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AcUvlty of myehn membrane Na+/K+-ATPase 
and 5'-nudeot~dase in relaaon to phospholipid acyl profiles, 

ganglioside composition and phosphoinosmdes 
in developing brains of undernourished rats * 
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The relationship between tmdemutri~on-indueed alterations m some m)ehn membrane-hound enzyme aettwtles and 
phosphelipid fatty acid composiUon of tiffs membrane was ~eertained m developing rat brains Undernutrition was 
impos~ in I~'egnam dams through gestation and laetataon, (last 10 days of gestation, and through lactahon) by feed 
restrtehon. Experimental groups of ammatq received ~ of the amomtt of diet consnmed by controls. Pups born to 
these rnether ram were ktled at day 7. 14 or 21 of postnatal age. Myelin meJmlmme was tsolnted from the major regions 
of the brah~ and analysed for phospimlipid fatty acid pro|des, phospheinomtides and ganglioside species While there 
were na &et-mlat~l dlflerertces In the aenvities of 5'-nucleotidase (EC 3 1.3,5), m)elm p h ~ l i p k l s  from cerebella 
and brain stems of e~pedmenml rats exlubited lowered proportions of the long-chain pol)mx~atmated fatty acids, C2u 4 
( n - 6 )  and C~e ( n - 3 )  ~ wtth elevated activities of ouabain-sensit~e Na+/K+-ATPase (EC 36 1,4). 
Levels ~ thl~mSl~inosltide, ed#msp~nosiude and trlslelogangliosldes also deerease~ in myel;n from brains Of 
exporimental amlmnls. These reSll]tS snggesl a rehtlonsMp between myelin phosphohpid fatty acid profdes as mdkaturs 
of membrane unsoruratim, and the possibility of allosteric modification of N a + / K  +-ATPase activity. 

Tim dependence of activity of membrane-bound en- 
zymea on a hyarophobtc envaronment supphed by the 
membrane hpxd bflayer, Is well estabhshed The exlent 
of polytmsaturauon present m the membrane, appears 
to be rove|red m modulation of actlVt~y of such mem- 
brane-barred m]zvmes [1] Mampudat~on of numttonal 
status, whxch reduces changes m aeyl composmons of 
biological membraned m vanous ttssttes, ts known to be 
accompamcd by atterauons m the acuwty of mem- 
brane-msoei~tted enzymes [2] 

Na+/qK+-ATPasc aeUwty, which ¢ahtbns an overall 
dependence on membrane phosphollplds, ts mfluenceal 
by both the length and degree of ansaturatlon of acyl 

• Part of tills work was pre.~led at the Intcrnatmnal Confe,'e~e¢ on 
Bxomembreat~ bold at Lucknow. ]atha, l-a Nc, vemlx-r 198S 
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moteues of phosphohplds [1] Fatty acyl prohles of 
myelin membrane phospholiptds are specifically altered 
m response to dietary deprtvatJon, during the brain 
spurt [3], and earher workers [4] ha~e documented the 
tmpatr~cl capacity of brmn nu~ro~omal elongation and 
dee, aturatton systems to syntlms]se the long chain poly- 
unsaturated fatty acads characteristic of myehn mem- 
brane hinds, in such expertmemal arnmals The ex- 
Istence of Na*/K+-ATPase (EC 36.14) and 5'- 
nucleoiMasc (EC 3 1 3 5) actmttes m myebn membrane 
have been reported recently 15,6]. The aeh~aty of these 
two enzymes m the myelin sheath suggests that mychn 
membrane may play a stgmhcam role m biological 
transport of cataon~ 

Our study thus basically alms at assessment of the 
influence of allered phosphOhpld acyl profiles of myehn 
membrane under nutnuonal inadequacy, on the acUwty 
of myehn Na+/K+-ATPase arid 5'-nudeotidas¢ Smc.~ 
myehnogenes~s proceeds at different rates in various 
regmns of the brain, we were interested m determining 
whether (t) myehn phosphobp]d fatty acyi composmon 
would be ~fferenually affected m the cerebrum, cere- 
bellum and brain stem, and (u) as a corollary, myelin 
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membrane bound Na+/K+-ATPase  and 5'-nucleotidase 
woaia ai~o exlubit such regtonai differences m vulnera- 
bddy to the stress Ganghostde profiles of myelin were 
simultaneously studied, since these complex hpids are 
known to influence membrane surface potentials and 
lomc permeablhtms [7,g] In adchtton to the glyco- 
sphmgohplds, the polyphosphomoslttdes are also tm- 
pheated m transmembrane carton flux m the permodal 
loops of myelin [9], n~es saa tm g  a study of their le~ds 
as well to enable an under,dandmg of the ~,artous 
modulator~ factors that influence myehn membrane 
bound Na*/K+-ATPase  actavtty 

Materials and Methods 

Matertal~ Sub~trateq and chen'ucals used for enzyme 
assays were obtained from Sigma Chemicals, St Lml~, 
M e  Solvents used were of  analytical grade 

Nutrmonal studies Typically, undemutnUon was im- 
posed m 10 day pregnant Wistar straan rats by feed 
restnctaon through gestation and lactation Rats fed a 
22% protein diet (ad hb, adequate with respect to all 
other essential nutrients, fats carbohydrates. ,atamins 
and minerals) were used as control ammals, whale those 
fed 50% of the diet consumed by the controls were 
treated as experimental (undernourished) ammals Pups 
nursed by these two groups of dams were considered 
controls and expenmentals, respectively Litters were 
culled to a size of 8 at birth, and brain ussues from 
control and undernourished groups of pups  used for 
analyses, at 7 14 and 21 days of postnatal age 

Ammals  were deeapltated, brains dissected out rata 
major anatotmca| regions (except for 7d brains which 
were u~ed whole), and rapidly transferred to prewelghed 
dulled vaals Myehn was isolated and Na+/K+-ATPa~e 
assayed accordmg to the method of Relss et al [5], 
wlule 5t-nucleotldase was assayed as described by 
Cammer et al [6] Brmn msues  from control and expert- 
memal  ammals were always processed s~multaneously, 
and isolated myehn membrane fractions were assessed 
for punty  at all stages studied, using statable marker 
enzymes (glueoqe-6-phosphatase [10] for mierosomat 
contamination, sueemate dehydrogenase ~10] for 
mttoehondnal, tluarmne pyrophosphatase [10] for golgt, 
5 ' -nueleohdase [10] for plasma membrane ,  and  
aeetylcholme esterase [11] for axolemmal contarmna- 
tion) All enzyme assays were done tn dupheate, and the 
amount of protein used and time of incubation ~ere 
witb.m hnear range of the enzyme reactions Myehn 
Na+/K¢-ATPase  was always assayed in the presence of 
5 mM aude  to exclude the contribution of rratoehondnal 
ATPase Assays were performed m the presence and 
absence of (a) 3 mM ouabam, and (b) O 01% deoxycho- 
late (DEC) 

Myelin hpids were extracted by the method of  Folcl-t 
et al [12] lndavtdual phosphohptds were separated by 

two dimensional dun layer chromatography (TLC), vath 
modified solvent system for the second dJmen~lon 
[13,14] Resolved bands were ldentRled with iodine 
vapours (by comparmg with standard hptds run simul- 
taneously) Identified phosphohpids were scraped off 
the plates, eluted w~th statable solvents, and the eluates 
taken to dryness under mtrogen The phosphohpld fatty 
acids were then transestenhed w~th 5% methanohc 
NaOH for 30 nun,  neutrahsed with 0 35 M acette acid, 
washed twice with methanol /water  (1 I v/~)  and ex- 
tracted into petroleum ether, finally being taken to 
drynegs under mtrogen and suspended m iso-octane 

The phosphohptd fatty acid methyl esters were sep- 
arated m it Varlan Model 3700 gas chromatograph 
equipped with a flame lomsaUon detector and a steel 
column (1 /8  meh internal diameter, containing Sllar 
10C as stataonary phase, adsorbed on 80-100 chro- 
mosorb W, Supelco Inc Belldonte, PA) Nitrogen was 
used as the earner  gas at a rate of 20 m i / m m  Oven 
temperature was 200°C  Peaks were identified using 
reference standards supphed by Sigma Chemicals, St 
Lores Peak area computaUon was done on a Vanan  
4270 electronic integrator 

M y d m  membrane cholesterol was esUmated accord- 
mg to Zlatlus et al [15] P~lypho~phomosmdes were 
extracted from myelin membrane samples by the method 
of f lauser et al [16] and separation earned out  by TLC 
as described by Pappu and Hanser 117], Lipid phos- 
phorus was quantified by a nuero-melhod [18] Blanks 
of 60 "Jag of silica gel gave readings equivalent to 0 06 
/tg of phosphorus Appropriate eorreehons for hpld 
phosphorus were made by eitwanatmg phosphorus con- 
tamed m sthca gel Ganghosldes of myelin membrane 
were extracted and resolved by TLC according to the 
procedure adopted by Suzuka ¢t al. [19], detection was 
earned out umng resortanol spray 119] and ganghosde  
N A N A  (N-acetylneuramamt, acid) estimated by the 
method of the same authors Membrane protein was 
quantltated by the procedure of Lowry et al [20] umng 
crystalhne bowne serum albumin as a standard 

Stattatl~alanalysls All data were statistically analyst~d 
and the slgmficance of differences between the means 
of enntrot and experimental groups was calculated using 
Student 's ' t  '-test [21] 

Results 

Body weJght and brain weight dtfferences m under- 
nourwhed rat pups 

Pre- and early post-natal undernntnt ton caused a 
stgmficant redueUon of body weights of vxpcnmental 
pups fto 54 95[ of control values, P < 001) by the thud  
week of hfe Brmn Wetght~ of these ammals were spaxed 
considerably from such an effect Poote~l brmn-reglon 
weaghts in undernounshed progeny were 90-92% of 
control values m all the regions studied 



TABLE ] 

Actwlm ~ of myelin membrane Na * /  K * A TPa~e tpmel /mg protein 
per h) 

Myelin membrane ~solated from '.~hole brain/regional homngenate~ 
aecordmg to Re~ss et al [5] and Na*/k*-ATPase a~a ,cd ~ d~ 
scribed m ?tethods Enzyme aett~mes are expressed as ~mo] P. 
fowned per m B protein per h Tile values are meaa~±S E for mx 
mdepenOent espenments m eat, h ca~e Dlfft.reuces between control 
and undemoonshed groups as~ss~l for stattseeal significance by 
Students t-test. * P<005, ** P<001 ~'"* P< 0001 (t~ght ~,,hole 
brains at day 7 ft~e cerebra/eight t,~,rebcila/~tght brmn ~terns at d'ws 
14 and 21, ~ere pooled In 3acid myelin membrane samples m crecy 
expenrnent) 

Age Group Whom bra.n 
u)  

7d Control 14 l £ 2 04 
Expenmemal 145:t:255 

Cerebrum 
0) 

14d Control 18 64-1 47 
Exp0nmenlal 21 34-1 94 

21d Conlrol 14 5--063 
ExpenmenteJ 210:~1 39 *= 

Cerebellum Bra in  gtem 
0) (t) 
1234-149 161-1-054 
1944-076 ""  lg $4-070 ** 

135£076 1654-200 
196:~1 14 ** 245+048** 

M y e l i n  N a  " - / K  +-A T P a s e  a n d  5 " -nudeondase  

Activity of  N , t + / K + - A T P a s e  m rayehn m e m b r a n e  

was  stgmfleantly elevated m both  the cerebella and 
b r a m  stems of  undernour ished rat  pups  at 14 and 21 
days  of  age (actv, aty m 14d experimental  cerebella and  
bra in  stems being 156% and 115% of  corresponding 
control  values, P < 0 01, Tab le  I) By the third week of  
hfe, the cerebral  m y e h n  N a + / K + - A T P a s e  ae t twty  had 
also increased m experimental  brains,  to 144~ of that in 
control  cerebral  m yehn  m e m b r a n e  Act lwty  of  this en- 

zyme  tn myehn  f rom the b rmn  stems increased further  

by  day 21 m undernour ished ra t  pups  ( f rom 115% of  
control  values at  14d, to 14g% of control values at 21d, 

P < 0 0 1 )  Presence of  deoxycholate  y~elded an  ap- 
proximate ly  3 7 - 3  9-fold shmulaUon of m y e h n  N a + /  
K ~-ATPase act]xaty dur ing  the second and tlnrd weeks 
of  hfe (Table  I lL  m bo th  control and exper imental  

a m m a l s  Myehn  m e m b r a n e  protein,  expressed as m g  

p r o t e t n / g  brmn,  did not  exhibit stgmflcant differences 

be tween these two groups,  5 ' -nueleoudase  ac t lvmes  were 
not  altered in lhe b t a m  regions s tu&ed m exper imental  
ammals ,  at  any  stage T h a t  the isolated myelin m e m -  
b rane  fracUons were reasonably free from contamina-  
tion with other sttbcellular membranes ,  was emden t  
f rom the da ta  obtained on marker  enzyme relative 
specific actlwttes m m y e h a  (da ta  not presented) 

M y e h n  p h o s p h o h p t d  acy l  ~ham compoa,tzon a n d  cholesterol  
A study of  the m yehn  phosphohptd  fatty acyl pro- 

fries (Table I ID md~eates that  there are s~gmftcant de- 
creases m the degree of  m e m b r a n e  unsa turauon ,  as 
shown by  the u n s a t v r a t m n  index of m y e h a  phosphoh-  
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TABLE II 

E{fec¢ of deu~:holuee on m~ehn mernhrant 3,a * /K * ATPase 

All val.e~ rcort~nt meaa~±q 5 of six mdel~cndent expenmen'cs 
Ellz~mt. d~a)~ ID hc T-e%-~ " l'_ogyq~" e cont~ned 001~ 
(DeC as I~nat con~entraUon) el the deLef~ent all as~ys were per- 
fornlLd tn duplicate C3 cerebrum £L cerebellum BS brain ~era 

Na " /K ~ ,%XPa~c Rotlo 
gmoi P/ r rg  prolem stimulated acuvtt~ 

per h) basal actwU~ 

basal shmalatcd 
( D O L l  ( +  D O C )  

7d Con rol 14 I ~_204 396/:44~ 2gO 
Explal 146~2~5 41,:,¢-3 16 294 

t4dCS Con,col ~ f i ~ l  ~7 60 l 4-.~ ~ 371 
F~plal 213+194 797_~618 374 

14dCL Corural 124-+140 408+486 370 
Exptal 194-[076 T28.L 5 08 375 

14dBS Control 161_+054 616±696 382 
Exptal 185_+070 7l O4-7 16 383 

21dCB Control 145£064 552±366 380 
Explal 211)£1"~q 80~'±~07 383 

zldCL Conlrol 133~076 51 3_+~03 "IR6 
Exptal 196+1 15 750--+711 2.86 

21dBS Control 165+208 63'~±648 386 
Exptal 2454-048 94"~6 B6 386 

TABLE Ill 

MAcho membrane urlsatUruteon ruder ~uld contenls o[ pho~phnhp~d long 
chum por, tunsaturuted [ntt~ acids 

Values are meang+S E ol st:t ladep¢l~dcn! observations in  each case 
Uosaturaaoa mdeg 121] = sum of Ipercentage of ea~.h fatty acid× 
number of double bonds) C, control E experimental CB cerebrum 
CL, cerebe..llum gS br~n blem I~fferenccs bclween eonlrol and 
e~.penmcntat groups are asse~i~ed for staUshcal mgrartcance by Slu- 
dent~ t-test * * P < 0 0 [  ***Pc0001  

( n - 6) + ( n - 3) Unsat C:tt ~/C~ 
i nl'~eg 

7d C 84+03 591 015+0013 
E 90+05 587 015±0016 

14d CBC 220::L0 3 1276 0 29.LO018 
E 1 6 2 + 0 2 " *  982 0 42:t:0 036 "* 

i4d CLC 238±03 1368 036+0034 
E 145£f)2 °** 973 0 84:1;0 081 * ""  

ldd B,~ C 251£03 1426 031.1:0034 
E t66±0 4 " ' "  1076 D 74±007R *** 

21d CBC 271£(16 1~81  040+0046 
E 1 6 9 ±0 3 "* *  1210 0 89:1:0 096 * ' *  

21d CLC 297-.-03 1665 031-1-0024 
E 174--05 *** 1134 03210077 "** 

21d US C 343--07 1933 U 33.L0039 
E 19 9~-0 5 *** 11~'~ 071±0081 " ' *  
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pids from the cerebellum and brmn stem (at both. the 
14d and 21d stages) m experimental  animals (Table I11) I 

The dlfference~ in unsaturatlon index in these regaons, q2- 

t between control and undernourished groups, exceeded 
those observed m the cerebral myetm from these groups 
Surprisingly, the 20 3/20 4 ratios in membrane phos- 
phohplds from all bram regions of nu tn tmnal ly  de- 6J 
paved  ammals were significantly increased, akin to the 
condmou of e.,ssl~nttal fat:y acid dehcteney (EFA)~ where 
art increased i n c n e / t ~  raP-to rat io ts uttllsed as an inch- 3 
eater  of EFA msufflcmncy (Galh eL al (22]) While -/, 
phosphattdyl-chohne, senne and -mosltol m experimen- 
tal myelin accounted for about 10% each, of the overall 
increase in phosphohp]d Cx0 ~, phosphatidylethanola-  
ml~e a¢~otmted for the maTqmal increase of C ~  3 (78~)  
in these food-restrmted pups 

Myehn maturation was aecompemed by an increase 
m relatwe proportions of the polyunsaturated fatty acid 
(PUFA) content of phosphohptds the total  (n - 6) + i n  
- 3) fatty acids increased from 8 4 to 34 3% between 7d 
and 21d after bLrth, as against 9 0 to 19 9 during the 
s a m e  penod m control and expenmenta~ amma]s re- 
spectxvely (Tabie I I l )  While myehn membrane  phos- 
pbohp~ds from undernourished pups  tended to erdmb]t 
bagher percentages of  saturated ( C l s o + C ~ s 0 )  and  ~'- 
monounsaturated (C~e t + Cas t  + C~0 ~) fat ty ae~ds than 
corresponding control pups, such &fferences were not  ~- 
stat isheally s~gnlfieant The rat io ( n -  6 ) / ( n -  3) re- 
mained constant m both~ control and food-resmeted 6. 
groups, however, desprte stgmftcant d~imnut~ons, a t  
both, 14 mad 21d m the (n - 6) and (n - 3) series fatty 3. 
acids, in experimental  ammals  By the thud  week of hfe, 
the (n - 6) + (a  - 3) contents of myehn obtmned from .~, 

cerebra, cerebdta~ and brain stems of  unde rncanshed  
arnmals, consUtuted 62%, 59% and 58% o.* entre- 
spending control values, respecuvely ( P  < 0 09 ~, Table  
l i t )  

No changes were observ~l  m the headgroup dasmbu- 
tmn of myelin membrane phosphohptds between the 
two groups of ammals  (data  not  shown) A~tal;ses of  
fatty acyl pretties of mdw~dual phosphohp~ds r,,vealed 
that  d]ac) lg lycerophosphoryl-e thanolammgdGPE) and  
-momol  (dGPI)  were maxamally affected by  the stress 
of nutri t ional inadequacy, ~ h d e  no s~gmheant alter- l~- 
auons were recorded m the diacylglycerophosphoryleho- 
line, or serme classes All the three regions examined 9. 
mdtcated drasuc reductions m dGPE araeludonate 
(C2o 4~ and docosahexaenoate (Cz~ ~) m m ) e h n  from the o" 
experimental  group ('Figs 1-3) 

The d G P E  fractions from experimental  cerebral, 3- 
cerebellar and brain stem myelin were more affected, m 
terms of reductions m these long chmn PUFAs ( P  < % 
0 001, Figs 1-3) The (dPGE)C204 m myehn from these 
regions, eonstatuted 39 8% 27 9%, 31 3%, (dGPE)Cz2 
was 32 5~,  24 8%, 22 9%, respectively, of control  hg-  
ures Percent values of C~o ~ m the dGPI  fractions of 

dGPE 

14d 2.1 d 14 d 21 d 

d G P I  

Z 0  I a 2 ~  G 

la O E1 d 14 d ~'1 O 

Fig [ "file propenlcn of 20 4 (n -6) and 22 6 (t; -3) m cthanola- 
nune(d.GPE) and i~a~ttol..(dOPl I phosphoa=ylglycerols from cerebral 
mveb.n membrane fracttons during dietary made.quac.y The under- 
nutnhon was imitated prenatally t.~plo 2ld ot age (see text for detads) 
Re-suits (e..xpre.ssed as perrentag, e values of total fatty acid methyl 
e..gtcrs of respeetwe phosphohpgl) are the mean percentages of aeyI 
graup ~omposmon flora three mdt~dual samples Id - age, m days) 

~1 Control, ~ uadernnnrlshed 

14 

dC, PE dGPI 
22 G 20 4 ~'2 

21 14 ¢:1 21 14~ ;~1¢J 140 ~'10 

Fig. 2 The proportann of 20 4 (n -6)  and 22 6 (n -3) m ethanola- 
Jrano-(dPOE) and tnosaol-(dGPI) pho~phoglycendes from cerebdlar 
myelin membrane fractions Results are the mean percealages of acy| 
group composthort fxom three mthwdual samp]~  (d -- age m days) El, 

Control il, trades-nourished 

rJGFE dGF'I 

2 0  22 6 2 0  4 2~ G 

14 d 21 ~ ~4 d 21 d ~4 d ~I ~ 14 ~ ~I  d 

Fs8 3 204 (n -6 )  and 226 ( n - 3 )  proportnms in myehn pho,'~ 
phohptd* from the brain slum Ke~ults arc the mean percentages o f  

ac3/l group compostUon from thre.c mchsadual gamples (d = age, m 
days) [21, Control, B, uadornounshed 



TABLE IV 

ProfIle~ of toyeIm r~embra~e gartglros:des ~solmed /ram tt:e dt~twpm~ 
rnt b~aen 

Va|lJeb r~ges¢~[ In~l~fln~-~ I~' of StX t hse~a|lOlIs each ,red arc ¢x- 
pre~ed as mole percent finale fraetk ~ e100t Mole percent nf any 
given gat'tg.~ostdes 

No ol moles of the ga~glm~tde 
Sum o f No of moles of all gan$1,es~des ( G u. + G o~. + O o,, + O ~, ) '  

ganghosld~ den~ed From pooled aqueous upper-phase [12] extrm.t~ of 
myeha ~nlpl,s det~maned by the m~tl'iod of Suzuk~ et al [19] after 
r~nlutton by thtwlayer-chromatography G~ttnstaloganghmtdel C, 2 
and G3(dtsml0ganghosldes Got a and Gnl~, respectively) G4 (moao- 
~lalog~n~osld~) Oa~ghostde~ ar~ lenTled according to Korey and 
Gonata5 137.] voth the ¢olxe~pondmg Svenneritnlm nomenelmure m 
parenthese* [331 Stalxslxeal stgmfieance of the difference between 
control and expenmm~tal groups = * P < 0 01. "** P < 0 001 

Group/reRt~a of brain G~ fG-r,) Gx (G~.)  

14d Colttrol cerebrum 1177±0699 1368±0143 
14d Espenraeatlll oa'ebrnm 11 65±0 119 13 75 -_0 171 
14d Cnntrol ¢~tmbellum It 75.1.00,66 13 72-+-0 284 
14d Exl~n~ealalee~ehdlum ll10-v0130 "* 1507+0112"** 
14d Conlrol brain stem 11 $1±0 092 13 83±0 079 
14dExpenmentMbxmnzt~m 873±0010 " ' "  1714±0170 "** 
21d Conlrot cerebrum 11 80±0 6f~ 1371±1114 
21d Eapenmenta] ~rebnmx 1180±0052 1372+0031 
2ld control cerebellt~m l1.50-*-0086 13 91 ± 1 160 
21dExp~nmcntalcerebellum 878±0106 " * "  1603+0057 *** 
2t d Control brw~n stem 1178+0078 ~361±0 166 
21dEzpenmenta]btmn stem 846±0057 **" ]7t)3±00~7 "** 

experimental  myehn  membrane  were 296~g, 47 65g. 
57.9~ whale C n  ~ represented 57%. 50% and 42 1% of 
cor respondm 8 control ftgurez for the cerebra, cerebella 
and brain stems, respectively (F~gs 1 -3 )  Membrane  
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cholesterol contents did not vary between the two groups 
studied 

Ganghostdes a~d pr~tvphosphomos~flde~ o f  myelin m e m -  
brane 

Food restnctzon-mduced ~hanges m ganghostdes 
species composmon  are dlustrated m Table IV The 
total amounts of N-acetvlneurarmmc a c i d / m s  myehn 
(ganghostde stahe acid per mg of lyophthsed myehn 
membrane} remained unaltered between control and 
undel'-nounshed groups However,  distribution of lipid- 
bound stalin acid among  vanous  ganghos~de species dtd 
exhtbzt differences Charac'.ensttcally. the mole frac- 
tions of G . ( G D ~ )  m the myelin gangltos~d¢,6 from 
experimental cerebella and brain stems at day 14 m- 
creased at the expense of lowered a m o u m s  of the higher 
ganghoslde, G I (CrT~) ( P < 0 05 and 0 001, :especttvely) 
These pattern~ were ewdent at the 21d stage too, albmt 
wuh  a further drop of G ,  (GT~) levels In the c.¢rebell.~ 
ganghostdes, as compared to the 14d stage, m under- 
nourished pups ( P < 0 00l ,  Table IV) 

Phosphat~dylmosltol phosphate levels m experimen- 
tal cerebeUar my,qm sho~ed a lomermg at the 14d stage. 
whale by day 21 significant dtfFe,'enees were obwous 
between control and experimental myelin phosphatt- 
dyhnosttol phosphate (PIP) and phosphattdyhnosttol 
diphosphate (PIP2) from all brain regions studied, the 
deficits being most pronounced in the expenmenlM 
cerebellum ( P  < 0 00l .  Table V) 

Discussion 

Our da ta  demonstra te  that nutritional inadequacy 
mediated alterations m myelin membrane  phosphobptd 

TABLE V 

Let~ls of phosphar~dyl ;noxtwl phosphate (PIP) and phosphatzw.I ~nos~tol ¢hplwspftate {PIP,) ~n to~ehn toembra~e t.~lo:eed from various regEart~ of  rile 
developing brain to posmataity undcmour;shed rot pups 

Myelin tsohted, item bram~ of control and exp~a'tmental (see r~t for details) fat pup~ aged 7 14 and 2ld was p r o d  for exlraenoa of 
polyphosphmnomtld~ [1~ l Tile polyPi hpld reaction w~ then resolved b) TLC [16] into pbosph~udyhno~ltol phosphate (PIP) and plt~phau- 
dylmosltol ¢hpho3phate tPIP::), and phosphmats m isolated bands detenmned [17] (,~) dcnol~ percent (percent of total myelin hp,d v,c,ght) of 
phosphaadyl mo~ttolphosphat¢ (PIp) wlule (b) denotes percent (percent of iola] myelin hp,d weip~ht) of phosphattdyl mn~tnldmphosphate (PIP2) 
I~fferepc.e.~ between control and exl~nmental groups a ~  Fat staUStlCal mgmficance by the Student'S f-lest * P<005,  ** P< 001, 
' '~" P<0OOI All values &re me,0.n~ + $ E affix independent ob~ervatmn~ 

Group 

Whole brain 

7d Control 
7d Experimental 

(a) (b~ 

161+0052 093*0030 
t 54+005~i  0914-0017 

Cerebrum Ce*ebe]lun3 Brain stem 

(a) (b) (a) (b) ~a~ (h) 

14d Contro| 165±0092 0 87-L002~ I 76±0013 005:t:0008 176+0067 098±0078 
14d Experimental 159+0012 096+0013 t ¢9±002~ ' ' '  094±0047 104.+0024 101:1:0031 

2td Control t 81+0027 1 06±0036 I 67:i:0 02g 1 08±0018 1 74;t;0088 t 05+0038 
21d E~penmental 1 56i0023 *** 093~0017 °°  ! 35-*-0033 "** OTg~O021 "** I 5 2 + 0 . 0 4 4  = 0 9 5 - 4 - 0 0 0 6  " 
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acyl chain ¢omposmon are associated w~th elevated 
aetwmes of myehn Na + /K  +~ATPase m experimentally 
food-restricted, grovang rat pups While such changes m 
myehn phosphohptd fatty aead proftles have been re- 
ported m brains of undernourished ammals before [3], 
there have been no attempts to stmultancously examine 
functional parameters of  the membrane under these 
condtttons Thus, these observations are of relevance, m 
terms of a functional role for myelin membrane, since 
lhe existence of an inlnnstc Na~/K+-ATPase  in tins 
membrane impl,eates that the former ts revolved m 
regulation of cation fluxes 

Deflmltve evidence for the assoctatton of an enzyme 
wtth msehn membrane ~sotated from young, myelmat- 
ing brains, is rendered dffficull owing to the "act that 
the dlsmbmton of membrane material m a sucrose 
gradient changes dramatically d u n n g  grov, th of the rat 
pup Marker enzyme profile charaetensat~on. ,.~inch was 
~arned out to enable an assessment of the pan ty  of 
Isolated mychn fractions, firmly ruled out stgmfteam 
contammatmn ~ t h  other subcellular organel les/  
membraneq Charaetensttes other than act~xaty under a 
single standard set of condmons should provtde a more 
rehable index of the intrinsic nature of a membrane 
bound enzyme [6] We. therefore, chose to determine the 
response ot myehn membrane Na+ /K+-ATPase  to D e C  
treatment The 2 8 3 9-fold sumulatton of N a + / K  ÷- 
ATPase ae tmty  ts to conformity with the observations 
of Re~ss et al 16], and proves that the enzyme being 
a~sayed under these experimental condttlons ts myelin- 
associated Na+/K÷-ATPase  Besides, the fold stlmula- 
txon factor, representmg the ratio s t lmulated/basal  
Na+/K+-t~TPase activity was stmtlar between control 
and expenmental myehn membrane clearly confirmmg 
that the proportton of vestculansed myehn membrane 
was stmdar these samples Lack of differences in 
amounts  of myehn membrane protein between control 
and undernourished groups mdwated thai the docu- 
mented increases In spectfic activmes of myelin 
Na+/K+-ATPase  of experimental ammals dtd not arise 
from overall dtfferences m membrane protean contents. 
though tt did not rule out  the posstbd~ty of an alteration 
m the amount  of thas enzyme protein m such ammais  

Ouabam-sensmve Na + / K  +-ATPase m cerebellar and 
brain stem myelin membrane, was stgmfieantly elevated 
m expenmemal animals at both the 14d and 21d stages. 
concormtant wah decreases in the double bond mdcx 
and proporttons of Ion S eham polyunsaturated fatty 
actds Tins occurrence ts probably m&cative of an  
adaptauve change m enzyme aetw~tv, m response to an 
altered phosphohptd acyl profile of myehn phosphoh- 
p~ds That cerebral myelin at 14d does not extublt 
changes in N a + / K  + ATPase acttvRy provides conxunc- 
mg enough evidence that the C~rebral hearaspheres are 
not myehnating at the same rate as the other two 

regions (cerebellum and braan stem), and are therefore 
not affected to a strmlar extent at tins stage 

The ( n - 6 ) + ( n - 3 )  values from myclm phos- 
phohptds of undernourished ammals remamed below 
t h o r  of control counterparts at all the ages exanuned, 
and are defimttvely indicators of impmrments m the 
capacity of the growing brain under nutritional stress, 
to elaborate long chain PUFAs charactenstic of these 
membrane phosphohptds Vallet-Strouve and Tordet- 
Candrott  [23] have shown a Slmalar decrease ot the 
enzymatic desaturation of linoleic acid (Cls 2 ( n -  6) 
winch is the precurqor of  the ( n -  6) sene fatty acids 
[24] in mtrauterme-growth-retarded rat brains Sec- 
ondly, tt has been demonstrated that both, (n - 6) and 
(n - 3) series are metabohsed compeUttvely [25], how- 
ever, m flus case, as the total ( n -  6 ) +  ( n -  3) fatty 
aetds from experimental myelin phosphollplds was 
modtfleck as compared to controls (as opposed to con- 
stant  ( n  - fi) /(n - 3) ratios), we presume tins modifica- 
tion Is not a rgf].eCtlon of enzymatac competition be- 
tween the two polyunsaturated sertes 

That  the changes documented in long chain PUFAs 
of myehn membrane from expexlmental pups do not 
arose from alterations m phospholtptd headgroup vana-  
ltons between groups was clearly testlhed by the lack o f  

differences m headgtoup compositions Tlus part of the 
study was deemed important because (while bdayer 
fluidity ts baste.ally a property of the moUonal state of 
the hptd aeyl chains) the hptd headgroups also have 
shown to have a stgmficant effect on acyl chmn motion, 
and more tmportamly, membrane unsaturation [1] 
Large increases m dGPE Ca0 5, which resulted ultt- 
matcly m the raised C20 3/C204 ratios of  myehn m 
undernourished ammals, most hkely owes its origin to 
the alkenylacylglycerophosphorylethanolarmne (aGPE] 
fraction, smee we did not  esttmate C20 ~ levels sep- 
arately m these two types (dOPE and a GPE) of 
ethanolamine phosphoacylg|yeerols The fact that 
myelin is rmh m alkenylacyl GPE makes tins a reasona- 
ble speculation [26] Furthermore, the absence of s~gntft- 
cant alterations m percentages of Cz0 3, Cz0, and C22 
m dGPC and dGPS are not  unexpected, becxuse these 
two pho~phohp~ds normally contain only smml amounts  
of PUFA The dramatic lowenng of araehadonate and 
docosahexaenoate m dPGE and dGPl dunng  the 1,* 
and 21d stages support an involvement of  the cyto. 
chrome reductase dependent rmcrosomal cham donga-  
taon-desaturdtlon systems of the brmn m the experimen- 
tal a m ~ a l s  [4] In tins context, R is interesting to note 
that fatty acid dehcmnt hver plasma membrane 
Na÷ /K+-ATPase  was shown [27] to have ingher Vm~ 
and Km compared ,~ th  controls Decreases m mem- 
brane tmsaturatton of the kind reported here, could be 
expected to influence physical properties, hke 'bulk 
flmdzty" [ll of  the membrane bilayer and thereby, mere- 



brane -bound  enzyme aetwnty, though  such changes  (of  
membrane)  f lmdtty have not  been mont tored  ]n tins 
mstanco Cholesterol  IS also known  to influence 
N a * / K + - A T P a ~ e  .~ctlvny [1], by  vir tue of Its ability to 
mh~btt molecular  m o t m n / c o n f o r m a t t o n a l  f reedom 
wtthan the phosphohpnd brlaye¢ N o  differences were 
found,  however,  m m y e h n  cholesterol conten ts  between 
the  adequate ly  fed a n d  restricted g roup  e l  antmals ,  thus 
excluding the mvolvement  of  cholesterol m the observed 
changes  m N a + / K - - A T P a ~ e  actw~ty m expenmenta l  
ammat s  The greater  vulnerablh ty  of  the cerebel lum and  
bra in  s tem m y e h n  f rom expertmental  a n t m a h ,  to un-  
d e r n u t n t t o n  induced  aheraUons  m p h o s p h o h p t d  com-  
posi t ion are a t t r ibutable  to the earlier onset  of  myehno-  
genesm m these regress,  since the progress  of myehna-  
t lon m the centra l  nervous  system ts k n o w n  to be 
caudo-ros t ra l  Lack  of  a n  effect of the ahe red  phog-  
phohp ld  aeyl compost t ton,  on 5 '~nucleohdase  m experi-  
mental  m y e h n  cor robora tes  ea rher  observat ions  [281 
m d m a t m g  that  the acttvtty of  tbas enzyme is indepen-  
dent  of  m e m b r a n e  hp~d c o m p o s m o n  

Myelm m e m b r a n e  possesses a charaeteaastte com- 
pomtton  of  glycospinngohpnds,  o r  ganghos tdes  The 
presence of  ganghostdes  Is k n o w n  to  increase  conduc -  
tance  o f  phosphat~dylchohne btlayers,  a n d  cause  ghanges  
o f  surface  poten tml  and  molecular  packing, of  hp]ds  [8] 
Thus ,  ~t ts conctavable  tha t  n u t n u o n a l  madequacy -  
medmted  lowering of  the  levels of  the htgher  pol)s~alo- 
ganghos tde  G I (GT,)  In myel in m e m b r a n e  f rom expert-  
menta l  cerebel la  a n d  b r a t  s tems (Table V1) could  be 
mf lu0nemg m e m b r a n e  hpld  o rgamsa t ton  as well This  
specu la tmn seems to  be  m general  agreement  wtth the 
ahered  aettvataes o f  m y e h n  m e m b r a n e  b o u n d  N a + / K  "- 
ATPase  Recent  repor ts  have  also suggested tha t  gang-  
ttostdes m a y  alter  the a e t m t y  of  m e m b r a n e - b o u n d  en- 
zymes Brmn N a + / K + - A T P a s e  showed a n  e r h a n e e m e n t  
o f  26-43% b y  e~ogenously a d d e d  ganghos tdes  [29] this  
p roce , s  was  concen t ra t ton  dcpend~a t  and  reqmred  s ta-  
ble, ~rreversable msert~on of  ganghos tdes  rote the  mem-  
b rane  bt layer  

Previous gorkea 's  have  repor ted the presenc~ of  phos-  
pha t tdy lmns~to l  p h o s p h a t e  (PIP) a n d  Fhospha t l -  
dyhnos l to l  daphosphate  (PIP~) m packed  myehn tarnel- 
lae, a n d  specula ted upon  their  involvement  m regula t ton  
o f  r a t t a n  fluxes m this m e m b r a n e  [9] Bestdes, K a h n  
and  Morell  [30] have more  recent ly  ob tmned  evidence 
for  the tu rnover  of  phosphomos t t lde  and  phospha t ]dm 
acid m m y d m ,  a n d  ~ts s t tmula t lon  b y  ace ty lcholme 
These  f lndmgs are suggesttve o f  a n  ml lucnc¢  of  phos-  
p h o m o s m d e s  (wz PIP  and  PIP2) on  the actlxaty of  
canon flux con t ro lhng  enzymes such  as the m y e h n  
N a + / K + - A T P a s e .  The lowered levels o f  PIP  a n d  PIP: 
in  m y e h n  f rom unde rno tmshed  p u p s  thus  seem to effec- 
tively ehnuna te  thetr  mvotvement  m observed elevattons 
o f  N a + / K + - A T P a s e  aelavtty u n d e r  the condi t ions  of  
our  exper iment  
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In conclus ton the da ta  sunuuansed  m this account  
suppor t  the role of an  adap t a twe  mcrease  la myelm of 
experimental  ammals ,  m an a t tempt ,  possibly to coun-  
teract  the overall effects of  decreased unsa lu ra tmn  of 
membrane  pho~pbohptds  The consequences of  such a 
phenomt .non are presently not unders tood and  deserve 
fur ther  s tudy,  tn view of the fact that  myelin N a * / K  +- 
ATPase  could  control  both  t ransmyehn  flux of  ~ons 
and  fired [311 
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