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PSYCHOLOGICAL AND CENTRAL NERVOUS SYSTEM
CONSEQUENCES OF PROTEIN-CALORIE MALNUTRITION:
A REVIEW OF RESEARCH FINDINGS AND SOME IMPLICATIONS

Barry. M. Lester
Umver% tyof Flonda
Gainsville, Fla., US.A

The e ects o malnutrltlon on Xchologlcal deveIopment and on %tructural ang
EIOC emlca changes mtecentr ervou Z tem are revlew% In hoth animals and
umans. The evidence to date suggests that malnutrition has deleterious conse
ﬁuences for Ehe eveloplnn or Fms and tnat the effects are mast pr nourace If
ot |rrever3|be w en nutr| |on msult |s su ered durmg the er|od 0 rag %m
nrowt T eoretical and meth (i(? glca pro ems, In the stud ? the relation

al dev he nee ormves

Wweep m nUtrItIOH and ment ment are also (}ISCUSS

flgatin t £ S eCI IC pSYC ol glca d CO nigive proce SGS af ect y malputrition

IS oInt nd several ‘research paradigms em asizing the e 0 S C
hysiolo lCa t CNNIQUES are SU%%GSIE f% €ans 1le Eil'[ln € rela

tive P rain and behavior In the tontext o eproblemo alnutrition an men
development.

1t,e trabajo reYlsa estudios sobre Ios Ffecto% de la desnutrlcuin en el desarrollo
psico i0g U|m|c s en el sistema nervioso

(i ico Y %camblos estructurales g
cen ra Los atos hasta el moment sum [enq T esnutricion tiepe efectos
negativos en_organismos en V|as de desarro % (#ue 0s efectos son mas pronyn-
J (?s Sl ng irre er5|bles C an i lnsuficiengia élcmnal ocurre qurante | perio-

Ido crecim en cere 10. Yam 1en se ?cuéen los prob emaf teori co?y
metodo %mos en e |o e a relacion entre esnurcmng desarroll
mental. S¢ enfatiza Ianece3| ad de Investi ar los rocesos £ icologic ZCO nosciti-
VS especmcamente fectados por Iades tricio senéanv ro FS
mvestnn;anvoF ueunza técnicas psico |3|(H r(1;|ca c? 0 medios eacla[ar Ia ea
clon entre el ¢ ‘e ¥ e comﬁ {t mient tro del contexto del problema de la
desnutricion y el desarrollo menta

Be‘orﬁ the ef{ecs of ﬂrodt \n cal(ine malnutritj on an be discussed,
severa theoreti g and methodologica |s?ues must econ5| ere Ilnlca meém-

s defined two syngromes of malnutritiop: marasmys an was lorkor

T%ese conJmons areuua?f recogmzed {unn Pate reast Pee(fa ? q& 0st
weanmgr Eich 031 ? ith_kwashior or Ppean r% afer in rﬂe a

] e conditiop marasmu(? |saresuto unde utntlon wif eﬂuencg

of all food, partlculary carbohydrate calories and protein. The cI|n|ca signs of

17



LESTER

marasmus include adeclrne in the gr rate tlhph sical tuntr mentaI and
emotiona |m arrment d severe arr ea which créates furd a eIec roI

dis urR Bces rock } Tg/ picall ernfan recerve an abundant sup p

rate canrres ut ttle"or n roern ﬁn since pn er re urresca?

e majority 0

}II%S

arho

% no necessarr 3/ (proern kwashro or IS the state o

pnde[prrvr egved worl fact, In troprcal areas, Where chrId[ are Wee\ned

ar eZ st(?rchy paps without an 4 equ?t sugp 0 ﬁnrma

vee ble protel Isease IS almost g matter o Brock, 1960
growth and development, ment]l

toms of kwashiorkor Include ret arde
a ah) edema hypoa?bumrnemra fatty infiltration of he Iver, atrophy of t
pancreas and drarr hea.

pwever P irvo drseases are, of&pn difficult to drstrn ish, Bioc emrcal
two Tactors of calorie an protern erfrcrencxv are rnterr ated and this (pro
he World Health Organiza ron QWH ert Committee ( 1962A dro 05e

In-cglorie m ion oveL the whole.spectrum. Accordin

eWH (EIat %t—l da1u9 %071 ﬁ[rhe utera roh {Jnetar rot eﬁr
re uced as f ortron 'of protern a dalorre cont? of te let |s
Increased, an he energ (I) t eaten fails to satisfy the
consumersneeds the proter value hedret for hhe consumer is reduced, the
re uctron ern propoftionately much more, than the ext nt of calorie restric-
h In qth % words, if the canrrc Intake |sdnade uate, t epr]oterr} content ot
e diet Is hurned for energ pur oses an con ugntly ‘the effic renca/
|I|zatron of rotern for nitrogen nabolism 1S decreased. Experrmental latt
amprg |on d. Stewart (1965) have shown that areerrcthon fcaorre inta he

A) requrrements lessens, the roern value of a diet bv about 60% of t

Valhﬁ h%r\eorr\g\alenroble?r?greﬁlce isn ewf ri]qu Scaéng CM are com plex.

articular saI ence 'Is 1 separating_s croecon mrc from strrct
ﬁutntaonﬁl varrabfes For examplie Cravro% ané1 J %ar%e § 968 hve unde?l
scored the fact hat nutrr lona “houls assciprate wrt

nder rvi eged sg
me nts, of soclety, that rs poorer sing, little education, a hig rncrdence
In ec ious diseases, ?rea er attach men o outmode patterns of child care,
ob oe\e conlg epts p e cau es of d. disease, and Jack of mopem
tec %969 |scussrn e re atrons rp pf nutrition to ntellec
tual opment pointe mena and spcra deve oprnegt are mul r eter-
mine processes aInutrrtron eing but one 0 avarreY adverse. con rtrons
which affect a chrlps Intellective-s craI develo menﬁ er] et(]:tors rncu e the
nutritional status of the mother, absence of prenatal care, birth injury, disease,
and the complex pwcholp ical and social deprrvatrons rnher nt in the mrserable
conditjons 1 which maliugrition. abounds. Kern f(? hat an adequate
opera tional gfrnrtron of malnutrition requires kno the moth erf nutri-
tiona status uring pregnancy as well as measures o th

rocherrt onwards.

chr d’s nutritional status

Importance of the nutritional staus of the mother has, been d nstra d
both human and animal research. Sontang, and \Wines (L 947) dlvided 205
mot ers anétr) tl\a% garou;r%mtseerrotaerntocogstsentaonf tr%e diets of he mo ng $ san r ga
re?atro%s rp between poternl?n akeyand Ientrrt and vr? tgte the rnfan ug

o
t, t0
rotein content was not refated to ossrfrca ion, The £ tofmaten
bition resulting ‘I lowere f) wer?nt was also f oun(f mith hd %3

birth weight improved with dre tary 1mprovement. Lastly, urke Hardi and
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CONSEQUENCES OF PROTEIN-CALORIE MALNUTRITION

3tuart (111945)r report ed hat th weight, brrJh length, and. pediatric ratrnﬁ
urin st two wee Ife wer reIate to the protern content of t
moth r's dret durmg Fregnanc Furt ermor increase ?h weight, and
Improved Fedratrrc g vvere observed wr ea h additional fncrement in the
tersdet |rrespec Ivé of the herg the mother. ,
rats, pro ein |%|en% een shown. to resu(!t in a.reduction h the
num er of egos ovulated, the number of egos implanted, and_in_the numboer of
fet useﬁ alive a 13 15 dv\ys (gGu ta & Lacy, 193 Gupta & Chrh Ie, 19%8 and
Hsue %us In, Growth retardation Was also observed by Bert
67), Hueth' e (19673 and Gupta and Lacy (1967), In. addition, the
eces v }nrotem (Jn early development was shown Tty Bert 1967 Iystud mg
the rea#ons [ letary groter to maintena ce o reqna cg at]
stages 0f gestation; alter m trtng day Z610) an ateertat(%tan of 9ast(rj)-
cyst (day Tive anally, the two studies upta & Lac
Gyu a&yChrrgtre 196 sowe that t rPeX/e?o ‘an%l drfferenYa tion of tPr
ace ta wa? aff ef ted b pro ein srrctron as t e eabora IOP and penetration of
d)acena capl arres oorwenf rpare with controls
owever, the hrsonv of malnutritign extends eyond one Igeneratron
and” the possibility of ¢ nco |tant effects of manutrrtron over seve enera
tlons_must be co srdﬁre G{se fect .was demon trare in a stu rv owle
and Griesel (1963 ound retardation o g[owt the emergerice of ce{tar
early resepone pa terns in PCM rats. S[[l)gcrtrc the eyes and e external ear
ff]aep ned adta ateraern the ieco f‘ eneratl ng the PCM raf a
d/ spoR t]o aud |0ﬁ érmur at a later"age than did the nor]ma
trols.” The authors conc|Ude a]t F Producs concurrently wit tomr
ca re arda |on a retﬁ ation In unctionin e receplors. Later, t
tbors found the PCM rats scored a rea er number of errors on the
0-Williams maze than the controls when both groups reac ed maturity.

EFFECTS ON PSYCHOLOGICAL DEVELOPMENT

Hum a s
The effect ofs PCM on intellectyal deveIDoment Is.an area of concern to many
The mo s t frequent question rarse are: oes nutrr tional Insult produce intellec-
ret ﬁr dation? IL 0, are the effects reversible?
and Smith, In thrﬁe ar#cles 1963, 1967, 1968) reooreld the result ? of
even ear stug [e effects fundernu trition. on Intel ec fual eveo-
ment comparing 2 ros% und ernourrf] ed Infants with a ? ol group.t
the same socroecono Ic hack groun The cont roIs Were hard WeII no rrshed
hut were a g%uateg nourished In comrtaarrs?n t 5 ﬁoerrm ntal errr {J four
tests were administered_ at two. year Intervals; te esell Norms, errr Pa mer
Test, National Bureau estfs and the New South African Individual Scae Intelli-
ence stimates (e. rg eGeseII MerrrII Palmer, .and Narona Bureau
ests showed a Co srs en itference of aboyt twenty points g tween the two

groups whereas the New South African Individual Scale show oun dl fer-
nce of about 15.5 gomts However, on t e latter tesl al the en ee
vears 60% of the un enoulrrshed o fell helow Jhe evel of the lowest ch

nly one child from the undernourished group,exceede

Ptet ?neca)r? r%ar%WUpo? the control group. Furthermore, an aneﬂ %rs gfe the non
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-verhal strbscales of the Ne South African Indrvrd Scal showed a frcr tin
the vrsua motor a rr? Jtern perceptrons 0 e un rnourrs rdren

Stoch . and % (n 7% no hat this patfern wssmrar found in
cases in Whrch ral a adoccurred an ecu ate hat severe un emutri-
thon may. Gause “amc barn am

ested another hypothesis;
the inactivit ack of ener socrate Wlt?t %/Iresu?ts In ag%/ rease In

receﬁtrv ness 10, external St srmur ) impei earnrng of perceptual patterns

“” e Sensorymotar ?ae”% o, ﬁ?xrp Canosa & DeLeon 1969g %t\g %ﬂ%

astu In Guate
contro rou ? were se ected on fhe basrs ﬂft elg h ra e ratlo
(es r{nae of a
his sud co srste 15 tests

comparison C twrhactual el tand
chmdjs nutrr roneﬁp?n W{ attery rﬂ}
Pr anized rfr categ%rr%s tests 0 memorg percert)tron Jt%uage(
e nrng currosrt and exploratory- behavior, resrstance distraction, an
requiri he ) tLO of a motor response. It was ound that the grou rffr
en es invo ve tasks re urrrng attention or concentrat ron ra er than particular
cognrr e abr Ities or capacltiés. For examp(e In one t wo condrt ons were
%prng % rgrng No r ferences w%re oun rnt sow
w% con ut rn alg nldrtron the c%n per ormF
ant bet %r a he PCM grou lel su es ted a POt esrs ﬂmtar
to t ue to ower energy levels, children su errn(nt
dr?rn do not e(ve op the se to Invest sustaned” attentional nvolvement |
KCUIt oot II\DIe Iirle d Samuel (1944 d mentally retarded with I
ugelmass, Poull and Samue compared mentally re with norma
but P Mch ?dren ang mentalu re arded rrhpnorm al cont ?10{ ﬁpdﬁren The %rnet
was admrnrstered ater nutriti ona rehabilitation to the normal % lldren _in the
first grou The results s owed a mean rrge In the. Brne t score of 10 Bornts for
h]e retar d children g)u one and 18 poms for the previously PCM
ildren w ereas rnt g seco 0 no C Tanges were found

e Binet was also used rn a s ?everel maInourrshed rnfants rn

C re Mo ckenberg 1968) w Were reat] eease 8rven s(dpér ements
y ree to”six ers 0 ae te clinica sr ns 0 ISap eare
Howeve the averag e 10, (Binet with 76 a t hig hest score. The Gesell
wa[s also’ ad tn&sterd r]d whil hs t st\ s only.vali t#g to 42 mopths of age,

as able to reac imits”in all fou

only one chil Ir areas. The author
conclu ed that “brain damage in_Inf anf Jermanent at east up to the sixth
gnutrr roH conditi ns

year of life, despite mr rovin & l

Cravioto ﬁ Ro reported two stu 963, 965% conduced in
Mexrfo In whic| 30 c ren su errng from severe P M were rehabilitated, The
Gesel a minist ere dt hree “age oup ees an sl m nths btwe%
SIX an ey months, and after thir ont t]e end of one ear te
results sowd a_reduction in all de eorﬁmentaé eres on the Gesell
recovery from PCM occurred Eerformance r Prove an uage the sIowest to

ecovery was a function ofthecr ogical age at
admrttance in t é;est age grout; the de?rcrts remained constantg durrnéJ the
entire observatron erjo

The Intersensor develogment of school arge children wa rnvesr tigated rn two
studies by Cravioto and D Ircardrf 19682 the frrs t study % eometric form
%res nted” to one sensory moda It? s comPare with form resented In

t dality th |-h |-kinest napti
cnesinelc sayédms”t‘tyeywr“ht{t” it e BV chilren midgen dentca

recover: Howev r the rate of
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CONSEQUENCES OF PROTEIN-CALORIE MALNUTRITION

forms presented across two modalrtres more than he control. chrldren The same

results were f u nd for] the number of errors In |ud %rnﬂ non-identica orms and

Was most notable in the youngest ré;rou He ] the second stu 9&

ch drg Ferformed 00re[ than thé controls on’a visual-auditor mvolvr %

tetrmeln atIJC tion s)trméu l}/Srsual dot pattern corresponding to the pattern 0
The results o Soviet research with children on the e{fecsof nutrit |on8| insult

were reported by Brozek (1962). The capacity to elahborate new condj troned

reflexes was frrs affected b m utrrtron but Bven previously esta I|fhed reflex
responses ere esse | ec urse o[ dietary repabilifation the
recoven/ exes ha been af ecte Wassow an refetdteslouf
norma / tron o the me roCesses asc to the function of the cereb

cortex. Thus, it was conclu 5at cortrca d rbances, as measured by con&F
tione refex activity, Were trace to dietar

crencY ‘Cravioto and Deljcar e
19662 ornte "out the Im oranceo conditionin udres or nut{ %
esear d |on|ng emands t ernegrfatton 0 stimuli, each of whi
elongs to a dr erent “sensory. modalit Interre atrons IpS amondn sensor
modalities are uaadeﬂ ate condrtronrng ay be delayed or parrrng stimuli ma
not ro uce conditioned responses.
Y\/ xce on of a w Irnrcell e]ectroencephalohgraé)h EG% tracthW
aln ourrshe ren Pysroo ical measures not used . wit
uman su ects to stud ee 6Cts 0 nu ritiona |nsuIt In_a study mentrone
grevrous ?toch mith (196% found a qgreat deal of EEG instabil |tg under
xperrm n Induced stress in t PCM children. O he 20 children examined,
ﬂ ormed low voItade alpha waves with poor C[gs[bonse 10 eye
PernrnPns the oPposre was ourl In the controls.” In_addition, the mean
dex was lower in the PCM children. Two abnorma EEG’S werg oun In
Wave M group one showed a primary eprlep Ic dysrhythmia, the other a Slow

Engel (1956), reported EEG’s of 25_children, aged eight months to five years,
who ere( uffe?rn pfrom kwashrorkor The brain' wave t r%rn swere abnorma Wlﬁt
vrt w t e usua ran requencgl considerin e%roup feveg
dr nwf&odr not survrve eEEG W? ken before comoto tate deve og?
% showe é)re an eranceo 130?/ﬁes er second slow Waives hut absence
?mrnan 3sr c| Ital frequency with a range. from 16cyces per second Most
of th ren, ever, showed a recovery in t]herr tracings ‘with nutrrtrgnal
rehabrlr atron Wrth the “exception of two cases whose EEGs never returne

Nelson §1959) and. Nelson and Dean 1959 comorled EEG%of A7 chrlﬂren
suffering from_ kwas Iﬂ or ran(r;m in 2 10 36 months. The aythors
regorte that 36% oft e PCM P ou% na (? norm%I elect r| al activity rr&rn atrng |n

th ora or post ora areas and that the spin eacttvrx
Pntro ]Jrfg nowas ofr)tr)rnt e PCM droup In these children re abrlrtatron was
also successful’in improving brain wave activity

Animal studies

Research dealing with the effect CM op animal behavior falls jnto thre

categories, the first o? which Vearﬁfle? he worE d humans showrn? he cIrnrca(f

s m toms of marasmus and kwashiork ?r These stu |es will not be reviewed exceg
point out that the cIrnrcaI signs of malnutrition Tound in humans have been
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re(flrcated experimentall he |laboratory with_ monkeys (Ramali n%
1968 |rats ernes, Reid, Pon %Moore 168) gr%s Barns etal, 1908 PI
Pampiglione & Steward, 1965 and dogs (Stewa latt, 1968; and Platt, 96
Peo ertwo cate orHe of. anrmal studres wrch are discussed below, are the effects

PCM on eaanrn ! drarn vr(/javefac IV{ f o

In one study, . rats errve of protéin were oun er
visual discrimination P f compared wrt?t Rr(I) tg;] 2(
gwrndara an & Ramakrrshnan 5965?1 stud wIeY 51963 owed no
i nre reennccee between PCM rats and controls on t he Heb Willi of anima

Barnese 1968) conducted g series of studies on the effects of PCM on
Iearnrng |nh h ‘ats ah rq ?r qh 3 been suh ected to nutritional deprivation
?urrn time of * breas eedrn This. means a period . ot trme
ollo rnsg garturrt{ n] oug Iy equal f r%e?tatron Dietary restrlf P
rats was accomplishe K forcrnq actatrn ales to nurse unusuaY %
groups, of P Eroc re wid 83/ used | nHrrtron resear%
ear old rats were tested in a standard Skinner box and when sha Ing rocedures
ere used to elaborate the bar ressrng response, no drfferen es ere foun

weerlr the exrferrmental a g control gﬂ B Without t e %of shaprn

e econtrg erformed hetter than CM group. sew ere, Ban eta
1968) reported that maInourrshed rats rﬁerforme rt)oorer han controls on an
explofatory task, and on earnrngadrscrr Ination test in a Y shaped water maze.

Barnes et al.’ (1968) constructed a modrfre krnngr] hox to establish J
Pressrn ref onse 'In. pigs weane on a res rrcte et aprn was not used an
he cg§ learned ‘tife response. faster hag eexperrment rou Earnes et

so rep orted two coln itioning studies rth sona strrc rotein
ret In the rrst testac ssica con ditio rnP a as used with ac ge in
ht rntenst}/ Xrnsq the on trone st S) and an eéectrrca]lso ka?

uncon jone rmulus No di ferences wTre found In the rate o
aoursrtromo condjtioning, a >6trnc 10N \vas § wer rn ePCM roup

the controls. In fac ter 30 trials, five o 1gs di o
xtrn urs the response. The secon test was avoldance condrtronrn In a shutt
he PCM showed poorer performac than the controls; they” made fewer
avor ance and more non-escape responses than controls,

The e ens!)ve work in the Soviet Upion on con Aronrng and its rehatron 10
nutrition has been reviewed by Brozek 9622) Accorain Brozek, 5 oviet
orientation in" nutrition errves rom avlovian notion that con tioned
responses re%Jresent sensitive indicators o the funotronal status of t e cen tral

ervouss tem (CNS) and that they can drsclose CNS ch an%es one o hich can
utrrJ Furhae more Pa¥ v sugr{qested hat ¢ angesr corical dynamics”
inferred from con |t|oned reflexes) “take glace ﬁrro evelopment of
linical sKmJotoms and can thus serve 8 easy and sensrtrve indicators of the
changin e]r phgsrolo ical_statu ?of({ e organism.
|<rc (oze 1962) Ttoun h rote| riefrc ew an other wise
norma gret can “alter the general cortic actr evel relations between

the fundamental Pavlovrn processes of exi atron and_ inhibition In the cerebral

cortex. Makar chev urther sug?ested that an or anrsms response to_protein
efrcreEcy zv rvous stem. Rozent

endas ro%n that rirvr ual s a(!
rozek, 1962) was unaple t oetab ISh aoon one&t sa wary re ex {0 the sou
a_metronome ov r 348 trras In a malnourrshe dog, while Frolov (Broze

1962) found that the sequence of the daisappearance of conditioned saIrvary
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reerxes follows, in rev ISe, t(he order in which they were establrsh d. Th higher,
most.complex forms o condi |one reflexes were” the first to su er as the fnner
mhrbto1 proces es weakened For e amge a coqdr loned res onse had be(Jr
establi Ight stimulus ué second w %rmuu was resente
esu ects cou no t make the discrimination. Makarychev an geeva (
2)[ fou]n that hrgh rotein moreasedc] |caI excr abdll |n both dog
an ow prot ern oug was slowIn elaborat |ng conditioned responses

gherr ﬁ?t%sdﬁ'd tg/etgreunco Ittgaéle hgn Le“bV\e?rs ecgage] animals suffering fro
maInutrrqeron Platt et al. &9652 %o%nd Yn r:p(ejgs rﬂa PCM resuﬁted In a r%are

decrease In the fast comgong inant %uehcres her
4-15 cycles pef second (nstead of he normaI 20 40 c ces der second, Similar
?tewa and Platt (1968) re o[ted] EG. devia |ons in PCM 0gs . wh |ch 00k
orm. of a gaucrt of nor thmic actjvit 3/ an_excess “of [rreqular sIow
activity of large d glrtude and fr quent multif caL drschar es When the PCM
animals were rans red to a || %rn errP 51 garance |m
roe Eﬁi chan on slightly. The same study .also orte E|
(J |s which to h the “form” of an |nfrease an uregua %w
waves and a ecrease In the fast components. Lastly, Stewart (1968) re orted
from a_PCM dog whrch consrsted 0f a Series of ureqular Waves of large
ah ttu g wrt multifocal HI kes an 8 0 Waves, Interestrng he author notgd
gss)rrr]nrlang etween the dog EEG and 'the EEG of PCM ¢h |ldren presented DY

EFFECTS ON THE CNS

Historically, research on ﬁhe effects of nutritional msult on he c Sbe an with
measures of brain_ weight and head crrcum erence eeIe 197,
Dob |ngf 1968 1970 As PIatt and Wh eeIer 167 ornt out It has been
or moretanacenur n (he radro the u an and animal adult Is
g resi tant to inanition an uring deprivatjon the brain does not B are
e hrssstor od ngad t. There are, however two qualifications necessary to bring
Frr?t d hile research h:i\(s show t the briun IS S ared mgr \“arrous orm
B utntron It |sF nown t at hrs Is only the case for tne Tully develope
t & Wheeler, 1967; Dobbing, 1968, 1970). As wi own - later,
utrrtronal insult occ aearly In”life senous CNS gonse\duenceg are immj-
nent. Recently, Dobbrng 1970) "has formulate ulnerable p errodg
h?/o heﬂs whrch has ree heoretrcal as well as experrm n\a sup%ort
sa Processes of deve opmen in the . brain more
vuln erbe orestrrctror] and ﬁhersres ttﬂ |me of t err as st rate é%970
0. 249). This vulnerab ywr vary wit |n t %neral growt spurt which is a
a{r of raprd growth which occurs in all mammalian specres efore h of the
hol L Sypo e%s further states that the n(earer the |mef (Peﬁk
go hra e less will be the stress needed to pro ucea%wenefec and the
dut Dbrajn erI be affected mrnrmally it at all, by acute stres
This esrs ehs seYera Implications . for experimental research It is
known, fo exam mamma lan species passt rough a similar sequence
of developmental pro?esses early or ano enesjs |samost 10 ntrfal However, one
important” species difference s the relation of fastest period of brain growth to

whe
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birth, Thus rTrrowth w?uld have to he retarded at drs inctly different times in

reIatron to birth in éhf erent species, It the same deve oBmen al rocesses Were t0
be similar 0y affecte rt occurs, urrng I
ex rauterrne Ife. B

In “humans, the brain row 5
tg : of

tri est #nanc nd he frrst several
the sec rt an brain 15 virtyally complete: the a utnm eJ

e
? neuronal ce? num bers have een reached an myelinsheaths have forme
and reached etabolic_stability Dobbm% 1970: Stoch ShSmrth 197). The rat
IS a particular g/ attractive e ro(er ental Jnect] hecause the growth spurt In this
specres |sen |r Iypos tnatal a occurs wrth efrrst 21 da so |e
PO lem with eearv historical notion of ersrsacsg the
brarn |nan|t on is the technjques of measurement used. Af obbing (1968) has
ote ra| weight, or head Cb umference per se are notva sue Fo one
ram ercg ht must be considered” In re atlron 0 the wel te od

na rarn will a no handjcap for an animal wjth a corres on ingly sma
In a drtr“ rarn hod ratro changes wr normaI veo ent. IH
rats the ratio nng evelop ent .as. te e HVEI? !) rease an
In prematllrre babres the Drain; bod ratio js nrn ul abies.

E?ent some rather so hrstrc ed technr u% have been develo ed ete]c
Hossr S, damage o ma nutr tion. vove an anal
eox nPonucIerc acl éDNAr? content o the brain an an estimate o e reg
0 nation ?f nerve axons. However, before these techni ues ie ou |ne an
unde stan g thenbmfess and unc lon 0 eImatr N 1S desira
procéss 0 matron een nea out Ine OBnen 1970

M eIrrA |s a sheahrkg tructure. whrt;h ?]urroH ds axons mu like Ins aro
a[ und a.wire and ke msulatron IS t t to prevent short crrcurtrrw

ectrical |mgulss rom one axon 10 an ther M nrs ormed In the peripfiera
nervous syst the spiral wrapprng t e ex rna membrane of he Schwann

cell ang 1 he CNS bv the encasemen é) go en rocyte around the nerve
ax(())tréI Te ry weight of myelin is compose f 75-80% lipids and the rest

Myelin speeds impulse conduction by redycing the mean capaci unit
Ienr}; of thg nerve fpber Current tlow |X \fmaged fibers 15 srxprme)s/eg{ast as
cur ent flow in unm eIrna ed fiber of the sdme length and thickpess. Th |s IS due

prop ert%/ é) he mye in sheath which causes the nerve |mBuIse to Jumﬁ
rom node to flo e on t g axon |ch0, fgster han the continuous conductio
of nerve |m?uss found IB unmy%ma Butter, 1968). .Furthermore, a?
OBrren 1970 Inted out,“the nerve conauction In tne er heraI nerveso
humans S age eBe ent, the most rapid  increase occurrrnq e first year of

Ife When neonates have a mean nerve conductron vel ocv 20 met rs per
secon T |s rate rises to 35 meers per sec%nd after the first year, an sows
down afte rea Ing 40 mete sepo gars o (I; nd 60.meters
Per ée?on year o his Inc ease n conduction from infancy

hood |s due to he my eIrnatron DroCess.

There IS an mteresgnr% reI |onshhp between the time of onset of mxelma IOP
of particular nerve fi ehavroral activity of. the nerves I %enera
tracts In the [rrvo%s system become myelinated at the time en teg eco
unctignal, A comé) ex gehavror l activit c n occur pef re rve
ways In the CNS ave a urre am ern sheath, the coordrnate behavi r of
or anrsms |[nproves ramatrca wh en he ma or Nerve path gva s are myelinated.

Txam he fetus recelves t actrle oce rve audifory and ustaor
strmur In"Utéro: the nerves transmrttmg t es strm | are partraII myeli ate
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|rth an come rapidl Irna ed When the neona%e recervef fic an
Earn strm ater occurring fater t an_the former In fact, mye n]atron ca
esowe v rev ntn tec uction 0 |m uses manerv as mtecaseo
the mye na i0 e OP ic nerve Whrc elayed by, preventing the
{Jenrir of an ev his sug s that |m uIse conductron In" a nerve”may
m em eIrn? lon, but It is hnown 0 JstProcess WOorks.
eI|nat|on gen  measure ?rmﬁrnd 3 characteristic
mye n | |n te tissue sam e su? as _cholestero ipid etrmate |?
t ou e an accurate me su e 0 myelrnatroir| ecauﬁe the proIr era lon 0
or 0 en 0] |a in the C !]\t Schiwann ce s Int g riph era nervous
edes the jynt esis and eposition of lipids (Dob | W? g|m|

Sa/rlemhe estimation 0 ?ue derL };irucl%erc a?rjl hos ho(!us ggrﬂent vvas
] o D

Hse s an mPex 0
eveIo ment 0 neurona ma the estrmatron of
nde e otaI nurﬁber of rain ceIIs the

srx [non ths of gestation agE The 0 trc and pain nerve tracts are not Oyelrna g

Issue has been use
%rgotron that each cell fregardless 0 %)e contains the same q uané )(N
? 1970; Zamenoff,” Van Marthéns & Margolis. 1968; an |n|c
Human studres
|¥r Jee ftudres have been reported .in which the hgman CNS has beeH
exa ined followin nutrrtrona |ns t’ngrc &Rosso 1969: Jackson, 1925: an
Frs men Prensk vr? one of hese (Winick & Rosso 1969) ten
r{n uman farns ere c?m ared WIIR brains of nine children 'w 8
red rom manu rit |on Befor death the maInoun ed children Were foun
to differ in erg Werﬂ] crrcun] erence when com ared
controls. Stoch nd 9632 |n therr eleven a{ ongrtu |na stuv
troned revrous\}/ also foun circumference iffergntiate normas
FJOlS owe er, as noted t tibrng ft968‘) here IS sorEe doubt as
% fmeasure Th] esults of ” XWrn Rosso
? tata nrne PCMc |dren ad reduce [al Werg ano
eme sure) hut also, reduced % |es of protein, ribonuc er acr
when “comp ared Wrth r;o [n addition, he data Indicate
aﬁrer %onfet o malnutrition, the more mgrked he effect. Tr cr ren
who Wergred £ss than 2000 rams at birth, had a 60% re uctron |n rarn DNA
ontent Fre rdation |n arn rowth was exHarne vte ecreae number
brain cells indicat ed g % ere DNA [ uction. The protein/DNA rah
remarned unchange g sting that those cells present were mtact Thus,
authors concluded that cell drvrsron ma have been affected by malnutrition.
Frshman and Prensky f(l 69) studied the brains of fouy mg nourrshed and four
norm Jen The\( ound that the three classes of [ipids Wh| most
cosey |n in membranes, pro eoLgrds cereb rosr es an as 0gens,
Were s |c nt uced |n the malnourisned_children. Finally ma e In
the for roma Increased saIIrtosr host cells an I_ﬂlrosrs were
re orte b Jackson 1 25 in the brains of children suf ennu [nanition.

ilar p % S ae eer(] found in the brains of animals experimentally
ma nouns are reviewea below.

Animal studie
Stewart a
the mye

ed

g F§Iat (1968) compared normal with PCM pig brains and found that
In sheat s n th ?ater were less dense ha Pghe norma?s The large
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E‘t?eé” Ty (tg!slss o h“r%ﬁzsten”"t Qt’emhe?ef ato h'a?r?,!e?%ds e gt °°”?éSV‘SP“tf

er
ar!\l |t| n, tﬁeseorgh rc]g?s were mo%r |er? %1y mﬁe oS oonset oﬁ ﬁChﬁl H%)se

nrmas ‘malnourished from the 19t % ? ess severe changes t
ose iven the sam drefts from t afy life, and more ievere chan%es
H those malnourished fr m the 26th daK birth. Teau hors also note? t adt

there was a great deal of diversity In the. form and degree f change oun

hroughout hg CNS or the ex errme ta a |ma YV a single grou %
P’ RPeare normal and ohers %owe 8 |ca han?es ranﬁrn% rrl
sr t oma oIYsrs to satellitosis ﬁost cells an vere alterdtion 0 Nrf)s

reur tter are Hartreuta portant f elieved
involved 'in the sznt esrs and utilization o v\})rotern att 961 De 9eneratr0n of
%hgwgrrss %grgule following PCM in pigs was also reported by Platt (1961) and
Dobhr 0. (£968) subgec; ted (I; to PCM during the ﬁJerrod of maximal brarn
growth and 't nen rena I#tate ne animals with“a hi rotern let. At t[
Years f age the rarnso the I\/PPS were examrne and”were found to be smaller
rl F of norma pigs. More mport ann¥ wever, the concentratron of
chfo esterol was 21% ess an In.the PCM animals than |n the contro grven the
erence in rarn srze In addrtron the, concentra lon of DNA was 2 ess In
e mena nrn ) ro animals, and he au h?r concluded that the
smal rains of e malnourishe |§s were under-mvelinated. In the same
study, rats were also grven a rotern eficient diet and the same results were
obtalned: the concent| tion ot’lcholefterol and . DNA Was?mefrcanf< reducer% In
the PCMgnrmaIs Pro ongrn(h] e malnutrition in rats until 23 wee on% ter
rferr of maximal hraip growth, had no further effect. Jn this stu NA-
concentratron hadb sed as measures o the %ree of m ernatron
t)e results from both raés an H}rgs su?ggs fd author that myelination
mag pecra IX v%nerabe urrnﬂ perlod of m xrma ? rowth
evera l1 S have shown .the Importance 0 érme ? onset o# PCM in
ermrnrn |mﬁe brain size in the rat. Winick ?P Noble (1?66& ound theﬂ
|n rats malnour %ed at th time when brain ce s are actively dividi g e
division 1s curtajled Itrmate number of total brain clells IS re u(c]ed
nother stud also foung a re uctio n rat brain cells when cells.were dividin
aP malnutrition occurre é] in a hon fo n that thrs reduction will occu
the rats are malnourrshe from birth or | err mothers are malnourishe
durrng H}re?nancz %not va% Marthens & Margolrs 19683 [t was also. re
H £ |ns thesjs in the rat brain Waﬁ reduced when protel de Icient
lets were fed to the Wean |nga rat. Protern syn esrs Was nota ecte howeyer
when adult rats were maintai deficient d (90

a, Kido

Furusawa & Satake, 1968g Lasﬂ F ﬁ| |e¥ and OBrren it ? oun 3
réeltsuctron In protein contént an smal er cells n the cerebrums ot mafnourishe

he ¢o centratron f certain enzymes in_the cerebrum as well as the. mrng
f' s of g amrc acid, gamm? amno ur IC. acl ’\ﬁGAB artrc acl
alanine. were r% to be signi |c nt r.in PCMrats RaAa %hmr Govinda-
raban & Ramakrishnan, 196 atrcu ar. mterest in G and Its recursor
gl tamic acid. The presence fGA Al unrgue 0 the brain; it has eI ctrophy-
lological propertres and is thouHht to 3erve 5 a modHIator of dendrrtrc (fctrvrt
The ‘same ‘study, as reported earlier had also shown hese protein deficie
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rats performed poorer on a visual discrimination learing task than did controls.
Thu? this study dem nstrae that a_condition ass cated with a Iearr]mgddefrcrt

S ma? assoclated wit ercrt of GABA and of the enzyme involved in Its

Conclusions

It seems Io rcaI to conclude. from the Precedrng literature _review tha
coo rca o\ ‘\ISJ mpairment can result frgm m nultrrtron an t] suc
rr") |ke ur ﬁ the period o maxrmgl evelopment o % rain.
HC oogrc y, . mEerse sor deveIo ment % Fcesses of Inhibition
an excitatiory, see e affec ed rn huans. ' Physiologically, there js evidence
t] the myelrnathon rocess an umber of the ral are rmp red T erF 5
owever ?] S Inour nowe e 0 the reIatror] etween t osyc 0lo
ca an atis o%rca consequences of “nutritional Insult. In fact, on aere
f 1 Govinaa P& Rama rishnan, 1965) was reported in which
earltn jas retatedto atmea olic change In the C%S
i§ aJso jnteresting to con icyous_absense of ps siologica
researc the stu oyg the efrect pPCM Tﬁe use oI Byﬂ Bnhésro| %rca
measyres would see ob an excellent starting point to rnve? at e relation-
nutrrtron Fo

eh( afm Fetween pyc oo rca oc[h dé) sro ogrca co sreq ences 0
Pr EEG racrn s o lgCM cﬁrldren This tethnr

E] Serious

severa 65; Ne
Nelsoh & D an 159 re orte
coud he e Ia orate onror %ortrca actjv ay urrng earnrn sr uaHons Ea rc
ularly I Infants, srnce 1S rs %me of rdpid brdin row umans. Are
ther drfference? for exa(m R ecortrca C“VILY Infants as com-
pared to normal infants rrn? abrtuatr nort mber o trials to earn or
extrgﬂursh a classrca”y or ope an on rroned response? The usg of cassr%a
conditionng In - suc g/ serve to test Pavlov’s notion t
functional status of the CN can be ascertained through the elaboration of
conditioned responses (Brozek,
, Another research possrbht rs he resentation of a series of IearnrngP tasks of
mcreasrng comg exrt¥ and again lookin for EEG drfferences hetween PCM and
control Subject example, one mi tbeg‘r Yvrth classical condrtronmg Hd
then move o drscrrmrna ron Iearnrn? reversa %rnrngn or stereot
om{r% Ip srz P EEG. differences mrﬂ ecome more as
eI dr task increasel (‘ss ming, of course t at aI C | ren
are capable e res onse However | e, It PCM children
cannot perform complexTearning tasks, such d ata Would be salient in itself).
|_astrr what are he developmental differences between PCM and cont{ol
I‘h Some of the research showe rmprovements in EEG actrvréy ter
re a rrtatron from. malnutrition (Nelson, 1959, Nelson & Dea[r 1959: a
Does suc rmgrovement Fccogngany rmProvement on gamnin
couI “sample PCM and contro sur o a range o q om |n ancr?/
H}onﬁh adolescence and Investigate the relation between cortical and learning
It should also be rPornt]ed or1 t that other meafsures besides EEG coulﬂ he Fsed
ostuy the pstjchop ysI0 ?rca concomrtantso maInu rrtron 3ychorf ysiolo
rgeasuressc as’ hearf rate re med e 3/ could” provjde
valuable Information concerning the role of thé CNS rn processrng incoming
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stimuli. Heart rate, for instance, had been widely used with normal ehrldren as a
meﬁsure of the atéenm al or ordentrng res#onse Suc studr s could be reg hcateg
wit nou |she ren t eter g as Klein eta 1969) a (r toc

Smrth 1967 oeste chrdren Sy errng rom manutrrtron are ackrng atten-
tional with terL envrro[r nt. t]ntere rngy the mental aﬁathy
h? |ate |t washiorkor a?] resu ed in the crnrc dictum_that *Once a
c 229an be persuaded to smile, he 1s well on the way to recovery” (Clark, 1951,

P The notion (if an attentional deficit associated Wrth maInutrrtron Iso Eromtits
some theoretica sgeeula 10 concernrng a passible relation betv]veel olo-
a]nd g siological effects, An or% nism 1n eracts with his en |r nment
rou? hi$ nervous system, that Is, environmental |n t s rcerve y . the
receP ors ahd then t ra smrtted ann the afferent path a Lote brain. I as
esearc nPrerente here sugﬂess n rve con uftron is innibited as a resylt
mcom ete elination of the nerve fibers, stimuli may not g et to_the brain as
hould for approprrate behavioral responses, or trmuIr may get t0
the brarn |n a non- aa ptive manner. In other words mal u tion .may” be T
F siologically medi form. of stim Ius eprivat |on in w |c environmenta
t |s simply not bein recerve or erng Impro ery recerved by the cortex.
he cons u nces 0 tmlErc OeprrvatronK articul ar In early”development

ave een e ocum nte m, 1968; Kess Sa aek 970
iN Klen et q 1969§ found&h 21

or exam
stermﬁrkae PCM fron¥ control chédren Were not tests. drfferrng |n co nrtrve

0y ut tests requrnn the rocessrn of envrronmer] | input.
authors esrz d an a en lona er due ower eneﬂgev eves owe

it Is also oss at rneomg ete m elination resu In a defect abilit

0 rcess S m r rapid v 5 supgort comes m the stud res o Broze
19 ?I In w he abl v ahorate ti nditioned re exes and ma Inten neeo
sta exes (\{vag ?fected manu trition, and Cravioto P cardl
%ﬁngfo o repore efects In thie intersensory development o dren suf-

A Ioﬁrcal objeethon to hrs hypﬁ thesis is the oss L o]f cortrcal dama%ed
to .malflutrition w rch cer arnP/ as been sugdeste erature T |s,
Orain’ damage ma L N concer wrth or Independently of nerve con JI-
tion. However, ore must |n mrn hata reduction In th numbero rain
cells per se does not neces X r[rJy a reduction in In eIIectuaI cagacrv It IS
often sai th% tonly a smaI fraction of the a]dulé brain s aﬁtualg ag/

%o a smaller brain may not necessaril an rca thermore, the re ear
Winick and Rosso h1969 showeq t at alt o he number of brain cells
ere red ced as a resuL of malnutrit| Lon the cells hat ere present were intact.
Frnallg esatus of te rain mag e Irrelevant. Strmur arrive at the brain via

the nervous system and so it seems parsiomonious fo examine their path, at the
Phort of entry’ ) fe rrhe route to the brdin 1S somehow |mpa|red ﬁren thepactrvrty of
e brarn |tse[ |s secondary.

A test of this hypothesis would be ex tremely difficult and onI indirect from
a behavrora Pornt of vrew Reseﬁrch dealing Wth the abr |t¥ rocess st&mur
such z1s conditionin tu les mi roveueu For examge If ‘one_could find
norma E 'S in nouns children but sower rates o ?b ituation or
condrtrona one mg% ht Infer |m airm nt of the different or ef erent)nerves
Iowever even sc a o not 1oﬂnc usr(ve for the relation etweﬁ
crvrt}/ heh VIO[ |s strI nor clear. The need for research specifying the
neuropsych 0gy of hehavior is obvious.
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