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RESULTS AND DISCUSSION

Experiment - 1

Chenges in the lipia composition of the rat brain with age @

As mentioned eariier, the CNS enjoysz priority in development
beceuse of its well known role as a controller of body funotions,
Several studies have been carried out on the lipid composition
of the developing braiv in several species (Brante, 1949; Wells
and Dittmer, 1967; Cuzner and Davison, 1968; Dallal and Enstein,
1969; Nerton and Foduslo, 1973; deSousa and Horrocks, 1979},
but relatively few reporid are available on the lipid composition
of gray and white matter during development (Drante, 1049;
0'Bréin and Sampsen, 1965; Vanier et al, 1871; Svennerholm and
Vanier, 1072}, These stad&as have been mainly sarried odi,on
the human brain,&nd no systematic studies have beon ¢arried ount
on the rat brain although the same has served as 8 model for
nost of the nenrochemical studies including those on the

effocts of nutritiongl and environmental factors,

Changes in the gyay matter can be expected as a result of
the maturation of the newronal cells including axonal growih
and dendritio arborization. Changes in the white matter ean bhe
expected ag a result of maturation of oligodendroglial cells
and inereased myelination, Information om the composition of
gray and white matter and the proportions of the two would,
therefore, provide indieces of maturation of these two compos

nents. Such information would enable us to interpret more



elearly the changes in thé sane resulting from nutritional

and other stresses.

éhe present studies in the econtext were concerned with
changos 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 date
on chemical compnsition ai the whole brain, gray matter and
white matter attempis were made to ealeglate the proportions of

gray and white matter.

Groups of rats were killed nt 0,1,2,3,4,6,9,12,20 and 52
weeks of age. Comparable numbers of pales and females ware
used fﬁr the 2irst seven groups of rats and only mzies for the
last throe ages. Date on hody weights and brain weights are
presented in Table 15. The body ond brain weighis m are
gomparable with those reported by others (Wells and Dittmer,
1967; Norton and Poduslo, 1973; deSousa and Horrocks , 1979},
The weight of the brain reaches about 70% of the reference
(52 woeks) value by 3 weeke of age, wheress the corresponding
figure for the whole body weight is about 9%. The ecorresponding
values in percentages are 83 and 5 at 2 weeoks, 36 and 3 at one
weck and 18 and 2 at birth, Thus, the pattern is consistent
with the well known priority enjoyed by the brain in ontogenie
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 conbtent and the concentrations of
1ipid and the nonlipid residue are shown in Table 16, With
age tho decrease in the moisture is more in white matter =t
g in gray matber, bhe values heing 88% for both gray and
. white matier at 2 weeks of Bge and76% and 70% respectively atb
52 weeks of mge. At nll ages the noplipid residuwe is fourd to
be more then lipid mmin the whole brain, gray uatter
as well as white matter. This controsts with the human brain
specially in the case of white matter in which the lipid
m}s moys than the nmenlipid residue (Brante, 1949). At
this point i% is of interzst teo mtg tm_;w‘the‘li‘.pii‘i content of
~the brain specially the white matter incresses s3 we go up
from lower vertcbrates to the higher (Brante, 1049). The
lipid to nonlipid ratio is more in white watter and lesa in

gray matter at all ages, as expeeteﬁc\

Changes in the concentration of various lipids in whole
‘brain, gray matter and white matter are shown in Table 17.
Since gangliosides account for only a very small propovxiiocn
(2%) of total lipids in the brain, the sum of chloroform:
methanol (2:1) goluble lipids i.0. aholesi\sarol. galactolipids
end phospholipids has been eounsidered to represent, for all
pragtical purposes, the lipid content of the brain by

‘several investigators (Q?Brian and Sampson, 1965; Cuzner st al,
1068; Norton and Poduslo, 1973). In a preliminary study it
was found that the sum of these lipids was comparable wilh the

value obtained gravimeirigally for tetal lipids, the values



Tahle 18 ¢ Proporxrtions of moisture, lipid and son-lipid
component of the rat brain with development.

% age {wéeﬁs)
R e 3 o9 1 s
moisture (%)
whole brain . .86 81 79 18 s
gray matter 86 82 82 Bt 18
whits matter 66 80 76 4 70
1ipid_ (mg/g_frosh welght)* |
¥hole brain 42 58 75 70 © o8
gray matter o 38 49 59 68 62
white matter 52 85 111 143 - 138
nanliéjdleaﬁgonent** :
{mg/g Zrosh welght)
| wholé brain 96 131 130 144 189
gray matter 09 136 126 137 157
 white matter . 85 118 126 150 163
ligiﬁ_(% dry weight)
whole brain 30 31 35 35 38
~ gray matter 28 27 32 30 28
 white matter 38 42 a7 a4

a6

@‘ilntét “* ‘



Table 16 : contd,.

\ age (weeks) “\
vz i s 1 oe i e § .s2
von-1ipid component
(% __dry weight)
whole brain 70 69 65 65 62
gray éatter 72 i3 68 70 72
white matter 62 58 53 56 54
1ipid/mon-1ipid
whole brain 0.44 0.44 0,54 0.55 0,62
gray master 0.38 0,368 0.47 0.42 0,40
white matter 0,61 0,72  06.80  C.75 0,85

%  1inid valueswoare taken from Table 17.

B

moisture values were mean of 3 to 4 separato eatinationf.

non-1ipid coumponent is mainly protein, =7 -

all the values were rounded up to whole figures,

a0
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differing by not more than §%. The sum of these three lipids

was, therefore, considered as total lipid content.

At all the sges. the concentralions of total lipids,
cholestercl, galactolipids and phospholipids are wore in white
nebter thav in gray matter with intermediate walues for the
whole brain (Table i7). The white matter is found te cdontaino
higher coneeuntration of galactolipids &bt ail stages., This is
consistont with a high concentration of galactolipids in myelin
which forms a najor comporent of white matter (Norten and.
Autilio, 1966}, A similar picinre was ehtgined vhen the
coneentration,of different lipids in gray and white mattexr were

exprossed as ratics (Table 19},

If the values for 52 weeks were considered as refereuce
values the total 1ipid concentration of gray and white matter
reached 95% énﬂ 75% respectively of reference valucs by 4 weeks
of age. whereas in the whole brain the e¢oncentration was 7T7%, at
6 weeks of age (Table 20). A slow increase in the 1lipid
concentration of bthe whele brain and white paitter throughount
the period of study is consisiendt with the slow accumunlation of
myelin in the rat brain during this period (Nortom and Podusio,

1973},

The concentrations of cholesterol, galectolipids and
phosphelipids in whole hréin reached respeetively 75%, 54% y
and 86% of reference values by 6 wecks of age. The corresponding

values for gray and white matter were 92, 99 and 98 and 82, 81
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and 80 respectively (Table 20). Thus gray nmatter showed an
earliier maturation with regard to iipid compesition. This is
consistent with the rapid increase in axonal growth and
gynaptic conneetivily during this period in the gray matier
(Benjaunins -and Mckhaun, 1976; Vanier gb al, 1971} and alsc the
biocchemical maturation of honmyelin components duxiug this
period {De Macecioni and Caputto, 1968; Banik and Davison,

The percentage eontgibatien of diffarent 1ipid clssses to
total ;ipids ?ariea betweon 2-6 weeks of age in the whole brain,
as well as both gray matter aﬁa white matter with initial
inereases in galactolipids and cholesterol (except for whole
brain cholesterol valus)} (Tebiex 21 and 22, Fig. 2a). By 4-6
%eeks of age the percentage contributions of differont components
reached the stable values., This is also rofleeted in the molar

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

The data on the disgributian of varicus phospholipids of
whole brain, gray maitter and white matter are shewn in Table 18,
it is reassuring that the sum of tne different phospholipld
conmponents does nBt diffey aprreciably Irom the value ohtained
for iotal phosphelipid, the recovery boing of the order of
80-100% (Table 18). DBetween 24 weeks of life the concentration
of EPG increases mnch more than.that of CP& in whole brain,
gray matter and white matter so that the vatis of EPG to CPG -

increages (Table 22). Both lipide reach peak concentrations by
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Figa 2

Developmental changes in the lipid composition
of yat brain.

[0 GRAY MAT TER
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(a) 1,2 aud 3 : phospholipids, 4,5 and 6 : cholesterol,
7,8 and § 3 galactolipids.

(v) 1,2 and 3 : choline phosphoglycerides
4,5 and 6 : ethanolamine phosphoglycerides
7.8 and 9 : serine + inositcl phosphoglycerides

10, 11 and 12 : sphingomyelin,
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4-6 weeks in both gray and whito matter. The concentration

of sphingomyelin in these two aress inorsases till €6 weeks of
age. This is glgo true of serine and inesitol phosphoglyceridas
with regard to gray)matter but the Ineresses in whole brain ané
white matter continue for & much longer period (Table 18 and

Fig. 2b }6

The pattern of changes in the concentrations of different
lipids in the whele brain with age comparss with those repgrtad
by others for the rat brain (Wells and Ditbmer, 1967; Cuznex
and Davison, 1968; Norton and Poduslo, 1873; deSousa and
Horrocks, 1879} and bhuman brain (Bronte, 19&9; Rouser and
Yamamoto, 1965}, Simllarly the pattern of changes in the
econcentrations of different lipids in gray and white matbter
with sge gre comparable with those reported by others for
human brain (Brante, 1949; Vanier gi al, 19Ti; Svennerholnm

and Vanier, 1972).

It iIs known that with the progress of myelimalion the
proportion of white matter inecreases., However, the ecmplexityx
of the brain makes it very difficulﬁ to get precise imformation
on the pfopartion\of vhite matter as 1t is diffienlt o achieve
a quantitative separation of gray and white matier. An
indireet approsch was, therefore, made to get estimates of the
proportions of gray m and white ﬁatter by eomparing the

composition of the whole brain with that of gray and white



100

matter with regard to a selected iipid component using the
equation,

100 r = xp + (100-x)94
where x ropresents. the pareentage of gray watter and p, q,
and r the conaentratxonbof Iipid raspeotively in gray matter,
white matter and whole brain., Solving the squation for x

shounld give us the proportions of gray and white matter.

This approach was tried with total 1ipids as well as
galactolipids. Theo most consistent psittorn was obtained when

galactolipid concontration was used (Table 23).

To investigato further the validity of the values obtained
for gray anl white matier myelin content &8s percentage of dry
white matter was calculated, Since myelin in the brain is
present pfedeminantly in the white natter, the myelin content
of the whole brain reperied by Norton and Poduslo (4973) was
used for ealeulating myelin as pereentage of dry white matter.
As the myelip yield was reported to be only 60% by the same
authors, the actual myelin content of the brain was calculated

by umltipiying their reported value by 5/3.

It ocan be seen that myelin content as percentege dry weight
of white matter is 43-46 when calculated on the basis of
galaectolipid concentrations in whole braim, gray matter and
white matter whereas it varies f£rom 38-32 per cent when total

lipid was used for caleulations (Table 283). Thus the values
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for myelin as pefcentage of the dry welght of white matter came
to around 45% at all the ages, except in the case of 2 weeks old
rots (Table 23)., It is known that myelination starts just before
this period in the rat brain (Norton, 1976). These values are
lower than the reported value of 50% for bovine (Norbon 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 thet in the bovine brain. This
could be due to sgpecies differences in myelination. These
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.

To 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 whlte matter lipids and compared with thé analysed values
for the whole brain (Table 24 and Fig. 4). A fair measuve of
agreement was found betwegn the analysed and calculated values,
When. the differences were expressed ag percentages of analy§ed

values, the differences did not exceed ten percent.

The proportions of gray and white matter obtalned (81% and
19%) in the case of 3 weeks old rats were reasonsbly close to
the generous estimates of 75% and 25% by Norton andPoduslo .

(1973). ‘The proportions obtained in the adult rat compares with
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the valuegef 505 gach for gray and white natier reporisd for dhe
adult humen brein (Bramte, 1949). |

The weight of gray natter reached its meximum valune by 3 weeks
of sge wherass the amount of white wmatter increaced for é, ruch
longer pervicd (Figs. 35a2,b and ¢). The apporent decrease in thg
waight of gray melter is consictent with the probability that with
the probebility that with the progress of myelination zome of the
matter clessified ag gray at 9 wewks may tend to be claspified ag
white at 52, Ths lack o;f: o gimilar change in dyy weight is due to
the decline in moistuve content between 9 and 52 veeks from 81
to 78%, The rate of increment of white matter {mg/week/brain)
reached o pesk value by 3 weeks of asge {Fig.3d)« It is reported
thet the rate of increment of myelin in the whole breln also

reaches a peak value by 3 weels of esge (Norbton and Poduolo,1973).

Changes in the contents of Jifferent lipids in whole
brain and gray and vhite patter are shown in Fig. 4. White
matter lipids showed o steady increase with age whereas the
gray matter lipids voeched nmaximum volues by & weeks of age.
The whole brein lipids slso increased with age (Fig. 3). Thia

ney be due to continued inevease in white metter content,

The percentaga contribution of white matter lipids to
whole brain incressec with age whereaes thatol gray matter
dsercases (Fig. 5). The contribution of gray matter 1;0 the
whole brain comes down fromfS6¥ at 2 weeks to 46% et 52 weeks
whereas the contribubion of white matter goms up fyom 14% ot
2 weeks to 54% a¥ 52 weekss The contribution of the tetal
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Fig. 3

Changes in different components of rat brain
during development.
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Changes in the content of different 1ipids in

Fig. 4

whole brain, gray matter and white matter with
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FPlg. 5
Percentage ocontribution of different 1ipids by

gray and white matder to the whole brain in rat
during development. '
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lipids, ehalesterél, galaetolipiﬁsland phospholipids of whita
- matter to the whole brain were greater than that of weight,
the velues heing 19, 18, 42 an§)17 per aent respectively at
2 weeks of age end 72, 70, 86 end 60 per cent at 52 weeks of'
age, This is eensisteﬂﬁ‘éith the higher ltﬁid’eoneuntratian
of w&ite mnatter to begin'with, which further increases during

deve lopment,.

The changes in the oontent of different lipids in white
matter, myelin and nonmyelin components of»&hite matter are
shown in Fig. 6. As expected, ii is elearly seen that the
eontent of myelin lipids is higher than that of the nonmyelin
lipids, The differences betwsen éyalin and nonmyelin lipids
incroase with age and are maximum for galaptolipids and minimum

for phospholipids (Fig. 6).

The percentage contribution of myelin and nonmyelin liplds
to the white matter with age is shewn in Pig, T. The coniribu-
tien of myelin end nonmyelin are 65 and 353% respectively to
white matter at all ages oxtept at an early age point (2 wecks},
Thess values are in gpoﬁ.agreemeni with previously reported
values for bovine white matter (Norton and Autilio, 1966).

The contribution of myelin phospholipids, cholesterol and
galactolipids are 43, 54 and 77% respectively at 2 wecks of
age and reach 58, 73 end 88% by 52 weeks of age.

Fven thouzh the estimate derived for the eontribution of

the nonmyelin component white matter lipids is in good agreement



Fig. 6

Content of different ilipids in myelin ahd nonmyelin
coumponents of white matter with age.
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with the previocusly roported vaines for bovine white matter
(Norten and Autilio ,1966), the patiern with regard to difforent
1ipids in nongyelin 1ipids seem to be different (Table 23).

The mest strikiﬁg &ifferencesx are with regavrd to the
Ieﬁels of galactolipids am ebqlestexol in nonmyelin lipids.
Norten and Autilio (1966) have reported 28% of galactolipids
and 14% af‘eholesterol in noymyelin component lipids whereas
the values .obtained in the preséent study are 15% for galanio-
1ipids and 24% for cholesierol. At this point it is of
interest to note that in the nonmyelin lipids of rat spinal
cord cholesterol, galactolipids and phospholipids form 14, 16
and TO per cent of total lipids yespectively (Smith, 1969).

The nonmyelin component of white matter contains meinly
axens, sligaﬂenﬂruglié agé supporting astroglial cells, Fronm
Tablo § it can he scen that none of the ecmponents present in
ponuyelin white matier has more than 20% of the ftotal amount
of galactolipids, The reported values for the galaétoli?ids
of nonmyelin white matter ae 28.2% (Nortom and Autilio, 1966)

is rather surprising.

When the distribution of 1ipids in the different
gubeelluler fractions of the brain (othex than myelin) were
exominsd; the contribution of galactolipids to total lipids
was not m@r@ thaﬁ 20% in any of the fractions (Cuzner and
Davison, 1068}, This further supports the lower levels of

galasetolipids in the nonmyelin comporent of white matter in
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the present strdy. KHowever, the 1ipid composition of the
nonmyelin component of white metter does not show eny

consistent pottern with age {Tavle 26).

From these atudies it is found that the amournd of gray
matter reéﬁhes\adult values by 3 weeks of age whoreas white .
matter showed & steady“inoreése ti1l one year of age. The
concentration of different lipids sBeems to be more in whibe
matter than in gray matiter at all the ageagstmdi@ﬁ. This is
speeifgeally trune with regerd to gelesebolipids,. This is
consistent with the fact tﬁatggélacﬁslipiﬁs igﬁﬁiain are
mainly present in myelin which is rich ip white matter. ?he
congentrations of different lipids resches the adult valus by
4 weeks of age whereaé\white matier showed steady incresse
till one year of age. However, the éompositian of diriarent'
lipids ss percontage of total lipids“reéches stable values by
4-5 woeks of age in both grey and white matter. Thus the
ineress ing concentrations of dqifferent lipides in white matter
with age were due to the slow aceumnlatioﬁ of lipié rich myeiin,
The prepovtion of white mabter in whole brain inerensed with
age @Wm% qu.?nmgy the
contribution of white matier lipids to whols brain lipiés
increased with age whoreas that hf gray matter lipids decreased,
White mstter conteins around 45 and 55 por eent of myelin and
nonmyolin eom@onenpé respoetively on dry weight basis at all

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

white matter lipids were contributed by myelin. This is
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Table 28 : Lipid composition of the non myelin component of
rat brain white mattor at different ages®,

t

e P um AN ety w.

age (weeksa)

'-avnow et
1
]

e § 3 | & § 9o } =2
(% of total lipids)
choliesterol | 25 4; 24 23 i8
golactolipids ' | i1 16 14 9
phospholipids 70 48 60 63 3
(% of total phospholipids)
ethaneismnine 28 42 - 46 47 30
phosphoglycerides :
choline phospho- 40 4.0 41 36 21
glycerides , '

S g S0 g i

#  values ealculated from non-myelin lipid values of Fig. 6.
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gpeeially true with regard to myelin specific galaetolipids
which foym around 80% of the galactolipids imn white mattor,



EXPERIMENT ~ II

Effects of undermutrition on the developing ratb braip :

As mentioned earlicr, the suekling period in the rat is
charaeterised by morphological and biochemieal changes
asgoeisted with the rapid maturation of the brain, This
involves neuronal growth with incrcase in cell size, axonal
growth, dendritic arborizatien/and synapgtogenesis (Bavison‘
and Dobbing, 1968; Vanier et i, 197i; Benjamins end Mokhann,
1976), It is slso characterised by greater myelination amd
an increase in the preoportion of white matter (Norton and
Paduslo, 1973). Several studies have demonstrated the
adverse offects of nmutritional stress during this period on
the dovelopment of the brain as Judged by histological (Bass
et al, 1970a; Siassi and Siassi, 1973} Krigman and Hogan,
1976) and biochenmical studies (Culley and Mertz, 1965; Geison
and Waisman, 1970; Hajalakshml and Nakhasi, 1074; Wiggine ot al,
1976; Reddy and Sastry, 1978). Sone of these changes are
nssocliatod with changes in gray matter @Be.g. decreased
déndritic a}borization, axonal growth and reduced number of
synapses per unit area) whereas others sugggst changes in
white matter (e.g. deereaged mmber of oligodendrooytes and

retarded wyelination).

Studies were, thaerefore, carried ount on the comparative
effects of undernutrition on the proportions of gray and
white matter and their lipid contents. Additional studies
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were made of the reversibility of the effects observed with

dietary rehahilitastion after weaning.

Previous studies have shown that neither updermnntrition
noxr protein deficiency in the postweaning period affeci':s the
1ipid ecomposition of the brain (Dobbing and Widdowson, 1965;
Rajalakshmi and Nakhasi, 1974a}. Studies were made to find
out whether the results gre modified by & low plane of -
"mutriticon prior to weaning as some studiés suggest that the
effocts of’natritional styress d:;xring the pestweaning period
depend on the previous dietary history of the animal
(Rajelakshai and Telong, 1975).

P:ms/ barn in the stoek colony on thoe same day were pooled
together and assigned in litters of eight to mothers fed
either the stoek diet (18% protein (C) or a 5% casein diet
(UN). Some of the animals from both groups were kilied at.

3 weeks of age. Tﬁe remainipg animals in the control group
were continned on a 20% protein diet for a period of six

weeks (€). The pups reared by low protein mothers were divided
into 3 groups. One group received a 20% protein diet ad 1ib,
(UN-HP), another a low prot.eixglﬁm-m’) and the third, the high
protein diet in restricted amounts (UN-HP-R),

P

The animals were caged individuelly and weter was given
2d 1ib, Body weights were recorded once a week and food

intake daily.
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The rats were decapitated at 9 weeks of age, the brains
removad, and the gray end white matter seporated awml used for

liyid estimations.,

The growth rate and food inbake of the rats in different
groups are presented 1anig. 8, The body woighis of the
rehsbilitated animals falled to mchieve & complete reversal of
growth retardation; an observation consistent with expéctation
on the basis of wany othoer studies (e.gs Culley and Linemberg,
1968; Rajalakshmi ot al, 1974; Reddy end Sastry, 1979). As im
other studies the food intake 0f the rehabilitated animals was

more in relation to body weights

EBffects of’pfaweaning undernutrition

,
Body and brain weights of undernourished rats were 290/

and 76% of eontrol values at the age of woaning (i.e, 8 wesks
of age). Undernmtrition was found to be associated with
defieita in the concentrations of cholesterol, galastolipids
and phospholipids in white matter whorgas ingray natter only
galaotolipids were found to be affected (Table 26). Among
the phospholipids the concentration of total plasmaiogens and
ethanclamine plasmalogens sbowed & significant decrease in the
white matter followed by & moderate decrgase in choline
phosphogiycerides (Table 26). The coneentration of phospholipid
components was not affected b in gray matiter. However, the
eomposition of verious 1lipids as porcentage of total lipids
was nod affected Quring undernutyition both in gray and white

matter (Table 27).
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Pig. 8

Effects of undermubrition or rehahilitation
on the food intake and body weights of rats.

I\ CONTROL O~ REHABILITATED
W Low PROTEIN GF—EBRESTRICTED

@
16 a2

o

e

FOOD INTAKE (g /DAY)
3
D\

al

e i %% 5
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200 (b) !
180t A l
el e
140} o t
§ ! e |
! 2 ;
P !
1 Q
i g f)
I
S i

3 5
AGE (WEEKS)

8(a) ¢ food intake of pups aftor weaning.
8(b) 3 body weight of pups.
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The lipids whose concentrations were found te be
affzeted in white matter were also fovnd to be affected in
the whole brain during undernutrition. OCulley and Meriz
(1965), Rajalakshmi and Nakhasi (1974}, EKrigman and Hogan
(1976) and Reddy and Sastry (1978) roported a significant
deorense in the eoncentrations of cholesterol, galactolipids
and total phospholipids in the whole braim, Culley et al
(1966), Geison and Waisman (197@); Ghittoni and de Raveglis
(1972), Reddy end Sastry (1978) end Ghittoni (1979) in
plasmalogens, Ghittoni and de Revoglia (1972), Jailakhanmi
and Subramanyam (1977} and Reddy and Sastry (1978) ln‘
ethanolamine phosphoglycerides ahé Reddy and Sastyy (1978)
in choline phesphng;yeeridas, Decreasged concenirations of
galactolipids in gray and white nmatter (Xokrady et al, 1972)
and galsotollipids and plasmalogena in th@ white mattet
(Fishman et al, 1969) have been reported in the case of

mainourished children,

Effeots of postweaning nndernutrition or protein deficieney

or rehabilitotion on the 1ipid contents of braiun gray ond

whito matter of neonatally undermourished rat

The results of studies on the effeects 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 nconatally ando yr-

nourished groups persisted even after rehabilitation for six
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weeks éven though the incremﬁnt in hody and brain weight of
the rebabilitated robs were 2027 and 175% of controls
reagectiveiya Sinmilar results were obiained in soveral other
gtudies {Culley and Linenbarg, 1988; Geison and Waisman, 10703
Rajalakshmi gt al, 1974; Beddy and 3a§ﬁry, 1998; Reddy ot al,
1979)s In the cage of the groups which continued o be
stressed muiritionally (i.e. undernouarished or protein
deficiont &mt) the percentage defieits in body and brain

woighte incroased (Table 29).

In the éase of rehabllitated rats aa’weli as rats
nutritionally stressed during postweaning period there was
no change in the concentration and composition ef difforent
1ipids in gray amd vhite matter (Tables 27 and 28). This
contrasts with the significont deficits reported in the
concentrsgtion of whole brain liyiéé in rats neonsitally under~
nourished and rehabilitated during postweaning period (Geiéon
and Waispan, 1070; najalakshmi‘ et ai, 1974; Reddy and Sastry,
1378} or conbtinued on low protein diet oy vestrieted diet
(Geison and Vaisman, 1970; Hrigmen snd Hogen, 19763 Reddy

angd S&Stryp 1678 } »

The discrepancy observed in the results obtained on the
whole brain snd in gray gnd white matter could perhaps be
explainaed 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

metter in the previous ehapter.
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Table 29 ¢ Percentsgo inerements in the bedy weight amdl brain
weights of rat between 3 and 9 weeks age.

i { under rehabi~ i
] ‘3"?;’)"“1 §marishea§. litated | S X 100 | § X 100
T L L s
N ' AN
% inerement.

body weight 273 141 798 52 202
brain weight 26 11 35 Y5 175
gray matter -5 -3 16 : - -

white matter 135 104 165 7 122
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The proporiicns of white and gray matier in ail thraee
groups {i.e., control,rehabilitated and protein deficient
groups) were caloulated using the valuegﬁar'galaotolipids
for whole brain, gray uastter apd vhite matter. Since the
data on galaetolip;d contents of whole brain in the ¢ase of
rehabilitated and protein deficient groups were not available
in this laboratory, they were onleunlated using the data on %
deficiency in galactolipids reported by Redd& and BSastry
(1978) and values for eontro; group available in this
lahoratory, The data on galaectolipid concentration in whole
hrain,‘gfay matter end white matter in normal, rehabilitated
and protein deficient rats are given in Table 30, VUsing these
yvalues the propertions of gray amd white mziter were calculated
vsing the &1gebrggal equation mentioned in the pra?iauw

experiment,

~ The proportion of white matter was reduced in under~
nourished group at 3 weeks of sge. The deficit inereased inl
the animals subjected to postweaning protein defieievey. The
question may arise whether the white matter used for the
investigations was puore. Myelin es peroent of dry white
natter was found to be éraund 45% irrespeotive of the age and
oxpe rimental group (Table 31) suggesting that a reasonably
purc freetion of white matter had been isolated from oll the

groups,
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Table 30 1 Concentration of galagtolipids in whole broin,
gray matbter and vwhite matter of the rat.

% age (weoks)

i 3 ¢ g

§ “ [} ) i . - ..

: c i o | ¢ I oUN-LP § UN-P
brain weight {g) 1.44 1,190 1.73 1.24 1.48

- tissue galmsctolipids
{mg/g fresh tissue)

whole brain 15 ‘,79‘ 5400 13.0 4,80 1044
gray matter . 4.48 3,83 4,53 4.44 4,56
white matter 16.58 i3.2 . 28,2 27.1 27.7

UN-BF : neonatally undernénrisbed rats were rehabilitated with

high protein diet during postweaning pexiod,
UN-HP~-R : neoratally undernourished enimals were given restrictoed
high protein diet,
UR-LP : meoratally underncurished rats were given low protein dist
during postweaning period,

£l
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v

Table 31 : Effects of postweaning undernutrition or rehabﬁi‘ta—-
tion on the contonts of graoy and white matter and -
myelin in brains of neoratally undernourished raﬁs@.

‘% “age (weeks) .
N 9
i ¢ 4w ot ¢ | unar | ounae
gray matter 81.6 = B7.2 84.2 7448 76,3
(% whole brain)
" white matter 1844 12,8 35.8 25.2 23.7
% whole brain)
content $mg/brain)
gray matter 1172 987 1143 1106 926
white matter 264 144 619 373 288
dry weight*
(mg/Brain) ‘
.gray matter 164 134 211 210 176
white matter 54 29 163 28 76
myelin yield#x 22.7 13.5 75 44 32

myelin as per cent
dry weight of 43 47 46 45 42
whit2 mather

€ : control, UN : undernpurished, UN-EP : neonatally under-
nourished rats fed low protein diet, UN-HP : neohatally uandere
nourished rats rehabilitated with high protein diet ad 1ib,

*# dry weights in the cuse of oxperimental group were calculated

assuning that thoere were no changes in moisture gontent
(Culley and Mertz, 1965), for control groupy

Gwalues for moisture contont were taken from expt. No. I (Table 16).

## myalin values for 3 weeks were token from the data of Mr., Harjit
Simgh of this depertuesnt, For 9 wecks values were taken from the
data reported by Reddy et al (1979).

@ for ecaloulating the proportions the mean values of galacte~
lipids were taken from Table 31,




131

In the undernourished rat, the content of different lipids
geems to be deecreased in the whole brain, gray matter and white
matter at 3 weeks of age, the maximum effeot being observed in
thd case of white matter (Table 32 and Fig. 8). The deficiks
were persistent in all the three tissues even at 9 weeks of age
when they were subjected to ecdntinued nutritionai gtress in the
form of a low protein diet (Table 33 ard FPigé. 10 and 10a}. On
rehabilitation the content of different liplds were restored to
normal values in gray matter. This is perhaps comsistent with
expectation as the content of gray matier as well a2 the conce-
ntration of 1lipid came back to ﬁcrmal. 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, 82 and 53% of controls for whole brain, gray matter and
white matier respectively at 8 weeks of age, The corresponding
values at 9 weeks being 70, 83 and 47% for underncurished and
86, 100 and 60% for the rehabilitated rats (Table 34). A
similar pattern of changes was cohseorved witg respeot to different
lipids also. The per cent contribuiion of different iipilds by
white wmatter to whole brain seems to be decreased in the
experimental groups at 8 and 9 wecks of age (Fig. 11). The
increments in the contents of different lipids im undernourished
animals were less than those in the controls, But in the rchabl-
litated rats the increments were greater than in contrels

suggesting the operation of a *caitch up' phenomeron (Table 35).
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Fig. &

Bffocis of neonatal undernutyition on the eontent
of bymin 1ipids at 3 weeks of age.
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Fig- 10
Effects of postweaning protein deficiency
oy rehabilitation on the content of brain
lipids at 9 weeks of age. ‘ :
5
; TOTAL LIPIDS TOTAL PHOSPHOLIPIDS )
B gor
H g0k
§ t4or FOM
‘: 120 Sop
iy feopr 508 1
§ gok 40}
é sop- o} :
g\ 400 2o
208 1oy
Twe M wM T ws aM  wM
[eonTROL M UNDER NOURISHED A REHABILITATED
- CHOLESTEROL GALACTO LIPIDS ’
W
§ % ;
0 H
= 25 |
W !
R
2 .
S {
Py

wa  GMm WM wa &M wM

WB=WHOLE BRAIN GM=GRAY MATTER WM=WHITE MATTER



Effects of postweaning protein deficiency
or rehabilitation on the contont of different
phospholipids of rat brain at ¢ weeks of age.

mg /WHOLE TISSUE

mg /WHOLE TISSUE

CILONTROL WR UNDER NOURISHED Tl REHABILITATED

a5 EPG cPG
30|
25 251
29 20}
15 Is- g
1) toj~ P
5 sk g [E
[ o~ o
wwm ws Wi
45
SP6+IPG 4.0k M
3.5 &
2+ 3.0~ %
iop 2.5 3
il 4
L X %‘
2= 0.5 ;

w8 GM wa W

WB=WHOLE BRAIN 6M=GRAY MATTER WM=WHITE MATTER

| 135
Fig. 10(a)



™~

mm.uawhmm 3

\

froqq8m Aexd ! ©H

\

uyuzeslsod Fuianp uisgoad YFIY Yars POIRITIIQuUYLX aaosm B30I pogstInourepun LITeIBE00U : g N
‘pertod Suiuwemysod Surinp 30IP uiejesd Mol ucArd oxss s3ud PAYSTINORIIPEN A11vgugodu % S NO
*ABYEW SFIYMA : KA

‘arsxq oyouya : ga

*{8161) Axgeeg pum Appoy Jo vqep ong WolJ udNL} SONIBA  ux
s quomjaedap sjyq Jo YSUrs 9rfasy Xy WOAF uUd{EY senieA
*g7 DUB OF SOIq9l JFO SOnT2A Wee:m WOXJ PO INOIBO fonlva P

soprasolTBoudsogd

09 0¥ 62 8% g8 g9
¥g o8 99 1033800 PUB JUIIOE
£9 0% a8 L¥ 18 99 we uiiednoduiydse
SOPIXC0ATR
89 1743 8 g8 %4 18 7] LY £8 69 -ogdeoyd SuTLOHD
, sapiXagirfoydeoyd
19 20T 71 87y 93 68 44 8L g9 SuYHE{oUsyY3d
29 S0t - k5 4 ¥8 - 98 8L - susBoreused
09 86 08 oy a8 a9 op 88 89 spidyioydsoyd
68 {31 4 BY. 55 4 28 £g 54 oL X spidiiojos el
E9 86. 12 iy €8 ‘29 6% eg 19 Toza3sa[oud
10 66 ¥8 ov 8 29 9% 62 89 apidyl 1e30%
09 (114} 1 98 P X4 £8 0L £g £8 LL auBion enssiy
{soniBA TOXJUCGO FO %)
W § omo fasam §f ome § omwo § oaem e § ome § o.aa
*amsat Y arna G poiis pxnouzapan

o

sorserdenwrss | sennre

(exoon) oBw

At unIb IR He e s Wb s | peFIRY

' *@sprdIl uieaq 9l JO juejuus oyl ue pojsad Fuimeesagsod
FATIRD VOTHLITTIGRUOI Jo ROTIVNUIIUOT 53T PUB YoTRiInuioptn Sajueomexd Jo s3003I% 3 $6 914l



Effeets of posiweaning protein deficiency or
rehabllitation on the percentoge contribuiion
of different iipids by gray and white matter
to the whole brain at 3 and 9 weeks of age.

Pig. 11
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An atitempt wes alse made to calculate the nonmmyelin 1ipid
contont of the‘whiﬁé matter in the case of control, rehabili-
tated and protein deficient groups. Myelin values for the
three groups were calenlated from the data reported by Reddy
et al (1979) making an assumption that myelin yield is only .
60% (Norton and Poduslo, 1973), Tt is aiso assumed that all
the myelin is present in white matter (Sabri and Davison, 1977).
The docrease in the lipid eontent of white matter in the
experimental groups was due to the &éerease in iipid content of
both myelin and nonmyelin fractions (Table 86). This was
c¢learly reflected when the lipid values of experimental groups
were expreséed as percenitage of control values (Table 37).1
The contribution of different 1lipids by myelin and nonmyelin
fractions to the white matter in éontrol and experimental
groups is shown in Fig. 12. which shows that the major portion
afvthe lipids in white metter are contributed by nmyelin in both
gontrol and experimental gronps. It is qunﬂ that the decreasse
in 1lipids is almost same in myelin and nonmyelin fraction during
the preweaning underoutrition. Even though the deficits in the
content of m&elin and nonnyelin components were simiiar in the
rehabilitated rats, the defioits in the wonmyelin 1ipids seem
to be more suggesting the decreased rate of lipid synthesis,

in nonmyelini{?abla a7).

In conelusion, experiﬁental undernutrition has @¢ifferential
effects on the groy and white matter lipids. The concentration
of different 1ipids in gray matter wes not affected except for
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Effects nf postweaning protein defliciency or rehabili-
tation on percentage contribution of lipids by nyelin
and nonmyelin components to the white matter of rat
brain at 3 anl 9 weeks of age.

TOTAL LIPIDS CHOLESTEROL GALACTO LIPIDS TUTAL PHOSPHO LIPIDS

ETHANOLAMINE CHOLINE DTHER
PLASMALOGENS PHOSPHOGLYCERIDES PHOSPHOGLYCERIDES PHOSPHOLIPIDS
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galacﬁeliﬁiﬁ§>whsraas the white matter showed significani
doficits in most of the 1lipids at 3 weekslof age., AL © wecks
of age no significant diffax@ncgs were observed im the
concentration of any of the lipids in the sx@ayimental groups
both in gray and white matter snggeating that therc are mo
qaﬁlitativa differencos, The changes in the concentration of
different 1lipids at 0 weeks of age in whole brain are mainly
due to the reduced amount of white matter. When the nutritional
rehabilitation of neonatally undernourished rats wes attempted,
there was complete 'ecateh up' in the weight and 1ipid eonbent
of gray mabtter, but the white matter showed only 60% eateh up,
Thus the deficits reported im the whole brain of the rehahiii-
tated onimals are due to the dofielts in the white matter orly.
Finally, the chenges observed in the white matter with under-
nutrition or rehabilitation are reflected both in myelin and
nonmyelin fractions of the white matter. The Aoffects seenm to

be more on the nommyelin 1lipids..
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EXPERIMENT - IXT

Effeots of perinstal thiamine deficiemcy on the lipid

couposition of whole brain and\sginal cord of rat,

EXPERIMENT ~ IV

1

Effects of perxinatal thiamipe deficiemecy on the 1ipid eompo-

W n hoh ey Shen e

sition of gray and white matter of rat brainm.

It is well kmown thet a deficiency of thiamine in the
maternal dlet, which vesuits in a deficiency in breast nilk, is
associated with infantile beriberi in areas whore polished rice
is the staple (Platt, 10587 Trostler gt =}, 1977}, Thiamine
deficiency causes specific CNS lesions which edrreliate with
neurological symptoms {Dreyfus aml Vietor, 1961; Breyfus,1667).
CNS lesions include thinned or lost myélin.segmenﬁ without
destrnetion of the axis eylinder (Denny Brown, 1958). Dreyfus
{1067) and Collins (1967) have reported an altered oligodendro-
glial metebolism and defeetive,myelingtion. ?fansketﬁlase, a
key enzyme of the pentose phosphate pathway is found to
degrezse in thiamine deficiency and this would be aésoeiatéd
with the low production of NABPH needed for lipid synihesis
{Geal and Dreyfus, 1975}. The lipogenesis mey alse decrease
que to the fact that acetyl CoA formation from pyruvate is -
found to decr8Sase in thismine deficiency (Helnrich gt 81,
1973}, The decrease in lipid content may b@‘ralated to the

neurclogical disorders (Kanfman, 1972),



Geel and Dreyfus {(1973) have reported that thiamine
Geficiency affects brain lipids in rat but it mey be due to
nndermtrition prodaeéé due to low fond intake., But Trostier
et al(1977) have reported that thiamine deficieney produced
greater deficits than undernutrition. From Table 38 it can
be seen that the effects of thiamine deficiency Wﬁfh regard to
body and brain weights as well as.the lipid composition of
whole brain a;'e difforent in the two studies. Therefore,
systematic atudieﬂ'were undgrtaken on the effecte of maternal
thiamine defioiency on the lipid composition of whole brain,
gpinal esrd.'gray matter and white matter’of the brain in the

progenyQ

Fennle rats weighing abhont 200-280 g wers housed with -
healthy younz males for 2 days snd then housed im separate
cages. After a further period of 12 days those identified
aBs pregnant were separated into 3 groupsﬂﬁefixﬁt group was
fod on standard 25% protein diet (control, €) the seecond
group the same diet with the omission of ﬁhiaminé from the
vitamin mizture (thiamine deficient, TR} and the third growup
the standard 25% protein diet in anounts matching those
consumed by the thiamine deficient group {pair fed controls,
PFC). After delivery the mothers were continued on respeetive

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

of agt’-s}.
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Tﬁe TD pups started showing symptoms of thiamine
doeficiency such as abnormalities im pesiure, arched back
and extended end stfffenct hind 1imbs f(kind limbparalysis)
frouw 1; days of sge. HMovements were restricted and the fur
beeame coarse, olly and yellow gr&yvig color.e Similar obogy~
vations weve also wade by Geel and Breyfus (1974 and 1975)
and Trostler et gl {1977) in the case of thiamine deficilent

rats.

H

The food intake of the mothers in the thimmine deficient
group was less as might be expoected and this was asscciateé with
a deereagsed gzaﬁth rate of the pups (Figs. 13a and h). The
results of the effects of thiamine deficienoy on pups at
3 weeks of age are shown in Table 36. The body and brain
weighte of the PFC group are 42% and 83% of the comtrcls, the
eorresponding values for TD being 84% and 75%. Iaspite of paiy
feedingltha PFC group showed a significantiy higher valune for
body and brain weights than the TD group {&able 29), This

‘ ALk bz obion nutsiemt s imite
might be due to the poor assimiiai-ion of the food consuned-hy
thiamine deficient group. Simllgr observations have been made
by the other investigators (Trostler et al, 1977; Kulkarni,
1976 ). The setivity of transketolasé was significantly less |
only in TD group confirming thiamine defieisney. Similay
observations have ﬁeer; made by others (Dreyfus and Hauser,
1065; Geel and Preyfus, 1974; Trostier gg,gi, 1977 Prasanna,
1978). |
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Bffeots of perinatal thiasmine deficiency on the
Yood intake of the mothers and body weight of the
pups.
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The concentrations of total lipids, gelactolipids and

~ phospholiplds were significantly lower in both the TD and PFO
groups (Table 39). But eholestercl concenitration was found to
deercase significantly only in PFC group. However, the
ecncentration of gangliosides was found to be unaffected in
both PFC and TD groups. Among the phospholipide plasmalogens
and EPG were found to deerease significantly oniy 14?%9 group
(Table 39). The changes observed in the concentrations of whole
brain total lipids, cholesterol amd galactolipids in the present
study are similar %o the data reperted hy @eel aml Dreyfus
{1975). Inspite of severe undernutrition the conecentxation of
phoaphalipidstﬁgg unaffeoted in their study. But data

reported hy others show a significant decrsase in the concentra-
tion of phospholipids 2{Culley et ai, 1966; Rajalakshmi and
Nekhasi, 1975; Bhat and Rama Rao, 197é1, The increased
concentration of gangliocsides in brain of both PFC and ©D
groups observed by Geel and Dreyfys (L975) was not found in the
present studles (Table 38).

Data obiained on the effects of thiamine deficiency on
spinal cord lipids are presented in Table 40, The defieits in
cord weights were more than brain weight deficits, the values
being 63% and 75% of controls in TD and PFC groups réspectively.
This wasg consistent with the findings in previous studies in
this laboratory (Rajalekshmi and Nekhasi, 1976; Sharme, 1979)
and is accounted for by the fact that the coxd grows in length
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ard thicknesa during the postnatﬁl periocd and gains weight &t

a faster rate than the brain (Singh and Sharma, 1980},

As in the case of the brain, transketolase activity was
affected in the TH group showing that thiamine deficiency had
bheen produced. The ooncentrations of all the lipids éxcept
gangliosides are higher in spiral cord than inm brain (Tables.
39 and 40}, This is cousistent with thoe previous findings in
this laboratory (Rajalnkshmi and Nakhasi, 1976; Sharma, 1979)
and -elsewhere (deSousa and Horvoels, 1079) and is aeenuntegfur
by the fact that eord contains more amount of white matter
(Zemon and Innes, 1963; Friedo , 1975) which is rieh in lipids.
As ig the casse of brain, the concentrations of tobal lipids,
galactolipids and total phospholipids were found to be
gignificantly decreased in the TD and PFC groups (Table 40}.
Aé in the ocase of brain the concentration of cholesterol was
not affeoted in thiamine deficiency but deorcased during
undernutyition. Among the phospholipids the concentrations
of plasmalogens, EPG and CPG were found to be low in both the
TD and PFC groups. The concentration of CPG was not affected

in the brain.

In the broin, no changes wers observed with regard to

plasmalogens, BPG and CPG whereas in the cord deficits were
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found with regard to all thrve components. Thus these
studies suggest thot etress produced by enlorie restrictisn
and thiamine deficiency ia more in the ease of spinal cord

when compared to brain asg far aé 1ipids are ooncerned.

The composition of Jdifferent liplds in the brain and
sprinal covd as per cent of total lipids is given in Table 41.
The mole ratio of cholesterol : galactolipids : phospholipids
was found to be affected in the TD group in the brain and
spinal eord. Similarly, the composition of different lipids
seems to be altered in the TU group {Table 41). As expeeted
the contents of different lipids in brain and spinal cord

were lower in both the TD and PFC grourns (Table 42),

Since perinatal thiamine deficiency was found to aeffeoct
the lipid composition of the whole brain, further atuéieé
were carried out on gray and white nmotter., The results of
these gtudies are presented in Tables 43 éuﬂ 44, Transketo-
lase netivity was less in both gray and whitce matier of the

D rats, the values being 36% aund 39% of the conbrols.

The concentrations of galactolipids and gangliosides were

found to be low in the gray mabiter of the PFC group whereas no
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significant changes were found in the TH groupr {(Table 43). in
the white matter the concentrations of tnﬁél lipids , galecto-
lipids and ghaspholipi&s were lesg than in controls in both the
PFC and TD groups (Table 44}. Cholesterol concentratilon was
found to be lgss only in the PFC group. Among the phospholipids

pilasmaelogens and EPG were lower in both PPC and TD groups.

The low concemtrations of myelin specific liplds {i.o.
galactolipids and pilasmalogens ) in white mebtter {myelim rich
areas; of TD rate as compared o PFC rots indicabe the role
of thiamine in wyelipation, TFurther studiss are needed on

isoclated myelin to confixrm this hypothesis,

The 1ipid composition of gray matter was fouﬁa to be
unaffected in both wndernourished {PFC) and TD groups
{Fable 45), However, the 1ipid composition of whiie matier
was altered in TH group. The ratio of EFG to CPG was lowered
in the white matiter of FFC group whereas it wos nob zffeecied
in TH group. The 1lipid compoesiticn of gray and white matter
from PFC group did not differ from thot of the undemourished
group in experiment II in which nothers were fed low protein
diet, But the concentrations were alffected to a greater
extent in experiment Il. The decrcase in amount of white and
gray matter was also wore in cxperiment XIX. This eppeavs
to bhe due to differences in the degreec of undefﬁutrﬁtion

achieved.
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The preportions of gray and white matter were galculated
&9 described earlier, The pfngortions of gray snd white
matter were 80% and 20% for conbroi, 84% and 16% for PFC group
and 85% and 15% for T group. In the case of undgrnourished
rats in experiment Il in which wothers weve fed low protein
diet the proportion was found to be 875 end 13%. The
difference in the proportion of white matter obiained in the
undernourished rats in the present experiment (PFC) and
experiment IXI might be due to ithe dlifferences in éhe degree of
undernutyition achicved. ﬁhile the similarity in general changes
1ike proportions of whito wand gray metter in the TD and 1FC
groups sugegest thot these changes are due to celorie restrietion,
the ehenges observed In econst ituents such as galactolipids and
plasmalogens in white wmatter in TD group may indicate speecific
effects of thismine deficieney, In this connection changes !
observed in cholesierol eoncentration only in the PFC group
nay indicate the specifio effeet of calorie restriction on
cholesterol metabolism. The fact that this is not observed in
TD group which is also subjegted to undermmtrition indirectly

is indeed very intriguing and needs further detailed investi-

gation,

To check the validity of the valunes obtained for the
proportions of gray and white matter, the analysed and

caleulated whole brain lipids were compared (Table 46). Excopt
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for the gangliosides and minor phospholipids there seems to be

& good correlation between the analysed and caleulated values,

The wolght and lipid content of gray and white matter were
found to be low in PFC and TD rats (Table 47). The deficits
aye more i.n white matter than in gray matter., The PP au&“i‘n
groups had 88} and 82 per cent t;f control values for gray 'matter
weight and 86 and 80 per cent values for gray mattexr lipid
gcontent., The corresponding valuea for white matier wers 67 and
56 per cent and 59 and 49 per cent respectively (Table 48}. In
the white matter of thiamine deficient rat the values for
galaqt&lipida‘ and plaémalagens ‘were much lower than in PF¢
group. The per ecent contribution of white matter lipids to the
whole brain was decreased in mm‘ﬁ»’m end TD groups: (Fig. 14).

In oonclusion, the dota suggest that the myelin rich areess
of ONS (white matter and apinal oord) are more wulnerable to
thiamine deficiency or undernutrition than gray matier, Out of
'the two deficiencies TD seems to uaVefmare soverd effeot on the
white matter lipids than undermtrition induced by #alori.a
deficiendy. This might be either due to the gquantitative
differences achieved in the degree of undemutritianr\betweun ™
and PFC groups or due to some speeific effects of Tp per #e.
Further studies are meeded to confirm if thiamine has an;f;gi‘

‘on myelination m CNS 4
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Fig. 14
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EXPERI

- Y
S S AP G S T S A S S

Effeets a;‘;‘ggg_gm nutritional deficiencies om the activity of

at.3 ' -eyolic_nucleotide 3!~phosphohydrolase (CNP) in rat brain

gray and white matter :

The enzymé, 2¢,3%-oyolic nucleotide 3'~phosphohydrolage
(6NP), which hydrolyzes 2'-3'-oyelie nuoleotides specificaily
to form corresponding 2!-phosphates, was first reported by
Drummond and Coworkers (1962) to be rich in the central ne;rvous
system., Though the in vive substrate for this emzyme is not’

_ identified and the biologionl role of the enzyme is yed o be
procisely defined its high sotivity in the central nervous
gystem has led to a mumbex of studies on its distribution and
suboellular localizetion in the central nervous system.

. . cohich
This enzyme is specially active in white matter amd is

found to have 4-8 fold higher epecific agtivity than in gray
matter (Karihera and Takeheshi, 1973; Deshmukh et al, 19743

Toews and Horrocks, 1976; Sabri snd Iiaviaen. 1977). The
subcellular localization of this engyme is found to be in the
myeiin traction (Kurihara end Tsukads, 1967; Kurihara et al, -
1970), It has also been shown that the oxigoaandm(:ytea)ﬁhicn
male myelin contain high soncentration of the enzymo (Podnsio,
1975). The asctivity of CNP incresses during myelination, ke ot
aotivity is low Quring defective myelination (Xuribara et al,
1969, 1970 and 197L), Beoause of its assoctiation with myeldn,
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CNP aectivity has been used as an index of myelination (Karihara
end Tsukeda, 1968; Kurihara et al, 1969; 1970, 1971; Gregson

and Oxberry, 1972).

In the studies previously éascrib&é in this thesis the
proportion of white matier in the brain changed with age and
netritional status, It is known that myelin contributes a
najor portion of white mabtter. It was comsidered worthwhile
to find out whether CNP eonsidered a marker enzymo for myelin
is affected by age and nutritional status is influenced by
these factors, The studles reported in this section were
concerned with this aspeoct and the estimation of protein

concentration,

Since this experiment was conducted in the laboratory of
Prof, Herrocks Wistar rats were ussd for this exporiment
congistent with the practice in that ilaboratory. For the
gtudies on aging wmale rats of specified ages were obtained
from the commercial sources. For the studies on the effeois
of undernutrition, neonantal undermmirition was induced by
feeding the mothexs a 3,5% protein diet from partus. The
control gothers were fed a dlet econtaining 26% protein diet.
Thiamine deficiency was produced in the pups as described in

experiment 111,

The results of studies on the variations in enzyme
agtivity with age in gray end white matter both in terms of
engyneg units/g tissue and enzyne unitg/mg protein are shown

in Table 49. Frowm the table it ean be seen that the gray nmatter
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shows an increase in protein eoncentratiom till 20 days of age
althongh much of this inerease is found botween 14 and 21 days
of age. This inorease in protein concentration correlates well
with the morphological deirelepmen‘a of the gray matter such as
increaese in cell size, axonal growth, dendritic arborxization
end synaptogonesis (Benjemins and Mekhaun, 1976). On the .
other hend in the wti/ite matter the values show an abrupt
increase between 18 and 21 days with some suggestions of a
dedline thereafter till 60 days. These cpanges in the pretein
concentryation are in,agraeﬁant with the péak rariod of myelinae
tien betweoen 18 and 21 days and slow agcounpistion of lipid rich
myelin thereafter (Norton az{d Podualo, 1972). Similar observa-
tions have been made £t the concenbration of prote in'gray and-
white matter in developimg human brain (Toews and Horrooks,
1976). The specific ad_tivity of CNP in white matter is 5 to 8
fold higher than in gpray matiter at all ages (Table 49). Similar
data have been reported for the white natser of rat brain by
Deshmukh ef al (4974) and Sebri and Davison (1977), for rabbit
brain by Kurihara and Takahashi (1973) and for human brain by
Toews znd Horroeks (1976). The speeific setivity of CNP in
zray and white metter 4id noét vary with sge (Table 49). The
changes observed in CNP aetivity with age in the whole hrainm i»
gt due to the chonges in the preportions of gray and white
metter (Rurihara sad Tsukads, 1968; Olafson et al, 1969;

Kurihara et 21, 1970},
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As expected, neonetal undermutyition caused & significant
reduction in body and brain weights at 21 days of age (Tshie 50},
The protein coneentration in gray and vhite matter was not
affected by undernutrition. Similar resulis were o?atamgd
rreviotsly in this laboratory with regard to body and brain
weights (Rajelskshmi and Nakhesi, 1974 and 1075) and protein
concentration in whole brain {Rajalakghmi and Telang, 19753
Telang, 1980). The specific activity of CNP was lowex in both
gray and white matier, the vamea‘ as pereentags8 of oontrols
being 64 snd 52 respectively. Similar observation has been
mode with regard to whole brain (Nakhasi gt a1, 1977; Reddy et al,
'1979) and myelin (Nakhasi gt al, 1975; Simons and Johuson,

1976; Reddy et. al, 1970) in the severely nndernourished rats,

The date on the effeets of thianine &aficimm& are given
in Table 51, The concentrations of p'mtein and gpewaific
aotivity of CNP wore not affected by thiamine deficiency. Ab
this point it is of imberest %o mote that the undernutrition
induced by ine;'éming the litter size did not have anycifaet
on the speeific activity of CNP in brain tissue (Reddy et al,
1979). On the contrary when severe undernatrition wag indueed
by maternal dietnyy proidein deficieney there was a significant
reduction in the speeifio activity of CNF in ihe brain of
24 day old pups (Nakhasi gt al, 1977; Reddy gt al, 1879). Im
the pregent studies also undernutyition produced by Peeding the
mothers a low protein diet has lowered ithe ONP activity in gray
and white mattor whereas mild undernuitrition produced by palr

/
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Table 50 : Iffects of neonatal undernutrition on the protein and .
CNP concentrations in rat breain gray and white maiter

et 31 days of age.

i under;=- i
% 00?33'01 { nourisped ! y_g. X 100
; ) M
CBpan I Beoos
no. of rats used 16 9
body weight (g) 43.0 % 0.4 43,0 % 0.5 30
brain weight (g) 1.45 3 0,00 1,10 # 0.02 76

protein, mg/g fresh tissue -

104 X 1.9
94 + 2,0

L d

0.90

96
101

CNP, unite/mg protein

gray nmatter (GM) . 108 + 3.5
white matter (WM) 93 & 1.9
WM/GM 0.86
gray maitter (GM) 4.5 & 0,4
white matter (WH) 22,9 % 1.4
WH/6M 5.

%
2.8 i 119%: ]

12,1 % 1.6

4.2

64
52

CNP, units/g fresh tissue

gray matter {(GM) 482 x 6.0
white mattor (WM} 2130 + 73
Wi/GM ‘ 4.4

297 % 8.0
950 + 130

2.2

G2
45

ONP 1 2',3t-pyclic nucleotide 3'-phosphohydrolase.

values marked with asterisk significantly difforent from control

velnes, p less than 0,001.
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feeding or thiamine defieienocy do not affect thg CHP activity.
This points out that the effect will depend on the severity of

andernutrition produced.
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EXPERIMENT » VI

Effects of neonatal undernutrition on CDP-Bthanolamine:

1,2-diradyl-Sn~glyesrol phosphosthanol émtng transferose
{PET, £C 2.7,8.1) and CDP-choline:t,2-diradyl-Sn-glyecerol

phosphocholine transfersse (PCT, EC 2,7,8,2) in rat brein

gray_and vhite matter microsomes :

Phospholipids form & major alaajoz 1zpids in ihe nervous
system, Among the phospholipids ¢thanolamine and choline -
phosph;zglyaaridea form around 75~80% of total pnnsp‘honp’idi in
the nervons ayateﬁ (Horrocks gt al, 1978). Significant changes
in the concentration and pattern of development of .E’PGA and} cPé.‘r‘
were observed in the rat brain with development (Wells and h
mt.tmr,‘xge'n Cuzner and Davison, 1968; Norton and éodug};o,
1973; deSousa and Horrookse, 1979). Similer changes in th‘a" |
pattern of EPG amd CPG were observed in the danlaping rat brain
gray and white matter (Expe;rmant I})s Neonatal undermutyition
was found to lower the ooncentrations of EPG /gﬁkittani and
deRaveglia, 1972; Jailskhani and Subramanyam, 1977; Reddy and
Sestry, 1978; Ghittoni, 1979) and CPG in the wholo brain
(Ghittoni and deRaveglia, 1072; Reddy and Sastry, 1978). But
the effeots were not same in the gray and white matter,
Insorporation of (E»“ﬁ)*glneosa into these two lipids was
found. to .be lowered in the nndernourished rat brain (Agrewal
et 81, 1972; Jailakhani and Suvhramanyam, 1077) suggesting the

' lowered synthesis of these lipids. However, no studiés have
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been carried out on the enzymes inﬁalved in the synthesis of

these two lipids.

' The studies wore, tkai‘atore, carried out to £ind out the
affeeta of nnomtal undermltritiou on phoaphoethamlauim (PET)
and phosphnchoune tmnsteraset (Pe*r) ’ tha key anzymes involwd
in tha ayntsheaia of ﬁheaa two Ii.:xmh

As in the previous axpariment‘ Wistaf rats wars used.
Neonatal ‘niidarx‘xutxttian was induced as desoribed in previous
ekyariﬁent. The cantrai and undernourished rats were deeapi-
tated, brains removed, gray and whito mtter segmrated and the
homogenate)was prepared. From the homcgenataa nicragomes were
prepared and nsed for the astimtiow of phosphoethanolamine

and phosphocholine transferases.

In both the grmips, content 0&‘» microgomes in the white
mattor was more than that in the gray matter. The content of
microsomes was not affooted by undersutrition both in gray and

white matter {(Table \52)«.

The incorporation of labelled bases inmto othanolamine amd
choline ﬁhoaphoglycwide# was found to be linear Betwesn 3 and
42 pg of microsomal protein in Wth gray and white matter, |
though the incorpoxration was low in the cage of undsrnourished
rats (Fig. 15). For all studies é pg of microsomal protein was
used, Thare was 8 good linearity in the mcorpoxation with

time at lecant upto 40 min, tnoughaz:hc inuarpuraﬂon in tha
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Effeot of mierosomal protein concentyrstion on the
incorporation of rediovzetvivity from CBP~(14G) choline

axd PP (¢ )-pthanclamine into choline and ethanoia-

(14

mine phosphoglyocerides respectively.
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undernourished rats was agaln less than in control rats
(Fig. 16). Hence for all studiaééo min was used for

incubating the assay mixture.

Stuidies carried out on the effecis of eoncentration of
disgaprin on the incorporation of radiocactiviiy from CDP;bages
into EPG and CPG showed a saturation point at 40 uM concentra-
ﬁion (Fig. 17). Hence for all the studies this concentration
was used, Tig. 18 sunnariges the effocts of differént conoo-~
ntrations of CD?-(14G) eholine and CQF—(14C} ethanolamine in
the assay system on the getivities of PCT and PET. From Figs.
17 and 18 it can be secen that with different concentrations of

subatrates the enzymes followed Michaelis-Menten kineties,

The data on the effects of meounntel undernutrition on the
activitios of PET and PCT are shown in Table 52, The specifie
aetivities obtained for PET and PCT in the gray and white matier
in the brain of control ratslin the present study ore 5~15 times
higher than the previcusly reported values (Radominska-Pyrek
and Horroeks, 1972; Radominska-Pyrek et al, 1976 and 1977).
This may be dne to some improvementg made in the assay
procedure such 28 the change in the protein conceniration from
500 pg to 6 ug and in the amount of diglyeceride from 4 mM to
40 pM, The concentration pnud specific activity of both the
transforases were found to decreasnse significantly with undere

nutrition (Table 52).

When no exngenocus diglveerols were added to the incubation

medium the aetivitios of phosphotransferases were limited by the
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Bffect of time of ivoubstion on the incorporatlon

ot ragloaetivity from ¢pp—(1%c) oholine ana cor-(**c)-.
ethanolamine into éuonne and eothanolamine phospho~ ;
glycerides respectively. : ‘
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Effeot of dicnprin concentration om the ineorporation
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0f radiosctivity from cbp-~( %c) enoline ana cop-(i4c)-

ethanrolamine into cheline and ethanolauine phospho-

glycerides respeetively.
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Rffect of C$F~(14c) choiine ami Gnﬁr(iéc) ethanolamine
concentration on the incorporation of radicactivity
_into cholipe and ethanclamine phosphoglycerides

respectively.
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Fig. 18

Rttect of cop~(14c) ouoiine and cpr-(c) cthenolanine
concentration on the incerporation of radicactivity

_ into choline and ethanolamine phosphoglycerides
respectively,. )
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avail @iliéy of diglyceroié as substrates so that the enzyse
aoii&ﬂties‘ megsured gave an idea of the smount of tiiranyl—
glycerols present in the microsomss . The data on the .énz‘:ym
. aﬁtiviuaa in the sbsence of added diglyeorols ,aré given 1f:
Table 52. The differences in the reletive values of PCT and
PET may refleot differences in accessibility of dirad‘x’rl-
glycemla to “the enzymes. The avauability of dira.dyl-
gly@emls for PET and PCT showed = aignifinant deereaee in
white ma&ter nicrosomss with andsmutritian. Siuuarly the
av'a:uabinty ot aimﬂylglycemls foxr PET was deeraaaed in
gray matter microgomes zmm utdemonrished rats bnt that of

PCT was not atfevted (Table 52).

Em and Vmex values were determined t‘br dicaprin and CDP~
choune or Gb?wthanolamlne substrates using a dimet :u.near
ploﬁ a8 ‘deseribed by Eisenthal and carniah‘—xowden (1974).

?;;19 method is found %o be superier tq plots of reciprooal
volocities. versus reviproval eon&antraﬁiong (Atkins and Nimmo,
1075; Markuss ot 81, 1976}« The Kn md Voax values are given
in Table 53 which shows that the Km values for both PCT and PET
for dinaﬁrin :anﬁ ChpP=hages were unaffected in gray mattor
microsomes during neomatal undamutxitioﬁ, But the Km values
for PCT and PET for dicaprin and eBP—sthamlémine were found "lm
* inerease by two fold in yhita matter miorosomes dmring neovnatal
undernutrition anggasting that thé affinity of the inzyma
towards the corresponding substrates wes low during nﬁdexﬁ

nutrition. In all the cases the Vmax values were found to be
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decreased (Table 53} These results puggest that nnder—
nutrition might cause an alteration in the properties of these

two onzymes., This needs furbther investigations.

The significani doerease in the aetivities of phospho-
@tha&olaﬁiﬁe and phosphocholine transforases aoi theo dacreased
concentrations of endogornous dirqdy1~g1yeerpls in the white
ﬁattar mierosomes with nﬁdexnﬁtriticn well correlates with the
deerensed concentrations of EPG and CPG in the white matter
wherens no significant changes were observed in the concentra-
tlons of EPG and C?G in gray metter with undernutyition even
though a significant decrease in ihe ectivities of PET and #CT
waere observed., This may be because of the alow turnover of
the CPG and EPG in the gray matter in the ease of nadernonrished
rats (Horroeke and Reddy, 1980). However, the sebivities of
the enzymes measured in vitro need not reflect the concentra-
tions of the tissue lipids becsuse the different lovels of
substrates, inhibltors and m@dulatars present in the in vive
syetem and their affinities’towérds the engymes will determine

the hiosynthesis of lipideys



