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The relationship between undernutrinon-induced alterations 1in some myelin membrane-hourd enzynte achvities and
phospholipid fatty acid composition of this membrasie was ascertained i developg rat brains Undernutrition was
imposed in pregnant dams through gestation and lactation, (Jast 10 days of gestation, and through lactation) by feed
restrichon. Experimental groups of ainmals received 50% of the t of diet c d by ¢ {s. Pups ben to
these mother rats were Lilled at day 7, 14 or 21 of postnatal age. Myelin membrane was 1solated from the major regions
of the brain, and analysed for phospholipid fatty acid profiles, phosphoinositides and ganglioside species While there
were no diet-related differences in the acnwities of 5 -nucleotidase (EC 3 1.3.5), myelm phosphalipids from cerebella
and brain stems of experimental rats exhibited lowered proportions of the long-chain polyunsaturated fatty acids, Cy,
(n—6) and Cpy, (n—23) concomitant mth elevated activities of ouabain-sensibve Na* /K*-ATPase (EC 36 L.4).
Levels of diphesphoinositide, triphosphoinosiude and trisialogangliosides also decreased in myelin from brains of
experimental animals, These results suggest a relationship between myelin phospholipid fatty acid profiles as mndicators

of membrane unsaturation, and the possibility of allosteric modification of Na* /K *-ATPase activity.

Introduction

The dependence of actvity of membrane-bound en-
zymes on a hydrophobic environment suppled by the
membrane hpid bitayer, 15 well estabhshed The extent
of polyunsaturatton present m the membrane, appears
to be involved in madulation of activity of such mem-
brane-bound enzvmes {1] Mampulation of nutntional
status, which induces changes i acyl compositions of
biological membranes (n vanous tssues, 18 known 1o be
accompamed by alteratons i the actvity of mem-
brane-associated enzymes [2]

Na'/K *-ATPase activity, which exhubits an overall
dependence on membrane phospholipids, 1s influenced
by both the length and degree of unsaturation of acyl
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moteues of phosphohpids [1} Fatty acyl profiles of
myehn membrane phospholiptds are specifically altered
i response to dietary deprivation, dunng the bran
spurt [3], and earher workers [4] have documented the
impaired capacity of brain mucrosomal elongation and
desaturation systems to synthesise the long chain poly-
unsaterated fatty acids charactensuc of myehn mem-
brane liowds, m such expenmental ammals The ex-
istence of Na*/K*-ATPase (EC 36.14) and 5'-
nucleot:dase (EC 3 1 3 5) actvines 1n myelin membrane
have been reporied recently 15,6} The actmity of these
two enzymes 1o the myelin sheath suggests that myehn
membrane may play a sigmficant role in biological
transport of cations

Our study thus basically aims at assessment of the
influence of altered phospholymd acyl profiles of myelin
membrane under nutnuonal inadequacy, on the actvity
of myehn Na*/K*-ATPase and 5"-nucleotidase Since
myehnopenesis proceeds at different rates in varous
regions of the brain, we were mterested i determining
whether (1) myelin phosphohipid fatty acyl compoesiton
would be differenually affected m the cercbrum, cere-
bellum and bramn stem., and (u) as a corollary, myelm
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membrane bound Na* /K *-ATPase and 3'-nuclectidase
would abko exiubii such regionai differences i vainera-
bikty to the stress Ganghoside profiles of myehin were
stmultaneously studied, since these complex hpids are
known to influence membrane surface potentials and
1omic permeabilities [7,8] In addition to the glyco-
sphmgolipads, the polyphosphoinositides are also 1m-
phicated in transmembrane cation flux m the pennodal
loops of myehn [9]. necessitatisg a study of their levels
as well to enable an understandimg of the vanous
modulatory factors that mfluence myeln membrane
bound Na*/K*-ATPase activity

Matenals and Methods

Maierials Substrates and chemucals used for enzyme
assays were obtamned from Sigma Chemucals, St L s,
MO Solvents used were of analytical grade

Nuerinonal studies Typically. undernutniion was um-
posed 1n 10 day pregnant Wistar strain rats by feed
restnction through pestation and lactanon Rats fed a
22% protein diet (ad hb, adeguate with respect to all
other essential nutrients, fats carbohydrates, vitamuns
and minerals) were used as control ammals, wiile those
fed 50% of the diet consumed by the controls were
treated as expenmental (undernourished) ammals Pups
nursed by these two groups of dams were considerad
controls and expenmentals, respectively Litters were
culled to a size of § at barth, and bramn tissues from
control and undernounshed groups of pups used for
analyses, at 7 14 and 21 days of postnatal age

Ammals were decapitated, brains dissected out mto
major anatorucal regions (except for 7d bramns which
were used whole), and rapadly transferred to preweighed
chilled vials Myelin was 15olated and Na*/K¥-ATPase
assayed according to the method of Reiss et al [5],
while §'-nucleotidase was assayed as descnbed hy
Cammer et al [6] Bramn tissues from cantrol and expert-
mental ammals were always processed simultaneousty,
and 1solated myelin membrane fractions were assessed
for punty at all stages studied, using suitable marker
enzymes (glucose-6-phosphatase [10] for mucrosomal
contamination, succanate dehydrogenase {10] for
mitochondnial, thiamine pyrophosphatase [10] for golgt.
5-nucleonidase (101 for plasma membrane, and
acetylcholine esterase [11] for axolemmal coutamna-
uon) All enzyme assays were done in duplicate, and the
amount of protein used and time of incubation were
within hinear range of the enzyme reactions Myeim
Na'*/K*-ATPase was always assayed n the presence of
5 mM aade to exclude the contnbution of mutochondnial
ATPase Assays were performed in the presence and
absence of (a) 3 mM cuabam, and {(b) 0 01% deoxycho-
late (DOC)

Myehn lipids were extracted by the method of Folch
et al [12] Indivdual phospholipids were separated by

two dimensional thir: layer chromatography (TLC), with
modified soivent system for the second cimension
[13,14] Resolved bands were identiied with 1odine
vapours (by companng wath standard lipids run sumul-
tancously) Identified phosphohpids were scraped off
the plates, eluted with sutable solvents, and the eluates
taken to dryness under mitrogen The phospholipid fatty
acids were then transestenfied with 5% methanolie
NaOH for 30 mun, neutralised with 035 M aceuc acid,
washed twice with methanol/water (1 1 v/u) and ex-
tracted into petroleum ether, finally being taken to
dryness under mtregen and suspended i 1so-octane

The phospholipid fatty acid methy] esters were sep-
arated mm a Vanan Model 3700 gas chromatograph
equipped with a flame romsabon detector and a steel
column (1/8 mch internal diameter, contaiming Silar
10C as stationary phase, adsorbed on 80-100 chro-
mosorb W, Supelco Inc Bellefonte, PA) Nitrogen was
used as the carrer gas at a rate of 20 ml/mn Oven
temperature was 200°C Peaks were 1dentified using
reference standards supplhed by Sigma Chenucals, St
Lowss Peak area computation was done on 2 Vanan
4270 electronic integrator

Myelin membrane cholesterol was estimated accord-
mg to Zlatks et al [15] Polyphosphomositides were
extracted from myelin membrane samples by tue method
of Hauser et al [16] and separation carnied out by TLC
as described by Pappu and Hauser [17], Lypid phos-
phorus was quantified by a micro-method [18] Blanks
of 60 mg of silica gel gave readings equivalent to 006
ug of phosphorus Appropriate correchons for Lipid
phosphorus were made by elimmating phosphorus con-
tamned 1n sihea pel Ganghaossdes of myelin membrane
were extracted and resolved by TLC according to the
procedure adopted by Suzuki et al. [19], detection was
carnied cut usmg resorcinol spray {19] and ganghoside
NANA (WN-acetylneuramuni acid) estimated by the
method of the same authors Membrane protein was
quantitated by the procedure of Lowry et al [20] using
crystalhne bovine serum albumun as a standard

Statestical analysis Al data were statistically analysed
and the sigmficance of differences between the means
of control and experimental groups was calculated using
Student’s ‘¢ ’-test [21]

Results

Body weight and bram weight differences wn under-
nourished rat pups

Pre- and early post-natal undemutntion caused a
significant reduction of body weights of expernmental
pups (10 54 9% of control values, P < 0 01) by the thurd
week of life Brain weights of these ammals were spared
considerably from such an effect Pooled bramn-region
weights in undernounshed progeny were 90-92% of
control values n all the regions studied



TABLE 1

Actunires of myelin membrane Na* /X ATPasc jumol fmg protein
per fr)

Myeln membrane 1sclated from whole braing regional homogenates
according to Reiss et al {5] and Na*/K*-ATPase assawd  de-
scnbed 1 Methods Enzyme activities are expressed as pmol P,
formed per mg protein per h The values are means+=SE for s
independent expenments mn each case Diffurences between control
and urderncunshed groups assessed for stausucal sigmifcance by
Student 5 r-test. * P < D05, ** P<001 *** P< 0001 (Eght whole
brans at day 7 five cerebra/eight werebella/eight bran stems 1t days

14 and 21, were pooled 1o yield myelin membrane samples m every
expenment)

Age Group Whotle brain -
w
‘7d Control 1414204
Expenmental 1454255
Cerebrum Cercbellum Brain seem
{ o o
14d Conrrol 1861147 1231149 161+0354
Expenmenial 2134194 1941076 ** 1854070 **
21d Control 145+063 1351076 165+200

Expenimental 210£13% ** 1964114 ** 2454048 *+

Myelin Na™ /K *-ATPase and 5 -nucleondase

Activity of Na*/K*-ATPase n rayehn membrane
was sigmficantly elevated in both the cerebella and
bramn stems of undernounshed rat pups at 14 and 21
days of age {actrvity i 14d expenimental cerebella and
bran stems bemng 156% and 115% of corresponding
control values, P <001, Table I) By the thurd week of
hfe, the cerebral myeln Na*/K*-ATPase activity had
also mereased mn expenmental brans, to 144% of that in
control cerebral myelm membrane Actmvity of this en-
zyme 1n myehn from the brain stems ncreased further
by day 21 m undernounshed rat pups (from 115% of
control values at 144, to 148% of control values a1 21d,
P <001) Presence of deoxychalate vielded an ap-
proxmately 3 7-3 9-fold shmulauon of myelin Na*/
K™-ATPase actvity during the second and third weeks
of hfe (Table II), 1n both control and expenmental
ammals Myeln membrane protem, expressed as mg
protemn/g bram, did not exhubit significant differences
between these two groups, 5'-nuclectidase activitres were
not altered 1n the braimn regions studied i expenmental
ammals, a1 any stage That the 1solated myehn mem-
brane fraclions were reasonably free from contamuna-
non with other subcellular membranes, was evident
from the data obtamned on marker enzyme relanve
spectfic activities 1 myelin {data not presented)

Myelin phospholipid acyl thain compositzon and cholesterol

A study of the myelin phospholipid fatey acyl pro-
files (Table III} indicates that there are sigmficant de-
creases m the degree of membrane unsaturation, as
shown by the unsatvration mndex of myehn phospholi-
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TABLE 11
Effect of devyycholute on relin membrane Ma */K * ATPase

All values reorewnt means+SE of six independent expenments
BEnzyme assays 0 he porocel C Beosyohe's ¢ ceatuned 0M%
{DQC as final concentranon) of the detergent all assays were per-
formed in duplicate C3 cerebrum (L cerebellum BS bran stem

Na™ /K" ATPase Rauo
(LMol P /wgproten sbimulated acuvity
per hy basal activily
basal stimulated
(- DOC) {+DOC)

d Conrol 141x204 396+448 28D

Explal 1464255 414£516 2384

144 CB Conwol 11B6+147 691:+584 371
Expral 213+194 97+618 3174

146 CL Comwrnl  124+149 458+436 370
Fxptal 194+076 7281508 3175

14d 8BS Conral 1614034 6l6+696 382
Exptal 185+070 7104716 381

21dCB Control  1453+064
Expial 20+179

552%366 3R
80¢+567 383

21dCL Control  135:076  513x503 3186
Exptai  196+115 750:711 386
21dBS Control 165+208 63%+648 386

Exptal 2351048 9474686 336

TABLE Il

Myelin membrane unsuturation mdev and contents of phosphalipid long
chain pehamsutarated fatty acids

Values are means+ S E of sux independent observations 1n each case
Unsaturauion index {21] = sum of (percentage of eoch fatty acidx
number of double bonds} C, comtrol E expenmental CB cercbrum
CL, cer¢hetlum BS bran stem Dnffercnces between comtral and
experumental groups are assessed for statistical sigficance by Siu-
dents i-test ** P <00l *** P <0001

{n—8)+{n-3 Unsat Cup1/Capy
index
M C 84403 591 0151001
E 20105 587 01540016
14d CBC 220103 1276 029310018
E 1621062 ** 082 04240036 **
14d CL.C 138403 1368 03640034
E 143102 973 OB4 40081 *="
14d BS C 25103 1426 03110034
E 6+04™"" 1076 D74 +£007R8 ***
214 CBC 271+06 1581 04040 046
E 169403 *** 12t 0 08940096 ***
214 CLC 17203 1665 03110034
E 174+05 *** 1134 07220077 =**
21dBS C 143207 1933 V330039
E 19905 **++ 1182 071+0081 "=
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pids from the cerebellum and bran stem (at both. the
14d and 214 stages) m expermental ammals (Table II1)
The differences 1n unsaturatron mndex in these regions,
between control and undernourished groups, exceeded
those observed in the cerebral myelin from these groups
Surpnsingly, the 20 3/20 4 ratios 1n membrane phos-
pholipids from all bram regions of nutnticnaily de-
prived ammals were significantly increased, akin 1o the
conditon of essennial fatty acid deficiency (EFA), where
an increased trienc,/tc rarne ratio s utihsed as an indi-
cator of EFA insuffictency {(Gallt et al [22]) While
phosphaudyl-choline, serme and -tnositel 1n expernimen-
1al myelin accounted for about 10% each, of the overall
increase i phospholipid C, 5, phosphatidylethanola-
mine acconnted for the maximal mgrease of Cyp 3 (78%)
in these food-restnicted pups

Myehin maturation was accompanied by an increase
in relative propottions of the polyunsaturated fatty aeid
(PUFA) content of phospholpids the total (7 — 6) +(n
— 3) fatty acids increased from 8 4 to 34 3% between 7d
and 21d after buth, as against 90 to 199 dunng the
same peniod m control and experimental ammals re-
spectively (Table I11) While myelin membrane phos-
phohipids from undernounished pups tended to exhibit
higher percentages of saturated (Cigo+ Cygg) and
monounsaturated (C,5, + Cyg( + Cyo1) fatty acids than
corresponding controi pups, such differences were not
statistically sigmficant The ratio (n- 6)/(n—3) re-
mained constant wm both, control and food-restnicted
groups, however, despite sigmficant dimanutwons, at
both, 14 and 21d in the (2 — 6) and {n — 3) senies fatty
acids, 1n expentmental ammals By the thurd week of hife,
the {1 — 6) + (n — 3) contents of myelin obtaincd from
cerebra, cerebella, and brain stems of underncunshed
amimals, censttuted 62%, 59% and 58% or corre-
spondmg control values, respecuvely (P <000, Table
1

No changes were observed in the headgroup distribu-
tion of myehn membrane phospholipids between the
twe groups of ammals {data not shown) Analyses of
fatty acyl profiles of mdividual phosphoiipids rovealed
that chacylglycerophosphoryl-ethanolamine{(dGPE) and
-mnositol (dGPI) were maximally affected by the stress
of nutrmtional madequacy, while no sigmficant alter-
ations were recorded 1n the diacylglycerophosphorylcho-
Line, or senne classes All the three regions examned
indicated drasuc reductions in dGPE arachidonate
(Cy 4 and docosahexaenoate (C,; ,) 10 myehn from the
expenmental group (Figs 1-3)

The dGPE fractons from experimental cerebral,
cerebellar and brain stem myelin were more affected, in
terms of reductions mn these Jong chain PUFAs (P <
0001, Figs 1-3) The (dPGE)C,; 4 in myeln from these
regions, constituted 39 8% 27 9%, 31 3%, (dGPE)C,; 4
was 325%, 24 8%, 22 9%, respectively, of control fig-
ures Percent values of Cy,, m the dGPI fractions of

dGPE dGFi

s

14d 21d 14d 21d 4d 24 4d A1d

Fig 1 The propottion of 20 4 (n—6) and 22 6 (n —3) m ethanola-
mune{dGPE) and mo-1tcl{dGP1) phosphoacylgly Is from hral
myelin membrane fractions dunng dietary medequacy The under-
nulnhion was mhated prenatally uplo 21d ot age (see text for details)
Results (cxpressed as percentage values of total fatty acid methyl
esters of respective phosphohpid) are the mean percentages of acyl
graup composition fiom three mdividual samples (d = age, 10 days}
T, Control, 7, undernonnshed

dGPE == ]
20 4 22 © 20 4 22 B

O

14d 21d 1d a1d 1ad  ad  1d4a  @la
Fig. 2 The proporton of 20 4 (n —6) and 22 6 {n —3) 1n ethanola-
mune-(dPGE) and 1nositol-(dGPI) phosphoglycendes from cerebellar
myelin membrane fractions Resulis are the mean percentages of acyl
group composibion from three indivmdual samples (d = age in days) O,
Control &, undernounshed

UGFE daGPI
20 4 22 & 20 4

ol a
14d 21a 4d 21d 4d  29d  14d 21d
Fig 3 204 {a—4) and 22 6 {n —3) proportions In myehn phos-
pholipids from the bram stem Results are the mean percentages of
aeyl group composiion from Lhree individual samples (d = age, :n
days) 03, Control, B, undernounshed



119

TABLE IV cholesterol contents did not vary between the two groups
Profiles of myelin b gangloside lated from the dopuoping studied
rat bramn

Values represent means+ S E of six chservanons each ard are ex-
pressed as mole percent {mole fracti n <100 Mole percent of any
1des =

grven ganghiosides L No_of moles of the ganghosde

Sum of No of moles of all ganghosdes (G, + G, + G, + 7))
ganghosides derived from pooled agueous upper-phase [12] extracts of
myelia samples determuned by the method of Suzuki et al [19] after
resolotion by thin-layer-chromatography G (tnsialoganghoside) G
and G, (disialoganghosides Gy, and Gy, respectively) G, (mono-
sialoganghoside) Ganghosides are termed according to Korey and
Gonatas [32] with the corresponding Svenneriolm nomenclature n
parentheses [33] Statisiical siguficance of the difference between
control and expenimental groups ** P <001, *** P < 0001

Gangliosides und polvphasphomositides of myelin mem-
brane

Food restrnichion-induced Jhanges 1n gangliosides
species compesiuon are illusirated wn Table IV The
total amounts of N-acctylneuramumic acid /mg myelin
(ganghosde siahe acid per mg of lyophilised myehn
membrane} remained unanered between control and
undernounshed groups However, distnibytion of hpid-
bound siahc acid among vanous ganghoside species did
exhubit differences Charactenstically, the mole frac-
nons of G,(GD,,) in the myelin gangliosides From
expenmental cerebella and bran stems at day 14 -

Giroup /regon of bram G (G GG creased at the expense of lowered amounts of the higher
1] i

144 Control cerebrum 1177£0099 136820 143 ganghoside, G\(GT,) (P < 005 and 0001, zespecuvely)

14d Expenmental cerebrum 116520 119 1375- 0171 These patterns were evident at the 21d stage too, albent

14d Control cerebellum 11 75£0 066 137220284 with a further drop of G, (GT,) levels in the cerebellum

14d Expenimental cerebellum 1110£0130 **  15074+0112 #+* ganghosides, as compared to the 14d stage, in under-

14d Conirol brain stem 11310092 1383+0079

14d Expenimental bramn stem  873+0010 *** 1714+£0170 ***

nourished pups (P < 0001, Table IV)
Phosphaudylinositol phosphate levels n expenmen-

21d Co b 1180+0 6 137M+1114
nd Ex;el;oixr:al?czbnm 11 wioogg 13 721 G031 tal cerebellar myelin showed a lowering at the 14d stage,
21d control cevebicllum 11 5020 086 139141160 while by day 21 sigmficant differences were obvious

21d Expenimental cerebelluom 87810106 **™ 160310057 *+*
21d Coatrol bram stem 117810078 136140166
21d Expenmental bram stem 846+ 0057 *** 1703+£0037 ***

experimental myelin membrane were 296%, 47 6%,
57.9% winle C,, , represented 57%. 50% and 42 1% of
corresponding control figures for the cerebra, cerebella
and bram stems, respectively (Figs 1-3) Membrane

berween control and experimental myehn phosphan-
dybmositol phosphate (PIP) and phosphatidyhinosital
diphosphate (PIP;) from all bramn regions studied, the
deficits bemng most pronounced 1 the expenmental
cerebellum (P < 0001, Table V)

Discussion

Our data demonstrate that nutntionzal inadequacy
mediated alterations in myeln membrane phospholipid

TABLE V
Lenels of phosphatidyl tnosttal phosphate (PIP} and phosphatiad inositol dphosphote (PIP) m myvelin membrane isoluted from varous regons of the
A ing bram i p ily under hed rat pups

Myehn 1solated from brans of control and expenimental (see text for detals) rat pups aged 7 14 and 21d was processed fof extractan of
polyphosphomnosindes [15] The polyPl hpid fraction was then resolved by TLC [16] into phosphatidyhinosital phosphate (PIP) and phosphat-
dyhnosnol d:pllosphatc (PIF:), and phosphorus in 1solated bands determmed [17] (a) denotes percent (percent of total myeln Ilpll.l weight) of

Iphosphate {PIP) while {b) denotes percent (percent of toial myehin Lipid weighty of phosphardyl Idsphosphate (PIP;)

Duffererces between cantral and exper | groups d for staustical Sigmificance by the Student’s test * P<D05, ** P<0 o1,
a4 p <000l Al values are means £ 3 E of six mdependent observatans.
Group
Whole bram
(a) (b}
7d Control 161+0052 09310030
7d Expenmental 154409055 0910017
Cerebrum Cerebellum Brain stém
@ (L) (a) (b) {a) (b)
14d Control 1650092 08740028 176+0013 095+0008 1 7610067 098+0078
14d BExpegnmental 158+0012 09610013 14920028 """ 094+0047 164 10024 1010031
214 Control 1810027 10610036 1670018 10810018 1740088 t 05£0033
214 Expenmental 15640028 *** 09310017 ** 135£0033 =** 47810021 "> 15210044~ 69510006 ~
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acyl chain composition are associated with elevated
activittes of myehn Na* /K *-ATPase i expenimentally
food-restricted, growing rat pups While such changes in
myeln phospholipid fatty acid profiles have been re-
ported 1n bramns of undernounshed amimals before [3),
there have been no attempts to simultaneously examine
functional parameters of the membrane under these
conditions Thus, these obsarvations are of relevance, in
terms of a functional role for myelin membrane, since
the existence of an mirmsc Na® /K*-ATPase 1in ths
membrane impheates that the former 15 1nvolved 1n
regulation of cation fluxes

Definitrve evadence for the association of an enzyme
with myelin membrane 1solated from young, myehnat-
ing brans, 1s rendered difficult owing to the “act that
the distnbution of membrane materal 1n a sucrose
gradient changes dramaucally dunng growth of the rat
pup Marker enzyme profile characterisatron, which was
tarmed out {0 enable an assessment of the punty of
isolated mychn fractions, firmly ruled out sigmfrcans
contanunation with other subcellular organelles/
membranes Characteristics other than actmaty under a
single standard set of conditions should provide a more
rehable index of the intninsic nature of a membrane
bound enzyme [6] We, therefore, chose to determune the
response of myelin membrane Na* /K. *-ATPase 1o DOC
treatment The 2 8-3 9-fold stimulation of Na't/K*-
ATPase activity 15 1n conformuty with the observations
of Reiss et al [6], and proves that the enzyme bemng
assayed under these experimental conditions 1s myeln-
associated Na* /K *-ATPase Besides, the fold sumula-
tion factar, representing the ratio stimulated/basal
Na*/K*-ATPase activity was simular between control
and experimental myehn membrane clearly confirmung
that the proportion of vesiculansed myelin menibrane
was sumilar these samples Lack of differences n
amounts of myelin membrane protein between control
and undernourished groups indicated that the docu-
mented increases 1 specific activities of myelin
Na*/K*-ATPase of experimental ammals did not anse
from overall differences 1n membrane protemn contents,
though 1t did not rule out the posstbility of an alteration
n the amount of ths enzyme protein 1 such ammais

Ouabain-sensitive Na* /K *-ATPase 1n cerebellar and
bramn stem myelin membrane, was sigmficantly elevated
n experimental ammals at both the 14d and 214 stages,
concomutant with decreases in the double bond index
and proporuons of long chain polyunsaturated fary
acids This occurrence 15 probably ndicative of an
adaplative change m enzyme actmvity, 1n response 10 an
altered phospholipid acyl profile of myehn phospholi-
pids That cercbral myelm at 14d does not extubit
changes 1n Na” /K™ ATPase acuvity provides convinc-
ing enongh evidence that the cerebral hemispheres are
not myelnating at the same rate as the other two

regions {cerebetlum and brain stem), and are therefore
not affected to a simular extent at this stage

The (n—6)+(n—3) values from myeln phos-
pholipids of undernounshed ammals remamed helow
those of control counterparis at all the ages examuned,
and are defimtively indicators of impairments m the
capacity of the growing bramn under nutritional stress,
to elaborate long chain PUFAs charactenistic of these
membrane phospholypids Vallet-Strouve and Tordet-
Candrort [23] have shown a sumlar decrease of the
enzymatic desaturation of hnoleic acid (Cig, (12— 6)
whuch 15 the precursor of the {(# — 6) senie fatty acids
[24] m intrauterine-growth-retarded rat bramns Sec-
ondly, 1t has been demonsirated that both, (n — 6) and
(n— 3) series are metabolised competstively [25), how-
ever, n this case, as the total (n—6)+(n—3) fatty
acids from experimential myeln phospholipids was
modified. as compared to controls (as opposed 1o con-
stant {(n — 6),/(n — 3} ratios), we presume this modifica-
tion 18 not g reflection of enzymauc competition be-
tween the two polyunsaturated series

That the changes documented in long chain PUFAs
of myelin membrane from expenmental pups do not
anse from alterations 1 phospholipid headgroup vana-
tions hetween groups was clearly testified by the lack of
chfferences in headgroup compasihons This part of the
study was deemed immportant because (while talayer
flméity 1s basically a property of the motional state of
the lipid acyl chains) the hpid headgroups also have
shown te have a sigmficant effect on acyl chain motion,
4and more importantly, membrane unsaturation [1]
Large increases in dGPE C,y 5, which resulted ulti-
mately m the raised Cyp./Cy, rattos of myehn n
undernounished ammals, most likely owes its ongin to
the alkenylacylglycerophosphorylethanolamne (aGPE)
fractien, simce we did not esumnate Cy, levels sep-
arately i these two types (dGPE and a GPE) of
ethanolamme phosphoacylglycerols The fact that
myelin 13 rich i alkenylacyl GPE makes ths a reasona-
ble speculation [26] Furthermore, the absence of signifi-
cant alterations m percentages of Cyy 5, Cyp4 and Cpy g
m dGPC and dGPS are not unexpected, because these
wo phospholipids normally contain only smail amounts
of PUFA The dramatic lowenng of arachidonate and
docosahexaenoate in dPGE and dGPI dunng the 14
and 21d stages support an nvolvement of the cyto-
chrome reductase dependent microsomal chain elonga-
uon-desaturation systems of the bran n the expenmen-
tal animals [4] In this context, 1t 1s interesting to note
that fatty acid dehcient liver plasma membrane
Na*/K*-ATPase was shown {27] to have hugher ¥,
and K, compared with contrals Decreases n mem-
brane unsaturation of the kind reported here, could be
expected to nfluence physical properues, hke ‘bulk
fhuduy’ [1] of the membrane bilayer and thereby, mem-



brane-bound enzyme activity, though such changes {of
membrane) flmdity have not been momtored m ths
instance  Cholesterol 15 also known to influence
Na* /K -ATPase activity [1], by virtue of 1ts ability to
inlubit  molecular maotion /conformational  freedom
wilhin the phospholpid Wlayer No differences were
found, however, In myelin cholestercl contents betwean
the adequately fed and restnicted group of anumals, thus
excluding the involvement of cholesterol in the observed
changes in Na*/K™*-ATPase activity mn expenmental
amimals The greater vulngrainlity of the cerebellum and
bram stem myelin from experimental animals, (& un-
dernutntion induced alteragtons 1n phospholpid com-
position are attributable to the earhier onset of myelino-
genesis in these regions, since the progress of myehna-
tton m the central nervous system 1s known to be
caudo-rostral Lack of an effect of the aliered phos-
pholipid acyl composition, on 5 -nucleotidase 1n experi-
mental myeln corrcborates earher observations [28]
indicating that the activity of this enzyme 1s indepen-
dent of membrane hmd composition

Myehn membrane possesses a charactenstic com-
position of glycosphingohmds, or ganghosides The
presence of ganglosides 15 known 1o ncrease conduc-
tance of phesphatidylcholine bilayers, and cqause changes
of surface potential and molecular packing of hpids [8]
Thus, 11 1s concewvable that nutntional inadequacy-
mediated lowerng of the levels of the lugher polystalo-
ganglhoside Gy (Gr,) in myehn membrane from expers-
mental cerebella and brain stems (Table V1) could be
influencing membrane lipid orgamisauon as well This
speculalion seems to be 1 general agreement with the
altered activities of myehin membrane bound Na* /K™
ATPase Recent reports have also suggested that 2ang-
ltosides may alter the acuvity of membrane-bouand en-
zymes Brain Na*/K*-ATPase showed an erhancement
of 26-43% by exogenously added gangliosides [29] thus
process was concentrabon dependent and required sta-
ble, irreversible insertion of ganghosides into the mem-
brane bilayer

Previous workers have reported the presenc: of phos-
phatdylinositol phosphate (PIP) and phosphau-
dylinositol diphosphate (PIP;) in packed myelin lamel-
lae, and speculated upon their involvement m regulation
of cation fluxes in this membrane [9] Besides, Kahn
and Morell {30] have more recently obtamned evidence
for the turnover of phosphotnositide and phosphatidee
acid m myehn, and its sthmulation by acetylcholine
These findings are suggestive of an infiuence of phos-
phomositides {(viz PIP and PIP,) on the activity of
catton flux controling enzymes such as the myehn
Na'/K*-ATPase. The lowered levels of PIP and PIP,
1 myelin from undernourished pups thus seem to effec-
tively eliminate their involvement in observed elevations
of Na*/K*-ATPase actuvity under the conditions of
our experiment
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In conclusion the data summansed in this account
support the role of an adaptative increase 1n myehn of
expenimental anumals, in an attempt, possibly to coun-
teract the overall effecis of decreased unsaturation of
membrane phosphohpids The consequences of such a
phenomenen are presently not understood and deserve
further study, in view of the fact that myehn Na*/K*-
ATPase could control both wansmyehn flux of 1ons
and flud [31]
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