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Soma distinotive features of the nervous system are that

the neuronal cells have axons which along with dendrites in
the connpoting neuron enable neuronsl transmission and these
axons are myelinated to various degrees in different parts of
the nexvous system. Beoause of the myelin sheath whioh is
vhite, parts of the brain which are hearvily myeux‘mtod appear
white in contrast to other parts which sppear gray even to the
.naked eys. Gray matter mainly consists of neuronal cells ’
bhodies, dendritic trees, synaptic endings and protoplasmia’
astroeytes wheress white matier ocntains myelinated axons;

| oligodendrooytes and fibrous astrocytes. ';‘he degree of
nyelination varies with phylogenetic and ontogenetic develop-
ment and this is refilected in the proportions of gray and white

matter and consequently in chemical composition.

Among the ur.:ajar chemical constituents liplds foré one of
thﬁglmportant componcute of the central nervous systenm (GNS)
and a¥e bolieved to have several functions at menbranel level,
In the CNS, white matter contains higher percentage of lipids
than gray matter, This is because of the preponderance of ‘thc"
1ipid rich myelin present in it, Among the lipida sholesterml,
galactolipids, phospholipids and gangliosides are the major
ones present in CNS, Gray matter is rich in zangliosides

whereas all other lipids arxe :iax'e in vhite matier,
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Several studies have been ¢onocerned with chonges with
development on the domposition of the whole brain or isclated
myelin and the effects of nuiritional stress on the saue.
While the study cf the whole brain gives us an idea of the
overall processes, the study of changes in gray and white
matter will provide some additional insighis regarding the
development of neuronal cells,; glial cells and myelination,
However there are not many reports on changes in the 1ipid
composition of gray and white matéer with development and
putritional stress. It was therefore comsidered worthwhile
to inveatigate the changes in ithe 1ipid composition of gray
and white matter quring the developument of the rat brain ss

well ag the effects of nutritiénal defi@iencies on the same,

Btudies were carried out on the changes with dovelopment
and nutritional stress in eariy 1ife on the lipid composition
of gray and white matter in the rat brain. For the former
rgpeet studies were made bt 2,3,4,6,9,12,20 and 58 wecks of
age, Nutritional stress was induced in the form of meternal
protein or caloric or thiamine deficiency, Studies weve also '
made of the reversibliiity of effeots of neonatal undernutyition
with reélimentatibn during the postweaning period. The lipids
studied were cholesterol, galactolipids, phospholipids,

gangliosides and various phospholipid fraetiens,

Adﬂiticnﬁl studies wore made on 2',3%=0yelie nueleotide

8% —phosphohydrolase (CNP) which is considered 2s o myelin
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marker engyme and on phoaphocthansiamine ond phasyﬁoch&liq9
transferases which are involved in the synthesis of EPG and
CPG respectively the proportions ¢f which are found to be

altered with maturation and nutritionnl stress. The studies
on thismine deficiency were extended to the whole brain ond

spinal cord in order to get comparative data,

During the development of the rat brain, gray metter
reachos 100% of its adult weight by three weeks of age whereas
white matter shows a steady increase with age. The lipid
concentrations (mg/g fresh tissue) in white mottor were much
higher than in gray matter as expected, the respective values
in the mature gray natter being 61, 15, 5 and 42 for tobal |
iipids, cholesterol, galactolipids snd phospholipids and the
corresponding valués for white mattor being 188, 33, 33 and Ti.
The sdult values were found to be attained much earlier in gray
natter (by 4 weeks) whereas in white motter there was a rapid
increase between 2 and 4 woeks, of age folloswed by a pragraasively’

declined rate of increase aven after 4 weeks,

The compesition of differeont lipids as pereentage of total
lipids reaches a stable value by 48 weeks of age in both gray
and white matter, Thus the increasing concentrat jon of lipids
in the white matter with ége seers to be due to inercase in the
amount of myelin rather than a change in the cnﬁpesibion. The
proportions of white and gray matter at different ages were

derived from the galactolipid concentrations of the whole brain,



195

gray matter and white mafter. The proportion of white matterx
was found to incresse with age as cxpected the valuss being 19%
of whole brain at 8 weeks , 36% at © weeks and 54% ot ané year
of age. As a corollary te this the contvibotion of different
lipids by groy matter to the whole brain was more at early ages
and decrcesed withlage. Computations were made of the
proportions of myelin and nonmyolin components of the white
matter from the whole brain myelin values QSﬁuming thmt all

the myelin in whole brain is present in white motter. WYhite
nmatter was found to eontain about 459 of myelin and 55% of
nonnyoclin on dry weight basis,aﬁ all tﬁe ages éxceyt ab 2 weeks
of age., Howevey, the 1ipid rich‘myelin was found to coniribute
more (65%) to the total iipids in white matter, This was found
to be specially the eagse with regard to galactolipids with
nyelin eantrihnting pbout 85% of the total gaias%élipids pr@éent

in white matter,

Althouzh a considerable amouni of work hos been feyertad
on the impaet of neomnatal undernubrition on the development of
whole brain, not much is known about the same on the schemical
maturation of grsy and white matter. The amount of gray matier
reaches adult.Vulue by 3 weeks of age whereas the white mattor
showed steady in¢rease even after this period. Therefore it
is reasonable to expect that neonatal undernutrition may have
differential cffects on the content and lipid composition of

gray and white matters
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Neonzatal undernuirition was found to lower the amount of
both gray and white matter but the latier was found to be
affectod more, the valne being 82% and 53% of contyols for
gray and waite matter respeetively. The eoncentyations of
gifferent l1ipids were legs affeoted in gray matter than in
white matter, the deficits hoing observed only with regard to
galactolipide in gray matter and ewith regara to most lipids
in white matter. The proportion of white matter was also
found to decresse, the values being 19 % and 13% of the whole
brain in control end undermourished rats, In the shite m@tter
hoth mysiin and nonmyelin compononts were equally affected hy
underngﬁrition. ?hus the changes observed in the whole brain
lipids were due to Woth quali&ative and quantitative changes

in gray and whit® nmatter.

When noonntally undernourished rats were fed normal dietb
(i.e. 20% protein diet) pd 1ib, after weaning & complete
catchup was observed in thoe weight of gray matter but not in
that of white matter. Thus the porsisting deficiis ohserved
ir whole brain weight arc deemsd fo be due to tke reduced
amount of white motter. The concomtrations of diffovent lipids
were, howaver, restored to norsal values hy rehabilitation,.
These results suggest that pgyay matter is less. affectoed with
neonatal undernutrition and the defioits ean be maée readily
veversed by wohshilitat ion, 0On the contrary white matior wes
found to be cffeeted more by neonatal uﬁﬂexnutri%i@n and the

deficits were irrveversible. In vhite matter iipids 6he
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teatchup' by rehabilitat ion was more in myelin rather than in
nonmyelin component, the values heing 69% and 439 of controls

for myelin and nonmyelin eomponenis rospectively.

When the necnatally undernourished rats were subjected to
protein deficioncey or undernutrition during the postweaning
period, the defioits observed in the concentration of different
| lipids at weaning were asbolished. . The bridging of deficits in
both gyay and white nmatter 1ipids even in rats undernourished
beyond weaning is in line with obsexvations of an extended
span of development in undernourished rais. Similayr observa=
tions have been made previously in this laboratory with regard
to GDH end GAD ametivities. The reported defleits in the
eoncentration of different lipids in the whole broin wore dve

to0 the gquantitative ohanges observed in gray and white matter,

Maternal thiamine deficiency is known to cause infantile
beriberi which 15 associated with neurological symptons and
specific ONS lemions . Not many studies have been carricd out
on the chemical compesition of the CNS in spite of known lesions,
Studias were therefore caorried out i find ont the offecets of
maternal thicmine deficiency during inte gestation through
lactation on lipid compogition in different parts of ONS,

Since thiamline deficilemey is known o Qause anorexia ang roeduced
food intake an additional group was palr fed on normal diet

with the thiamine deficient group.
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The thiawmine deficient group(Td} had lower body, brain
and spinal cord weighis than not ouly the gd 1ib, fed rats
given the complete diet but also the pair fed animals,
?ranaketolase, a narkey enzyme of thismine deficiency, was
found to be less in T rats but noi in the pair fed rats in
all pa:ts of the CNS studied vig., brain; épinal gord, gray
matterX ond white mibter, canfirming the thiamine defieiency

per se in TH rata,

In the cnse of brain, in both thismine deficient (ID)
group and the pair fed gruup‘(?Fﬁ), deficits were found in the
concentrations of total 1lipids, gelzetolipids and phospholipids
but the two groups differed with regard to ehulésterﬂl conegentra-
tion, cholesterol conoentrat lon decreaged in PFC group whereas
there was no change in TH group, Awmeng the pﬁoaphalipida
plasmalogens and ethanoclamimephosphoglycerides (EPG) were found
to decresse ajgnificantiy in TD group. Spinal eord showed
similor changes but ghe decresse in plasmalogens and EPG were
significant even in PFC group. An additional deerease in the
congentration of choline phosphoglycerides (CPG) in Both PFC
and TD groups was observed in the spinal cord. Thus both the
thiamnine deficiency and calorie restriction were Lound to have
pore adverse effects on the 1lipid composition of spinel cord as
compared to braln, Similor observations have been made
previously in this laboratory with regard to the effecet of
maternal protein deficiency on 1ipidceoncgentrations in spinal

corie.
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Thismine defieiencoy was found to have no signiticant
effoets on the 1ipid composition of gray matter., But the
white matter is found to be affected similar to the brain snd
spinal cord. However, the deficits cobserved in galactoliipids
\aaﬁ‘plasmalugena in TP group were significantly highexr than in
PFC group, Thus these studies suggest that calorie resiriction
or thiamine deficieney have more sovere offects on myelin
rich arens of the CHS., i.,e. spinal cord and vhite matier.

From these studies it can be concluded that the chonges
obgerved in TD group are yaétly dae to thiamine deficienéy

and partly dve te ealorie restriction.

From the foregoing it is clear that white matiter is wore
vulberable to nutritional stress than groy matiter, Since most
of the lipids in white netter are contributed by myelin the
guestion arises whether wmyelin formation is affected under-~
nutritional stress. It is known that the activiiy of
2',3'-gyolic nuclieotide 3*~phosphohydrolage (CNP), a markey
snzyme of myeolin can provide a fair index of myelinatién.
Studies were undertaken to investigate the variations with age

and nutyritional stress on the activity of this enzyme.

The gpecific activity of CNP was found to be 5-8 £nld
higher in white matter than in gray matter. The asetivity did
not show any appreeiable change with #he age either in gray
matter or in white matter. Neonatal nndermuitrition produced by

maternal protein deficieoney was associated with a significantly
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reduced specific activity of this onzyme both in gray and white
mattey suggeating reduwed myelinmntion, However, thismine \
deficiency and ealorisc restriciion do not seem t& have any
effect on tﬁe aetivity of ONP in byrain, spinal ocord, gray

matter and white nmatter.

As mentioned earlier scvers undernmutrition during neonatal
poriod was found to reduce the eagcentraﬁ}nns of total phospho~-
lipids, EPG and CFG significantly im the white matter. Therefore
studies wero undertaken to find out the effects of severe nconatel
nndernutrition on the key.enzymaé invelved in the synthesis of
ihese lipids namely phosphoothanolamine (PET) and phosphoeholine

transfersse sotivities (POT) ingray and white natter mierosomnes.

The content of microgomes in the whiko matter wos higher
than that in the gray matter. The amcents of microsomes in beth
groy and white nmatter were not affecicd by neonatal under-
nutrition, The aetivitics of phogphoethancliamine and phospho-
choiine transferases were significantly loweored with neonatal
un&ernutri;ionmﬂ in both gray and white matter. The lower
activities of these enzymes in white matter are in agrescment
with lowewr eoneentgétians of BYG and CPG. But lower sotivities
of enzymes in gray matter without any change in the @ancenﬁra-i
tions of BPE and OPG gaeﬂ oxplanation and ¢an perhaps be accounted
for by o slow turnover of these 1lipids. The data oa’the kinetic
constants of these onzymes suggest thait undermutrition might

cause an alterstion in the properties of these two enzymes..
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