount of white matter. When the nutritional 

rehabilitation of neonatally undernourished rats was attempted, 

there was complete featch up* in the weight and lipid content 

of gray matter, bat the whit® matter showed only Q0> catch up. 

Thus the deficits reported in the whole brain of the rehabili

tated animals are due to the deficits in the white matter only. 

Finally, the changes observed in the white matter with under- 

nutrition or rehabilitation are reflected both in myelin and 

nonmyelin fractions of the white matter. %e deffeets see® to 

be more on the nonayelin lipids.
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EXPERIMENT - IIIm —» » ■ — ■!! mm m IIIII ■« I—!!■! iHrj .IT HliMIW»

Effects of perinatal thiamine deficiency on the lipid 

composition of whole brain and spinal cord of rat*
<m»—i mmmrnim mrnrnmm* m»mm Mi. am nw m .in — — I|W|||| Ii in i»»« > urn n« u.w <«»» to u... ■ »>.«■»» nn>»»r»— m.mt ■>■».<>«»■«*

EXPERIMENT ~ IV

Effects of perinatal thiamine deficiency on the lipid compo-Wn MHiHiW ■!< Mil ■>!■< Ill 111 — — tm W IT >IM» — TT» X-lf — WwOI mill ■! I ■.milT— n IWHWIIIJUH Mill mm* I PI 'a«.<»»»ll»»HWOltl.«y»»

sition of gray and white matter of rat brain*

It is well known that a deficiency of thiamine in the 

maternal diet, which results in a deficiency in breast milk, is 

associated with infantile beriberi in areas where polished rice 

is the staple (Platt, 1058; Trostler et al, 1077). Thiamine 

deficiency causes specific CMS lesions which correlate with 

neurological symptoms (Dreyfus and Victor, 1961; Dreyfus,1967). 

CNS lesions include thinned or lost myelin segment without 

destruction of the axis cylinder (Denny Brown, 1958). Dreyfus 

(1987) and Collins (1967) have reported as altered oligodendro- 

glial metabolism and defective, myelination. Transketolase, a 

key enzyme of the pentose phosphate pathway is found to 

decrease in thiamin© deficiency and this would be associated 

with the low production of NAOPH needed for lipid synthesis 

(Cfeel and Dreyfus, 1975). The lipogenesis may also decrease 

due to the fact that acetyl CoA formation from pyruvate is 

found to decrease in thiamine deficiency (Heinrich et al.

1973). The decrease in lipid content may be related to the 

neurological disorders (Kanfiaan, 1972).
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Seel and Dreyfus (t976} hare reported that tfaiaaine 

deficiency affects brain lipids in rat but it may be due to 

underautrition produced due to low food intake* But frostier 

et jal (197 7) hare reported that thiamine deficiency produced 

greater deficits than undernutrition* From Table 38 it can 

be seen that the effects of thiamine deficiency with regard to 

body and brain weights as. well as the lipid composition of 

whole brain are different in the two studies* therefore, 

systematic studies were undertaken on the effects of maternal 

thiamine deficiency on the lipid composition of whole brain, 

spinal cord, gray matter and white matter of the brain in the 

progeny.

Female rats weighing about 200-250 g were housed with 

healthy young males for 2 days and then housed in separate 

cages. After a further period of 12 days those identified 

as pregnant were separated into 3 groups first group was 

fed on standard 25# protein diet (control, 0) the second 

group the same diet with the omission of thiamine from the 

vitamin mixture (thiamine deficient, TB) and the third group 

the standard 25# protein diet in amounts matching those 

consumed by the thiamine deficient group (pair fed controls, 

PFC), After delivery the mothers were continued on respective 

diets until the pups were weaned (i.e. when pups were 21 days 

of age}*
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The TO pups started showing symptoms of thiamine 

deficiency sueh as abnormalities la posture, arched bach 

and extended anti stiffened hind limbs £(faind lirabparalysis) 

from 14 days of age* Movements were restricted and the fur 

became coarse, oily and yellow gray in color. Similar obser

vations were also made by Gecl and Breyfua (1974 and 1973) 

and Trootlor et al (1977) in the case of thiamine deficient 

rats.

The food intake of the moth ora in the thiamine deficient 

group was less as might be expected and this was associated with 

a decreased growth rate of the pups (Figs • 13a and b) * The 

results of the effects of thiamine deficiency oh pups at 

3 weeks of age are shown in Table 39. The body and brain 

weights of the PFC group are 42$ and 83$ of the controls, the 

corresponding values for TO being 344 and 75$. Inspite of pair

feeding the PFG group showed a significantly higher value for
•»

body and brain weights than the TO group (Table 39). This
Ax'* V.£oK cm mubssemt* Imte*-

might be due to the poor assimii&b'ion of the food consumed-hy 

thiamine deficient group. Similar observations have been made 

by the other investigators (Trostlor et ai, 1977; Kullcarni,

1979 ). The activity of transketolase was significantly less 

only in TD group confirming thiamine deficiency. Similar 

observations have been made by others (Dreyfus and Hauser,

1965; Gee! and Dreyfus, 1974; Trostler et al, 1977; fraaasana, 

1978).
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The concentrations of total lipids* gal ao to lipids and

phospholipids were significantly lower in both the TO and PFC

groups (Table 39). But cholesterol concentration we® found to

decrease significantly only in PPG group* However, the

concentration of ganglio®ides was found to be unaffected in

both PPG and TD groups. Among the phospholipids plasaalogen®
fte-

and EPG were found to decrease significantly only in^TB group 

(Table 39). The changes observed in the concentrations of whole 

brain total lipids, cholesterol and galactolipids in the present 

study are similar to the data reported by ©eel and Dreyfus 

(1075), Inspite of severe undernutrition the concentration of
(jjgjSS,

phospholipids arc unaffected in their study. But data 

reported by others show a significant decrease in the concentra

tion of phospholipids S(Culley et al,, 1966; Eajalakshtal and 
Nafchasi, 1975; Bhat and Hama Rao, 1976^, The increased 

concentration of gangliosides in brain of both PFC and TD 

groups observed by Geel and Breyfys (1975) was not found in the 

present studies (Table 38).

Data obtained on the effects of thiamine deficiency on 

spinal cord lipids are presented in Table 40, The deficits in 

cord weights were more than brain weight deficits, the mines 

being 63$ and 75$ of controls in TD and PFC groups respective ly. 

This was consistent with the findings in previous studies in 

this laboratory (Rajalakshrai and Kakhasi, 1976; Shares®, 1079) 

and is accounted for by the fact that the cord grows in length
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and thickness during the postnatal period and gains weight at 

a faster rate than the brain (Singh and Sharraa, i960).

As in the ease of the brain, transketolaee activity was 

affected in the TB group showing that thiamine deficiency had 

been produced. The concentrations of all the lipids except 

gangliosides are higher in spinal cord than in brain (Tables, 

39 and 40). This is consistent with the previous findings in 

this laboratory (Sajaloksfami and Nakhasi, 1976; Sharraa, 1979) 

and elsewhere (deSousa and Horrochs, 1979) and Is accounto^f or 

by the fact that cord contains more amount of white matter 

(Zeraan and lanes, 1963; Fried© , 1975) which is rich in lipids.

As in the case of brain, the concentrations of total lipids,
\

gaiaetolipids and total phospholipids were found to be 

significantly decreased in the TB and PPC groups (Table 40).

As in the case of brain the concentration of cholesterol was 

not affected in thiamine deficiency but decreased during 

undernutrition* Among the phospholipids the concentrations 

of plasmalogerts, EP6 aid CPG were found to be low in both the 

TB and PFC groups* The concentration of CPG was not affected 

in the brain*

In the brain, no changes were observed with regard to 

plasraalogens, EPS and CPG whereas in the cord deficits were
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found with regard to all tfti£ee components. Thus these 

studies suggest that stress produced by calorie restriction 

and thiamine deficiency ia more in the ease of spinal cord 

when compared to brain as far as lipids arc concerned*

The composition of different lipids in the brain and 

spinal cord as per cent of total lipids is given in Table 41. 

The mole ratio of cholesterol : gnlaetolipids : phospholipids 

was found to be affected in the TB group in the brain and 

spinal cord. Similarly, the composition of different lipids 

seeias to be altered in the Tl» group {Table 4i). As expected 

the contents of different lipids in brain and spinal cord 

were lower in both the TB and RFC groups (Table 42).

Since perinatal thiamine deficiency was found to affect 

the lipid composition of the whole brain, further studies 

were carried out on gray and white matter. The results of 

these studies are presented in Tables 43 and 44. Transketo- 

lase activity was less in both-gray and white matter of the 

TD rats, the values being 36$ awl 39$ of the controls •

The concentrations of galactolipids and gangliosides were 

found to be low in the gray matter of the PFC group whereas no
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significant changes were found in the TD group (Table 43), In 
the white oat ter the concentrations of total lipids, gal ac to
ll pids and phospholipids were less than in controls in both the 
PPG and TD groups (Table 44). Cholesterol concentration was 
found to be Ipss only in the PPG group. Among the phospholipids 
plasffltelogons and EPG were lower in both PPG and TD groups.

The low concentrations of myelin specific lipids (i.o, 
galaetolipids and plasmalogens) in white matter (myelin rich 
areas) of TD rats as compared to PPG rats indicate the role 

of thiamine in ayelination. Further studies are needed on 
isolated myelin to confirm this hypothesis.

The lipid composition of gray matter was found to be 
unaffected in both undernourished (PFC) and TD groups 
(Table 45), However, the lipid composition of white matter 
was altered in TD group. The ratio of BPG to CFG was lowered 
in the white matter of PFC group whereas it was not affected 
in TD group. The lipid composition of gray gad whit© matter 
from PFC group did not differ from that of the undernourished 
group in experiment II in which mothers were fed low protein 
diet. But the concentrations were affected to a greater 
extent in experiment II, The decrease in amount of white and 
gray matter was also wore in experiment II, This appears 
to be due to differences in the degree of undercutrit ion 
achieved.
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The proportions of gray and white matter were calculated 

as described earlier. The proportions of gray and white 

matter were 80fa and 20$ for control, 84$ sad 16$ for PPC group 

and 85$ and 15$ for TD group. . In the case of undernourished 

rats in experiment II in which mothers were fed low protein 

diet the proportion was found to be 87$ and 13$. The 

difference in the proportion of white matter obtained in the 

undernourished rats in the present experiment (PPC) and 

experiment II might be due to the >Mitferenoes in the degree of 

underautrition achieved. While the similarity in general changes 

like proportions of white tmml gray matter in the TD and PPC 

groups suggest that these changes are due to calorie restriction, 

the changes observed in constituents such as galactolipids and 

plasiaalogens in white matter in TD group may indicate specific
I

effects of thiamine deficiency, In this connection changes 

observed in cholesterol concentration only in the PPC group 

may indicate the specific effect of calorie restriction on 

cholesterol metabolism. The fact that this is not observed in 

TD group which is also subjected to undernutrition indirectly 

is indeed very intriguing and needs further detailed investi

gation.

To check the validity of the values obtained for the 

proportions of gray and white matter,, the analysed and 

calculated whole brain lipids were compared (Table 46). Except
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for tile gangliosides and minor phospholipids there seem to he 

a good correlation between Hie analysed and calculated values.

fhe weight end lipid content of gray mid shite matter weft 
found to be low in PPG and TD rats (Table if). The deficits 

are more in white matter than in gray matter. The PPG and TD 

groups had 88 and 82 per cent of control values for gray matter 

weight and 86 and 80 per cent values for gray matter lipid 

content. The corresponding values for white matter were 6? and 
56 per cent and 58 and 49 per cent respectively (Table 48). In 

the white matter of thiamine deficient rat the values for 

galaetoliplds and plasmalogens were much lower than in PPG 

group. The per cent contribution of white matter lipids to the 
whole brain was decreased in both^PPC and T© groups (Fig. 14).

In conclusion* the data suggest that the myelin rich areas 
of CNS (white matter and spinal cord) are more vulnerable to 

thiamine deficiency or undernutrition than gray matter. Out of 
the two deficiencies T© seems to have^nore severe effect on the 

white matter lipids then undernutrition induced by calorie 

deficiency. This might be either due to the quantitative 

differences achieved in the degree of undernutrition between T© 

and PPG groups or due to some specific effects of TD per se. 
Further studies are needed to confirm if thiamine has any^role 

on myelination in CNS.
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Fig. 14

r,fleets of perinatal thiamine dofloleoey on the 
percentage contribution of different «»«*'** 
gray and white matter to the whole brain at 3
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EXPERIMENT - Y

Effects of age and nutri tional deficiencies on the activity of • 
2* ,3» -cyclic nucleotide 3*-phos phohydrolase (CNP) in rat brain 

gray and shite natter :

The enzyme, 2♦,3♦-cyclic nucleotide 3 ♦-phosphohydrolase 

(CNP), which hydrolyzes 2♦-3*-cyclic nucleotides specifically 

to fora corresponding 2 * -phosphateswas first reported by 
Drummond and Coworkers (1962) to be rich in the central nervous 

system* Though the in vivo substrate for this enzyme is not 

identified and the biological role of the enzyme is yet to be 

precisely defined its high activity in the central nervous 

system has led to a number of studies on its distribution and 

subcellular localization in the central nervous system.
, <yhicU

This enzyme is specially active in white matter aaed is 

found to have 4-8 fold higher specific activity than in gray 
matter (Kurihara and Takahashi, 1073? Doshnukh gt al, 1974!
Toews and Horroeks , 1976 j Sabri and Navis on* 1977). The 
subcellular localization of this enzyme is found to be in the 

myelin fraction (Kurihara and Tsukada, 19071 Kurihara et al. 

1970), It has also been shown that the oligodendrocytes^which 

make myelln;oontain high eoneentration of the enzyme (Poduslo, 
1975)» The activity of CNP increases during myelination, Ike 0*^ 

activity is low during defective myelination (Kurihara et al,

1969, 1970 and 1971). Because of its association with myelin*
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CNF activity has been used as an index of sayelination {Karihara 

and Tsukada, 1968; ICurihara et al, 1969; 1970, 1971; Gregson 

and Qxberry, 1972),

In the studies previously described in this thesis the 

proportion of white natter in the brain changed with age and 

nutritional status* It is known that rayelin contributes a 

major portion of white matter* It was considered worthwhile 

to find out whether CNP considered a starker enzyme for myelin 

is affected by age and nutritional status is influenced by 

these factors. The studies reported in this section were 

concerned with this aspect arid the estimation of protein 

concentration*

Since this experiment was conducted in the laboratory of 

Prof. Horrocks Wistar rats were used for this experiment 

consistent with the practice in that laboratory. For the 

studies on aging male rats of specified ages were obtained 

from the commercial sources* For the studies on the effects 

of underim tr it ion, neonatal undernatri tion was induced by 

feeding the mothers a 3*5# protein diet from partus. The 

control mothers were fed a diet containing 26fo protein diet* 

Thiamine deficiency was produced in the pups as described in 

experiment III*

The results of studies on the variations in enzyme 

activity with age in gray mid white matter both in terms of 

enzyme units/g tissue and enzyme ixnitff/mg protein are shown 

in Table 49* From the table it can be seen that the gray matter
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shows an Increase an protein concentration till 90 days of age 
although ranch of this increase is found between 14 and 21 days 
of age. this Increase In protein concentration correlates wall 
with the morphological development of the gray matter such as 
increase in cell size, axonal growth, dendritic arborization 
and synaptogonesis (Benjamins and McKhaim, 19 76). On the 
other hand in the white matter the values show an abrupt 
increase between 18 and 21 days with some suggestions of a 
decline thereafter till 60 days. These changes in the protein 
concentration are in agreement with the peak period of rayelim-
tion between 18 and 21 days and slow accumulation of lipid rich

/myelin thereafter (Norton and Poduelo, i973)• Similar observa-
onntions have been made fast the concentration of protein Lgray and 

white matter in developing human brain (Toews and Horrooks, 
1976). The specific activity of GNP in white matter is 8 to 8 
fold higher than in gray matter at all ages (Table 49). Similar 
data have been reported for the white matter of rat brain by 
Deshmukh et, al (1974) and Sabri and Davison (1977), for rabbit 
brain by ffiarihara and Tafcahashi (1973) and for human brain by 
Toews and Horrocks (1978). The specific activity of (UP in 
gray and white matter did not vary with age (Table 49). The 
changes observed in CUP activity with age in the whole brain it> 

/czroto-bk^ 0ssgGH&ss due to the changes in the proportions of gray and whit© 

matter (Kurihara and Tsukada, 1908; Olafson et al. I960; 
Eurihara et al, 1970)*



As expected, neonatal underset rition caused a significant 

reduction in body and brain weights at 31 days of age (Table 50}* 

The protein concentration in gray and white matter was not 

affected by undernutrition. Similar results were obtained 

previously in this laboratory with regard to body and brain 

weights (Rajal akshmi and Nalshasi, 1974 and 1975) and protein 

concentration in whole brain (Rajalakahmi and Telang, 1975?

Telang, 1980). The specific activity of CNP was lower in both 

gray and white matter* the values as percentage of controls 

being 04 and 52 respectively* Similar observation has been 

made with regard to whole brain (Kahhasi at al, 1977; Reddy et al * 

1979) and myelin (Nakhaai et al. 1975; Simons and Johnson*

1976; Reddy et al,, 1979) in the severely tinder nourished rats*

The data on the effects of thiamine deficiency are given 

in Table 51. The concentrations of protein and specific 

activity of CNP were not affected by thiamine deficiency. At 

this point it is of interest to note that the undernutrition 

induced by increasing the litter size did not have any effect 

on the specific activity of CNP in brain tissue (Reddy et al, 

1979). On the contrary when severe undernatrit Ion was induced 

by maternal dietary protein deficiency there was a significant 

reduction in the specific activity of CNP in the brain of 

21 day old pups (Nakhasi at, al,, 1977; Reddy et, al,, ±979). In 

the present studies also undercutrition produced by feeding the 

mothers a low protein diet has lowered the CNP activity in gray 

and white matter whereas mild andernutrition produced by pair

17?

/
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Table 50 : Effects of neonatal undernutrition on the protein and
CNF concentrations in rat brain gray and white natter 
at 21 days of age*

control
<C)

f under- \ 1M
f nourished l X 100
! CM) J. c

mean + s.e.

no* of rats used 16 9
body weight (g) 43*0 £ 0*4 13*0% 0.5 30

brain weight (g) 1*45 * 0.01 i.10% 0.02 76

protein, mg/g fresh tissue

gray matter (gm) 108 + 3.5 104 + i.O 96

white matter (WM) 93 *, 1*9 94 + 2*0 101

0.86 0.90
CNF, units/mg protein

grey matter (GM) 4#5 jb 0*4 2.0% 0.1 64

white matter (WM) S3* 9 41 1 o4 12.1% 1.6 52
WM/GM 5.1 4*2

CNF, units/g fresh tissue

gray matter (GM) 482 ♦, 6*0 297% 3.0 62

white matter (WM) 2130 & 73 950% 130 45
mi/m 4*4 3*2

OKP s 2*,3*-cyclic nucleotide 3 * -phosphohydrolase•

values marked with asterisk significantly different from control 
values, p less than ©*0Oi.
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i

feeding or thiamine deficiency do not affect thjg, CN? activity, 

this points oat that the effect will depend on the severity of 

andermstritton produced.



18.1

EXPERIMENT ~ VI

Effects of neonatal updennitrition on CDP-Sthanolaaines 
1,2 -dlradyl -Sn-glyoerol phosphoethanolamine transferase 
(PET, EC 2.7,8.1) and CDP-chollnetl,2-dlradyl-Sn-glycerol

u — mm ii 11 —i—— ■uni m mm ii. in mii.imi an fin iimn »n w. im ■■ >n »> ija ,n r i an in «■ mu wii ■Miw.SW^*—^♦t,^*,,**-**,^*,^*—

phosphocholine transferase (PCT, EC 2,7,8,2) In rat brain 
gray and white natter mlorosomes i
.T— mn miTmi m m mi win m iw« m wnifnn imn m»im mi mi — i iih ww nm,tm 1— i » k hwui*

Phoapho lipids tom a major ctexetjof lipids in the nervous 
spates, Among the phospholipids ethonolaraine and choline 
phoaphoglyeeridea form around 75-80$ of total phospholipids in 
the nervous system (Horroeks gt gl, 1976). Significant changes 
in the concentration and pattern of development of EP6 and OPG 
were observed In the rat brain with development (Wells and 
Cl timer, 1967; Cazner and Davie on, 1968$ Norton mid Podualo, 
1973$ deSdusa and Horrocks, 1979), Similar changes in the 
pattern of EP6 and OPG were observed In the developing rat brain 
gray and white matter (Experiment I), Neonatal undernutrltion 
was found to lower the concentrations of EP6 (Ghittoni end 
deRaveglla, 1972$ dailakhani and Subramanyam, 1977$ Reddy and 
Sastry, 1978$ Ghittoni, 1979) and CPG in the whole brain 
(Ghittoni and deRaveglla, 1972$ Reddy and Sastry, 1978), But 
the effects were not same in the gray and shite matter. 
Incorporation of (t?-**C)*gliieose into these two lipids was 

found to be lowered in the undernourished rat brain (Agrawal 
et al. 1972$ dailakhanl and Suhramanyaa, 1977) auggesting the 
lowered synthesis of these lipids. However, no studies have
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been carried out on the analyses involved in the synthesis of 
these two lipids*

The studies were, therefore, carried out to find out the 
effects of neonatal undernutrit ion on phosphoethano lasine (PST) 
and phosphocholine transferases (PCT), the kejr enmymes involved 
in the synthesis of these two lipids*

As in the previous experiment Winter rats were used* 
Neonatal tmdemutrition was Induced as described in previous 
experiment* The control and undernourished rats were decapi
tated, brains removed, gray and white matter separated and the 
homogenate*was prepared* From the homogenates raicroeoaes were 
prepared and used for the estimations of phosphoethanoiamine 
and phosphocholine transferases*

1 ,

In both the groups, content of mierosomes in the white 
matter was more than that in the gray matter. The Content of 
microtomes was not affected by undernutrition both in gray and 
white matter {Table 52}*

The incorporation of labelled bases into ethanol ami no and 
Choline phosphoglycerides was found to be linear between 3 and 
12 pg of microsomal protein in both gray and white matter, 
though the Incorporation was low in the case of undernourished 
rats (Fig* 15)* For all studies 6 jug of microsomal protein was 
used. There was a good linearity in the incorporation with 
time at least opto 40 min, though^th« Incorporation in the
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Fig* IS

Effect of microsomal protein concentration on the
4 A

incorporation of radioactivity fro® CBP-{ G) choline
4 A

and CBP-( C)*cthanola®ine into choline said othanola- 
mine phosphoglyoorldos respectively.

GM s gray matter* WM * whit© matter 

PCT » phosphocholine transferase 

PET : phosphoethanolaaino transferase•
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undernourished rats was again less than in control rats 
(Pig. i6).. Hence for all studie^SO min was used for 

incubating the assay mixture*

Studies carried out on the effects of concentration of 

diseaprin on the incorporation of radioactivity from CDF -bases 

into EPG and CFG showed a saturation point at 40jiiM concentra

tion (Pig. IT). Hence for all the studies this concentration 

was used. Fig* 18 summarizes the effects of differdnt conce
ntrations of CDP-(*4C) choline and CDF-(i4G) ethanol amine in 

the assay system on the activities of POT and PST. From Pigs.

17 and 18 it can be seen that with different concentrations of 

substrates the enzymes followed Michaelis-Menten kinetics*

The data on the effects of neonatal undemutrition on the 

activities of PET and PCT are shown in Table 52. The specific 

activities obtained for PET and PCT in the gray and white fnaiter 
in the brain of control rats^in the present study are 5-15 times 

higher than the previously reported values (Radorainska-fyrek 

and Horrocks, 1972; Radominslta-Pyrek et al. 1976 and 1977).

This may be due to some improvements mad© in the assay 

procedure such as the change in the protein concentration from 

500 jug to 6 ug and in the amount of diglyceride from 4 oM to 

40 The concentration and specific activity of both the

transferases were found to decrease significantly with under- 

nutrition (Table 52).

When no exogenous diglycerols were added to the incubation 

medium the activities of phosphotransferases were limited by the



18 G

Fig* 16

Effect of time of ineuhaiian on the incorporation 
of radio activity from CDP-(^C) choline and CDP~(^*C)~ 

ethanolaialne into choline and ethanol anilne phospho- 
glycerides respectively*
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Pig, 17

Effect of dic'aprin concentration on the incorporation 
of radioactivity from CDP~{*^C) choline and CDP-(^C)- 

ethanolamine into choline and ethanol amine phospfao- 
glyeerides respectively.
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■ » < » » < < i »
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®f U9 35 SO* & w»

14C-C0P CHOLINE (/*M)
I

Pig* i8

Effect of CI)P~(14C) choline and CI)P-(14C) ethanolacsine 

concentration on the incorporation of radioactivity 
Into choline and ethanolaaiae phos phoglyeerides 
respectively*
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wC-C0P CHOLINE (MM)

Pig* 18

Effect of CDP-(14C) choline and CDP-C^C) ethanolanine 

concentration on the incorporation of radioactivity 
into choline and ethanolamine phoaphoglyeerides 
respectively*
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availability of diglycerols as substrates so that the enzymei *

activities measured gave an idea of the amount of dlradyl- 
glycerols present In the miorosomes • The data on the enzyme 
activities in the absence of added diglycerols are given in 
Table 52. The differences in the relative values of POT and 
PET may reflect differences in accessibility of diradyl* 
glycerola to the enzymes* The availability of diradyl* 
glycerols for PET and PCT showed a significant decrease in 
white matter microsoaee with undemutrit ion. {Similarly the 

availability of dirndylglycerois for PET was decreased in 
gray matter tnicrosones from undernourished rats but that of 
PCT was not affected (Table 52)*

lit and Vitas values were determined for dicaprln and COP** 
choline or COP^ethanolamine substrates using a direct linear 
plot as described by Elsenthal and Cornish-Bowden <1974).

This method Is found to he superior to plots of reciprocalj ’•

velocities Versus reciprocal concentrations (Atkins and Nimmo, 

1975} Markuss et, aj,t 1976)., The Km and Vaax values are given 
In Table S3 which shows that the Km values for both PCT and PET 
for dicaprln and COP-bases were unaffected in gray matter 
micros ones during neonatal undemutrit ion. But the Ka values 
for PCT and PET for dicaprln and CDP-etbanolamine were found to 
increase by two fold in white matter miorosomes dnring neonatal 
undemutrit ion suggesting that the affinity of the enzymes 
towards the corresponding substrates was low during under* 
nutrition. In all the cases the Vmax values were found to be
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decreased (fable 53)* ffaese results suggest that under- 

nutrition sight causa an alteration in the properties of these 

two enzymes« fhis needs further investigations.

fhe significant decrease in the activities of phospho- 

ethaaolamine and phosphoeholine transferases and the decreased 

concentrations of endogenous diradyl-glycerols in the white 

matter raicrosores with unde rout r it ion well correlates with the 

decreased concentrations of EPS and CPS in the white matter 

whereBBs no significant changes were observed in the concentra

tions of SPG and CFG in gray matter with undernutrition even 

though a significant decrease in the activities of PET and PCf 

were observed* fhi3 may he because of the alow turnover of 
the CFG and ||PG in the gray matter in the case of undernourished 

rats (Horrocks and Reddy, 1980). However, the activities of 

the enzymes measured In vitro need not reflect the concentra

tions of the tissue lipids because the different levels of 

substrates, inhibitors and modulators present in the in vivo 

system and their affinities• towards the enzymes will determine 

the biosynthesis of lipids;,-


