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ABSTRACT

Carnit ine plays a role in the transport of act iva ted
long chain fatty acyl groups from the site of activa-
tion to the site of beta-oxidation in the mitochondria.
Endogenous synthesis of ca.rnitine from the amino acids
methionine and lyslne~ takes place mainly in the liver.
Fl.'om i:here free and acyl caen.itine are re 1eased into
the blood and transported to other tissues. A few
studies have indicated that poor nutrit.ional status may
Idad to carnitin€ defic'lency. There is a high
prevalence of Itwashiorkol; p a. prot ein-enel~gy de f Ie 1an t
state p among's t the 1::11ack popul at ion in Southern A:h~ica ,
but at present littie is known concerning carnitine and
i is poasible effects on lipid met abo I I sm, Furthermore
ther\';! have been relatively few studies concerning the
effects of different diets on serum e arn i t Lne and
lipid. So fa.r no reports have been pub l I shed concern-
ing the e fisc t,a 0.£ l\&,li, ze meal as a a t apI e di is t , Thi s
is 'highly relevarAt in the South African context.

The aims of the present study WEll'e to oompare serum
carnitine, protein and lipids in blaclt and white Sou.th
African adu l ts, to evah.ls1:e tbe effect of a high maI Z~
diet (10W-Pl~otein) on. heal thy adu] t IS and to mves t ignte
these parametet's in chi Idren wi th Itws.shiorltol' as com-
pa.!'ed wi th normal chi Idl'en as well as to assess the
re.sponse to treatment in the :aut!"i tionally depl~ivedgroup.
tn the p'reserl't study no ma]or c'u. fferences wel;e observed
'!:nlltvJ'een the diffel~·ent adult population groups; va lue s
for "ormal children wer8 In general within similar
lahlss. A change to a IDw~pratein diet in healthy
whi t e adu l t s produced signi. ficant di ffer811ces in car-
n.I t t ne and the proteins and lipiiis measured. The
values "btained for the lrwashiorlwl' chi Ldren showed
aigniticaA~t Changes as compared with no rma l eht t dr en,
En par t f cut s« cam it Ine and total phospholipid eon-
c~nt'J.'fations wel'l;; sig'oi Hcsnt 11 reduced and the percent-
ag~ of doc(llsatetra~noic acid (22:4) was increased.

The results obtained sugg~~t that there may be impaired
o2idatioil of lipids' in ktt'H1Shiol'KOr and the deficiency
of carnt ti ne may provide an exp Lana t ion for the ac-
eumuIat f cn of fats in the livers of Itwashiorltol'
patients. The de or e a se in total phospholipid con-
centration with alt erat Lons in the lecithin fatty acid
distribution in the ~hildren suggest that there may be
changes ih membrane fluidity and fleXibility.
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1.1 NUTRITIuN AND NUTRITEONAL DISORDERS

Adequate nut~itlon is essentiBI to life. The body

requires certain essential dietary nutrients from which

the tissues and cells can synthesize the numerous com-

pounds required :for maintaining its well being. A

deficient nutritional status leads to a biochemical im-

balance. A prolonged absence of one or more of the es-
sential nut r.Lent a in the diet r esu l t s .In disease. The

basia for many n:utritio:nal diseases is muHifacto:dal

and involves the cu.I tur a! aspects of Food p:.'eparation'

as well as social and economic infiuen("es. An impor-

tant aspect of nutri t icn is the way in which animals'

respond and adapt to a new diet. In v~der to survive,

animals mus' adapt to various nut r i t Lonal eond i t ions

and those that fall to adapt wi 11 deteriorate and may

ultimately die (Pang et a.L, 1974). Most populations

ill fil'st world countries $ubsisi on a mixed diet. The

padern of food cons.nmption is varied and almost every

meal consists of foods of both animal ar);d vegetable

origin. This diversity of food sources is generally

l'egal'ded as a requirement for a "well-balanced" diet,
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wh.i.ch provides all nu t r l en t s in s d equ a t e amounts.

Humans are omnivores but, by ne ces s i t y , in third

world countries many millions of people eat a virtually

vegetarian diet. Many forms of edible matter are not
used as food; the decision to do so or net depends on

social, religious and economic factors and may bear no
re)iiition to nutritive value. There is usually one food

whl('.h is the staple dl ...t of a particular culture and

this IJ nearly always vegetable in origin (for instance

wheat, mal ze $ 1"1ce , cassava); another form may be

labelled as a prestige food. since it is expens Ive and

is. therefore~ reserved for special occ aa l onaj this

is ':mally meat (Khan-Bf.dd Lqu! and Bam] i 1980; Br-aun-

wal d ~.t a1. 1987). Although this type of diet t s defi-

cient in most essential nutTients the most common form

of deficiency in developing countries is one of protein

and energy. (WHO 1966; Jelliffe 1969; Waterlow 1981;
Bhattacharayya 1986).

L2

The primary requirement 041 a diet irs to provide enough

energy. Animals get their energy from their food in a

chemical form which is derived directly or indirectly
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from plants. The three food sources which provide this

energy are oa rbohydr a t e s , fats and proteins. An ideal

ratio of these substrates in a diet is assumed to be

60% carbohydrate: 25% fat : 15% protein. Some of the

energy in food is ultimately converted into heat and

its dissipation ma t n t a ins the temperature of t he body.

Energy may be expressed quantitativelY in units of

heat, th*a unit ta:.ng t he kilocalorie (l::('al). Since

tii f flilrent fooQ.s contain di fferent p r opo r t ions of the

em:n'gy providing compounds, appropl'i~te balance must be

IDllintuitled such thp.t the body's metabolic systems can

be supplied with the reqtAlai to materialS., including the

non energy pr(.)"vidhw nut r ient s (minerals and vitamin$)~

Thes~ nutrients p!ay n vi tal rule in human metabolism,

~ince they are involved in a Imos t every biochemical

l'oacl.ion and pathway known to man. '1';1e l..acommended

dtdly Int akes of enol'gy &nd nutrients vary with age ,

sex, physiolog'lcal state and nctivity (McGilvery and

uoldsdein 1983). The values given in the World Hea I t h

Organization rf1lconmumded tn t ake s pr-ov t de n basis for

assessment of nutritional s ta t u s (Passmore at a t ,

19'1'4).
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1.3 NUTRITIONAL DISORDERS

Dietary problems ar-e most frequent ly rela.ted to in-

ad equa teo rex c e s s ive in t ake 0 f the ma j 0 r en e l' gy

producing components. From a public health point of

view, deficient t n t ake of carbohydrates, fats and

proteins, which may often occur simultaneously, is OTIe

of the most serious nutritional problems in developing

countries. Xt is generally accepted that, in paz--

ticular, protein deficiency is the underlying caUse of'

many nutr it LorraI di sorders of the underdeve loped

cl()untt'ias. Predominantly, malnutrition in Africa ap-

peal's in two fOl'ms popularly ItnoWrl as kWQshiorltol' and

manaarnus and collectively called protein-anelvgy ma I«

nutrition. KWlilshiorlwr may be seem. as an inadequacy

of protein fouos with a relatively high intalte of clleap

carbohydrates. Marasmus is the :result of a low intake

ot aU foods. However, various combinations ar(') vel'Y

common and the OCCUl'rance of' the two cond;' t ions com....

bined in. one child can be referred to as "mal·Bamie ....

kwashiorkorlf (Maietnlema 1!186). Generally ]l:,wastdo:x,'ltor

manifests. itself with the I:'resence of oedema and ab ...

aence of wasting. While marasmus with wasting and ab-

sence of oedema (Bha.ttache:ra:yya 1986).
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Protein is distinguished from the other classes of
major nutrients in that it contains nitrogen. The
adequate intake and me t abo H srn o f this nitrogen-
containing nutrient leads to a well developed body with
proper muscle tone and a general feeling of fitnes'~ and

Me11 inko f:f ( 195 '1 ) stated that "un lLke

fo:t:'l.1lS lOr life. therefore, to

ask if evolutionary eons. have not somehow integrated

nInnYIS quest for food wi th as.s:i.fui 18 tion of Proteins VI.

DU!i.·lnggrowth, such as in childbood, the body requires

an adequate supply o£ protein to proVide amino acids ht

s1.1:££1ciant qlllant:Uy Dnd 'lllali ty i:{) pl".omote development

st.ant. supPl:v Qf protein is demanded try the body to

maintain beal tho

The evidence that animals tire able to adapt to changes

in the levels of dietary protein is exteusi"(l's. In

gem.eral they respond to dietary a.I terutions by modi fy-

ing food ~ntake (Macl{ay at a L, 1941; Harper 1965); as--- -- "

sooiaied with this are met euo t t e changes associated

with alterations in the activities of specific tissue
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enzymes (All i son ~.!. a l , 1961; Mur-amat au and Ashida

1962; Harper 1965; Schirmer and Harper 1970; Mauron

et al. 1973) and vari at ions in organ size (Harpe\'

1965). Bxper Iment a l evidence using animals has show.

that a low protein intake causes a shift towards

anabolism and reduces the degradation of amino acids

(Pang !! !.!. 1974). These animals developed clinical,

biochemical and histological disorders similar to those

seen in childrEln suffering from kwashiorkor (Kirsch .§!.!

a L; 19(8) •.....- Mayer and Hargus (1959) suggested that

animal s fed un a low pl"oteln di at ate li t t1e because

thtilh." :£000. intake was limited by an e1.l:cesS of energy"

int».1~e in relati on to protein intake"

AIS consequence of inadeqUate protein intalte" Tan ..

pbaichi 1:1' and B:roquist (1973) speeulated that a ~er-

tain degree of carnitine deficiency can be envisaged in

populations oQnswr.ing cereal g'1:'ain diets. These diets
are marginal in lysine and/lOr methionine, and in kWQs-

Itiorlto1', where a doficiency of e~sential amino acids

is well established (.1e111££e 1959)~ canrrl t ine is also

defi(dent. Recently thel'e have been several reports

regarding the impact of diet on plasma caerri t Ine con-

centration in various species, such as rats ~Seccombe

!! !!. 19 '1 8 ) , rabbits (Gillies and Bell 1976),



7

monkeys and pigeons (B611 eta L 1979). LEH1 s has be an

published on plasma carnftinB levels in man.
Cederblad (UHF!) showed that diet can affect plasma

oarnitine levels and e'f:cretion of u.rinar31" carnitlne in

man. In their study- seven healthy men were served II

higb"ca:t>bohydl'ate ~ low-fat tOl or a lOYlil"'cal"bohydrat~,

higb-tat on diet tOl? hlo '!Jl,·eel{s~.iet one diet regime

for· four days fQUo.wed by a three day brealt QX);Q con ...

fODd ..
con.t1Jtined the same a~no\:lnt 'Of clIlll'ni tirte-'1~ich

Plasma f:i.>ee carn:U:ine rose sign! ficant 1y from

the nitial

higher from day PI8sma acyl cal~'"

nilin(;1 hfcreased on both. diets. Urinal\Y excretion of

carrdtine Incl~eased only on F diet. Rsnnl clea:a?ance of

both free and acyl carnitine was significantly gl'eat~r

on F diet than on C diet (Cede~bl ad lSa7)"

The pl'EHtent food and nutrition situation in Africa can

be looked upon as the l'Gsult of histQrics.l events, as

well as ecological and socio-economic status. The ef-

fects of the industrial revolution in Europe and the
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USA on Africa and the colonization of Africa by the

Western countries are perhaps the most important fac-

tors (Maletnlema 19(6).

The food and nutr! t I cn problem in Af'1~ica may be divided

into two major categories!

and

Longsi;T:,Jtn:ding t1lodera.t~ food sh<:)lJtages combined

pool" utilization and misuse ot available

£oods~ lea.ding to' cnr(;uic malnutritioltl."

'erlocUcnl1y thes~ twO' are intensi fied by tbe tllnvil"on'"

menial conditions in Ai'l'ica. laclt lOf 'fAi'~d:e!'? a:bun.d.ance

of pests, vel"min$ freq~ent catastl:'ophies including

floods and dtough:t and unstable governments which all

lead to an increai)ed prevalence of disease (lVialetnlema

1986).

If an in£ec'l:lous disease were to ld 11 even one quarter

of the n'Unlbel~ of people that kwashiorkol' or marasmus

ld 11s on average in a year, an urgent contra 1 oampaI gn
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would be r iount ed , The r e l a t t ve neglect of the mor--

bidity and mortality associated with mal nut r i t t on is

partly due to its effects being most frequently seen in

young children, and because it is not a communicable

di s.eaee , Malnutrition tends to be g'!tcatly under

reported in disease and mortality statif.i,tico. This is

beeauas many cbi loren recox>ded as havl'l1g died of di s-

eases. such as gastro-ente:dtis or pneumonia may also

have been >suffering from malmli:l"i ~ion. A person who is

undernoul'ished is more 1ikely to succumli' to an infec-

tious disease than one of good nutl"it;'onnl status" It
bas b~en shown that· infect ious dl seaselS of childhood~.
such e.s.lIH~at~les and whooping coughll• may precipitate the

onset 0.:£ protein-engergy malnutri t ion; 'thus jl a seem...

~ngly h-ealtlry child may contract' mea.sles and sub...

Sequ«;l'ltly develop ItWashiorltfu? (Latham 1979.>.

lVlal:rtut1"l t ion in young chUdl'en, which predominant ly

manifests itself as various forms and degrees of

has been deacllibed in texts

dating back to the sixteenth century.
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Early in the twentieth century Gzerny and Keller

(1923-1928) introduced the term ccmehl nahr aehaden>

for Lnfarrt iLe malnutrition resulting from imbalanced

food intake (Defekternahrnng) where starch constitut~d
the main food iiem. This new e Lf n iea I syndrome with

oedema Rna akin changes l'emained largely neglected Un.-

til CHeely WIlliams reported:h ~ .now classical descrip-

tion in 1933 and 'Used the name kwashiorItot'given to :it

by the people of Gbana~ meaning the cii5iease of the

di$p1.~ce(l child when tbe next one is born. TIlis recall' ....

nit lO)'l<by Will iams of l~lrt\s.hiorkor in infants marKed the

begin.ning of ex·tensive studies leading to great ad..

'lral'HU'Hl in tlle understanding of the global probl$ID of

rr:alnu·\t:t> in infant.s and. yo'Ung chi ldl'en~

KWaahiot'kot' bas been reported. from many pal:'ts. of the

wo~ld under vf;l:t:lousnam~s (t:t:'owel1 !1!!. 1954). Some
these tel~ms are clinically Or pathologically

descrIptive, others are suggestive of nutl'itional

aetiology, and,1. few are ve:vnacular flames used. locally

(Jelliff'e 1966).

:01sf: :itlC'I; ion between. the ma] or forms of protein-energy

nlaln.utll'ition ils generally related to mass. A

simpli fied clns3i lication introducing the use of gr(H'lTth

ohal'ta for clinical purposes has beel1t recommended by
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WHObased on the findings of a WaUcome Trust Working

Pa.rty (Lancet 1970; WHO 1971; DeMaeyer 1976; Water-

low 1976). In this system1 all chf rdz-en whose weight

is under t:tte thi:rd percent i 1e , or less than 80~ of

shm.de.l·d weight far age, are cons.idered tel have

protein..-energy malnutl'iticn a~ shown in FIGURE 1.

Oedeltlfl is the essential f·e.ature used :in diagnosing

---------------------------------.-----
t~<.ai9k)l.t
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Although there is some controversy in the 1Hel'ature

concerning the use of an international standard.

studies on children in privileged and under-privileged

groups in Africa (including South Africa) in the
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middle East and in America have indicated that most

well-nourished children have growth curves that compare

't'lTell witb the international standards (Khan and Freed-

man 1959; Ford 1964; Latham 1967; Hassan at ~!.
1969; EI'ts:myr1910; Rea 1971; Wingerd et a l , 1971; Amir-

haldmi 1974). It seems that even though genetic in-

the role uf envll"vnme:ttvtal

factorS" especially nutritional fac1:o1"s, is paramount
(Hal1i.cllt et .o.L 1974).,...__ ..... ~

JPlOOTlilENS A'Nn tXJP1XDS~ l1£IEl~tIC C~GES

XN DtATltON TO ~1t'ltITEON A1m .lrM

ltWl1ASHJOllm:O:a

Nutl"it10nal status influenees the activities of the

maj 01' met r.o« 1ia patll't'IT8.ys in thf~ body and in Itwasniorkor

there are wide ranging effects on p r-o t e Ln,

lipid. vitamin and mineral metabolism.

Such effects are reflected by ::'edllced concentrations

of these compounds in serum; the values generally rise

t:\ppro&ching the no rmal range, following appropriate
dietary treatment ·(Dean and Schwartz 1954~

et al. 1956; Burch et al. 1957).

Scrimshaw
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1.7.1 PROTEINS

Studies by Kirsch and colleagues (1968) who fed rats on

a diet containing only 5% mixed pr-ot e In , showed that

these rats developed a condition resembling

1r.wa.sh:io:rltor~ Protein deficHmoy in rhesus monkeys

resulted in a reduotion in plasma triacylg'lycerols and

phospho1ipidS~ a rise in f1."ee ratty acids and a fatty

liver (Kumal-!!.!!. 19'12.).

The nitroges.-~ mett.lbolism of chl1t!.l'e11 't'll'lth kwashiorkor

has been exteul!:>hrely studied. Trvwell Was the f.irst to

report that·· hypop:rofeinaernia. was a very ocns tant faa ...

ture in ltwashlorko1' (,fl'owel1 1944). Altmann (1948),

wOl'lting in Joha.}'1.nesburg~ found an average 0 f 4~gf 1 of

total P1?oi:l: .. in serum from twen.ty hospi tal i zed

chi ldren; the albumin:globulin rat io was 'l1nity. An....

darson and Altmann (1951) reported on the

elech'ophore'" 1C sertUll protein pat tet'l'l in maInut r !t f on

including Itwashiorkol'. These workers showed. that the

gamma-globulin was relatively normal or higher than

normal, albumin was low; alpha. and beta glob'.llins
were ne nma 1 .. Jassen and La Roux (1950) found an

average of about 41g/l of total protein in serum and !an
albumin: globulin ratio very near uni ty in forty one
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children admitted to a ;?retoria. hospital. Thirty two

children in cura9iO investigated by Van dar Sal" (1951)

had an aVe;?age of 42gi.t for serum total prctein~ when

the:¥, Were first n.dmitted to hospi~al. and on discharge

the average value was Gag/!; albumin .zoae from 22 1:0

45gll and p-l o"C;)ulin from 20. to 2lg/!. The

albumin: globulin l~atio therefore changed fl'om 1.1 t o

ubowed an average

as.Sgll of serum total protein (rang~,ng from 29 to

51glH in thh·ty three Itwa.shiorl{or cbJ,ldNiJl'l admitted

to hosp'! tal. A rise to abctut GOg.!1 of Sel"um total

:p:t~oteln,was reported on the eighth d.!ilY after admissi.on.
, ,

An albumin~globulhl avert\ge t'atio of 0.67 at admission
in e~ghte~m kW41shi()X'kor patients was reported by Be-

hrendt in 194 tl. A£ tel' treatment the avel'age 1'4t i0

finally attained was a. little oval' unity. Thi S WIlS

'Only half of that found in l),)l'mal childl~en (Behrendt

19.49). tUtUn and co-wo1"kel"s studh,d albumin met abo-

and concluded that hypoal-

bumi naemt a was due to a deul~eus"~. synthesis of albumin

(Gitlin!l1&l- 1958). Oedema, cha r ae t e.r f e t f c 0.£

kwashiol"kol', l'esults in part from the hypoalbuminaamia,

(B1"aunwald 21 !l. 1987).
se:t"um al'l:>umin f • eighteen estimations on kwashiorkor

subjects was reported by Dean and Schwartz (1953); a
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very slight rise, a Ii t t lo more than lOgll of serum

albumin. from the first to the eighth day after admis-
sion into hospital was noted. Some recent studies have
verified that the va Iues of serum albumin and total
pl"otain in kwasnicu:okor are decreased (Khan and Bam] i

1971; Hammond!! !l.. 1987).

As early as 1945 plasma. phospholipids were found to be

deQre·aaed in ql1i ldrell suffering from kwashiorltor

(Onrv£tlho e:; al. 1945)" An average serum V8.111eas-....... ~

low as 31l8mg total lipids/100ml in Itwashiorltor patients
on admt ss Ion to boepii:al tvas t'epori:ed by MacDonald and

co-worltera :in 1963; these concant r s.t ions rOSe rs.pidly

dU."':inr: tre::l:tment to an 8.vel'aga ·of 636mgl :LOOmL Thi IS

hl.(ll~eaSe in total lipids, also reported by Schwal·t z

and De an ( 195'1 ) , was suggested t o be due to an in ...

a~ease in cholesterol. triaaylglyocrols and phos-

pholipids. The serum phospholipid fatty acids in
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kwashiorkor child~en on admission were shown to differ
from adult serum phospholipid fatty acids. Palmitic
(16:0) and oleic (18:1) acids were higher and linoleic
(18:2) and Brachadonic (20:4) acids were lower in the
malnour t shed chi ldren. MacDonald at a l, (1963) Bug-

ge.sted that the differences could be due to dif-
ie:t'ences in age and not to malnutrition. Radnc-

tiona in both alph~-lipoproteins (Cravioto €It 8.1.

and beta ...Upoproteirm (Khalil ~!!tl.. 1973)

haVe also been rep.orted. In a,ddi t ion to the dietary
deficiency of lipids~ d.isturba.nces in the p:t'oi:ein

tl'llUlsport system with the concouri tant impai;rment o:t ao ..·

sorption and increased loss of fat in stools a:t'e con-

sidered. ihe m.ain f:actol"s underlying the disturbances (r[

'01(4)(1 Ii pids (tthali 1 !!J!!. 1974)" Some degree 0 f

steat4ll" ~hea bas long b~<i!n recogni2;ed as oC(,fu1!1"ing in

It:~n,l$llio:l!ltor,, Studies have shown that th&l"e ia poct' ab .....

s(.o;ptian d1udng the aeu t e stage (Holemanc and

iaamb;r,ech'l;s1955) p late rec(,\h,~t':v' (ltob:tnson !!:~8.1,. 1957)

and even sometimes hmg aHel> clhdcal l'ec()vellY (Melltt.l

at ar , 19tH». Holemana and Lambrachts (1955) belie1l'ed,.,_..._ .................

thil:l was due tu faulty digestion rather tha1 ... absorp ...

tion. In Southern India, s t ud ias on kwashi ol'1t'or

patients on a low fat dietp showed faecal fat exc~~ded
that of fat intake, suggesting that some of the fat in
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the stools was of endogenous origin (Mehta ~!al.
1956). Gomez and Ins associates (1956) found that al-

though fat a.hsorption was poor, largor intakes were
associated with greater ab scz-p t ~on both in malnutri-

tion and during recovery_ However DeMaeyer and Vander-

bOl'gh.t (1958) in the Congo showed that fat ab so rp t ion

in ltw{lshiorltor iropl'.t{lvedduring treatment.

Accumulation of fat in livers, as a result of in-

adequate proiein intalte bas been seen in both an ima Ia

and ma.:'l. The livers of r~:S fed on low protein diets

\ll~l!e '£h')und to be :h:l:t~r~ owh~g mainly to the accumula-

tlon of !1"i acylg1yc~rt) Is (Li twacl~ at at, 1952; WUr.:-_ ......... .......,....._.

rwnanayalt:e 1966). This was also t;leel'l in rabbi fa whel'e

the hlCl'e.aSe in liver lipid was X110re marl;;ed when th.e

carbohydl'ate intake was increased. ~·att.y c.ha.nge in the

U.ver is a characteristic featu;r·e of both ~mp~riment.al

and human protein rnaInutrit ion (Trowell et a I , 1954;

Platt 1961; Kirsch II !.!. 19(8). KUmar and co-worlters

in. 1972 showed thn t rhesus monIteys fed a diet deficient

in protein but adequate in all other nutrients and

calories developed periportal fatty change.

A fatty liver in children su f f e r Lng from protein-

calorie-malnutrition or lrwashiorJtol' is a well known
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feature of the disease (Devi ~! ~.!. 1976). The

mechanism of fatty change in the liver in protein mal-
nutrition is not yet clearly understood. I t has ue en

hypothesized that fat accumulates because of a reduc-

tion in the synthesis of apopnot etn very low density

lipoproteins, the proteins l'esponsible for the

'bn:msport ·of triacYlglycel'ols fl'o..n liver to fat depots

el'r~lswe..ll !1 !!. 19~HH Flores '!i !l. 1910). Other

theories have auggested tha.t' fatty liver may be due tc

$lccumula.t io.n of tria.~yrgly()ertHs associated wi t1'1 iii.

reduction in. hepatIc pnosp!\ol iplds (Kwnllr ~ •.!!. 1972)

Ol': de£ect.ive S(HH:etion' of hepatic tri.ncylglycerola

acids in the

of carnit.ill~ in i'ni'ty acili (ll~idation, Hpid accumula'"

U,on may be alsn i'N'!)' due t" ,~e;rnith'le defi.eiency (Kh~u'l

ahd Bamj i'·. 19'1"1h
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1.8 CARNlITKNB: METABOLISM AND METABOLIC

CHANGES IN RELATION '1'0 NUnUTJrON AND

Carnitlne was discovered at the beginning of this cen-
tury (Gulewitsch and Kimberg 1905; Kutscher 1905) but
it wa,s almost forgotten among biocnt":lmists until its im-

portance in fatty acid me t aboLlsm was established 50

~ears l~ter. In the last ao years. interest in the
metabolism sud function of carl'll tine has s teadi 1y in-

creased,

The chemt on 1 structure of carnl tine was

determined in 1921 by Tomita and Se.nd]u; it
is a qua ternary amine, bet a-hydroxy-gamma'"'

trimethylamino butyric acid:

In 1959 the essential role of carnlline in the utiliza-
lion of long chain fatty acids for production of energy
was elucidated (Fritz 1959). By the early 1960's car-
nitine had been shown to be essential for beta-



oxidation. The L-form of this compound wns shown to be
biologically active in transporting long-chain fatty

acids from sites of activation in the cytoplasm to
sites of beta-oxidation in the mitLchondria of animal
tissues (Gran 196B).

of IlstOl.'S. In plasma,

1"0£01'1'1)(1 to as aey!cnrnHincs (Bargen-Lockner at a1.
. . 1oI.~_

1981).

Nutritionists had previously assumed that·· an .in'·

dividUal would synthesize 01' ing¢st adequ~t-e amounts of

earuUino and mee,t cMrnU.illB nc.eds by one or the i)the:t·

or both or these means. Caroi tine was neVer e.onsidered

a possible essential outdent for: any segment of the

healthy population. or even for d.iseased individuals.

Clinical investigations of UV~ last dec adc , however,

have c lea.l·ly demcns t ra tad t ha t oarni t inc de f ioi aney may

O(~CU1' either as an inborn (,n'1,'or of metabolism, or in

certain other commonl y occurring conditions including-
malnutrition, diabetes, thyroid disorders. dySh'ophYJ

advanced cirrhosis (Rudman £1 81. 1911) and hyper-

l Ipopec-t e fnaemf aa (PaIn at!]_. 1980).
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The eann i t Ine concentration of a tissue at any par-

ticular tlme is dependent on dietary intake, syn-

thesis~ transport into and out of the tissues as well

as degradation and exar et Icn (Borum 1983).

TWo essential amino acids (lysine and methionine),
Uu:e~vitrunius (as~(nebat~) :niacin and vi.tamin 86} and. a

metal ion (f'ed'llced iron) s:.re :t'equire'd for the biosyn.-

thesis of endogeniP1a.$ ca~'nitine (Broqu:l.st and :aiOX'um

l~Hnnt in both :human liver and kidneys (Tanpna.ichi 1:r

and Broqul.st 1973l~ Tis::tues othe:r than liver and

kidneys. can synthes:l ze the inl1tH~d:Late precursor

of c!u?nitine~ g'amma-tmtyrobataine; but h.c]\: the

last biosynthetio enzyme "Ilhich hydroxyla"l:es gamma-

buty.rob.etaine to form carnt.t Ine (Rebouche and .Engel

1.980). Animals of a I 1 ag e s synthesiz.e gamma ....

butY1"obetaine, but the activity of gamma-

butyrobetaine hydl"oJtyl ase is age dependent. In three

human infants, the gan'una-butyrobetaine hydNlXyl ase

aotivity was 12% of the normal adult mean; by 2,5
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years, the activity was 30% of the adult mean and by

15 y'"ars the level was wi thin the standard deviation of

the adult mean (Rebot'lcha 1980). 'l~he liver ctmve:l:'r>ion

of t:eimethyllya:hls tCi butYl'obataine seems. to. tal~e place

in both pa.3."snchym$ll and :nonp~t'enchymal calls, whereas

the b:vtb.·o~E::vJ.aHonQf gamma~'bu.tyrobe1l:a.ine to earnithi:e

$ only parenchymal cells COunn and Englal.'d

1981h The. reaoU.on Se(11.118n(;11 is anowll in FIGORE:2.

Reactions (~) J1Ind (5) al"e catal;y'aad by dioJt:yge:tHlS$a.~

11:i l1i~ alpha.-.ltatoglv.taratfJ as olOtsubstra'i:a ~nd

l"equir~ ascoX'bate~ £arrou.s iron .and molec1Jlar. oJcy'g'e.f),

(Br.emar 1983)" 1l1~actions c;t) ~nd 00 :t;"equi:l:e

p:eotein-~ound lysine reaotions (a) t ('1) and on
t"eq\11.t's 3....Hydj~oJr;y...6...N""Trima thyll ys ine, gamma ...

butyt'Qbetaine aldehyde and gamrnll-butyrobetail'le, resgae ...

'li't!$l:v~ are found. in SOlU.tiOll (:Bieber 1988).

Although a roul ti tude 0.£ Questions ooxlcerning the

regulation of cD.l'nitine biosynthesis remain to be

a.nswered, it:i s l~rww1l. that the process i s :t~egulated by

diet ~ age and hormor~nl status of the anim&.l (Broquist

and BoX'um1982).
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NH2
l
CHa
t
CHa
1
CHa
1
OHa (1)

I
CHNH.t ".eOOH

PROTEIN --i>
t,VSUJE

('(Cf4 )3

CHa
I
eHa,
CH~
I
efta (2), .

CUNHa
I
COOH

N- TRIME'l'HVL-

LYSINE
LYSINE

N+(CH~ )a
tlHa

eHa
t
eHa
lOHO (4)
+
CHaNH:!
teaOH
'Y-ElUTYRO-

BETAINE

+N (OH31:4
I
CHz
I
CHOH
I
0Ha
I
COOli

'Y-BUTYRO- ~(-- ) CARNITINE

BETAINE

ALDEHYDE
+ Gl..YCINE

REACTIONS DESIGNATED O..S) ARE CATALVZED BY:

,.1)'.. Protei n (iysine) methyl trans fet~ase
G 6..N"Trimethyllysine, 2"'oxQglutal"ate dim<ygenase
3. 3...Hydroxy..S..N..trimethyl1ysine aldolase
4. "I",Sutyrobeta1oe aldehy'de dehydrogenase
5. "Y ...autyrobet<:l1ne, 2..oxoglutarate dioxygenase

(Modified from Tanphaichitr and BroQui~t 1973 and Bieber 1988).



25

1.8.1.2

Since tissues such as cardiac and skeletal muscle

depend upon fatty acid oxidation as & major source of
transport f

carniti.'X~e franl its site of syn:the$is to its site of 'f>

tion is of cl"iticftl importance to cellular ens!'gy' mata-

tmlism (Bt'<l''Um1983h Because most tissues have a car-

nitine con(tentration that is more than 16 fO,ld higher

than that of blood plasma~ a.n active uptake of ear ..

tina must taRe place. This :uptake, however~ occurs

with varying

:showed. that turnover times for cs.rni t i.ne in lddney ~

heart!' skeleta.l muscle and brain in rats were
0.4,
diat:dbut

21

t1'O 11ad by hormone s )

epididymis (Bremer 1~83h Ji'tlsting or diabetes mell Uua

incr~ases the liver C01QCelttl'ation of cal":rd tine (McGarry

!! !!.. 1975). This increase is particu.larly great in

sheep, wi'.ere the H,ver carnitine i.ncr.eases more than

80 fold in diabetic andmaf s (Sno.swell and Ko'Undaltjian

1972). Compounds structu'l?al1y rel at ad to earn! tim.

that contain the trimethylamine group. &110. a cal'bm,ylie

group reduce earni tine upt ake , Gannna""'butYI!'obetaine is
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taken up to the same extent as e az-ni t ina (Bohmer ~!aL
1977). Many ce 11s take up both D- and L-carni t Ine ,

although some se l ec t ivi ty for L-ca:t'nitine occurs
(Bieber 1988). Data from experiments with isolated rat

liver cells indicated the existence of a common car-
rier in the plasma membrane that mediates

t't'all'1SPO:rt of both carnitine and ga.nma.-butyrobetaine.

The liver. carri~r has a higher affin.:i. ty fOr ganlinf"

butyrooetaine than for Oal"ni tine, which i~ consistent

tdth the :role of live): hydZ'oxyla.tion of g.amma""

btftyrobetaine PrOducel;i by other tissues (Ch.'I?lstl.ansen

and B1H":ilmer 197:6) •

1.8.1..3

Carnithl~ is lost 08.i1'11y by excretion in the urine
(Borwn 1988). In rats the :t'e:rJ.~l c l eaaanae of car--

nf t t ne is less than O.05Htrp.s/day (:6 ...-asa and Hoppel

1978). The glomerular filtration rate is apP;I"Q;,dmately

1.7li t:t'e13/day/lQOg body weight (Bauman and Phi U ips

1970).. ThUS more ~han 95% of the carn!tiae in the

glomerul ar fil t r ate is reabsorbed. This is. simi 1a1' to

amino ae id reabsorpt it, in the kid~leys (Bramer 1983).

Both free and acyl carni t f ne s 3.r~ excreted (Brass and

Hoppel lS!a). Similar observations have been made in
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humans. Normal serum c1ear anee is app rox ima t e ly

lrol/min, and the daily excze t t cn of car n t t Ine is 100-

aOOpmoL Tubuhtl<> reabsorption ill the kidneys was found

to hi" 96-99!l» (Eans and Biniek 1970; 1'J:01111c11 ,!,,! !.!.
1978), Carnitine is a l ao axcr~~ted ill millt (Bremel~

cept by bacteria in the (lj'Ut l but it is primari ly 194'1:-

c.rated 'in the urine, both fl'ee and in ihe fot'ID of

I t has been shown U'lat•
in humans large nmc:n.mts .of oa1'ni tine may be excr,:;,ted as

sp~ci£ic conjugates to aid in e1iminatj on of specific

Small amounts of

h:imethylamine a-cetone are found in normal urine

(Gl'uner at a l , 1966) and may also be of intestinal or--. .......-
However, in

1'0-1:13 and mice there is some ev idenee that admini s t r a ...

t Lon of the unphysiological :isomer (+)c.a:rnitine leads

to a far hi1'he:r excretion of tl'imethylaminoacetate than

does administration of carn t t I ne (Be im et !.!. 1980).

Thus by some unknown maenan! am an ima 1 t. i t3BUe seems to

met abo Ii ae (+) ctlt'ni t ina to trimethyl anrl no ace t ate fa'!'

more ef(leiently than (-)carnitine (Bremer 1983).

Previous studies on the metabolism of labelled racemic
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(+ or -) carnt ttne showed conve r s Lon 0:1' caenf t t ne to

what was :ldenti ffed as methyl choline (lKhairail ah and

Wolf 1965; 19q)'7). Carnitine decarboxylation was s t Imu-

laton in diabetic and fasting rats, showing that the

cllrnitine (Mehlman ~!!!.
shown that19f1). Evidence in

this has not belen .shown in humans. Ca:L'boxyl"'labellea

butYl·obetain.e9 TtJ'hich is l"llp:hUy con:v~rted to

f··)aalmltine in the bodY, g-sve l."ifle to some rad:io.ac...

t iva CO~ ill J! lilt t s (Br.emel' 131.62> ~ lioweve:r ~ t hE; IS 1ot~'

)lates of form.ation ()f l~beUed C02 malte it diffioult to

e~t:;·elude pari: icipa.t ion of intest inal mi eroor-

g'anisms. Altogeth~r it is possibB~ that some

degl"adathm of (-)carnitine takes place in mtltilIDals,

but it seems dQubtful th:itt this d~g!'ada.tiolrl, is of .any

quantitative! impOl?tlU,1.Ce. Most of the (lar:rlitine seems

to be It'lJrCl'eted tlnc}J,anged in the u1&ine (Ul'~me!' 1983.).

1.S. 2 FUNCTIONS OF C,ARNITINE

The one uni va-rsally accepted and ma] C>l: funci: ion of car-

nf t Ine is that it fOl'ms ,part of the shuttle meehant sm
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whereby long-chain fatty acids are converted into acy l>

e ar-nf t Ine det'ivatives and transported ae r os s the

rnitochono,ria.l membr-ane as shown in. FIGURB 3 • The

membrane is implS:f;m~Hlble to. long-chaif.!. fatty acids, as

weH as to' theit" eoenzyme A esters. Once aC1'03S the

membl1'ane~ the acyl carnitines are l'~'\h'(mVerted to their

liberate ener.gy. The enzyme $ ear:ni tine $,cetyl h,'ana-

ferase I (CAT Ih is l'lssociaisa wi th the outel" s'lde. of

the inner' roi toehondriai memora.ne and alloW's long"'cbain.

acyl g'l'otl1)S, stlch as acyleal?nJ. t il'),$, to penetrate the

mitoch.onollia and ~ain acceas to the beta-oxidation sys-

.
A<.'fyloarnitine is transpol'ted tn , and at the Same time

one molecule of cnr:rdtine is t""t'uls.pol:'ted OWt. 'rhe

ncylearnitine then reacts with CoA, cn.ta.lysed by 0&1"-

(CAT YO, attached to
the inside of' the inner membrane. Acyl CoA ia :t>eioX'med

in. '1:11:<:. mt toohondl'ial matr'!;!t and c~umi tine i R 1ib~rated

Carnitine aoyl transf~ras(;.: is e cn s Lde r ed the rate

lim! ting control enayme of the beta-oxidation pathway

of fatty acid catabolism in rat liver (Lumeng at !!.
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FIGURE 3
ROLE OP CARNITINE IN THE TRANSPORT OF' LONG CHAIN FATTV
ACIDS ACROSS INNER MITOCHONDRIAL Ma~BRANE

---. ,__,~'.Aey~...
earnitine

AlWT'A
fJ·Oltnd~don

\ taken from Murray at Ill. 1985).............,. .....~.....

..
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1978). However. this was not found to be the case in
liver mitochondria of l ...day-cld pi; eta (Biebel" et a1.

1973). According to McGarry and c -workers, in rats,

an increase in the level of substrate (earn} tine) foI'

titis snzY)lns resulted from an increase in circulating

glucagon. They suggested that the Hvel" carni Une :in..

creases .under t:h~ influence> of ghlcagon by:

~;'incl'easedhepa:tic synt.hesia ·0£ carni tine

::;in(u~eased· 't:ransfer of <Hi:t"nitlne £1"0'00. m'lnH~le to

liver, or

til inC3?eased hepat i 0 upt ak.a fl:om plasma in an

ana].ogous way to that of amino acids

(McGarry at at., 1975),.~~

oxidati()n~
(TABLE II).
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TABLE II

SL~Y OF POSSIBLE FUNCTIONS FOR CARNITINB IN
METABOL I SlVI

~ h¢ ~~ __

1. Beta-oJdd.ati.Q1fl of i..ong-chain fatty acids in

rei '(;.oChlO)[1I:11-1 a

2 • !n 1m!nat i Q 11 0 f IS IS 1e c t i V IS a c y 1 'l~ e s t d u e s I

tteto1ltlficati on

3. Tl·tulslocation of acetyl unita into nri.'tochondrin

(Yea.at)

Moa:ulat h>n of the CoASHI A.cyl-CoA ratio (m:~y 'tlary

depending' on flli.i:o.chondrial source and the levels

f CAT I and the earn it .fne lacyl c a~ni tine

h'llnslocQJ1je)

5.. Reael"vois: .of act i"ltai(;)Q acetyl .uni ta (some inseot
flight musoles, possibly het,l:rtand sperm)

1. Shuttle ohain-shortened produots out of
peroxisomes

('ralte.n from Bieber 1988)'.
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It is generally accepted that carnitine is involved in
thermogenesis in brown adipose tissue (Bo]?um 1983) and
in initiation of ketogenesis (McGarry 1979, McGarry
and Foster 1980). Cat aboH sm of br anched aha in amino

acids is ;hnportant in enel'.gymetabolism in many normal

physiological and pathophysiological cond l t iona, 00.1'-

nitine has bean shown tu playa faci1ii:atory, if not

obligatory ~ l:ole in the cataboli Sill (1f branched chain

arnin() acids (Ba~ber at aL 19821~~~

has be'01:1hYPothesized tb.a.t earrHtine !!lay affeat

gh:acol'leogenesis~. becallse gl1;!.cone.og'.enesis :fs depende:n.i:
'Upon fatty acid oxidation a,no. tbeJfe:fol"e any impairrilent

fatty acId oxidation leads to hypogl:7caemia (MtU::fAY

the finding that many patients with genetic earn! tine

deiiciEmc',Y' ..hava SIe"l1'l$l~~ bouts ·()f hypoglycaemia (S!ol1.im

at a1. 1981) .•.......,-~~

,.• g. 3 CA~lT!NE DEFICIENCY

is applicable only

when the number- of cal'nitine molecules (as measured by

total carni tine concen tra t l.Ol'lS) is t('o low to ma Intain
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normal metabolism (Bargen-Loclmel' ~! a1. 1981). The

term earn t t f ne deficiency should never be used to

describe a decrease in free carnitine concentrations.
when there may be a corresponding increase in acylcal'-

nitine (Broquist and Borum 1932).

With the ltey l'ole of carnitine in fatty acid olddation

in mind, it is not sUrprising that disturbances in the

ftmctio:n ot carnitine may cause pathological phenomann..

When c9.l'nithu;: 1$. lacldngil a conmon faatul'e seems to

be the a¢f,fumu,latlcn of h·lP..cylglyaerol in the cell;

uride.r these conditions ~n. fLnhibited fat.ty acid Qjdda""

diverts fatty acids from o'ldda!cion to este.:ltificB.""

•

reported the first example of sueh a condition. They

fftUnct that the Upidoe.is and heart fa! lul'e in diph'"
,

theria could be explained by a Iflsa of aaJ:lnitine fr·om.

i:ha h~Qr't. It wa.s postulated that c3;l'nitinE! depletion

:inadequate intake of lysine and

methionine and the loss of capae I ty to I.'ryntllE~si.ze Ctu.·_

nitine from lysine and methionine (Rudman ~t !.!.. 1977).

Perfused rat HVi':ll~ supplied with oleic acid was treated

with 2-tett"aQecylg1ycidate~ which inhibi ted fat ty
acid ()xidat ion. Thi-s direct and spee I fie inhibi t ion of
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long chain fatty acid oxidation diverted exogenous

fatty acids to the esterification pathway ano enhanced

the secretion of triacylglycerol in the f orm of very

low density lipoprotein (VtDL). The rate of fat¥.y acid

oxidation in liver was ther~fore a major determinant in

the prod·t;!.ction of tria:cylglycerol .....riah plasma

lipoproteins (Ide and Ontlto 1981)"

Car:nitine defiaiency may be pl'ovolted in infants given

itl"titicial aar:n?tine free diets, pres.umably beca'ltse of

slow endogenous l'ate of carnitine biosynth~sis in the

neonatuI period.· (Slon:i.tn at·· al. 19B!). Newborn infanta~~

nOl'rrfally receiv'il substant fal amounts of carnB Ins ix'om

the'll: mother's mi lit (Borum 1981).

It has been s.hown that populations consuming cereal

grain diets have reduced serum and urinary c8l"nit ina

concentl"ati ons , wh:tc:b,are probably 1'elated to lO'Yl car-

ni tine ingested and impaired synthes is of earn! tine

owing to insufficient intake of lysine and methionine

(Tanphaichltr at aL 1980). In a study oal'ried out In

India, Khan and Bamji (1977) found that p l aema ean-

nft i.ne levels were lower in children suffering from

peo t e In anerg-y malnutrition than in healthy controls;

after treatmen~ of the malnourished children the values
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Increaaed , In a later study serum free cazn i tine and

acylcnrnitine weN:! also found to be decreased in

African children with kwashiorltor as compared with

tateU..nourished contl'ols (Hammond at a1. 198'7). These

low levels of c~rnitine~ were reported to be associated

wi ill :t'educed intalte 'Of carn! tine together wi tb.

deficiency of the p1"e('lUrsor amino acids lys.ine and

methionine, giving rise to inadequate endogenous syn'"

thesis n~aromond at at.1987h A deficiency of amiuo
--- .-....w

aCJlds is wtall est8lblisned in Itwashiorltor. The reen! t~

r apolJted by lllrunmond .£! !!" (19a '1 ) showed ina t serum

tot.sl pl'ofelns and albumin were clecreased in

ltwasb.i.orkolr confirming th.e exp.ect.ed derangement of non-

mal prot~i)11 profil4!is. HOwevel"., th~se workers showed

th~re was no cOl'l'$l~tion between serum carnU ine and

albu.min, differing' from the correlation l"epo:cted by

I{hana,nd Bamji (1977). It was hypothasited that there

is a possibility that mechanisms controlling serum car-

n:Uine and albumin levels may be da1e'anged to diffa'tent

extents in ItWashiol'kor and that markedly suppressed at ...

humin need no t necessari ly be accomp ant ed by ma:rltedly

reduced carnl tina. Since ca'rrri tine p 1aye an assent i&1

role in the oxidation of fatty acids (Bremer 1983), the

defiCiency of carni tine may provide an explanation for

the aecumu IatLon of fats in the 1Ivers of kwashiorkor



37

patients (Hammond!!!!. 1987).

There have been very fet'1 reports (lin serum ca.i?niti:t1,~ and

phospholip.id (!,:mcenh'utiol1s in adults of il.i.f:hn:ent

at~.on ~w(nJJ.ps. Se1rel"al in:vas·iigators bave however

diet influences values fOf serum

havG. been

1OYfJ ....p:ro t ain

and lipids, but not many studies

investigate tho ;affect of a

....A.n:;p'C; parwnatet"s.

ation of Southern Africa. To date U).el.~f:appears

t 4} be vet'y 11t tIe fnfot'mat ion. c.oncerning the meta-ho 1iam

f carn! tine and phospbol ipid.. in nutJt.'itionally

Studi es of uel'UID

carl'li Une may aid in the understanding of metabol i.e

changes occut'l"ing in Itwashiol"lto ... and may be of poten-

tial value as l'egardE therapy HIammond !l a l , 1987).
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'l'he aims of t.:tis study were:

1. to compare 'serum

1ipid eonnent rat ions in

Af.t'ican adu Lt s ,

2.. to evaluate the eff.ect Gt a high maize Jiet

(lo't'tt""pl'otein) on healthy attul t s p

~~rnitine9 protsin and

bl aok and whi te South

$. to in:vest igate tbe .?At.10ve biQchetnical pal"llme(>e~s

lil ......tldren wi th k~iTashliotli:Ol' and to assess their

telSSpOttse to treatment.
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Ethical cle&:t'tU1.cl'! :::,.t"~.. this study ·W<llS obtained £1.'9m the

Hum.~n Eibi..;$ Committee (12/4{8.6) '0 the Univ~.fsn:y·uf

l~cted from a8:ult vt1hites by voluntary permission of the

The blood' was csnUd fug-ad OQ(h:pm. the

se':'~,,~ ~.emoved and l'-;\61't ~.;:U.l°Cnut i1 th~ b~ochcmi-,

2.1.1 NORMAL ADULT SUBJECTS

Blood samples ws:t>e obta.ined from diffel.'Emt popu l at Lon

g:r"'ups:

a) twelve lfrhite blood donors (six :temb Les and six

males)

b) twenty-eight u.l'ban blacks (eight females and twenty

ma las)

c) ten rural blacks (all males)
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FIGURE· 4
CARNITlNE· STANDARD CURVE

5 10

----.....;.,....- CARNITINE (11111()les l~
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Protein standard (5g/1), (8i gma, USA): O.5g dry human

albumin dissolved in d i c t t Ll ed water and made up

to 100ml.

The foilowing we:r;e pipet ted into clean 10ml teat tubes:

O.2mI

Al bt;unin

solution(5g/0

3.0m!

2 ••amI 3.Gml

To each tube om! of biuret reagent was added, the BotU'"

tiona mixed and incubated at 37°0 for if) min. After

cooling the 80 lui: ions were :t>ead spec t eopho t ometnf cally

at 540nm using distilled water to zero the instrument.

Since it was only possible to obtain small serum

samples from children and certain of the rural adu l t

population. the method was adjusted in these cases

using one qUarter volumes th:roughout.
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2.1. 2 NORMAL ADULT SUBJECTS ON A LOW-PRarEIN DIET

Eight healthy 'U'J'hite sub j e e t s (six females and two

males; t'l.gedfl"om twenty to twenty ~hl'ee yones) were

(app~ncl:ax A). This low pI'otein tdet was taltl~n from a.

'bool\: en 10W""pl.t()tein cooldng by Bounds (1983). Ii; Wilb

adju.sted to ln~h.1de a high meal ie' content in place of a.

low red meat content~ in crd.er to be as close as pos-
sible to tlM~ low....prohdn~ high mealie-pap diet fed to

b!aclt babies and young blaclt children by parents :hI the

lower f.~o~!o-ecolllomic gl'o'UP,.

befol~e the low-protein d~et W$.S comme:tlcad and ax'ter ~he

first~ second .nd third we~k of diet. ~110 months aftel'

1'Itasmning a normal dlet blood stunples were aguin ob-

tained from each subject.

2.1. 3 CHILDREN WITH RWASHXOR!{OR

Blood was collected fJ!om twenty two blaclt ch'lldren

(ages r;ltrrl(!ing f:t'om nine months to four yeal's), who had

been. ·01iniclllly diagnosed as suff<3l'ing h'om ltwashiol·1tO:r
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and admitted to various hospitals in the TransvaaL

Six additional samples fro«> the initial twenty two
p.atient.s we:re obtained after the first week and

s.mnples from three of these sill:: afier> the second week

af' hospitalization and treatment. Datai Is of these

pa.H.ents ari,Si given in Appendi:lr :3. '1'1119treatment given

~ auumlari;;';ed in Appendix C.

lEUood V.[f[aS (Jbtnined :lil.·()m rural control gl''')up on im»

M~llamulele ami tlsn! Udl1d.ni haspi tals) oom,Pl'1.sing £if~"

teef;' c1l:dHh.'en (7 famn-Iea and g males) of the same age

ran.ge tlnd l1Qqe grOlJ,p as tllo~"le '\1J'i 1:11l(washio:t'kol~; they

had no !alltl?! t ion.aUy )N~lat~d syraptoms and Sh(lWed no

avideilce of muscle or liver dh:lea.se.

All ehemt ea t s and solvents used were of analytical

:reagent gl'ude. All solvents were obtained :from l1.~"~·cl~·$

W. Germal1lYp and 1.istilled water w(;..~ us sd th1"iOUkr,h,.r t ,

All investigations, except for the l e a Lthf n fatty acids
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in the children with ItwashiQl.'ltor whel?G insuf'f:i c I ent

serum. waG ava:Uable, were carried out in dup l f eut e ,

'fadio.isot()plc method (McGarry a:n.d Fosta'ff 1976) was

tJ.ssdto measure ac.r''Wll ltavel.s of' ca:r~lit:hle. This in-

VQlv-~ij . d~te.t:'ro.:tnatlon r14Cl"'acetYl c(;tl"l'!itine fOl'med

in f'oll~wlngrea-etlon:

r1401-Acetylwcarnitine was separated trom [140J-
acetylCoA with Dowex l ...XB. In thi B system the quan t i ty

of [140]'. acetyl"'C'arni tine t()l~med (not ubsorbeq to the

resin) was stoicbiometrioally related to the amount of

Dsrnitine present.
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Free carnitine was estimated using untreated serum

samples and total e a sn t t I ne was de t e rm ined after

. aUl:aline hydrolysis. the difference giving the acy l ean-

n.itine concentration.

Acetyl CoA (lithium salt) [Sigma Chemical Co. St Louis,

t1SAl:4mg dis·solved in 20ml of lZOm1Vl Tria-aCI

buffer pH 'l.S; stored in 3mI a.liquota at ...ZOOO.

Carllitine acetyl h'snaferase esc 2.3.1.7), activity

4~()UJml (Boehringer Mal'1.nheiln COl."P, W Germany):

(}.;nt! made ttp to 2m1 with 120mM.. Tl'is"'HCl buffer,

pH 7.s"

Carnitine Standard, L-car:niti11e chloride (Sigma. Cherni·..

cal Co, St touis, USA): 8mg caent t me dissolved
ill 200ml ot 120mM Tria-HCI buffel", pH'1.3.

(l.Onmolt50pl). Stored in 20001 aUquots at "2000.

Working standards: POl" use one aliquot of \he
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stoc!t e az-nf tine standard was thawed and di luted to

2.5, 5, 7.5 ~nd 10nmol/50pl.

Sodium ietrathiona.te (Riedel-De Bo.sn AO): 13.4mg/24rnl

of reaction mixture (sse page 45 ).

DOWell:1..1:8 anion exchange resin (BDM, Poole, Er;gland);

(:1- ;fe-vm; 200-400 iVIesb4

Preparation:

10 fJg DoTtJ4;!:re

«(M:derblad and ;Lindst.aJt 1972)

~llnlS ,-''Uspend.ed in Z20ml of

eth·allQi:!1caiona (b1). The resin was filieved dry

in 8.' Buchner fu:rmel, ~esuspEmded in watel' and

stirred 't'\litll a. glast3 stir::n~r.. !t Was washed cnee

wi th 1Msodium acetate anf! fH iel"ed~ :l?esuspend~d.

in ()* 5M NaOa and :H 1t~n.'>ed. '.rh~' res in Was wasbed

twice more by suspension in 0.51111NaOH foll0·~~ed by

filtl"atlo:n. It was then su.spended in 3M HOL Fol ....

. lowing filtration \u>1 all additional wash with 0.5M

HOlt the l1asin wa.s washed with distilled water un-
iil the filh\f,de was neut r-aI (pH approximately 7).

Finally the resin was air dried to a constant

weight. It: was the,n leapt in a dl.'Y closed plastic

. container until needed. Just priol' to use a por-



45

tiOD of the propared Dowex was added to 7.4ml H20
t I() make up a vo 1ume 0 f 10m1 •

Assay for free carmi tina

(H'Intri.fug'e tubes. 'rhe tubes were washed in Cl()ntr1JiO

afte·r each assay.

24ml ~ 21.. Gml of 120mM T't>ls-HCl 1)uffel'1 13. 4mg sodium

tetl'athion.ata» :L rIm! of prepal'ed acetyl eoA and

12)1l 1...("401acetyl"'CoA. From this m:i.:1ctu:t!clml was pip ....

pated int() each tube and SOpl of either serum or a t and-

ard was added. 'rhe final volume was 1.05ml and thf s

eont af ned 120}lmol 0:( 'rl~:i.s"'HCl buffer, pH 7.3; 2}-tmol of

alOdium tetl"athionate; 25nmol acetyl CoA; O.0251.1Ci 1...

r14Clacet:;rl"'CoAp and 50)Ul of ei ther serum 01' s tandards ,

Reaotions were initiated by add i t t on of 50)11 (lU) of'

aarnltine a=4tyltransferase sus~eDsion Bnd the mixtures

allowed to stand for 30 min at room t empez-atur e , The

l'eaction was t armt nat ed by the addition of O.8ml of a

cant Inuous ly 13 t I J."l"ed slurry of the prepared Dower
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resin. Th-a mixture was vorte"e;'ifor 1-2 min and placed
on ice. This Bte~ was repe:" _~ twice at 10 min inter-
vals and the tubes were ths ; cerrtrLfuged at 2 OOOrpm
for 10 min. . inally, O.5ml of the auparnat ant fluid

was pla'Csd in a scintillation vial tllJi th 10m! Aquagel

and Junted in a LIm liquid scintillation counter. A

h1ij.nlt fl.'om which enz.yme had. been omitted allowed cor-

1 Aion. fot' nonspecific superr!atant radioactivity. In

this system the quantity of 1-[14C]acetylo.arnitine

f():rmed..(not adsol"bed to tbe resin) was stoichiometri-

Alkaline hydrolysis of the aoylearnitlns present in tbe

serum sample was carried out by addi.ng O.lml of 1M Tria

base and 50pl of O.4M KOH to 50pl of SEll'um. the mix-

tur e (pH appr-ox , 13) was t neuba t ed for 1 hour at 370C.

After f ncub a t t on, Oo2ml of O.575M Bel was added to

return the pU to 7.3, followed by the addition of 1ml

nf the reaction mixture described abDve~ the procedure
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was repeat ed as daacri bed for free ear n I tine. The

tions of .acfylcQr:n:i.ti:ne were obtained by subtracting the

value for f:ree from that for total carn:U:ine.

Total $erum plloiein ooncen.tratlun VIas meas'U)';'ad ufr;:lbag

the Biui~~t reagent. The pl"in.niple of this method is

~oppar in. an aUtaUn,e sohltion /l'l$l$tdts with the.

1inltRg-es of· l1rt:ino ncld.a in the pl"ota.:i.n produc ....
violat. OO!OU1·.

Bh:ll~et Reagent: (Waic!1selbaum. t'ormula) CSML Diagnos··

tics~ Johannesburg. The :t'eagetlt is supplied ready

for use.
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SERUM ALBUMIN

Principle

Certah'i ·ani(h"\ic dyes have prC'tein ...bindl .....-:-:properties.

The binding of the dye by Ule protein causes the

tr;1Rvelength at wh.ich maxfmum absorption oceues to differ

:h"om that of the free dye" The intensity of absorption

of lighi: of the bound d.1e is relaied to the amount of

dye con:verted.

inf;ei!'lt:J1ty·· of J;1bsOJL'ption of the a.lbum:in"'dye oOI11P1e:1:: is

propol"th:mal to the concentration of albumin present.

AU:.>ml:act (CSML )l)i ag'nost ics , Johanneabm:g) Thi s con-

tained bromcresol green, la.ctate buffer pH 4 and
One volume of a Ibuxae t was diluted

with 4 volumes 1)£ disHllad water for use.
\

QuaU ty control serum [QO] (~tu.·ronghs Wel1c('~e tJK).

When reconstituted with Sm! distilled H20 this

contalried 35..S6g11 albumin.
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Std(S)~---"""'"'
!i.Oml 5.0m.l 5.0ml

Standt:Uld (QC) (I. (I lml

After milcing, the ahs()~bences of t.ests and stand~.\l.·d

were measured. immediately aga'lnst. the bl~nk at a

't'\19.velength of 680nm.

2.2.4 SEaUiVI PROTEIN .ELECTROPHORESIS

Principle

The serum proteins were separated on an agaeo se gel at

a pH: of 8.8 using the Eecknum Pa1"agon e Lec t z-ophor-as Ls

system.. Electrophoresis is the migration of charged
particles in an el~ctrolyte solution which occurs when
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an electric cUl'rent is passed through the solution.

Various protein components of a mi::lduI:e, such as serum,

at VH values above 01' belovlY their isoelectl'ic points

wU 1 migrate nt varying rates in such a saIut:i be-

cause they possess oi fferent surface changas , At a pH

of 8 ..6 the albtltnin molecules~ which are smaller and

more lH.ghly ahal'g-edt e1rh.1bit the it.ost l"apid rate of

tll.ig1?ation to·wards the anodep followed by the

glo'bul in.s A Th~se. J.l:!."ed~signate(l in order of deCl'e.as ing

l:rtObilit.:y as alphal.~ alph.a.21> beta and gamma

~loblJ1JJ;i;~s the le.'tt.'eX' h;ro tend to nl?Ve towards the

cathode luri:r.ag the electl"opholn.e.t fa run , Mig-rat ion pi a

cha:tged. parH.~l~ ~owatds one. of tbe elech"odes of the

ii depends>"l1tpon the elect~ie cha~ge and siz·e of. the

pa:rtiele~ the s.trlSng·U1 of the cl~gt:ric field~ and the

nn'htl"e of the nledi'1ll"n useu. to suppo:t UM;J pat"ti e le

during the .migl'atio:n prooess.

Serum protein elech.~ophoresiE'!

Beokrrlan~ Palo lto~ USA.
Paragon system fl.·om
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an electric current is passed thr ough the solution.

Various protein components of a mixture, such as serum.

at pH values .above 01' below their isoelectric points

vdU mig1?af.e at v.a:ry:ing rates in such a solution be-

'Oauee they possess diff'el"ent $ul'face ellergea. At a pH

of' 8.6 the albumin molecules, which ar~ smaller and

more hla;hly chargscL exu:tbi t th.e mos rapid 1"a.te of

~i.gration 1I:.1W6.r(1s the an,ode'!I followed by the

glohuli'ns. ·fueae fu;e designated in ord~t' of .dem.·sa.sing

mobility ns ~,lphal.f a.lpha21 beta and gamma

globu:Uns~ the latter two 'cend to move towards the

cathode dttring- the. electropnol"etic rU11. Migra.tion of

charged particle t()wa:rds one 0 the ~']eetl?odes of the

field ~;epends 'upon .the e:l~ctrio charge and size of tl1e

pal'tiol , the strength of the electril~ field, and the

natul'e of .tb~ medium used to $uppnx't the p.a:t"ticl~

dUring Ute migNl.iion process.

tgerum pl'oteill electrophoresis:;!

Be cltmant Palo Al t o , t1SA.

Paragon syst~m from
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Pri&paraUon of l~eagents and samples 'Was carried out as

given in Appendi::rc D.

Electrophoretic lIl"O(HH,'h.tre: Tbe JI?aragon system is com...

po,e~rr of electl"ophoresis caBs; a p~wer. supplYt sample

!J.pplicatol"p a ~",et prO(fs.ssor station and· a. dryat' .. The

c,ompop,ent.a suppl!eC! with the Itif .l1'a: agarose gels~ :a...2
barbi'tal . buffer Pal!.'agon bhla stain,

blotters.

Applicat ion

irOUl fotl pa.cltagl';!. a~d plaoed on paper towel. It

WN3 blotted gently .w:Uh gtH blot tel' alld the blot.ter

disoal'ded. A template ..was oal'~f1l11y pIap:ed 0';'1 the nEil

positlot( on the. gel. Samples fS to 5pU ware applied

aoross e·a·ell template slot. Five minutes after applica-

tion of the last sampla the template was gently

blotted.

EJeo.f:rophorstic rum The gel was then placed into the

Gel Bridge Assembly~ aligning positive (+) and negative

( ...) side$ of the ga! wi.th the co:rlH~apond:i.ng positions

marked on the Gel Bridge Assembly.. The assembly was



54

placed in the Paragon electrophoresis cell, containing

the pH 3.6 buffer, and Jovered. The cell W8Q inserted

inter the power supplYR the voUagG set to 100 vo I t s ,

and zun for 25 minutes.

F;'lc~ntl and stahling: ~rhe gal wa.$ lH:unoved, placed into a

gel frame and sus,ended in acid-alcohol solution I for
S minutes to :t',{:1~ the prQiI;ein. Afts.r dl'ying the

$I~parnted pro'hEfins Wel'e stained and the bacltground

cleared using. the £ollov.ring·· sequence:

Pa-ragon blue stain
Acetic acid solution X
Acid ...alcohol solution H

Acetic-acid solution IX

3 .min

2 min
2 .min

2 min

The stained film WIl$ dried and scanned 'Using III GeimEl:n

de:i.~itolYleter at GOOrun.
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2 •.2 • I} SERUM L! POPROTIHN E!.ECTROPHORES I S

system from

Pl'epa)l$ation l'eagents ltfld samples. was carried out as

described in append'.::, :E.

The sal.'um 1ipopxootG.ins WG:t"e separated elecil'ophol"eti'"

cally at pB: 8 .•6 \\slng- an agat'ose gel 1l1ediuro· supplied

with the :Beckll'ran P.al''.!lg'on li~t') electl"iOphol'e~Hs IdL

Serum 'samples were not frozen ',befo:t'e use. When refer-

ring alec'l:l'ophot:iaiic sepal'Atiol'!S of 1ipupl'oteins,

the fraction ~~1ith tl1l3 gl'ai\test nnodic mobility is

des.iSllate.d us alpha lipopl·oteln. tbe ne:lct two as pre-

beta ~nd beta lipopl"oteins t respective ly 1 and the frac-

tion remaining at the origin as chylomicrons. The 801..

ph., pre-beta. and beta fractions are also referred to
0.$ hi.gh density cant), very low dena i ty (VL.DL), and low

d.ellJity (tDL) lipoproteins respec;;ively.
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the procedure was essentially as descl'ibed above for

sen.'unt protein elect!'ophoresis.

2.2.6 SERUM PHOSPHOLIPIDS

Total f:HiJ~·tml phospholipids Wel'$ e::1d1"actad into an Q1'-

gar(dc s\\'J!v<vnt and th:ta ext1l;Qct used fDr meaaUl?laMe:n.t.S ot
phosphorus thin layer

ChrQmatographi~ sdparntion tor i~olath:m of lecithin

analysis oi' the lecithin fatty acids.

Sulphul~ic acid (5tJ1): l'o a$(h:nlw<Jl:el', 139m1 conc , H2S04

w~X*ectuoefully addedp the sohttio.n was oooled

alld made up to 500tnl wi th water.

Ammonium molybdate: O.4g ammonium molybdate

tetrahydrate wag diSsolved in 100mI water. The

sulution W&I freshly prepared every two weeks and
kept at 4(JC.

Ascorbic acid 12mg in 2ml water. Pt:'eparsd fre.shly £01'

USB.
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Sloelt Standard Phosphate solution: 5mg P/I00ml <1i$-

tilted water: 22mg of potassium dilly-drogell

phosplult~ (K1Ei2P04' '11\'tT='-186.(Hf) 'JAfi!S dissolved in

100ml watel? in. a v(l!tmletric nasIt. The solution

'W$3lS stored at 4°C. (lOOp!

tain.ed 5pg ]?)"

this solution con-

chromatographic (1M::) plates (!.VIa-ehereY'....

w. Gel'llHlny}: ic~ gel G~ 0 $25mm

Z(]l"" plast ic-btM31ted plates~

and sphingomyelin mi:ld:u~es (Sigma Chemical

Company, ST Louis, USA); Chloroform solutiol'lS 'tvith

thin:spningonl'yelin 1'3.'l:i of , 4~1 1

and. concentrations lacitl1i:n of 2, 4 and 6mg/mL

BSA). Ptu."cha.sed ready fOl~use at a ,eoncantratiPl'll

of {h2M.
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Eii:h·a.ction or :earth'll phospho! ipids

Methanol (lmll was added to (i.2m! se.rum, the solution

"ilorte.."ed and lert to stand f.or 5min. fA further 1m!

methanol was added~ tbe mhd:ul'e vor"texed and left to

stand fot 5min.. Ch.l.Ol'OfO.:t'ffi (2ml)· was added? the tube

vovte~ed and left to. stand for a £urthSl' 10 Olin. Atta!'

aerd;l,>lfug-ation for 5 min at 2 OOOl'pm, the sUpei·nat ..ani;

was trans£er:l:'ed to a (He~.n test tube &11d 8rtll of O.lM

sodium ohloride added. The mi.1ctul'e was vOlftexed and

eelltl'ifuged at 2 OOOlC'pmfOl~ 5 min. The addition ·()f

sodium cbloride solution al talC's the aqni lihrium of the

mixture giving rise to two phases. 'The lower

(cblorofol"m) phase conta.ining the phosphol ipids was
tral1sfe:rl'ed to a conical centl'i fuge tube and evapcr-a t ed

to dryness under nitl"ogen a.t50°0; the residue was dis-

solved in 1ml chloroform and then divided into two

aliquots~ one for the analysis of total pho spho Hp id,

and the other for analysis of lecithin fatty acids.
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Serum total phospbolipid

Th~ tora.l phospharus can be det~rrmined·· aft~l" destruc-

tion of the c~ganic matter. Total phosphoU,pid is

digested with sulpb:u:dc acid and peroxide~ ''chs result'"

ing. sahltion is treated with ammonium molybdate~ t'l7hlch

.coupfes Vllth pn()lSphOl'lilS to fOrm a ye now phosphomolyb-

date. On ;rednciioll witin. ascQtbia acid a blue compound

is £o~~med. 'the tntansity of the blue co loul" i.s p.ropol'-

tiona! to the amount of phosphor'UsprE!sent.

Method

This was a modified Bartlett (1959) prooedure.

One R.liquoi; of the ohloroform so Lut ion (O. 5ml) was

ta~e:n· to dryness und,En," ni trag-en at 40°C in an ac id

washed 20ml PY1'ex test tube. Four phospho:rus standards
(50, 1(10, 150 and 200)10 containing 2.5, 5, 7.5~ and

l~ug of phosphorust ~espectively and a control (O.1ml
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water), w~re included wi th each batch of samples. The

standa~d curve was found to be 1illear for thi s range of

To the dried extract, the

sianda1r!ds and the control, U.3ml of 5M H2S04 and O.lm!

30% (V:V) HSOZ were ad.ded and well mixed. Aftel' heating

lot' min at Z2DOC~ the tubes 'flere removed, the test

tube !'.acktilted so that the tubes Wel'e at about a 30

degree. angle, a~ld a {urtbe:!'? O.lm! H202 added. After

heating f101' an additiona.l 30 min at 220°0, the t~bes

removed .and cooled fo1' 10 min, 1ml of water was

min to

tubeS
acid-

washed test tUbes ~ontaining O.5ml of 0.4% ammonium

molybdate tetrahydrate and 0~Oam! of 0.6% L-aseorbic

acid solution, O.om! of the a~?er:natant from each tube

was added and e~ch solution vorte:lced for 10 sec. TIll;')

tubes were covered with gl ass bubb l e.s or manb l es and

heated for 15 min at 1000e. After cooling for 10 min,

tbe marbles were 1."emove·d and the tubes cent r I fugad at

1 OOCIrpm for 2-3 minutes. The supernatants were read

at '1fJOnm against a blank containing O.5ml ammonium

molybdate, O.05ml asco rb Ic acid and O.5ml H20. Total

phosphorus was mu l t f p Li e d by 23.6 (MW l e c t thin/MW
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FIGURE 5
STANDARD CURVE FOR PHOSPHORUS ESTIMATION

,----- CONe II! 9 / l)
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p'vsphol'us) to obtain. the total phospholipid concentra-
tion e'1:pressed && phosphatidylchollne.

a,) Thin la:yer ahromatographi~ separation of s~~um

phospho1ip.i.ds

J?r:hlcipi.$

Phospholipids may be separated by adsOl'ption thin ...lEry,er

cnromatogra.Plly .accQrding to. the type and number of

functionaJ gt'oups ir):espective of chain. length and

degrE!El of unsaturaH.on (Mangold 1961).,Depending on the
sQl:veni: system, the phospholipids separate in. ol"de!'

pol~rity" In the solvent nystt'm used in this study~
{chlorofol'm~m(;lthani()l·:aceti c acid:wa.ter (50! 25:1: S)1 the

phospholipids separate in o:t'der of deCI'easing polarity

into phQspnatidyl etha.nolaminG~ "'.osphatid~"'l serinep

lecithin, sphingomyelin and lyso leci thin" respect ive ly ..

Method

One of th~ aliquots obtained from the above extraction

of sel~um phospholipids was dried und en nitrogen at
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4000. The d.ried phospho lipid extract W8.!:I r COJlsH tut ed

with lOOp! chloroform and spo t t ad on a silica gel G

plastic-backed plate (O.25mm layer). The plates we!"e

chromai:og'!'aphed. for one hour, air dried for a few

minutes and tina-By dried ~t 1(}O °0 for 15mi:n. The bands

VJcre visua.li2;ed with iodine vapcur , the leCithin f'rac ....

tion outlined with a. pencil ttnd the plate neated at

l.o0ne· untU the iodine had e'ITaporated~ Lecithin and

$plttngomyetin atl'lndards we-l·a chrornatog'1"aphed at tbe

same.time for identification of the bands~

.
layer oh1'oInatogl"aphic plate inta a sui table tube. and

then tre:!tted as. follows: methanol (1m!) was added to

the silica gel :f{)lloWed by 2ml of 1).2M sodium methylate

in m3thano~. The tube was heated for 15 min at 5000

with :fre1luent m:i:.d.rlg. After eoo t Ing-, 4ml of wa.ter was

~dded. 'l'he methy.! €lateX's WerE! e!dra.cted with 2ml

hexane , The hexane extraction was repeated twice. An-

h:"dt'ons sodium: au Ipha t e wa.s a.dded (approximately half a

spoon spatula.) to remove residual water and the tube

centrifuged at 2 OOOrpm for 5 min. The supernatant was
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tl"anSfel'red to a clean tube. The hexane solution was

evaporated to dryness under ni t r og en at SoOc. The

r,,!'Isidue was dissolved in 10pl hexane and 0.5)11 was in-

jl)cted :inti)a gas ehromatograph.

Pl'hvdpl~

It. flame ionization detector was used. An. adv·anfa.ge of

this detectol"$ which was l"acognized I?ax-ly in its

qeVel4)pmen.t ~ wa.s that it. responds t() ions p:rodUCfCd by

~v;··."'tionn carbon atoms. These may be defined as those

c~ubOn .a'i:omswhich do not ldlVe .8. -cal'bonyl :f'unctiont or

which do not !o:rm a carbonyl function on therma:i break'"
d()vm or the mOlecule in t.he flame. The latter process

ma1 of course be sensi tive to a n:umber 0:£ faotbrs such

as the operating pa.:t·a.meters of the flame or the design

of the jet ana the reLative weight or molar l'esponRAs

between inc:Hvidual detectors to halogenated lOr s fm!Iar

polys-tomia molecules of low molecular m.1SS (Ackm.an

19(4). In gas liquid chromatography (OLe), a non

,roh.tile liquid$ the statio!le.L'Y phase, is coated on an

inert solid support (column} and a gas passes through

as the mobile phase.
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Method

Ni trogen was useu as the mobile phase, and two po lar

stationary phasBs were used. For the diet study, the

methyl esterfl w!&rs sepal'ated on a 2m open co Iumn., 4mm

internal diameter, pacll:ed with 5rtsDEGS-PS on 100/200

Supelcoport (PaC!l\':ard InBt.rumelllts~ ~A) at a ni tl'ogen

i'h)w' l'a'te {;If ,2 Sml/min. The l'eat of the a tudy was

clll'll!'l.ed out on it 30m mega bore column packed with

SP2330 ( Supelco ~ 'USA) at a total .td trogen flow :NJrte

of 25ml/min (5mlImin of nitrogen .through the. colwnu and

20rtl/rnin·· of ni tl'og'en as a m~lte up 13'118). A Paclt9.rd 427

sepal'atea isothermally at an oven tempera:l:ure of 160°0

for both p ases , The injectiot)' port was at nwOc and

the detectQl" at 20000. Both columna are highly polar

and the methyl esters f>epatlate out in order of in ...

c't'casi.ng chain lengths. The l'esulta were reoorded and

integrated on an SP4100 integrator. Under the condi-

tions des(n~ibed 12 fatty acids were regularly encoun-

tln'ed and adequately separated. in all the groupf:\

studidd1 except in child:::en with kwashiorkor (14

fatty acids were separated). Other minor or occasional

components were included in the total int egr-at t on , but

were not included in the calaulated report because of
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their Infrequent Dccurrence Dr their very low CDn-

eent r at t ons ,

Identification of fatty acids
The. fallowing methyl ester .fatty acid standard mi:.lttures

were used: PUFA...2 (animal source), BMs' OLe 50i l''lHUi't

rapeseed :oil (Supelco SA~ Glandt SWltzerh.nd) It GSA,

oec' ~ 3C~(].\Iu CheGk~ Elysian, Minnesota, USA).

illOrael: to identify the fatty acids correctly, it is

first l'14':Hl.es!.Htry '1:0 measure retention volumes of

homOlogous aerates ot' ltnown cempounds , In this case the

E)tandards used contained zero; one , two! tbree~ etc.,

double bonds. A straight line is obtained when IOg'IO

t>etenLoi) t :lme is plotted against the number of carbon

stoma in the chain. Plotting is sirr.~lified by the use

A family of par-allel

straight lines Ls obt aiued , one :COl' each homo Iogous

fllSrieb. Thus the points on the line nearest the ~:...

ax! IS represent saturated :fatty acid esters wi th di i'-

feran1: carbon numbers. the po rnt s on the next 1tne up

repr'esent the homeLogous ser t e s containing' one doub l e

bond, and so on, The retention volumes ·of the unknown

are then determined? and the logarithms of these va Iues
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are plotted on the grid. The line on which the point

falls l'evea.1s tile r'agree of saturation. The pos l Han

of the point on the 1f ne shows how many carbon a-toms

al"e i~ iolle molecule (Burchfield and Storrs 1962).

Prioar to ~llalys is of the IHlmplea tall U.e standu"ds

w.el'e analysed anu the tt;l'aphs drawn. As there can be

light varl.ationa in retention volumesl day to day

nna Iys is of .two 0 f the s t nndards we1'e (l 801"1" i ed 0'\1t

ll'outJnely and a full set of standards was analysed
lI!lvery a to If weeks.

The Manu-Whitney tsst was used for analysis ot the
results between the white. urban and rural b.lack auh-

jeci;s, in anHul'en with kwashiorkor and in age and sex-

matched children with no nutritional disorder
(controls).

The data fo'l~ the adu! ~ ~ubjects on a low protein dl at

was analysed using the Wi 100xon test • The values com-
pared were basal level, 1st, 2nd and Ird weaks on the
low protein diet, and two months afta!' :resuming normal
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diet. The signifioance value used for all analyses was
p~O.01.



69

EFFECT OF STORAGB

Serum from a ncrmal 'lNhite adu t was divided into O.5ml

p(tl'Uons and placed in plastic tube.s. One portion was

analysed ~.mrnediately~ Three aUquots were tro:r.:~m at

"'2000.. The :t':U'th :portion was kept at 4°C nu' 4 days

and then f'ro2en. Port ion six was Itept at NHun t em...

perature tor 4 days and then frozen. Eight days aftal'

and 6

Portion 3 was

tested after 2 months a~ -2000 and portion 4 was tested
after 5 months at -20°0. The results are shown in

TABLEI AI • Thel'e was no change in the serUm free 08.1'-

nitille level in a l Lquo t s 2, 5 and 6 compared with

aliquot 1 (frash serum). Aliquot 3, whi eh had been

fl·ozer. £01' two morrths , showed a .slight decrease in the

concentration of free eannl tine (appr-ox, 10%). Storage

for 6 months at -20°0 profu'ced a marked decrsaD8 in the

serum free carni tine level (portion 4). These r eau I t s
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showed that serum could be safely frozen foJ' a month

withQut marked al~el'ations in the concentration ~f free

earn I t ina. The rna] 01'1 ty of the serum s ampl €IS were kept

K(;;'tpt froz,en fo~ a maximum of one and a half months~

Se'l~tunoavn:U:ine f,\ppears to be s table at room tempel'a-

tur€l or .at 400 fer sevel'al days prior to freezillg"

'~~----. ...... _~ '·"",.,'d'

.".!~gAAG1!l CPl'lb~!~S ...... ,....,_._.... ~_'''_.__ , .....·,!;i,..1t~Ill~1lj]!;il.·"::.c~.:i'!!B~.·~Ni.:l:l:~.T",:!:,X,.N~EI;i;'......... _ ...__ ..... _.~ ........__ ... ,

----------~-- ------------~------------~-!------~~~~-------.
-~-,_~~_,~~_,'._,~ t~ '1~- ~~ __• _

$. rou~ days at 4 c and
4. da.ys at ...~o C 49.7

6. Room tempe~aturefo~
4, days "'ndf~Qzen for
a.n adcS.it.ional <1. days 49.1

pmQl/l
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3.1. 2 SERUM VALUES

Cat'<niti:r!Ei results for- the different adult population

groups, the well f·ed and It'JJ1rashiol"koI'. ahil<;'h:en. are

depicted in· FXGtJRJSS 6a and 6b; mean valu~.Hf . (_±SIU fU:OS

listed in TAl)LEIV and the individua.l resul ts given in

Appendices H~ I an(1"J~ Th~ v.alu.es for the o.i f ...

. populations .feU within a lHmilar r:m.ge.

0.1fferences. walte £o1l1nd in these adult

Tile concent.t"ai:ions o£ both .free and acyl carn! tine

wel'e .significantly 1.owe·r·(p<O.On05) in chih1ren with

ItWashiorkQi0 than<in age- and se'~-matched oontrols~ No

sex"':rele.'ted diffa.pen:cea were apparent in either gl'OUp.

The serum ca:rnltine c(1naentrations in the well-fed

chi ldren V1Gl1'e cQmp.arable with those' of the normal

adult population group.

When aarum earn'! tine ooncentratl.ol'lS were measured in

ab: of the Itwashiorkor patients after 4-5 days on a

normal die~, the values for free and acyl earni tine

Were simi! ar to those in untreated subj$ct a. In three

of these children studied artel' 2 weeks of tretltment J a
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FIGURE 6a

VALUES fOR SERUI~ FREE CARNITINE iN ADULTS OF DIFFERENT POPULATIONGROUPS~ IN lrJElL-NOtJRISHED CHILDREN AND CHILDREN WITH 1<t1ASHIORKOR
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FIGURE 6b

VALUES FOR SERU~l ACYl.CARNITINE IN ADULTS OF DIFFERENT POPULATION
GROUPS, IN HELL-NOURISHED CHIL.DREN AND CHH.OREN WITi-l I<WASHIORKOR
(,&:; FEMALESl t!1;:; MALES)

I 1

, (} ------~------~~----4----,----+-------+------NORMALRURALBLACKS
NORMAL
ADULT
WHITES

NORMAL
URBANBLACKS

WELL-FEDBLACK
CHILDREN

BLACK
I<WASHIORKORCHILDREN



74

'tABLE I'll

:SERUf.1CAlUU'I'llJE CCmCErrrflA1'!OtJS lrl .AOULTS Of f)IfFEl'll;Wf POPIJI.AHOU GROUPS, u: CHILI>RfW

lUTU 1<t~I\SIfH.lilKORJiIlD m UeU, ..mlUliiSI1ED CIlIumeU

.~.i ~~~·4 ~ W_"_'__ .~ ~ ___

Olne!ts

urban

---------~-~$-----------,-,--------..----,--------------------------

\;Ielt fed ehHdrcn (contrdtSj

(n=15)

Ktlilshiorkor
(n:::22)
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marked increase in free carnitine was observed $ but for

acylc.a.rnitine there was little change. 'l'he results are

depicted in FIGUREfs 1a and 7b and the mean values

given in TABLE V.

The cat-nft ina results in eight )wb.i te adult subj act s

maintai'ned' on I!! low-protein diet tor ·three weeks are

depicted in FIGURE 8 and n.ste·d in Append:tx K. A

change to a low-prote:tn diet resulted in a significa~lt

decr'caS,e (p<Q. 01) in serum free cal"uitine after the

period of thl'ee weeks. Valuee measured after two

months on normal diet

The results obt.a!ned for serum proteins and albumin in

the different adult population groups, well-nourished

cbildren and in those with kwashiorkor are depicted

in FIGURES9a, 9b and the mean values (:t_SD)a;re listed

in TABLE VI.

Both the e~t'um total protein and a Ibumfn concentrations

we1'E~wi thin the locally determined (SAIMR) reference
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FIGURE 7a

CONCENTRtnrONS OF' FREE CARNlrINE IN KWASHIORKOR CHILDREN WHO HAD
BEEN PLACED ON AN ADEQUATE DIET FOR TH1E PERIODS INDICATED
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CONCENTRATIONS Of llCVLCARIUTlNE IN Kt-lA5HIORKOR CHILDREN. tmo HAl)
BEEN Pt.A'CED 'ON AN ADEQUATE DIET FOR TIM.E PERIODS INDICATED
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FIGURE 8
MEAN VALUES FOR SERUM CARNITINE IN EIGHT SUBJECTS
~1AINTAINEO ON A LOH..PROTEIN UIET FOR THREE t~EEl<S.

carnitine

I-----l------.r__-. ~rl
1. ~I acylcarnit1.ne

O~IN-r+r-XA-L---l~$tl---·-2'-nJl-· .-'-~ .....'-•.-S?"":lgJ_.•-~\\-'rt101 MONTHS
VALUE WEEK WEEK WEEK AFTER RESUMINGNORMAL DIE!'
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fiGURE 9a

SEIUM TOTAL PRnTEINS IN ADULTS OF DIFFERENT POPULATION GROUPS,IN WELL-NOURISHED CHILDREN AND CHILDREW WITH KWASHIORKOR
(~= FEMALES; 8::< MAL.ES)
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WELL~FEl)BLACKCHILDREN
BLACKKWASHIORKORCHILDREN
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FIGURE 9b

SERUM ALBUMIN IN ADULTS OF DIFFERENT POPULATION GROUPS, INi~EtL-NOURlSHED CHILDREN AND CHILDREN WITH KWASHIORKOR
(L1;:: FEMALES i 8 I: MALES)
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ranges for ambulant white and bla.ck adults (Whites: to-

tal proteins 55..,85gll; albumin 35-50gll; 131aeks. t ot a l

No significant
d:U!ferences between the three groups. WGre no t ed and

thsl'a 'Were no sel ....rele.tea di£fel"en~es. The individt·t$.l

esUm.l;i.tfons. £0'1' serum total proteins and albumin fo!'

the tvhUe popul.a1:ion group Can be found in AppendiilC L

the blacli~ popuJ.atJon in Appendix lVI.

SER!Jf·l TOTAl. PI'!Cmrif1 AWl Al.tlumrs CO/JCEIl'lP.AVlONS us OlfFIlneNT

POPULAncu GiilOtJPSI.m CHIU)filW un.!! Iw'ASUH.)flKO!llltlD Hl 'Cotrmol.
Cll1l..tlREN

____ ,..__ ...... ,_. _",,",';"O~I!l~I~__ • .~, ....lll.....tt__

IJrbsn blacks .(0:';)28)

J'iurotbltlct<a (M10)
CO'ltr(lls (n;)15)

lC~:a$hIQrk(l;r Cn:;2a)

ilfl.O ;!;. 4.9

69.7 ! 4.5

66.1 :!: 2.4

69.6 ~ 2.7
44.a * 6.9

41.1 ;t3.3

44.a :t 3.0

41•• 2 t. :$.7
24.3 ¢ z.a

Total pl'olein and aX imfn were s igni fiaant 1y decreased

in the kwashiorttor group as llompared wi th controls
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(p<O.0005). The indi vi dua 1 va 1ue s :for the se rum

proteins a:i:e shown in Appendices 1St 8.110. O~ The values

£0'11' the con tr o 1.8 were compara.b 1e wi th those 01: the.

adults"

In the 'kItJashiol'~Ol" cbi Idren who ~a.d been treated there

'!fIns a slg'nt£icant increase (p<O.OO.5) in both total

m:lw~ "Awes ·fOR St:IUJ:,l T01AI. ·flflO'l'i'iW AIlO Jll.BUl,llfJ 1M eONT~Ol.GIUl..DflENflNP IN
lU<Ii\!Slm'l!(t{Oi{PA'tUl:IJiS

TOTAl. p(lorCUJ

---------------------~------------.-----------
trQIll:m4nt
(n.:6)

-------------------------------------------------

COUTROI..S

(n;:1S)
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FIGURE 10a

CUNCENTRAT IONS OF TOTAL PROTEIN IN Kl:1ASH lORKOR CH ILDREN lIJHO HAD
BEEN PLACEO ON AN AOEqUATE DIET FOR TIME PERIODS HUHeATED

ON
ADMISSION

4-5
lJAYS
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FIGURE 10b

4D

CONCENTRATIONS or. ALBUI'HN IN K~IASHIORt<OR CHILDREN t~HO HAD BEEN
PLACED ON AN AtlEQUATE DIET FOR TIME PERIODS INDICATED

t
f

n

30

I.......-. !---.... , -t--._--
ONADMISSION .t'} .. 5

OAYS 2
klEEKS
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After two weeks on treatment. although values were

marltedly higher than the initial va Iues , they still

l'srmdned lower. than in 'the control chi loren.

The values ltlotG1ined for aeTUU) proteins (mean 1.8D) in

the ~ubjecfs on a low-protein diet are listed. in TA.'etE

albumin deC1"ealliled oval" the three 1Jlreelt period; by the

when estimated t't'\10 months aftsl' resuming

valu,es for the suhiects 0'\1 a

diet can be found in Appendix p~

I,!EAUVAI.'U[;S fQ~ $~R!Jll1oTAt PIlOTiiUJ MID Al.'flUltUlIN SIGII1' SUaJeOTS 1-llI!NTAXNEO
C~ Po t.O~,,,p.RQlr;nJ 1:H~T rOil TllnE'li }IEEKS.

------------------------------------------------
mrrn\l. 1$T ,tID ;,;RO THO r,10UTI'$

Af1!:R n£;S\.'''lltJG
Vil.l.ua ~JEiSK Wl:l!:tl{ HeEl< tJOIU,IAL IH£t

~. k ~_~!O_~__. __- .._~,. _
Rras!J\ts ore 1:IItprcsoed as gl!



87

FIGURE 11

MEAN VALUES FOR SERUM TOTAL PROTEIN AND ALBU~lIN IN EIGHT SUBJECTSMAINTAINED ON A LOW-PROTEIN DIET FOR THREE WEEKS

80

PROTEIN

1--

o
~lN-ItAL'"' .•-i51"-' ._•. -' --2-kJj'_'---'3'r~ .-'~'~--=h~ot10NTHS

VALUE ~leEK WEEK WEEK AFTER RESUMING
NORMAL DIET
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Individual values for the se ....um albumin, alphal'

a 1ph a2 t beta and gamma globul in~ are 1I s ted in Appen-

dices Q (white populat i 011.), It (urban black popu l oil t f on) ,

S (rural blaek population), T (control children) and U

(children with kWashiorkor). The mean <tSD) e orr-

centrations for the protein fractions in the groups

studied are sUJl1lnarised in TABLErx.

Values fell within a simi 1ar range £01' the annl t

PQPulat ion group.s and no sex-l"el at~d o.i fferences were

apparent.

Values ;for control childI'en showed no significant dif-

fe:rences from those for adul'ts. In the kwashiorkol'

.group the albunlin ~nci beta globul In fractions Were s ig-

ni ficant ly lower {~.<o. 0005.) than in the con t zo l s ,

whereas the the alphal globulin was Significantly

lli.gher (p<O.• .oUt).. No sign! ficant oi fference.s wer~\

:f'i)und for the nlpl1a2 and gamma gJ. obul in fraot ions

X'elative to controls.
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TABLE l){

t:OUCEIJTRATlOIJS OF SERUI-1 PflOnWJ FRACTlOIJ$ 1M ADULTS OF DIFFERE~JT POPUlATIOU GROUPS,

IN CIIiLDRE~ WITH lCHAslUORKOR AMI} ttl COMTROLCllllDRErJ

GLOBUlWS

fJ

\,Illites

Urban Slacks

(1'1:::12) 4~.3 :I; 4.3 1.5 ~ 0,$ 5.6 :t 1.1.$ 8.1 :t 1.3 9.5 :: 2.0..
(n=2B) 42.2 :I; 3.4 1.8 :t 0.6 6.2 :t 1.4- 7.n :!: 1.3 11.1 :I; 1.9
(1'Il.t10) 39.~t 3.9 1.8 00- 1.1 6.1 ± o.a 1.S ± 1.4 9.4 ± 1.5.....

(1'1,'15) 41.': '" 2.6 1.9 :t 0.7 6.6 1. 0.9 8.3 :t 1.1 11,0 :'; 2.1

.(0:::22) 19.2 * 3.9 s.~¢ 1.2 7.3 ,f 1.6 3.9 :!: 1.1 11.0 t '.6
ContrDls

--------------"----------------------------------~--

The values measueed in children wi th kwa.shiorkol·. who

had been placed on an adequate diet are listed in TABLE

X (Datal!.s Appendix 0). After one week on an adequate
diet, albumin and the alpha2 and beta globu I ins showed

an i.ncrease as seen in TABLE X. After two we e kz ,
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TABLE )(

r·1EAtJ VALUES fOR SEnUr~ PROTEHl FIlACTlotlS IN TilE IGlASHIORKOR r.\TIEtITS '!-IliO

!lAO seE!.! PLACE!) OM AN flDEtlUATE DIET FOR THE ~U1E PERIODS fllDICATEI) AS

(;(l~lPARF.D m"II CONTROLS

PROTEltJS

fJ

1sl: 'Heol~

treatment
(nctS)

21'1t1 woo!"

trcmtmenl:

(ne3)

-'~-<.'.-"-----~----------_._._-----------------------------
COWfROL$

(n='S)

---,--~---------------~.------~------
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abum inappe area to f no r e a s e further with alphal

globulin deur-e ae t ng and the remaining globulins vir ..·

!

!
I

!
I

1
1
'I
I

I
i
i

1
,j
"I

I,1
1
1

t'ually at Ue va l ue s SEHm for control children. Due t o

the 'v'ery sml11 number of samples .nbt a inad no statisti-

cal analysis WaS able to be carried out. Appendix U1
illustrates the electrophoretic· separation of serum

proteins (}:t] agal.~oae gel fOr adu l t s of diife:t'en'l: popu l a-

tion groupE, Itwashiorko1: chi Ldr an and tIlei l' cont.eo 1s ,

Individ:ua.l values (gIl) for the protein fract ions

in tbe eight subjects on a low-protein diet :for 3 weelta

a:J!e listed in Appendix Vo TABLB "1 shows the mean

values ob1t!~ned during the study. Afhn' the first week

ea signi fica:r' decrease was found t n the alphal

(p<O.O:O and alpha2 glooul ins (p<O. 01)' these were

aU n detweused a£tel~ the seoond weelt; by the third

weel\': the values were similar to the in:! Hal values for

aU fr!lati<~ns, G1Ceept fOlt the albumil').J which was 110W

$i~ni ticant 1y lower (p<O. (1). 'l'wo months after resum-

ing normal diet all results Wei!C ~imilar to the initial

valuEls"
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TAUL!.: In

r·1EAtI VALUES rOR fiERU"l I)ROTElN fRAcnorJS HJ El<3I1T SuBJECTS ~lAiNTA!NED OM A L01:J-PROTEHJ DIET FOR
THREE MEEKS

PROYEHJS

1ST l~EEK

AI.IJ!JMHJ GLOSUr.HJ

(%1 a2 13 l'

39,0 t,3.6 2.3 ;to.s 7.2 ;t1.0 a.s ;t1.5 7.6 ~2.2

40.1 t1.7 0.9 :to.S S.O io.r 6.7 !().B '1'.9 ;t1.4

55.4.:1.6 1.1 ;tIM S.2 :t,1.() 7;1' ;to.S 10.0 :!:,1.5

21.4 ;t2.2 2.1 :O.!l 5.2 ;t.O.9 a.5 ::;2.0 9.9 ,:!:2.1

'nIt) 'l-10U111$ AFTER
!'USSUt4IUG NOm~AI.~lfT 42.8 ;::2.8
Rosuii's"a.re Qxpret;scti as OIL

1.6 ;tQ.4

Th~ mean percentages fOl'1 the serum 1ipopj~otein frac-

tiona in the three population groups Ble listed In
TABLE XI X. ~\he whi tea showed a signi fi cant ly higher

(p<O. (1) valUE' for chylomi crans I:1S compar-ed with the

blacl'l: populai: f on groups (urban and rural). The:1.·ewas 9

signifionnt di££el'ence (p<.O.Ol) in tDt between urban

and rUl"al b l acka, the latter having a. lower percentage
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of this lipoprotein. The individual values for

1ipopro t e ins in the whit e, urban and rural b 1Bell:

groups ar e listed in Appendices W, X and Y. In the ur-

ban blaok population there appeared to be sex-related
differenoes; chylomicrons W8re not detected in the
maLes , whereas a mean of 0.4% was found l01' the

f.emales. Append:i.:ic Yl ilhlsh'ates the eLeczophor-et Lc
separation of the lipoproteins in the di fferent adul t

population groups.

TABLE XU

tJOrmAL
ADUL1S

CIIYLOiH CROllS LOt. VLOt. IIDt

Inllr~s
(o,.1:it)

URSAfJ Sl.J\C'{S
(l'w:23)

=~~RA~L~G~L~AC~KS~-----------------~----------------
Ctl:')~O)

0.1 :!:,O,S
b .. ,dol, .......

The individua 1 'values for serum lipoproteins in the

wel1"'nourished children are listed in Appendix Z.

These tU,'S similar to the values i'ound for the

lipoprotein fraotions in the normal adult popu l a t l on .

As the majority vi the serum samples co l Lec t e d from



94

children with kwashiorltor had been stored at -20°C 110

lipoprotein electrophoresis was possible.

'Densitometric scanning of the lipoprotein fractions in
the eight subjects on a low protein diet showed the

percentages listed in TABLE "XII; indlvidual values are
given in Appendix M. After the first week~ the VLDL

fraction iuC'!reaaen (p<\l.OOl) .and the HDL f1~action

decreased (p<O.OOl). After tbp second week of diet,
V!~DL showed n. deCl'e3.se (p<O. 01) wbi Le BDL increased

(tnllTl i~-I.r~dwith th~ fi Z'S t .,!,t:'l8k (p<(I. 01), the chylomicrons

1I'1\:i:ted~creased (p<O. (1) as \!cunpared vii t h the ini t I a l

values; by the third WiI"::ll"l: 'I.ih·Y had all 1"eturl'H';Id to the

initial '''a.lues.

f.j!U,\UPI!.nCE:N'I'AG!!SFOR semm 1 tPO~nOl'EWS tN ElGi1t SUBJECTS MAINl'lWJeO
Otl II LOY-PIWTlml tllEY "UK iHREe UlEeK$.

_~~_~~~_i~~M~ ~, __ fi __ l __.¥Y~ ._~ ._, •• __

------------------~~~~~-..--------
~~.~~~---------------------
"W(I months
after resuming O.9!O.7
l'lOI'Iil!l\ d1F>t

Recults ale expressed as %
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3.5.1 TOTAL PHOSPHOLIPID CONCENTRATION

The 1"esults for serum total phosphOlipid in the thl'ee

population groups 9 the well nourished chi l.dren and

ll:.washiorltor chi Jdren are depicted in FIGURE 12; mean

values <!SD)are listed in TABLE XIV.

TAnLlt lClV

ueRtJl4 iOTA!... PIlOSPHO.I.JPIO t.:OI~CENTIlATlC)IJ !I~Tile lUFFSRI!NT ADUL.T
flOPlJ!..ATJOtJ CROUPS, UJ ClliI..DRf:;U \;Inn 1{}!ASIIlORf(OR AND IN COIJTR{l1..
t:HlI..OIU!tl

\IllitES
(1'1;.12)

--------.------------------------------
uttti)AN SLACKS
(t\~;aIS)

nUlaA'{.. Sl.ACt{S
(n"19)

COM,(ROI.S
(,,::1$)~-$~-~~------------------,-...--*'~-------
I{~IA:SIHORKOR
(nOJ;~~)

~ru:-.~':":::r~e"':!'e)t:'::p"::':r~~·":'a~sed:'!:'.-<l-$-1TI9~%i""·-------,---. --

102.1 *12.6

Thore w"'.sno significant difference between the values
fo~ the adult population groups (Appendix BB).
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FIGURE 12

SERUM TOTAL PHOSPHOLIPID IN 'HE DIFFERENT ADULT POPULATION GROUPS,
IN L~ELL-NOURISHED CH'f; JREN AND CHILDREN t-JITH I<~JASHIORKOR
(8::: FEMALES; 0::: M/~I.E))
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The total phospholipid was significantly decreased in
the kwashiorkor group as compared with controls
(p<O.0005). The values for the controls were similar
to those obtained for the adult population group

(details for kwashiorkor children and controls are
given in Appendix CC). Total phospholipid was not
able to be measured in the samples collected from the
kwashiorkor children who had been placed on an adequate
diet owing to the small volume of serum obtained.

Roau! t s for total phospho! ipids in the eight sun]sets
on the t1:11'8e weelt diet diet are dep Let ed in FIGURE 13;
mean values (.:!:8D)are listed in TABLEXV and individual

results in Appendix DD. After the second weelt the
phospholipidS were signi fioant1.y decreased (p<O. 01) p

they con t inued to decrease after the third week
(p<O.Ol) as compared with the first week. Two mcnt ha

Ilfter resuming normal diet the values for total phos-
pholipid Wet'e s:imih.r to the :initial values.

TABLE llll

TOTAL PIIOSPHOLIPII> COllceNTIlATIOtJS rtI IHGIIT SUBJECTS NAWTAWEtI ON R LO!J·PROTElIJ DIET FOR TIlREE WEEKS

PIIOSPHOLIP IDS XN1TlALVALUE 1ST
HEEl(

~NO
t-JeEK

3ftD
WEE!C

THO MONTHS AFTER
REsurmJG NORI,!AL0 rar

139.1±~4.0 136.9±14.1 129.9t11.3 122.6:11.0 141.4t12.8
Rasults are expressed as mif~
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FIGURE 13

MEAN VALUES FOR SERUM TOTAL PHOSPHOLIPID IN EIGHT SUBJECTSMAINTAINED ON A LOW-PROTEIN DIET FOR THREE WEEKS

160

140

~ 120

100

1
'f PHOSPHOLIPIDS

n ~". "--t-"t.~----2-ttlS:-.---3-irt:-·.· ·-"' .......~":v"'"'\-T-IJO MONTHS
VAlEE WEEK WEEK WEEK AFTER RESUMING

NORMAL DIET
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3.5.2 LECITHIN FATTY ACID DISTRIBUTION

The mean values (!SD) for the adult population groups
are shown in TABLEXVI 0 the individual r e suI t s in Ap-

pendices BE, FF1' FFZ and GG. There were significant
di fferences between the three groups. The whi t e

population group had an increased (p<O·. (01) linolenic

acid (lB:3;omega~6) with. a concomitant decrease

(p<O.OOl) in eicosapentaenoic acid (20:5) compared with

th~ otns); two population groups, whereas the urban
black population group showed a higher (p<O.Ol)

stear ic aci d {18; 0) compared wi t h the other adu l t

groups and a lower (p<O.Ol) eicosatrienoate (20:3) com-
pared with the w.tli~es. TnerUl'al black population
g'J.'oup showed :lncre~sea (p<O.O()l) in palmitoleic (16:1)
al1d ars.¢hidonic (20:4) acids oompared with the other

two g'roups.

In the urban 01.8.011:population group sex-related di£..,

fer·e·n·ces were found. in pa Imi tic (16 to) and ar achadont e

(20:L1) fatty acids. TIle palmitic acid (16;0) was sig-

nificantly (p<O.IJ01) higher in the females whereas the

arachidoYlic (\cid (2Ih4) was sign! ficant ly (p<O. 0(1)

bigher in the males (Appendi.ces FFl ~ FF2)'
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TABLE XVI

LECITHIN FATTY ACIDS HJ THE ADULT POPULAT!0' I GROUPS

FATTY
ACI!.IS 16:0 16:1 18:0 18:1 18:2 18:~ 18:3W!l 20:::1 20:1~ 20:5 22:5 22:6

HHlTES 32.0 0.21 15.1 13.7 25.0 0.11 0.25 2.78 6.53 0.29 1.66 2.22
(n=12) :1;2.03 ;to.OS :!;.1.39 ;t1.16 :2.76 ;to.OB :!:,O.13 to.54 :!;1.00 :to. 11 ;to.71 ::::0.51

URBAN
BLACKS 30.6 0.40 17.2 12.8 26.2 0.01 0.23 2.31 6.93 C.SS 1.08 1.65
(hc28) !3.19 :to.32 :!:1.S6 t1•62 :!:3.49 :!;O.O3 ;to.13 :to.46 ;!;1.i3 ;::0.22 ;to.52 ;::0.56
~
RUllAl
ClLi\CKS 29.5 0.19 15.5 11.2 27.6 nd 0.44 2.69 9.26 0.67 0.84 1.32
(1'r-'10) :t2.15 ;to.33 10.70 ;t1.86 il.Oa rid :2:0•32 .::,0.52 :!:,0.92 ::;.0.19 ;to.41 :to.S1
Re$ult~ are expressecl.as %

The l.'esultEl for lecithhl fatty acid methyl esters in

the weU-fed and 'kwashiorkor ehildren are listeti in

TABLE~'n, the ind:;"ridual perce.ntages in Appendices HH

There were s igni £f cant df f-

1
'J
r

1
1
I

;,1

1

,\
!

terences between the kwashiorkor and weH-fed children.

'rh~ Itwashiorlto1" chi1dl'>en showed signi ficani (P<O. 001)

(18:0). linoleic ( 18 : 2) • and

eicosatl'ienoic (20:3) acids, with significant

(p<O.OOl) increases in palmitoleic ( 16: 1 ) ,
d o e o s a t e t l' a e no I c (22:4) and docosap~ntaenoic

(22;5;omega-6) acids. Both 22.:4 and 22:5;omega-6 were

not. detected in the well-nourished chid:t·en. The

lecithin fatty acids in the well ....fed Children were

comparable, with those of the normal adult popu l at f on

group.
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TABLE XVII I shows the means for serum 1eeLth in fatty
acids in the eight subjects on a low protein diet and
the individual results are listed in Appendix JJ.
After the first week the 16:0 Cp<O.Ol) and 18:3;omega-6

('P<O.OOl) were significantly increased, while the 18:0
(p<o.tll}1.) , Hl:l (p<iJ.02), 18:3;on,'!E:lga-3 (p<O.OO1)~ 20:3

(p<0.01), 20:5 (p<O.Ol) and 22:5 (p<O.Ol) showed a

decrease. :p.almitoleic acid (16: 1) was not deteaterl
during the period of the diet. After the oeconCt week
the 16:0 had Inc re aa ed (p<C.001) further but 18:0

(p<O.01) and 18:3;omega-3 (p<O.03) had increased as

compa-red wi th the first week. wi tn a. concorn! taut

dec:rea.se (p<O.Ol) in 22:5 and 22:6. At the end of the
third Week all fatty acids were signi :ficant 1'1 di f'ferent

:h'o!n Ute ini t i $.1 va luea. The decreases in 18! 0

(p<O.O:O~ 18:1 (p<tl.01)t 18:2 (1'<0.01), 18~3;omega""3

(p<Q"iH.l1h. 20:3 (p<O.OOl), 20:4 (p<O.OO1.L 20~5

(1'<0.01) t 22: Ii nnd 22; 6 (p<O. (1) and the :increa.ses in

uno (p<O.Ol) and 18:3;omega ...S (p<O.OOl) were sig-
nificant as compared with the initial value. Two

month.:; aftel' res'Umine:thei:!!usual diet there was no ap-

parent (tiffel"enoe in lecithin fatty acid distribution
as compared with the init ia l finding's.



102

TABLE )(VII

lECXTHItJ FATTY ACWS III 6ELL-IJOUlHSHED CHllDREtJ AND CHILOflEIJ UITH IGIASIl!ORKOR

FATTY
ACIDS 16:0 16:1 18:0 18:1 18:2 18:M 18:3w6 20:3 20:4 20:5 22:4 22:5w6 22:5w3 22:

I(1JASUI0!?-
teon 31.6 3.21 6.00 15.9 17.8 0.29 0.55 1.78 7.S8 ,0.76 8.913 0.73 1.89 0
(1'l"'22) ±2.S2 ±1.54 ;t1.25 :3.40 :2.9 to.22 ;::0.24 :!:,O.94 :£:2.45 :!:0.45 :!;3.35 :!;0.41 :1.01 ;to.

CONTROLS 31.0 0.84 16.0 11.6 26.3 0.06 0.27 3.11 7.04 (J.50 nd nd 1.12 2.
(1'1"'15) :!:2.15 ±0.47 :::0.88 :!;1.93 :1.86 :£:0.04 .t(l.27 :::0.77 ±1.68 :::0.14 nd nd :~O; ~O.
Results are expressed as %

TABLE ltVII!

I.ECmm! FATTY ACIDS HI EIGHT SUBJECTS OIl A lOH-PROTEltJ DiET

MTTY
MItiS 16:0 16:1 18:0 18:1 113:2 1B:3wU 18:3hi) 20:3 20:4 20:5 22:5 22:6

aostll aO.a 0.39 18.0 12.9 'l1.9 0.19 0.39 3.46 10.1 0.79 1.21 3.68
:!;5.13 ;:0.32 ;t1.5il ±1.1S1 ;,t2.62 ;to. 16 to.09 :,0.34 ;t3.44 ;to.39 ;to.51 ±1.39

1st wook aa..7 tid 13.2 10.4 27.5 7.S7 0.10 2.43 7.6S 0.33 0.52 2.47
di$t ;t2.56 ±1.39 -::,1.46 1;3.67 :t6.92 .to.08 ±O.I~1 ,t1.20 :!:,O.1S ;to.ao :':,0.41

~
:at'ltl! He~k :J~.3 nd 16.8 10.9 25.0 2.39 0.31, ,l.ZD 6.34 0.15 0.18 1.24
diet :t3.63 :t~.70 ;to:n ;t/h09 :::1.80 to.25 t.O•52 :t2.0ll :.to.OB ;to. or ;to.62

3rd ~eG!c 29.4 nt! 14.0 9.92 21.2 16.:! 0.06 1.i'9. 5.03 0.23 0.09 1.68
cHat ;tlMS 1:.:2..47 ±1.34 :!;4.0S tS.62 to.08 to.57 :to•S7 ;to.12 t,0.19 ;t1.20

a month$
after 21.3 0.42 18.1 12.9 27.6 Q.39 0,1,3 3.52 10.~ 0.84 1.;:2 3.16resuming ;!:$.oo 10•35 ::!:,1.66 ±1.70 ±2.91 !O.36 ;to.os ±O.44 :;2.91 ±,1J.40 ±0.50 :!:1.77
flQ"ll1al diet

.~Results ar~ expressed GS %
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4.1

This study is COU(HH'ned wi th the measurement s of serum

nat'LPi;.u'~ p ro t eLns and lipids. The methods used iOl'

.t a . iH.'ott \:'l. (Biuret), albumin (dye-binding) and for

lipid~ (iulctt ext z-ao t Lon for t ot a l lipids, Bartlett

procedure for total ph os p ho r ue., thin-layer

cn:romatQgl'J.l.phic separation of phospholipids and fraS-

.dqll~d Chromatography for lecithin fatty acids) have

all been widely used and are well validated.

As far as (,al'ni tine is eonce rned , the first report s of

the measurlJment 01 this compound nppe.9red in the eal"ly

nineteen fifties. As knowledge of the 1'<>10 of car-

nl t Ine in metabolism increased. it became clEHU' that

measurement 0'£ this compound eou ld be of clinical a i g-

ni l~i.can.ce. 'rhe f'i rat methods fo}.' th~ assay of uan-

nitine Were ba$~d on the separation of quaternary
am~ll(Hh :f;oUowed by crystaUtz.ation of the isolated

,'Ill'nitine by standard methods of o r gan ic chemistry.

Later a method based on determining the effectiveness
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of samples con t a f n Ing carn t t Lne to promote normal
gl~owth of the mealworm, !~~~£!io !!!£!.!.!£!.was pub-
1i8hed (Carter at a1. 1952). In this rather cumbersoffie
~iological assay, the amount of cnrnitine in an extract
was determined by comparing the growth of the worm in
the prosence of the extract with thl growth in the
presence of standard carnitine solutions. With the
discoVS1'Y of the c81'n1t ine acatyltI'snsferase enzymes. a
new era in the aasay of c~rnitine began» involving
spectrophotometric techniques (Williamson and Corkey
19(9). These t est s were relatively insensitive

and euug:JEHl'Uent ly a radi 01 ac t opIe method was introduced

by Cederhlad and Lindstedt in 1972. In this method the
l'eac'Uon mixt'",A1'8 containing carn! tine, 1abeUe\: acetyl-

GoA and earn'lt ina acetyl transferase was Inoucated in
the prssenrre of 5,5'-dithiobis-2-nitl'obenzoic acid

(DTNB) to ansune completion of the j:eaction, and then

passsd thl~ough a Vowel:: 2X8 column whic~' bin.ds labelled

aeetylCo.A ).')1.:1'1; does not 'biud tHH3tylc(ll'ni.H.ue. This
lnetho.:.'l wars. designed to deteot picomole quanti ties of

free and esterified carnitin8 in small volumes of
The introduction of this radioisotopic method

l~esuHed in impl'oved aceuracv ami precisi.on, providing

A importo'lt impetus to c a r n f t I ne investigations.

Limitations in this' .ad were, however, apparent when
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nonlinear standard curves were obtained, unless a con-

siderable excess of radioactive material was used.

Modifications and improvements of this method have

been pub 1i shed, but the bas i c procedure has r emained

the same. Bohmer and co-workers (1974) used Tris

buffer and short columns adapted to fit directly over

scintillation vials, but the problem of non-linear

response remR.ined. A major mod if l e a t Lon of the method

of CEHlel."bllld and tindstedt was contributed by MeG:rry

and Foster (1976). In their procedure, tetrathionate

was inc Iuded as a au Iphydryl reagent, the r e a c t i on

terminated by a.ddi:ng a slurry of Dowex lX8, followed by

centri fl1gat ion to remove the ion exchange reg in before

qunnt~fication of the aoetylcarnitine produced. This

procedure Oirercame the problem of non+I ineal' response.

The McGaln1Y and Fostel' (1976) as.say yields a linear

l:esponse ov~r a wide l.~ange of carnitine concentrations.

In addi tiOl'll.~ maasuzemant of free and acyl oarn l t t ne in

verY' small volumes of plasma vd t hout eJttract ion or

prior deprotaini.atloD is possible even in the presence

of e~rcess acylcol'ni tine. Further radioi so top ie assays

were ~ubsequently published by Parvin and Panda (1977),

Seccombe .2! !!. 11978) and Br aas and Hope) (1978), but

with 1i t t Ie ai gl'll £1 cant :ilnprovement oV~Y' Pie method 0 f

McGarry and Foster (1978).
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In the normal white adult population serum concentra-
tions £01' free and total c axn I t t ne (53.7:!:,,4.5 and

tl8.5,t4.()Jamol/1, respectively) were con s t s t en.t with

values published for adult human plasma. These values

were 51:tlO.5pmol/l fOl" total carnitine (Cederblnd and
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Lindstedt 1.912,,) and 51). 7+1 ~99 for

65.7.t2.55J'lln1ol/1 £01' total carnitine

FOS.tel~ 1916).

free and.

t ion

69,,&:t3.Op.molll; trul'al blacks: 54.1:t.3.6 and

68 ..4!_3.5pIDolI.1 Ol~ free and total carnitine

t'ElspecHvely) •

Se~um total proteins and albumin sllowed no significant

diffseences betweEu-a white, urban and rural black

popula.t ;'ons. The values were wi thin norma I reference

range.s.
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With re&pebt to lipoproteins, the white population
group showed a significantly higher percentage of

chylomicrons (O.4~O.3%) as compared with the urban
black population (O,1~O.3%). This could be due to the
time at which the samples had been collected. For the
black population samples were collected very etl.l~ly j n
the morning whereas for the whites, samples from blood

donors were collected during the afternoon. Sex df £-

farences were observed in the chy l.om!ar-on concentra-

tions in the urban black population gl'OUP (females
0.4%, mal~s not detected). The occurrence of sex dif-
iel'cncea in lipidS and 1ipoproteins has been reported

(Carlson and Fardell 1977). tn the urban black
population group, the maLes showed a higher level

(19.9.:':4.0%) of VLDt than the fen'ales (16.6.t~L8%).

However, sex ...related di£fl~renc·es were not seen in the

white g'l'oup.

The phospholipid con~en,h'I;~;tiollsof the di ff(>rent adul t

poptHaf.ion g't,>o'aps wet.'e within published reference

:ran.ges (1.25 ...275 mg~, Tietz 1986).

There were a few di. ff·erences in the leai thin fa tty

acids ift the diffel"ent population g'I'OUpS. The whi tea

h ad an inc l' e a. sed. ( 0 • 11.:t0 • 0 8 % ) 1 ina 1en ia a c i d
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(18:3;omega~6) with a concomitant decrease \U.29~O.11%)

in Eli coaapen t aeno I c a~id (20: 5) compared to the other

two popu1.ation groups (18:3;omega-6: O.Ol!O.03% and not
detected; 20: 5: 0.55+0.22% and 0,67+0.19% for urban-
and rural blacks respectively). Whereas the urban

bhtcl\' populatioll. group showed ,9. higher (17.22:1. 88%)

ateal"lt1. aeI d (18:0) compared to the other population

groups (15.12:1.39% for the whites and 15.5+0.70% for

the 1'1.1.1'111 blacks) and a lOWEll' (2.311.°.46%)

eicosa.trienola acid (20: 3) compared. to the whi tea

(2.7.8;t0.54%). The rural bla.clt population group showed

increases in palmitoleic (16:1) and arachidonic (20:4)

acids (0.79+0 •.33 :~\0 .9•.2fHO.92% respectively) compared
.JiooOto< . ~

and 20; 11: 6.•53ft. 0(1
q

blacJts respectively). ec1thin

fa.tty acids,· espacially the essential fntty aCJ.ds, S(;l(1!!l

in the ad'lll t population g;t'QUPS in QUr study? eould be

attributed to the different dietary habits as has been

$ugge s t ad by Ho Iman ~!!!. (19'19) • Th~8e workers

showed that difference': in th~ fatty acid composition

of the total phospholipids cO'llld also be as sou ia t ed

with sex and age.
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The major phospholipid in a e r um is lecithin

(pilosphatidylcho1ine) ~ which comprises appr-oxfma t e ly

10% of all serum ph('1spholipids. There have been re 1a-

livaly few studies OD leoithin tatty acids in different
population .gl'OUpS £0:1.' comparison wi th the results in

this study_ Each phosphOlipid molecule contains two

fatty acid molocules ~ the chai11 length of which can

v:(~ry between 12 and 22 and many can 1;H)unsattu:ated

containing~ bt:;h'17een 1 and 6 double bonds.. Thus large

;m;unbel>s of isomers of Bach phospho lipid can ezd. at and

m})l.ny of these can be incorpol Atad into membrallss. The

sign.l!.iicatlce of the aifferl()nt types of :tatty aoids

which are. :f(.mnd in m.embranes as components of phos-

phoUpJds is not clear (Wills 1985). It can b\~ postu-

lated that the ~:x:aet compos}tinll. is impox-tant as the

t'hddity of m~mbl'».:nes IS depelldent on tIle degree clf un-

aht1.tN~t:hm of the fatty Q(lids £ot'mil"l',g the memb:Nlna ~

Chant;t~s in the l3e:rum le<:ith1n :fatty ~aid oomposition

oould point to aUiel"at ions in membl'a.ne phospholipid

fatty (lcid compo.aition and may nffti:wt mamb2'nne fhlh:li ty

and h~nce membl~uns tun-at 1011.



110

4.3 NORl:1fjjALMJUJf/J!"SUBJECTS ON A LOt"J~PJROTIHN DiET

'l'he present s t ud; "'l~al'ly showed that 11 change to 2. low

prof~in diet, deficient mainly In meat, affec~ed plasma

o.ar n t t Lne levels. The values fc)'1.' total o a rn f t Lne

decreased atter a period of three weeks from 65.6+10.0
h> 43.7'!:.1.4)lmol/1. It would appear that there was an

inadequate dietary supply of ansi no acid precursors,

lysine and methicnine. The daily requirements of the

human body for caen I t Ine are unknown. and little affol?t

has been made to approxi'nate even usual di,etary intake

(Lennon ~ !!. 1986). Howevel~, it has been reported

that meat and dairy products are the major sources of

:(Het.ary earnitino, with the highest ccncent eet ion found

in red meat (Eroq:tdst and Porum 1982). VE:lI;etables
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co:ata:in a n(l)gligible amount of e az-nf t Lne , and thus

veget.arians have only endogenous r.:al'l!1itina (Slol'lin et

!!. 1981). The lack of i:nfol'mat hm 011 CCll'ui tine con-

sumption may be (lUG to the disrnifHJal of dietal.'Y intake

as playing a sig'ni iicant 1:01a in overall ear-n l Hne ma-

taboli Sill, til inca it can be synthesi zed endogenous ly ,

from lysine and methionine (rh.>eml~n' 1961; Tanphaich:ih~

and Broquist 1913). B:owevel' dietal'Y carn i t Ine should

not be exc l nded as playing an Impoe t ant role in meeting

the body's nutrient needs (Lannon at a l , 1986). An
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analogy which may be drawn is the role played by
dietary cholesterol in overall body cholesterol meta-
bolism (Mitchell 1978). The amount of dietary choles-
t ezo l consumed and absorbed may change the amount of
cholesterol synthesized by the liver. It is therefore
also pussible that the amount of, dietary carni tine ab-

SOrbed may modulate the amount f)f hepatic earnt t Ine
synthesised (Lennon ~1al, 1986).·

Consistent wi tIt the low protein intalte wet-e the reduced
values for serum total protein (trom 66. 4:t_2.2 to

53.0+2.7gIl) and ~lbumin (trom 40.4+4.2 to SO•.4+2.3gl1)- . - ~

after three weeks. A ohange to a low protein diet
also shellwed a1 terations in the ~()ncentrat:ions of the

p'.I?o.tein and Upoprotein :fl'actions in young adul t s , An

sean in the albumin fraction

(from 39.0,t3.a to '27.4;:2.2g/l) throughout the diet.

The alpha!, alphas and grutnna globul ins had decreased

aUer the fit'st weelt of diet (from 2.3;:0.5 to 0.9:t0.3,

'7 • '2.:t1 • n to 5 • O.:t0 .J' and 9. 6 + 2 • 2 to '7 • 9.: 1 • 4 gIl

l'especti vely) ~ and wi 1:h the exoeption of the albumin

fvaot:bon the ()ther eomponerrta l.·etttrned to basal levels

by the third 1I1eek~ 1:h,'; decrease in the a1pha1

globulin, ment roned abova , appears to fi t in with the

decrease in 1':»)L (fl.'om26.9+4.2 to 8.02:3.5%), which was
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seen after a week on the diet. as the HDt apoproLein

runs in the alphal globulin region. Th i sin i t i a 1

decrease could be due to reduced av a i lab! 1i ty of

«hcIe at eno I and also reduction of proteins; the main

function of the fIDLis to transport important proteins,

such as apoprotein C-I! which regulates the activity of

the en~yrnes involved in lipoprotein metabolism (Will s

1985) ~ An interesting findiilg' was a marked increase in

VLDL f£l'om 15.7~6.1 to 34.s!a.:t%) after the first week..

The initial incl;'eaae in VLDt could be due to the low

plfotein intake lead.ing to an h:tt~:r.easedmobil iZatioll of

ipi fr<:Htl adipose tissue ~nd subsequent In¢!'eased

J!'alease of VtDt from the Hv.e:f (Ti'tttz :HUH)). After

the fH!i.condwti3elio: on the· diet the 11LDLshow~d a decrease

from 34*3:t~,.J. to 24.$:t3.1~), while trot intH:easad (:from

$"iji3~.5 to t.9~1:t3.6~i), and by the third week the

iltHl'Ieoatntic nl¢!J~hanism$ came into ptay and both had

X'El};ul'ned to b~gaJ le.vels.

T<>tnJ ph.oaphol1pid decl"eaaed COVel' the period of the

diet (fl.'om lSO.1!.1460 to 1.22.8:!:11"Omg%)~ ,The reason is.

not oleal1 but it could be due to the low meat intake

and hem:ae deor!;ms.ed fat intake,.
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Changes in the l ec f t hf n fatty acids in young adults

were seen. In particular those fatty acids which are

indicatbl'e of animal p r odu e t consumption ego pal-

mitoleic (16:1). eicosapentaenoic (20:5) and

docosahexaenoic (22:6) acids were decreased (from

o • 3 9 + 0 • 32% ton 0 t de t e c ted 1 c from 1. 2 1+0 • 51 t 0

O. 09:!;.O.19%t from 3. 68,:!:1.39 to 1. 68~1. 20% respect} veIy) •

A mal.'l~ed hlel'aase in the 18:3;omega-6 (gamma linolenic

.ac:i.i:l) was seen after the third week of diet (from

.o.19.:t0~lB to 16.3.t8.tHl%). This is an essential fatty

acid iUta. is mostly of plant .origin. Melchert at al.

(1987) in thei:1' .study On vegetal"ians (these sub] ect s

had been vegetarianr;; lor a minimum of five yeal?s)

repo:cted inCr(HlSes in the linoleic (18',2) and alpha

linolenic (18 r3;omega-.3) acids· but no increase in gamma

linolenic (18;8;omeg.a.-6) acid. It would ,""ppear that

there. al:~ no repo1"ts of tJile effect of' a short term 10w-

pt'otein diet on lecithin fatty ncidl;l for comparison.

H :l.s of interest to :not~ that lecithin fat.ty acid d1S-
tll'ibutic)1l had .t'etu1"ned to the basal level after two

mont.hs" I w(mld be of value to follOW the lecithin

fatty aoids in normal adults on a low-protein diet for

a longer period and to asseas the dist1'ibution em dis ...

c().nti:nuatl()Z!l .0£ the diet at SI1£JrteJ,> time intel'.'Vals.
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The findings r epo r t ed here showed that both free

and acyl oarnitine were decreased in black South

African children with kwashio1l'kor (30.3.:!:_5.8pmol/l for

free and 8.1:_1.8pmolll for acylcal"n:i.tine) as compared

wi th wel1 ....nour I shed bI ack chi ldl'Eon (51. 7:1. 3pmo1/1 for

free and 14.1j:1.4pO'1ol/1 for acy l ear-rrl t ine ) , 'i'his is

consistel"lt. with the observations of Hammond and 00-

32.6:t6.2pmolll for

free ami 8.1:t.2..2pmolfl for acylcarnitine for South

A£ ric all (lh i 1d r e n a dmit ted t 0 h 0 S pit a 1 '.17i t h

Itwa.shiorkor. In a study carried out in Ind s a , Kahn

and Bam]i (1977) reported that total carnitine levels

wei'e lower in a group ·of ehi Idl'en suffering from

ItW8Shiorkol' (21j:5pmolll) than in healthy controls

(90;t6pm<.lltlL Aft~r .t.l"eatment of these malnour~shed

children for four. weeks the values foX" total caznf t tne

tn this .study altbough the numbel? of follow-up samples

obtained was ralativel:y~ ~mal1 there waS an inc'X'EH;l,Sein

both fJ:ee. and. ney.! carnitine after two weelts of treat-

ment on an adequate di at ~ Aft. e1" one week there had

been no significant change in the fl~ee and acyl eal'-
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nitinet but the three subjects who had been placed on

an adequate diet for two weeks showed increases in free
and acyl carnitine(from 30.5!5.8 to 56.3!3.8pmol/l and
8.'1+1.8 to lL5_!O.3p.mol/1 r-espe c t Lve Iy ) . The number of

samples in the present study is too small to reach any

definit..., eone lus icn, but it does appear that at 1eas t

two weell"'"I of treatment is requi red for tile free car -

Ditlu8 1~ return to normal. Altmann In 1948 suggested

that tr.eatment of the ord(.\l~of four to five weeks may
"he required for the Qal'nitine to return to normal. It

is pOSSible that a certain time period may oe required
to allow synthesis of carnitine in the liver prior to

its transf.er to p(.u·iphel~al tissues.

In the children wi th ItWashiorko.r subsisting mainly on

rna:!ae , th~ low collCentlHltions of carni t ina may be as-

sociated with a l~edu"ed intake of carnitine itself.

togethol" with deficiency of pl'ecuraor amino acids
m~th~(ll1ine 8,1:\l,j ly$ine~ giving l!.'i sa to insdequa t e en-

dogenous lSyndlesis. New'bol'ns and infants are incapable
of synthesizing the necessarY' amoun" of' carni tine and

wU:hout an. adequate supply from f'ood~ symptoms of

deficiency can cccur (Slonifl'l ~i !l.. 1981) • Chilct'en

suffol'lng :bom kwashioll'kol' are found deficie:lt in l.'
wide Vl.u:l ety of other nutri ants such as i ron and 8.S001'-
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hie acid (Lindstedt and Lindstedt 1970).

a s a result of low protein I n t ake ,

Pr-ob ab 1y

toe E e-

tivities of many enzymes involved in the b iosyrrt heuLs

of oarn l t I ne are low (Kahn and Bamj i 17). As c 11:1:'-

affine plays an essential role in fatty acid oxidatiou

(Bl'erp.E!r 19(3), a deficiency eou l d be associated \lith

the development of a fatty liver frequently seen in

chi Idren with ItW8.shiorkor; a common f ea tur e seems co be

accumulation of tri acylglyeerol s in the ce 11 (Br,m.lel'

UlS::n.. 0: is possible that admfm e t ea t ion of earn! nne
may be he Ip 11.11 in cart"ect Ing this de fee t , as PI'

vio"l.l.sly merrt loned by Hammond et at , (1987). Howe

one m"st bear in mind that the low ccncerrt eat t om

eel"um ..:al·nJ-tine nUl.Y Dot ~lecessal'ily be indicative

l.'teduced itissue cOncentrations, but could'reSlllt :tt"om

A possible machand am where'Py
this could cceur wotl1d be inoreased. ae t Ive trans pO.l't

into carnit:i.ne d.ependent tissues perhaps as a :result

(;If induct ion of transr'ort prc.teins in l~eS'ponse to al'"

'tel'ed serum !Enrel£) of oertain hormon~s us sugges t e i by

Hammond !! !l. (1987). It would be of interest to

meaSU1'e 'tissue levals, but unfo:r'!:unately this is not

possible ltt13 biopsies at'e ral'el:v~ if ever, carried out

on thes8 patients.
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The assay for serum carnitine is a valuable one. Many

disease states associated with low e ar-n.t t Lne levels,

such as organ i c no i aur i as, may be n e f it from ad-

.ninistration of oral doses of car:aitine (Borum 1983).

It is p.ossi ble that carn! t i.ne theX'apy may a 11evi.at'1

some of the lipid met abe t t sm disorders seen in numerous

dls(:>O,se conditions, such ,~!;'3 dyslipidaemias and hyper'"

liphLamiRS (Bremer 1983). H was reported by Bohmer

at a l , 0.978) and Bnttistella at a l , 0.9'18) !hat plasma.
............. ~'U .. ". ',,' " , "', ............. '~

and mt!s':?'le e a r n t t f ne levels fall below normal in

u:rna.lllic pntients on maintenance haemodialysis. The

tlH.rt that hypocnrnU inaemia may play nn important r.ole

ill the pathogenesis of dyslipidnemia. i1"1 'ul'a.amic

pnti.ents on maintenance haemodialys is was sugges ted by

th~ imp:NP/ement seen as a result of r:~umiUne trea.tment

ot. these patients (Bougne:rea !! !l' 191~). Bagdade and

co"wox>Itel'S (197'9) l~eport ad that nppro~dmnte ly one

qua;1"tel' of patients on dialysis displayed a type IV hy ...

pe1"lipidnemln. It WaS subsequently shown UHs oould be

reversed by adndnistrafion of carnHine (Bertoli !!!!.
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Total protein and albumin were found to be decreased

(44.8~6.9 and 24.3~3.8g/1) in the kwashiorkor group as

compae.ed with controls (69.6!.2.7 and 44.2!_3.7g/1

respectiVely). The results in Itwashiorkor patients for

whom follow up studies were possible showed that treat-

ment increased t~e total protein and albumin concentra-

t Ions , although the values for total protein still

(after two weelts of

treatm~nt) than in the ccntr-o Ls (69. 6~2. 'tgfl) • Th! s

was p()ssibly due to the vary diminished amounts of

protein present on admission and it would seem that a

1anger per Icd of t rea truant was needed. In a study
ca1"ried out in 13 kwa.shiorltor chi ldren and 9 chi Idren

with nutritional oedema by Anderson. and Altmann (1951)

it was

found that a n~rmal total serum protein coni!enttation
was l'eached Otdy I91ft~r three to four weeks on a di et

with a high protein content, by which time cHnf ca I

The levels of serum proteins

in our Itwashiorkot' patie.nta confirmed the expected

derangement of·no1"mal protein profiles. As early as

the 1940's Trowell (1944L, Gillman and Gillman (1945)

and AHmann (1948) repol''l:ed diminished amounts of al-

bumin and total pno t e in and suggested this could ac-

,
)

count f()l~ the obvious symptoms of kwashiorkor such as
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oedema and hepatomegaly. The oedema of kwashiorkor

may also occur as a result of alteratiol of renal func-

tion (Davies 1956). changes in the secretion and rneta-

bo l t sm of the adrenal glands (Sinclair 1948) and

changes in the production and t nac t f va t ion of posterior

pituita:r.y antidiuretic hormone (Gopa l an and Waterlow

1955).

The serum protein fractions in the lrwAshiorltor

uhildren~ in our ntudy. showed decreases in the albumin

fl'action (19.~:Z .9g/l) and in 'the beta globulin frac-

tion (S .•9.:!:1.1g.'lL with an increase in the alpha1

globulin (3.3+1.2g11) as compared with the well-

nourished chi Idren. !if) significant change fro.m the

controls was seen in the gamma globulin fraction~

TheZ'e apps·ars to be lack of conslstency in publications

dealing with changes in the individual pl?otein frac.-.

tions :hI Itwashiorkor~ especially with regal'd to the

tl,lphl1~, •.beta. and gamma globulin f:t"tv'~tions. Howevs!', a
:i>I

seen throughout (ArM1el'son and Ai tmann 1951; Schrimshaw

at al. 1.955; PcHtz181" and WaybuX'ne195'1; Bdoaf en 1960).,....~ -.....
Scrimshaw !! ~!, (1955) using a technique of free

eleah~uphoresis in an Antweiler micro-electrophoresis

appa!'atus, found that the outstanding features of the
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protein p~ttern in malnouriah~d children were the low
abso 1ut e and 1'191at f ve amount S 0 f albumin. compared
with the normal values and the high absolute and rela-

tive a~ounts of gamma globulin. This pattern was also
repor t ad by Po1it zer and Wayburna ( 1957) • Howeve r ,

in a later study by Edozien (1960) in 146 kwaehiorkor
i

. { using paper elactrophoZ"esi s , the alphal'
alpha2' and be ta globulins 'tvare decreased, wi th no s ig~

n!ficant variation from the 0011tro18 in the gamma

globulins. Jn 1960 Edozd.en l'eported that in children

with protein energy malnutl.'i tion the albumin and beta

globulin fraeUons were found to be affected relatively

more ths.n the other protein £l~actions; the results of

the present study are relatively consistent with these
findings. However, a l,'aisadalphal globulin was :found
in conh'ast to the decrease l'eported by Edozien (196() ..

A 1;ela.tionship ~etween low values for be t a globulins

and the presen<'le of fatty 11v''''l' in malnourished

children WtHil observed by Flores at !.!. (1970). These

wOr1;:er$ found that in children with fatty livers

Otwasniol'korL the beta globulins were lower than in

,ohildl"en without fatty li.veN~ (marasmus and normal

children). The individu.a.l serum protein fNlctions (ii f-

fer in amino acid composition. Albumin and beta

gX.obulins eont af n rnOl>e sulphur and sulphur-containing
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amino acids than do alpha2 and gamma globul ins (Edsall

1974). In kwashiorltor there is qualitative as well as

quanti t a t ive den 01sncy of amino acids (Bdc z; en 19(0).

The su Iphun containing amino acids, which ,,)' rna~nly

supplied by the animal pr o t e f ns in the die t , nm l' be

very deficient in kwashiorkor patients since the in ...

take of animal proteins such as milk and meat is

usually very 1Imi tad. The pattern of amino acid

de£icien4Y In ltiAT'.dlhiorltor may, :~hel·E:d·Ol'e. play an im-

portant role in detel'mininf:' the p,el'umprotein spectrum;

a cl.e:l!'loieney of si.dphu:t' containi!lg amino acids may be

one of the limiting factol's in the synthesis of albumin

Among their man.y

.£unct ions ~ plasma pl'pteins t1~AnSpOl't inorgani e sub-

stances. In ~'\i'aahio1'ltvr$ it ha~ been., shoO'WUthat there

,a lai lUre in the total iron binding cap:1city of the

s®runl Ctahey at aL 1~58) WlllCh. :i.s related to the....... '""'"" ........... ~

The lack of significant ·co:t'l'elation. between serum oar ...

n.:itine levels and albumin in serum from Itws.shiol·kor

childx'.en was consistent with the obscl'vs.t ions of Ham-

mend .a.nd co -WO;toltel' S (198'1) ~ a Ithough Khall and Bamn

(1977) showed otherwise. It is possible Uut the

mechanisms cOllh.·olling serum car-nf t Ine and albumin
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levels are deranged to different extents in kwashiorkor

and markedly depressed albumin levels need not neces-

sari ly be accompanied by marl~edly reduced serum car-

n:i.tine values (Hammond at a1. 198'1).

In this study, the l eve I s for serum total phospho lipi 0.

(102.1.:::12.6mg!D in' the kwt:lshi orkor chi 1dr en were

dec I'e a sad c omp are d tot he con t r 0 1 s ( 15 2 • '1!8 • (:Im15%) •

These values Vlere consistent with the findings of

Schwartz and Dean (1957). In South African Black

chi Hlren they report ed 145mg% tor children with

kwa.shforltor and 200mg% for well nouri shed chi ldrert.

The re:!tulta of serum total phospholipid in the controls

(152. 7:tS. 6mg%) Wel'C compal'.able with those of the adu l t

population group in this stv.dy (Whites: 140.8:t16.1; Ur-
ban blacks:147.2!11.5; R1)1'9.1blacks:148.6;t13.7mg%). A

diet leading to kwashiorltor Ls known to be rich in car ...

bohydrat(:!~ low in fat and POO)? in protein (Ha:fiez !!
Such a diet was reported to produce low

levels ot blood Upids (Ot-nv-toto !U !!. 1959; Schwart2:

and Dean 1957).. As previously.mentioned, phospholipids

form part ·of cell membranes and their shortage may be

one of the causes of the deoreased cell membr ane

production observed in protein. energy malnutrition

('l'eichberg 1982). This hypoHpidaemia together with
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the intense accumulation of fat in the liver and abun-

dance of fat in the depots suggests the presence of a
defect in lipid metabolism affecting its transport from

depots and liver to the blood stream (Hafiez ~! a l ,
197rn. Abnormalities of lipid metabolism in

Itwashio:rlto:r are well documented (Coward 1971}. I:n~

ch:l1dren v'.rUh ltW1lshiorkor frequent findings are fatty

infiltration of the liver and a 1'3duced metabolism. of

serum Hpids (Schwartz and Dean 195'1;. Devi .!.1 !l.
1976). The mechani em of 1ipid changes in the 1ivar in

protein malnutrition is not yet clearly understood. It

has heen hypo.thesl1iH~(l that fftt accumulates in tna liver

prcbably due to a reduction in the proteirls responsible

for the transport ·pi tl'lacylglycerolit from the Hver to

fn.t oe1'o1;s ('l'ruswell .!!. !!1. 1969; FlOres ~ !1. 197(0 ~

Among olher possibilities, I). decrease in the oxitiatitJl'l

o.f fatty aoids in the l:tvel' may also co;n:tl'i'hute to thE~

lipid. D.ccntnuhd:ion (Fri tz·· Ul63). Xn view' of .the :role!

of aarnitine in tatty acid mddaUon~ liphl aucnmufa-

tion ma'St~,in additio:up l'eault :tl'ottl cal'nitine defioiency

In this. study the main nl tarat ions in the lec} thin

fatty·. acid c.omp!psitlon in chi1dt"en with kWashiol'k(u'

compared with Well-notll'isbed children were increases in
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the pe r can t age s of p a Irni to l e I.e (16:1), oleic (18:1),
doc c ~a t €I t rae n 0 i c ( 2 2 : 4) and doc 0 sap en t a €I n 0 i c

(22:5;omega-6) acids, with decreases in stearic (18:0),
linoleic (18:2) and e ico s a t r Leno f e (20:3) acids. The

increases were from 0.84+0.41 to 3.21+1.54% (16:1.),

11.6+1.93 to 15.9+3.40% (18:1), not detected to

8.08.:::.3.35% (22:4) and not de t e c 'ad to 0.73+0.41%

(22:5;omega-6) and the decreases were from 16.0+0.88 to

8.00!:1.25!(i (18:0), 26.3+1.86 to 17.8+2.98% (18:2) and

3.11+0.77 to 1.78+0.94% (20:3).

It has been reported that fat fOl"med from carbohydrate
may give 1"i5e to an increase in palmitic and pal-

mitoleic acids and decrease linoleic acid percentages

in the total fatty acids (Birsh ~.!!.!. 1960; MacDonald

!:!!!. 19(3). As lecithin accounts for 60-70% of the

to·tal phospll0lipid this could s:!Cplain the changes in

these fatty acids. in the ohi lCh'ert wi th kwaahiorltor.

The decreas.a in essential fatty acid inta.lte would be

expeeter: to enhance the linoleic acid decrease~ This

is borne out by the marlted deel'ease in linoleic lwid

found in these children. Possible consequences of the

decreas0 in· the .~ssentia.l fatty acids in kwashiorkor

arE! not fully l1ndex>stood. As essential fatty acids are

precursors of prostaglandins Ii deficiency may interfere
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wHh a. number of regulatory processes (KoLet sk at a1.

1986). One of the most ~ommon clinical symptoms in

protein en~rgy ma Inut r t t ion (PEM). the dry scaly Oe1'-
mat! tis wi tIl a tendency to superinfect ion and increased

NateI' permeabi U t'1, resembles the aame Les ion occurring

in other forms ·0£ essential fatty acid deficienllY

(Holman 19'11; NichOls et a1. 1974). In 1986 Kolet,zk et

a.L, reported t,hs fatty acid compos I t ion of plasma phos-

pholipids in 17 Nigerian chilo."en wi th PEM of whom 9

The total pho spho l ipid fatty acid

reS·1,l!.lts <~p()rted 'by these workers do not show 8,

decrease in linoleic acid in PElVlcompar\t'i} with well-

nourished controls.~ but do shOw a decrease in

al'achidonic acid. In ()u:t. study the lecithin fatty acid

results show a decrease in linoleic acid but no

ilecl'sase in aracnidoni c acid in Itt"lashior'k;or compared

with well ....noul"ished children. A literature search has

not Produced ~ll:ly publications on lecithin fatty acid

compos! Uail in children wi th kwashiorkor for comparI son

with the results in. this study. It is known that the

:fat ty acid <1i atrirn,ttion in the di £ferent 1ipid classes

alters with diseas.e (Sanders et ~l. 1978). Insuffi-

cient worlt has been done on. the phospholipid fatty
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ae i ds in PEM. It i s po S sib 1e t hat mar asmusan d

kwashiorkor

distribution.

could have a different fat ty acid

Holman and co-workers (1979) r e p o r t ed that

docos ate t naano t e acid (22: 4) was present in chi l dr en

aged 0 .... 4 months at a concentration of appr-ox ima t e Iy

4%. Thi.; fat ty acid was a l so reported to be present

in the adu.lt population group (males .::.2.0%; females

:'2.3%) Holman et !l:!. (1979). Under the conditions of

01U' assay no 22:4 was found in the adult population

group and in the well-nourished children, but in the

children with Itw.,as.hiorkor this fatty acid was present

in relat iv-ely ht1t'g~ nrnoullis (9%)" To OUr Itnowledge it

a the first time Ul~H this has be~n reported.

·l)o(H')satei:r.aenoic acid forms part. of the elQngatiLon aud

dasatu:rat ion cl1ah1. of. Ute fat ty aci ds ~ Apart from

thfs, the function of this acid is not known. Changes

in the intake of d.ietal'Y polyunsatul"ated fatty acids

ean.. be ~~pected to mo~.ify physiological functions by

uhanging membr an a sh:llcture, modi fying membrane

fluidity~ and modulating signal t:l?ansduction (Johnston

1985) • Kwashio:rkol' children have increased :red oe 11

fragi Hty (Coward 19'71) t which suggests that membrane

fluidity is altered, which in turn sugge s t s that the
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phospholipid fatty acid composition is altered. In

this study, kwas l z or ko r' chi ldr-en showed a decrease in

the concentrations of total phospholipid and the

lecithin f&ity acid distribution was altered.

The tine homeostatic ~alance between the different

biochemical parameters stUdied was shown to be closely

dependent on the nature of the diet. The present study

cleal'ly Showed that a. change to a low-protein diet af-

fected the plasma. cal'nitine, proteins and 1ipids. For

pl'oteins and lipids, changes Were seen after the first

week on the diet and. for .ca1"'11itine $ changes Were seen

after the Udl'd weelt. This shows hO'W' the normal

biochemical status changes and h()w dependent we are on

diet.

Carnitine is a scienUficall, exciting molecule and its

biocnemistry is still being unravelled by a num~' of

:research groups. Its role in the metabolism of long

chain fatty acids is now well established and its use ....

£ulness in the treatment of a range of deficiency

syndromes is weH accepted.

--- ..--.---------~..-.---~.~.. -~
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'l'he resul t s obtained for serum ca rrii tine suggest that

t h e r e may be impaired oxidation of lipids in

kwash t or-kor . The deficiency of c ar-ni t Ine may p r ov ide

an explanation for the aceumuLnt i on of fats in the

livers of these patients. Measurements of tissue car-

ni t t ne concentrations could prove informative, but

liver biopsies would not be able to be performed in

these ch l l dr en , FUrther s t trd I e s of c ar n i t Lne in

relation to progreseion of the disease need to be

carried out on a larger number of kwa.shiorkor chi l deen

!f.nd dUl'ing a. longer period of t r ea tmen.t in hospi tal.

11t addition, .the va l.ue or otherwise of the aemtnf s tna-

non of c~.-rn.n.:ineneeds to be eatabl ished.

As eXpected~ in kwashiorkor the lipids were derang~d,

of particulat" significa.nce was the increased percent ...

age of dO~Qsatf.}.tra.enoic acid (.22: 4), in the 1ec I th.in

fatty ~\::pattern seen in these chi Idr en, 1t appears

to be the first tim~ this has baen reported. As the ex-

act C(,wposition of the phospholipids is important in

membrane fluidity and flexibility, it would be of In-

terest to study red cell membrane fluidi ty ill these

chi Idren and to determine the red ce 11 membzane pho s-

ph.olipid. fntty acid compos" t.Icn,
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APPElillIK A

LO\-l-PROnWl n, I:T

II t}j:>ieal day"," manu followed this simple regime (no red meat
aUot<,lecl).

Breakfast
Cheose from
~ muesli fll<)de"rCl~: Crilr~al. flakes, nuts, "SefO-e!s, fed or fresh

\'tUit~
~ tJd!\ld fruit e~'{lC.lte or fresh fruit with yoghurt fot lowed by

I"ltolemael to(>!}: .
• jJOrridge;
- Sandwienes:
~ .¢orn f tar<es

lunch or>Heht evenj'~lt,m&aJ.
Choose from
- SQUP(\/e9eltp,~;h;), ('ls tmJohbreod as oM tikes;

stllad •.or" '".{l;t.'!.It'e. or. different solal.'ls l-Jith roll or
Wholewheat er ' spbN'ltld;

• sandwicIJua (eh$:as4 and t\'JllWI;O, egg);
- 1i\<ll1tf~Miiel)l j(ip$P/$Heet CQrn (Em muoh as; One 1 iMg)~
- acmany '\fcsel;tlblesa~ one like$;

frp$h fruit, },c9hurt:
pftZl1

~~!)i!l;lJttle.h
Choose from
.~ ¢!chi(:k,l;ltl/fish (GP..:lUportion) end va!letabh~l\'. potat13es,

lll:!!l'Itil!.lG/mootiepapi
.. il'ui th mHk;
• pjlt:;:aIP!lst~

Fruit Jl.tiI:':O$ aUQ~latf. Alcoholic drinks oHewed in moderatiQil.
*Chiekl7!fI tlnp\1~d tWle~ tl t:$el~. !llsh IlHowe4 tl"llc:e a 'P.oek.
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DETAILS OF PAT iEtUS !)IAG!~OSED 1·1lTH I(YASlilORKOR

AGE
---------------------~------------------------------------------

1ST HEEK 2ND !JEEKSEX ETHNIC
GROUP

1l0SftHALS OTHER ILLI!ESSES

11m r'l

2 :l:1y r·j

;5 1y f~

(/ 1y M

5 1y2m M

(., 1y4m 1·1

(' 1ySro r·t

a 1y9i!1 14

9 2y C·,

10 2y t-f

11 ay ~'1

12 2~ro r.1

1:5 Zm n
14 10m F

1!i 1y p

~9> 1y f

17 1y4m t
IR iy6m F

19 :!:~y .F

2() *~y F

2' 2~' r
~a 4y I:

Venda El im Gastro"enteriti&

Shongaan '·latamulele Gostro-enteritis

sotho Boroglionath Gastro-enteritis

Zulu £IClragl1anath '·loI'Sismi(:·KI~ast.iorkor-

Zulu Barogwanath r·leasles

silsngaan IUim (lastro-enteri d s

Shonq'3sn 1,1nlomuleLe

)(ho$O

$hangaan Halsmulete Diarrhoea

Ventla

Shangl1£ln EI fm

Shont,latn EHm

IHorrh')eo

Gostro-enteri tis

Bronchitis. pM1JlllOnia

f~dabell(j raid t Id!(fni GClstrOwQhl:()l'iUs

Vem:l~ IHhtl

Soth<>

l'e~lana 2orslll.7onath f'ie<lsles

80th!) aQ,r~OHOllottl GQstro'el'lterhis

Shul1gaan l·lalamulolo \lgstrQ·(m~:d·tf.s

Vonc1C!

Gostro·~ntoritls
Pnllufnonia (slillht), l.'Iiarrilf)(l!l

Sl.'lthn ff,lfm

:lulu aON1Sl'lal'l~thRettJrdedt fJQstro~cntotiti.$

It

---- ~~~4_._~-_1. ~ ~ . _
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I!OUTHlE TREAnn:r1r Of IWASIHORKOR IU S(J:.1E RURAL IlOSPITAlS OF
Tlfe tlORl'll.enu TMMSVAAL. IUJI) AT DAIlAGilJUlAlll HOSPITAL

ai. &lprovit ol';lHy • 20Q 000 U on cd.lll$Sl'Cll'l
100 GOO U tho nant day
100 000 U on di$~harse

O$l'ilfJ\iane,th Hospital
$1:01'1:= $26 f<:ltwlll (!1UtilGtlhodmH!'f l<:m protein 1.2 flIt);

prcgrft(iS ·to lacto$on ChiOh in protein); lptet'
;Mal'll: c!ii;t $uppl¢11'~nted with vl'l:omfn A, tc Qtc.

lloopitulS .:I'( tloi'tMrll Transvoal (tit lClllst S()Ven feeds
dM lV)

I. l,1i«:i coses (flO dial'l'hQl!lo)
turk or F ,111).1:lJr(!:. 1~Omllk!1/day
rNl$1l fruit Juice: 1tJOml/i:lIlY
Add solids oa t\f:)tln uS child con oot them oi'ld teduc!;'t
rnUtr. oc¢or.<:iil'lgtV.

~. $evoro eosos (+ djorrfi(lQ~)
Dey of rJdil)i$oiOl1~ oral N.ihyclrtltiol'l 15Qllll/l{S
Doy (11"10: PI) 1(!t' mUd ClotlQ$

.f)(l; l¥ til", tilth;:! fofl1cor; ott ~Mcl!:! £lUI:up Il drip of
h~tf O.3rrC)WIaolul:lt:ltl (1501llt/k!1lday).

c. g~n (If 1l1folit'$ mother (IJSIJIlHy o~!:ut's in rural
hQspitals)
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Appendh( D

• IFg £lar,b.llntbttffgr, !?li.a...~
.:.. 1 SOOmt disUUnd water
Sech cpmpartment (2) 01 Paragon Electrohoreais Cell
«as HU~ wHh 451ill fH~ Barbital 8ufYQr •
90llll !)f s-z U(?l'bHat Suffer in cell 'is etHicaL •

• ~s.lcl·~ (.£,0"01 snb.J$,lll.'.WJ d ttl
1 (lOOmldi$tiH«I llatet'
+ 6UOmt mathijno(
-:- 1Saml l;'Jtaeint a,cetie !\left!

" FlltllSt:n BluE! s~nio ~o.!)%~
+ '1 ilOQmt, 'Of S}1 Ac~tle acid solution

• SC'lrutil nllntlol)
',I j:ll';l"t Serllll'l{'4 parts (iI-lHer

t!l)ntoin~rs Oy pnragon U~I; proelSsspl' ft(l~ with the
YQUottfng. j'lQ.h.ltlcnu in !>e~uMI!I:Ull~¢:d blzll:m:

{J2 .. 'Parngon !llu1;ls~oln $o{utiol\ JOml
iTS " l\(:l'.!tiO' Acid o!)lutionp !!l~ t 'slI(}llll
ill~.. Al!lcl Al:.:t:!l1ot nolution t 3(lOml
tIS "', Matl!:! Mid ol)tutitltl" $% U 300m!

flOl'!;

Saoh, thoSG ~Qlut!ansmoy b~ ur,~ to prQca~~ a total
tlv 4 gol~. 111~tt)l'I~l)inol'~ shol.lld tli()n b~ cliWtjl:1l;lIlM
refilled uHh fresh l:ll)b.ltlQos.
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Appemlix E

• B .~•.2' 9ui'fflr.......e!i S.6
'" 1$OOmldistilled \-In!:!!;"
~Oml of Uuff"f in ~te¢trephoresin CGtl critical
JiSmt 0'1 auffi(!r lJSS p~!.IN)fJ tllto e<lch r(ls~r"(lif' 0'1' CJ:lH •

• j:htotive &I>h.ltib!l

450ml distHtc-ci I(at~w ~ 45Dml Reagent Urad;:;Ethanol
'" 100m'. (Uncial Acetic Acid

., t.i~tI St:I3!!t.~mr!ti09solution
2iQml fleaSClllt (ir<lQe etMMl 1mt stllin ctQclt; sO\l,ltjon'"
+ 90ml distmEld ~lOter.
Int.lM ;l~miftut~" b;oVOI'¢ !.IS!:!.

*stofl'l stoelt oQt\l~Hm...
I..ipl) stofn sotvl'lnt l)lluratl intI) !.if» stain bol:U(;). IHR~
for a to S Illlhut.\1S•• SI:\icl' stttin nf!)(ltl2 tiJ 1 d~ys. Thfs
hr.prove;;: ttPin··intol'lsity.

• Bdf>tl:litlitJ~ ;;oI.lttJoh P,_¢,W
611Ul1lt n~l')!.lellt 1Jracl'1i:·et!ronol .0. 4DOmt dfsl:m\:'~ t1atel" ..

4 Ccntain&I''s of PatllSOtl. HI;:\' 'preCeI;;St'lr nu~ ~dth th~
foHowin~ !)cluticns if) ~oquel'\r.oHaled ~l(lln

m ~1ills~l\1e 1'l!)\uf;iOl'l Z(lO'ml
{II! " t.i$)'i> tltnivlJmrldM!} solution ;S1101ill
tf$ '" i}ostnll'ling sc4ut\of'l , lOOm!
04 "l)(!st{)inihi) l\ll;)tllthm If 30(tmt

ill ... N3. ii4 are r~"s!lbH~ 11,)1'fQur gelat 11'2 ffiU!lt biGp,,~pt))r~d
daHy
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Appendil( F

SERUl,1CARlllTINE CONCENTRATIONS HI TIlE HHITE ADULY
POPULA rr ON GROUP

CARllITItlE (f.UIlOl/l)

SJ\t~PI.l!

riO FREe rOTAL

~ 50.0 69.3 19.3
2 49.0 68.9- 19.9
S 60.0 1$9.3 9.S
4 53.1) 12.0 1$.4
s ',2.0 65.6 13.6
6 62.0 "IJ:S 15.$

....... i!'*""'~~~~

MIi1Ql'l 54 .•4 7(;.4 16.0.

SD S.l} 3.9 4.1
~ .....-

53.Z 69.(l. 1!$.6

so.n 61.$ n.s
50.0 1.)9.3 1\).3

nl 64.0 12.0

H $3.0 ~ .., 13.1
1~ ~n.1.l 69.S 9.:5

t·lqpn S::l.1.l 66.1,) 1$.5

SI) ~h7 3.:5 3.5

Overall
Meon 5~.7 l5S.5 14.3
SO 4.5 4.0 3.9

SAr,lIlI-IilS1-6: W\I.EI~
SAr~PLES 7-12: FENAI.ES
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t\pperv:!ix G

SERUM CAfUJITIIJE CONCEtJTRATfONS IN BLACK URBAIl ADULT
IPOPULATlOlI GROUP

CAlmmtdE ( ~ml)l/l)

SAN!'!..!;
rll) I\CYLTOTAL

1
2
S
()
5
6
r
B
9
10
11
12
1$
14
is
16
17is
11'
20
f,lcoii'_' . • S$~0
St:I 2.~

611]"""·""'.._ ...• 15.2' •.
,Mr 1.1$

---74.7·
6tl.310.2
r.:l.4
i'3.2n.8
6~.466.4

neon p' "58:6"--'" .' Tr:4"~
lSll 2.5 2.4 1.4

Q-iertl'il
l,je<lt1
00

69.::'1
3.0

14.5
1.9
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SEIMI (UUUUTHU:; CONCENtRATIONS lit RURAL IlLACKS

CAIUnT!Nf ( .~mt'll!l)

SM1PlE

llO

11).

FR\:E TOTAL ACYL

50.4 65.0 14.6
54.4 <16.2- 11.8

56.2 la.1! 14.~
$0.2 ~g.9 16.7
58.4 ?'a.O 13.6

62.0 16.2 ~4.2
S2.6 67.n 1f.. 4
!i3.0 68.0 15.0

;i1.! .63.6 12.4
5a~8 ,pr.o 14.2'

54.1 ISS.4 14.1

3••; 3.5 1.3
.... ......,. ·--ii"~

Hoon
SI)
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SERUM CAIUlHHJE CONCEN1RATIOIJS IIJ IJl:L"-fJOlJIHSIJED

CIUlDREM

CAmurHlE (,u.mol/l)

SAMfllf:
tSO TOTAL

51.6

a S1.6
:!l 50.0
I;, 52.a
s 51.6
is 53.2
'1 53.6
.a 53.2

64.0 12.4
'16.0

13.8
12.6
11.2

s.s
65.~
62.S
68.1

67.0

67..6

13.4
14.4

-------------------------------------- .....--.....---
Sf)

S2.2
1.2

652

2.1

$0.4

50.0
53.6
52:.0

15.7

11)~1

14.4
14.5

15.0

13.4

66.$
~6.5

64.4

67.0

63.a
6$.1) 13.8

i!ean
------------,------.-------~---------

$1.2

1.2
65,9
1.5

14.7
1.0

so 1.3

SANPlES Hl: 14ALES
SJlNPLES 9-15: FEHALES

t.ll 1.4
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Appandht J

SEItUi'1 CAfUnntlE CONCEIJTRATYOrJS IN CH!LDREII HITI! fruflSIUORKOR O~J JlDr4tSSlO?l TO 1l0SPITAL
AWi) Dun Hlll mEA fr.1EfH ~

TREATf.lelJT
1ST UEcK

Sl\t>lPLt;
flO

FREe TOTAl. .ACYl. fll1!5 TOTAL ACYL FREE TOTtI!. Ali.,!.

1 34.(.\ 43.1 9.1 sa.o 51.1 13.1 52.0 63.S 11.8
~ 36.1) 45.2 9.a
4 ~6,O 3:5.3 1'.5
5 2S.a 32.S 7.S
6 2!?O 3~.O 5.6
7 3fLO 47.9 1M~
S l7.iS. 45.3 1.7 3S.a $O.~ 12.9 59.1.1 10.~ 11.Z
r; 32.0 38.a lS.a 37.6 $O.S 12.6 58,0 1$9.2 H.tS
illl m•.o 25.6 1.6 19.6 26,1 i~1
11 24.0 Z4.1 ~O.1 2!i.6 34.4 9.~
1t!' lr!.o. ,4l.0 11.0'3 35.2 4:t.2 10.0

f.i()an 51.}"1 3B,'I' 2.1
$1) 6.2 e.a 1.~

a.o

14.
15
16
17
18
19·
?Il'
21
~2

r.l¢<Jn :30.h s~.4 e."
SI) $.4 6.6 2;.4
·OV~o~r6~l~\~~--~~~·~--~~~----~~----~~------~-------------
f.10t)1l 30.3
$1) 5.S.

S.1 Sh1 42.~ ;0.$ 56.3 67.1 11.5
1.13 i'"ll 10.3 2.7 S.S Z~!~ 0.3

·SP.J~PI.ES1-1;.11; ~lAt.EIS
SAt·jPLES1ll~a2: fef,1ALES



--------,,~..-----.--------------------------------CARtUTUli! (ttmot/!)

UUllt\!. 1ST HEEtc ~' !-lOnTIIS AFTER masU!UNG
IltlRI·1Al DIeT

FUEE TOTAL ACYL

!lRO weel\

-"
fllEE TotAL ACVL ..1.!l.~(;_tq.m ACVL FIlEe~J.91AL . ACYl. • IH'II:1! " . IOTAl AC't!". fA

1.0

1St.0 1~.O 10.0 42.0 59.7 11.7 37.6 51.<! 13.6 64.4 17.:$, 12.9
52.3 66.1 14.1 46.13 5i).O 9.2 31l.8 50.1 11.9 (is.I! 16.3 13.i4a.a 6?A 14.0 1~7.0 60.0 13.:;; 32.4 t16.4 14.0 56.0 76.3 2(l.3
Zi$.;e $1.a 13.0 36.0 45.9 9.9 ;t:1.a 45.3 10.1 46.0 63.S 15.5
39.2 52.!! 13.1 S7.~ 46.9 9.7 28.1.1 39.5 11.6 47.6 6V~ 15.3
42.0 60.0 17.6 38.0 50,0 12.(1 22.0 33.1 11.1 46.0 63.!; 17.5
59.6 77.3 17.7 40.0 4~M 9.1 3a.0 so.o 10.0 58.0 61f!.3 lUI
§B.!t"...,.!)1.3 ,13.3 ::I8oU ~4B.O to,7 24.6 33.6 9.0 50.0 62!9 12.9
41l.6 62.8 14.1 111.4 51.9 to.6 32.1 43.7 11.4 54.2 69.0 14.9
15.9 9.0 _2.5 5.0 __ lJ> l·5 6.5 1.4 1.7 7.3 6.7_ 2.9

11.3 1:5.3
74": 1<>.0
67.9 1S.0
ss.s 13.1
$2.3 12.1
62.9 1a.9
74.7 14.7

-!.L-,?ct.O 63.5 13.5 __
[!joan So.S 6$.6 15.0
§!> 9.5. 1t'1.q._2o!:i

11 64.0
a 511.0
C SO.O
l! 38.4
E ~9.6
~ M.O
G 60.(l
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Apptmdix L

SEIMl TOTAL PI'lOTEHl J.\IJD ALBUMIN CONCENTRATIONS IN THF HHITE

POPULATXOfJ GROUP

PROi!mlS (gIL)

!JInTE ADUtrs TOTAL AlBUr.IHI

1

2

s
4

5

6

6S

65

73

63
liS

61

44

40

37
41

:40

46

$1)

61.2-

5.9 3.2
7

8

9

'10

l'
12

10
69
62
6'3

62

63

46

31
44
42
38

38
M.S
3.7

40.8
3.7

!SIS. 0

1,.9

41.1

3.3
SAf.1PlI:S .1"6~ [·lAI.I:S
SAf4PI.£;S 7"12: Fi!!·1AL~S
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Appanciilt M

GROUPS
SERur·j TOTAL PROTEUJ AMD A!.B!.J!qItJ CmlCEMTRATJONS FOR BLACK URSAfJ AND RURAL POPUlATIOII

lSANPLES ··1,.20= NAI..IES
SAl·1PI.IlS2H!S; FEt·1A!.ES

nUIlAL GRC)UP

SAMPLE rJIl TOTAL PROTEHl ALBut4ItJ

<gil) (9/~~

1 1'0 39
2 .66. 38
S 64 40
4 63 44
$ ~5 44
6. I~Z 42
7 63 39a 64 41
9 M I'v6
,.:.:1!l~__ ,_~6g~..,...._, 42
nesn 65.1 45.1
• ~4 ~6
An males·
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IIpp(;;ndi It tJ

SEIMl TOTIIL PROTEHJ (TOTAl.) AND AlllUlmJ CAUl) C01'JCEIJTRATIONS
HI CIHI.OREIJ UITH I{l,IASHIOlmOR at! IIm~!~SIOlI r'ID DURHJG
TREATMENT

PROT1WJS HI'D

()~J AOtHsS10N nEATf.lErJT1ST I '1( 2ND WeEK

sAMPLE
NO TOTAL ALB TOTAL ALB TOTAL ALI.!

--r- 4lhl 20.5 62.6 31.6 60.6 38.0
2 ~a.2 21./t
:l sa.t 28.9
4 ;$4.7 19.0
S $6.1 :$5.9
I) S9.5 23.8
7' $2.'1 26.4a 51.1$ 30.'0 63.6 ~4.2 64.3 36.4
9 39•.8 24.n 52.4 21.3.2 61.4 36.210 34.7 24.6 sa.6 :S0.2
11 ;';S.6 .~i1.2 63.6 :52.8
12 49.3 21.S

~."3L._.5~••2_27.S.,
11clln 4s.a as.1sO 6.7 4.6
~.' 52,1 27.3'"

15 49.::1 ~4.0
16 40.4 22.6
17 :59.a 24.4
113 S9.5 23.3
19 ti(;.3 ~t!.2 56.4 30.620 56.3 21.1
~1 38.6 21!.~_2.2, 2'1 (;,

"'~ ~
r~Ollh 23.2-
$1) 6;1 1.9
Ovorall
ll.:lori 4fha 24.3 59.S S1.6 . 63.1· :56.9
SD 6.9 s.a 4.5 2. t 2.3 1.0
~.........,~ ..........~ ~
SAt,IPl.eS '~~h r-1I\I.I:;S
SAHPL1:S 14·2~:fl:r·1Al.ES
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Appendix 0

SERUM TOTAL PROTEIN AND ALBUMHl CONCEtlTRJlTIONS HJ UELL-
f40UR I SIlEO CH I LOREN (CONTROL S ~

PROTEINS (gIl)

SAI,lPLF. ~JO TOTAL AlBIJMlIJ

2

$

4

S

6

7

a

10
66
68
65

12

72

68
69

50

48
38
46

42
44
42
44

1·1r.1lf'l
$1)

9

10

11

12
'IS

1~

68.8 44.32.~ 3.7'--~----~--------~6S~-------------~
1~ 39
71

69
7$

n
67

46
49
•48

1$ 39

N~~~'~~--------~70~.~S------"_---~~4*~4.~1~'"
SO 2.1.l 4.0

OVQl"'tlllNean
$1) ----------,----
SMPI.t:S Hi: I~AI..ES
$ANPt.I!S ~HS~FEI;lALeS



SSitU14 rOTAI. PIlOTEUJ (TOTAL} AND ALOUfl!!l (AU1) COtlCEIJTItATlOU$ m EIGHT SUlJJECTS (IHI) NI\HlTAINED at!
A I.O\H1ftOTEUI illEr

.........--..~

PltOTIWIS (9/l>

UliTIAL 1$1 IlEEI' 2nD WeeK SRO IJEEK 2 140MTHSAFTeR IlESUtHNO
tJOIlW\1. I),er

,~""

TotAl. A1.3 TOTAL AI.B TOTAl. All'! TOTAL ALB TOTA' ALQ

A 6"1' 4G 65 31 58 32 56 29 70 41
B 66 43 60 41 $9 34 !:t!. 33 67 44
C 6a 36 60 :57 61 30 52 32 68 38
D 61 46 61 38 62 31 53 32 71 46
F. 66 :59 .02 sa 58 32 55 29 66 34
i' 64 40 61 36 60 32 51 ;12 68 48
G 70 313 62 37 59 34 50 ;10 69 37
II 63 35 S;') 35 61 3!11 57 (~6 72 37

r,jeal"l 66.4 4t).1~ 6~.3 37.4 59.8 32.5 53.0 ;iO.4 66.9 1.0.6
SI) 2.2 4.2 1.8 1.5 1.5 1.7 2,7 2.3 2.7 4.9

... "..-
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COtJCENTRAHO!IS OF SERU~j PROTEHJ FRACTIONS IN THE ADULT WHITE POPULATIOll GROUP

PROTEHJS (gIl>

AlGUI·lIN GLOBULINS

!ll1 (32 t3 'Y--
1 39.0 1.3 6.S 9.1 9.1

2 39.0 i.a 5.2 9.1 10.4
a 41.6 2.2 5.8 10.2 13.1

l} 59.7 1.3 5.0 6.9 10.i

5 $.'.4- 0.8 7.6 7.6 7.6

{) 36,6 1.8 6.1 9.8 6.1

l.Jesn 41.4 1.5 6.1 3.8 9./J

$!'l 5.6 0.5 1.0 1.3 2.4
,......

'1 46.2 1.4 4.2 7.0 11.2

a M.O 2.'1 a.a '.0 9.1
9 42.2 1.2 5.6 6.2 6.8
10 Zl7.2 1.9 $.1 7.6 10.7

1'1 S~M 0.6 3.1 7.4 11.2

12 [jZ.2 1.9 3.2 7.6 13.2

neen 41.2 1.5 5.1 1.5 9.6
til) S.1 0.6 1.9 0.9 1.8

so
41.:3

4.~
1..$ 5.6 e.1 9.5

0..5 1.5 1.3 2.0

SAMPLES 1·6: t·lALES
SI-W·1PLt:S 7-12: IlEf·1ALES
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Appendix R

COI1CE~lTRATIONS OF SEiMl PROTEm FRACTImJS IN THE ADULT BLACK URBAlJ POPULATION GROUP

PROTWlS (gIl)

SAl,lPLE

GLOBULHJS

«1 (1.2 fJ 'Y

1 43.2 1.4 $.a 8.6 13.0
Z 38.3 1.3 S.O 7.3 11.2
:3 1,4.1 2.1 7.0 5..6 11.2
4 40.\1 1.3 6.9 $.0 10.1
;; 40.1 1.S 6.8 8.a 10.1
6 41).:9 1.Z 6.1 7-.4 11.4
1. 4S.it 2.'a 4.3 6.5 13.7
8 39.6 1.3 $.3 1.9 11.9
9 44.1 2. i 7.0 8.4 8.4
10 I}5.tt 2.3 6.8 7.5 12.8
11 $7.7 2.0 5.9 9.1 9.8
1:2 3$l.4 1.1" 5.4 6.8 1iM~
13 S9.S 2.1 g,a 9.0 10./f
14 42.6 l.a 6.0 8.4 15.2
1$ 43.1 2.~ 6.6 ~.6 14.6
16 4~.4 2.~ 5.Z 1.4 14.1
17 liSS t!.~ 6.9- 6.2 9."1'
18 :is.'ll ~.S 1.3 9•.9 H.i!;
19 41.6 1.5 6.6 Ii.S 13.1
20 1('.9 ·1.S 5.S 7.6 13.1

~~
I,lcon ti1.S Vi> 6.4 7:1 11.9
SD 3.2 0.6 1.0 1.S 1.9
~
11t1 44.2 1.3 5.9 $.9 S.6
22 4¢!..3 <I.r 7.~ 8.a 13.9
.23 4M'I 1.5 5.9 10.4 13.3
24 $5.4 ·l.a $.4 7.2 10.3
25 4i!.S 1.4 ',4 8.2 10.2
.Z6 119.S a.o 7.4 S.O 10.1a1 40.9 1.$ 1.3 6.$ a.s
aa 49.($ 2.4 S.6 9.6 12.8
N~(I;'I ~2.:a 1.5 !i•.S 8.1 11.0
Sri 4.1 O.S 1.\1 1.5 2.1

f·leal'l 42.0 1.8 6.1 7.8 n.i'
$0 S.4 0.6 1.3 1.3 1.9------~SMIPI.ES 1~jW:~IAl.eS
$Af·1PLES 21-28: fEf·lAlES
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CONCE~ITRAtJotIS OF SERUt·1 PROTEH~ FRACTI01!S HJ THE RURAL BLACK POPUll·mot! GROUP

PROTE INS (gIl>

SAlIPLE

~JO GLOBULWS

(l.1 ~ {j 'Y

32.5 2.13 7.0 9.1 11.2
42.2 2.0 6.0 6.6 9.2

~3 31.S 0.6 6.4 9.0 10.2
4 3S1.7 s.t! 6.3 7.6 8.2
s 34.1$ 3.3 7.2 9.8 11.1

Q 1,0.9 1.2 S.Ct 5.6 9.3
I' 37.2 ~.S 6.3 7.6 9.S

38.4 0.6 6.4 8.11 10.2
9 44.9 1.S 4.6 5.9 5.9
10 4:>,$ 0.1 6.1 a.2 9.$

1,lean ;;~Ml 1.6 6.1 7.6 ~M
SS 3..9 1.1 n.s 1.4 1.5

ALI. t.l!\I.l:iS
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Appendilt T

CONCENTRATION OF SERUr~ PROTEIN r'RACTlot4S HJ THE CONTROL GROUP (CHILDREN)

PROTEHJS (gIL)

SANPlE
NO AllMmJ GlOBULH1S

a'j a2 {3 'Y
42.0 0.7 7.0 9.1 11.2

2 37.6 2.6 6.6 8.6 10.6
S 39.7 1.3 5.9 7.2 11.1

4 39.0 1.3 3.9 7.8 13.0
5 4ih6 1.4 7.2 7.9 10.3
6 46.1 1.4 6.S 9.4 S.6
7 40., 1.3 6.8 8.S 10.9
8 42.1 2.1 6.2 6.2 12.4

Mean 41.4 1.$ 6.3 13.1 11.1

SD 2.9 0.6 1.0 1.1 1.3

~

9 41',).1 2.1 6.8 s.a 10.2

'0 4'a.$ 2.9 7.2 9.4 11.5
11 43.3 a.a 7.1 a.s 9.2
f~ !'(l.n 2. j 6.9 9.il 13.1

1l M.~ 1.S 1.S 9.8 12.0
14 46.1 2A1 6.5 7.2 10.1

15 4().9 2.0 6.0 6.1 11.4

~~ .~~

t·lean 42S 2.3 6.9 a.s 11.1

so 2.~ 0.5 0.5 1.1 1.3

~- ....
!clean 41.9 1.9 6.6 8.3 11.1

so 2.6 11.7 0.9 1.1 1.2

SANi>I.t:S '-S: HAleS

SAf-lPlES 9-15: FIZHALl;S
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Appendix U

COiJCEIITRATIONS OF SERUf·' PROTEHJ FRACTIONS IN CHILDREN WITH KIJASH IORKOR ON ADf4!SSION INTO
HOSPITAL AND DURII1G TREAnlEIlT

'PROTEINS (giL)

ON Aor.u SS I OIJ TREAnlENT
1ST HEEK 21lD WEEK

ALBUrml GI.OBUi.IIJS ALBUrmJ GLOBULINS AlBUlHrJ GLOBULINS

1]1 Q2 ~ Y Q1 cg ~ "'f 01 rnz (} y
21.7 5.3 7.7 2.9 10.6 27.5 3.8 12.5 B.8 10.0 38.3 2.0 6.6 8.6 12.5

2 15.3 2.7 5.7 2.3 12.2
'3 19.3 3.1 9.4 3.1 17.2

4 14.9 1.T 6.2 2.1 9.7
5 23.6 5.0 9.0 6.1 11.8

6 19.0 2.8 5.1 3.6 9.1

r 25.0 5.7 8.9 3.6 8.9
8 ~.7 3.6 1.2 5.2 11.9 4Z.0 1.3 9.5 6.3 8.9 37.7 2.0 6.5 8.5 10.5
9 13.3 2.4 5.6 2.4 11.t 21.2 2.6 8.9 5.2 8.3 35,0 2.5 6.1 8.6 9.2
11') 14.9 2.4 7/$ 2.e 7.3 27.0 4.7 10.5 5.3 11.1

11 19.1 1.9 6.2 4.6 6.2 34.3 $.1 6.4 8.9 8.9
12 24,7 S.O 6.9 4.9 9.9
1~ ~s.a S•.Z 11.5 4.2 12.5

r·lli!tln 19.9 3.2 7.(1 3.7 10.6
SO 3.6 1.:> 1.6 1.S 2.7

14 aM~ 4.2 a.~ 4."' 1~.o
15 2,11.2 3.5 7.9 $.9 1i).3

16- 16.2 l.6 6.9 ~.61().1

17 15.1 a.4 7.2 4.e. 10.3
18 16.2 2.0 ~.9 iU ~U

19 13.4 at.?' s.n 3.1 16.2 2a.O S.l! ~M' 9.0 13.0.
20 24.S 2.1 fl.G 4.8 13.9
21 13.5 S.9 2.? .:».9 11.2

22 16.9 2.7 5.7 3.5 9.6

HeM 18.1 5.1 6.8 .(,·,2 11.5

SI) 4.Z C.S 2.0 0.6 2.4

Overall
Mean 19.2 3.3 7.2 3.9 11.0 30.3 3.5 9.S 7.6 10.0 37.0 ('.2 6.4 8.6 10.7
SI) 3.9 1.2 1.9 1.1 2.6 7.0 1.4 2.0 1.8 1.8 1.8 (1.3 0.3 0.1 1.6

SAI·1Pf.ES 1-13: r.l/\lES
SAr·!PLES 14-22: FEf.1ALES
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Appendix U,

ELECTROPHORETIC RUN OF SERUM PROTEINS ON AGAROSE GEL

1..2 ADULT I-JHUgS
3..4 ADULT RURAL BLACKS
5 $ MULT .URBAN BLACI\S
7 8 VJELL....NOURISHEO CHlLDREN
9 .. 10 l<ltu\SHIORi<OR

~'tNl)tethe d'iminished albumin concentrations in kwashiorkor
patients.



App~t'tdht V

VAlUES fO;l: SElllJf.l PREoTl!m ff'.ACnClIS liU i:lGIlT SUSJECrS (ii"ll) ~llmJtAH1Ei) ~lj.lt lOY-PP.OiI:U1 1)1%:1 irOli lURes l~E!{S

Pl'lOTEI!lS(gtt>

WHIAt 2NI) U£\s[( 3Ri) UEE[( 2 !IO!JTHS AFTER
Rl:sumUG tJOlU-lAL DIET

1ST tll!lEiC

AU.iUMiM GLOam.IIlS AU!uim~ Gt.OBUUllSAl.el.l~lm G(1,l9Ul:.lMS AI.B!Jl41H GtOBUl;.U1S ALsu:ml GlOBULHlS

~1 Q2 § "f

Pi 37.5 Z. 'I. as 7.4 '1.1.4-
a 36.S ~.O ';.6 9.2 tV1
c 38.8 3.4 6.11 9.5 9.5
P 35.5 2.0 8.0 ft.? 1Z.7
E 45.5 2.0 5.9 $.3 1.3
f 35.S 2.6 8.S 8.9 8.9
G 42.7 2.1 7.0 9.1 9.1
II 39.7 1.9 6.3 IU~ 6.3

Mean
39.0 2.3 '1.2 8.5 9.f

SI)

3.6 0.5 1.n 1.$ 2.2

!!l'f ~ fJ Y

~2.9 1.~ 5.2 6.5 ~.1
39.0 0.6 4.S 6.6 9.0
39.0 1.2 4.8 6.6 S.4
39.1 0.6 4.9 6.7 9~Z
40.9 6.6 4.3 7.4 3.7
39.1 1.2 6.1 1.:9 5.5
43.4 !j.e 4.9 6.2 6.S
4t.3 1.2 4.1 5.3 6.5

U'l

Il!j ·1;12 ~ 0.1 ~2 ~ tl1 CIQ !?i' 'Y "f

36.0 0.6 4~6 1.0 9.9 27.4 2.2 6.7 11).1 10.1 44.1 1.4 7.0 7.7 9.S
35.4 1.2 5.3 9.9 !:l.3 23.5 2.0 4.0 9.5 10.5 42.9 1.3 6.7 B.O 8.0
3fi.6 1.2 6.7 S.S 7.9 29.1 2.8 5.2 1.8 7.3 4&.8 1.4 6.8 9.5 9.5
~r.z e.s 5.0 7.4 U.S 30.7 1.6 4.2 6.4 10.1 41.2 1.4 7.1 9.2 12.1
31•.9 1.2 4.6 B.1 12.2 21.0 1.7 5.S 10.5 11.6 45.0 2.0 5.9 8.6 5.9
34.8 1.2 6.0 7.8 10.2 26.0 1.5 5.1 8.7 '0.2 40.8 2.0 7.5 a.8 S.8
36.0 1.2 3.5 6.5· '10.0 28.5 2.5 5.0 S.O 6.5 44.9 1.4 6.9 9.0 6.9
35.4 1.8 6.1 1.1 10.4 26.7 2.3 5.7 10.3 13.1 42.5 2.2 1.2 8.6 11.5

50:; 0.9 5.0 ~.7 1.9

1.7 0.3 0.1 0.8 1.4

35.(, '1.1 5.2 7.7 10.1 27A Z.1 5.2 8.5 9.9 42.8 1.6 6.9 E.7 9.1

1.6 0.4 1.0 0.8 ~.5 2.2 0.5 0.9 2.0 2.1 1.B 0.4 0.5 0.6 2.1



APpilndi It \I

VAlues E'ORSErum PllEOTEIN FRAtTt01JS ltJ EiGHT SIJBJECTS (/Hi) f·1AINYAitJEO O~J II LOW·PROTEltj DIET FOR TllflEE UEEKS

PROTElUS(S/l)

~
UIiTlAL 1ST HEEfC 2fJO l·ieEK 3P.D tiEEK 2 r·lotJTIlS AFTER

REsUtmlG IIORMI. DIET-_ ...."""'._
AlBU:UN GLClBUl.! N$ ALBU!·UN GLOBULHIS AlBuruu GLOBULINS ALSurml GI..OBULIIIS ALBUrlHl GLOBULINS

__.._........,-

t.Tl
(8.1 U2 ~ Y "1 62 ~ Y °1 Q2 ~ Y Q.1 0.2 ~ "( ()I1 ae ~ "(..

A sr.s 2.1 B.T 7'.4 11.4 42.9 1.3 5.2 6.5 9.1 36.0 0.6 1.. 6 7.0 9.9 27.4 ~.2 6.7 10.1 10.1 44.1 1.4 7.0 7.7 9.8
11 36.3 2.0 6.6 9.2 11.9 39.0 ('.6 4.8 6.6 9.0 35.4 1.2 5.3 13.9 8.3 23.5 2.0 4.0 9.5 Hi.5 42.9 1.3 6.7 B.O 8.0
c :i8.a S.4 6.S 9.5 9,5 :';9.~ 1 l 4.8 6.1) 8.4 36.6 1.2 6.7 8.5 7.9 29.1 ') 5.2 7.13 7.3 40.8 \,4 6.6 9.5 9.5
I) 35.5 2.0 8.0 8.7 12.1 39.1 0.(\ 4,9 6.7 9.2 37.2 0.6 5.0 7.4 11.8 30.1 1.6 4.2 6.4 10.1 41.2 1.4 1.1 9.2 12.1
E 45.S 2.0 5.9 5.3 7.3 40.9 0.6 4.5 7.4 8.7 31.9 1.2 4.6 8.1 12.2 27.0 1.7 5.5 1\).5 11.6 45.0 2.0 5.9 B.6 5.9
F 35.•8 2.6 a.:S 6.9 8.9 3~.7 1.2 6.7 7.9 5.5 34.8 1.2 6.0 7.8 10.2 26.0 1.5 5.' 8.7 10.2 40.B 2.0 7,5 8.8 8.S
G 4~.r 2.1 7.0 9.1 9.1 43.4 0.6 4.9 0.2 6.S 36.0 1.2 3.5 6.5· 10.0 28.!: 2.5 5.0 5.0 6.5 44.9 1.4 6.9 9.0 6.9
II 39.7 1.9 6.3 a;a 6.3 ~1.3 1.2 1:,7 5.3 6.5 35.4 1.8 6.1 7.3 10.4 26.7 2.3 5.7 10.3 13.1 42.5 2.2 7.2 a.6 11 5

t4eal'l
39.0 2.3 7.2 8.5 9.6 50.7' 0.9 5.0 6,.7 7.9 35.4 1.1 5.2 7.7 10.1 27.4 2.1 5.2 8.5 9.9 42.8 1.6 6.9 8.7 9.1

51l
3.6 0.5 1,0 1S 2.2 1.7 tI.3 0.1 0.8 1.4 1.6 0.4 1.0 O.B 1.5 2.2 0.5 0.9 2.0 2.1 1.8 0.4 0.5 0.6 2.1
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Appandix W

SERUM l[POPROTEHJS IN THE UHITE ADULT r!lPULATIOlJ GROUP

LIFOPROTEHlS (%)

SAHPI.E

tID lOL VI-i)!. liDl

-----------.---------

o.~

56 19.2 24.0

sa 19.4 22.0
61 19.0 20.11

$4 23.8 22.0
5S 21.£1 21.0

60 22.0 18.0

~
51'.8 20.1 21.2
2.6 1.9 2.0

1

2

3

4

5

6

0.8
0,6

Heao 0.3

0.4

'7 0.6 61 11.4 21.0

a U.4 6l! 15.6 ~3.C:

9 0.4 sa 20.6 29.0

10 (l.6 57 1a.~ 24.0
11 (1,4 !l2 21.$ 26,0

t2 0.6 S5 ~2.(). 22.1<

~
t.leon 0.5 56,~ 19.3 23.4
~1> 0.1 5.9 2.5 3.9

_..... ~
overall t,l~etl 0.4 $1.3 20.0 22.3
SI) n.S 4.4 2.3 3.iI.

SAf.lPLES 1-6: t·lAlI:S

SAMPLES 7·12: fS!1ALES
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AppendixfF1
THE RELATiVE PERCENTAGE!: OF LECITHIN fATTY _'1CIDS It! THE ADULT BLACK f.1ALE (URBAtJ) POPULATIOll
GROUP

FATTY
ACIDS 16:0 16: 1 18:0 18: 1 18:2 18::luo 18:3t..i3 20:3 20:4 20:5 22:5 22:6

29.3 0.15 21.2 13.0 23.6 nd 0.17 1.52 5.66 0.80 2.92 1.47

0.11 1.74 7.94 0.75 1.08 1.122 27.4 0.09 17.7 13.3 28.9 nd

31.4 1.16 20.4 10.6 24.7 ncl 0.08 2.85 5.14 0.40 1.54 1.55

4 27.4 0.l2 17.8 13.2 27.8 nd 0.09 1.79 7.92 0.56 1.37 1.61

'0.09 1.91 5.57 0.40 1.44 1.665 28..4 0.26 20.a 17.0 22.2 I'Id

0.36 1.40 7.22 0.44 0.84 1.4129.3 0,99 19.4 12.9 25.6 "Ir.I

7 ~a.6 1.29 13.5 11.2 19.7' nd

0.14 2.$4 8.85 0.80 1.63 1.68a 30.1 0.33 15.7 12.4 25.7 nd

0.16 2.78 8.86 0.21 1.03 1.48

9 0.10 2.57 8.89 0.81 1.58 1.28

'10 0.15 2.40 8.43 0.80 0.60 1.51

11 0.40 2.52 8.83 0.S1 0.64 0.99

12

----------------------------------~-----------------------14

15 (\.16 2..31 r .67 0.$2 0.98 1.51

. 16

11 29.S 0.15 16.2 11.2 2:9.4 I'l~ 0.19 1.94 1.71 C.S1 1.42 1.21

27.S Q.1$ 15.3 12.1 50.1 hcl 0.17 2.61 1.98 0.51 '.01 1.S2

19 S().O 0.31 15.9 11.4 26.t flt! 0.21 2.29 8.94 0,61 1.59 2.04

20 29.3 0.12 16.5 12.2 26.6 no 0.19 2.39 8.01 0.60 i.50 2.36

I·lean 28.7. 0.46 17.2 12.6 27.1 nd 0.18 2.27 7.S1 0.62 1.21 1.50
----------------------------------------------------------------
so , .43 0.36 2.09 1.33 3.12 0.08 0.42 1.17 0.16 0.4~ 0.33
nd: not d2tectabLci for statistical analysis values were taken as ~ero.
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Appendill OD

INDIVIDUAL VALUES FOR SERU~l TOTAL PHOSPHOLIPID (Iilg%) IN EIGHT
SUBJECTS r·!AUITAINED OU A 1.01-/-PROTEHJ DIET FOR THREE YEEKS

PliOSPHOI.I I> iDS

unnAL 1ST UEEt< 2ND weEK 3R[) MEEK 2 r·101m1S AFTEJI
RESUlHNG NOR~IAL
DIET

A 150.2 49.2 132.6 103.2 153.3
B 143.8 144.0 136.8 122.2 140.2
C 121.1 120.2 118.2 111.2: 124.6

0 152.4 14S.Z 1110.S 133.1 n~.6
E 154..8 153.6 146.3 140.2 1S3.1
r 14~.9 ~3S.3 130.2 121.t. 141.7

G 1Z2.6 '121.3 116.3 111./~ 130.6
Jl 124~e 1ao.6 118.3 l1(!.S 12U.6

~~
NIrMl ~39.1 136.9 129.9 1a~.8 141.4
SI> 14.0 1/,.1 11.:5 i1.0 12.8
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Appendix )(

SERlJr.1 LlPOPROTElNS HJ THE IILACI( URBAII ADULT POP!JLATICm GROUP

LIPOPROTEINS (%)

SAI·1PLE

NO CHYLO;·lI CRONS LOL VLDL HOL

1
2
3
6.
5
6
7
a
9
10
11
12
13
14
15
~6
'1
18
19
20

S9 a1.0 zo.o
54 2,',.0 2<:.0
61 1~ .0 25.0
6S 12.0 23.1
57 20,0 23.0
54 25.0 21.0
55 23.1) 22.0
59 20.1) 21.0
59 20.0 21.0
54 23.0 23.0
54 22.0 24.0
58 '24.0 18.0
61 ,'0.0 19.0
62 20.0 18.0
58 19.0 23.0
56 20.0 24.0
63 13.0 24.0
60 15.0 25.0
sa 16.l) 26.0
57 24.0 19.0

Sa.2 19.9 2i.9
3.2 4.0 2.5

60 '0.6-·-"'~··-29:-4~-
62 13.3 2(,.4
59 13.9 22.0
6S 13.2 21.0
60 19.8 ze,n
59 20.8 1~.S
57 19.6 2l.062 14.B 20.0

60#5~-'
2.4 3.3 3.2

58.9 19.0 22.1
3.1 4.1 2.7

I·lean 0.0
SD 0.0

21
22 \1.3
23 0'.1
2(t u.a
25 0.2
26 0.(.
27 O.~
2(1 1.2

r.tean 0.(,-'----:::::-
so 0.4

Overall
Neall 0.1
ISO 0.3

SJ\f.lPLES1-20: NALI:S
SAHPlES 21-28: FEMALES
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SIlIlU~1 LiPOPIlOTEWS JtJ 'i'll~ RURAL BLACk' PO?ULAnO~ GROUP

LIPO?ROTWJS (%)

----------~----------------~---------------
SAJ.l?Ul

IJO lDL
...."". ;;'~"".""""_'"'"-"'''''''''''''''ioo _

HDt

, R
2 •

$4

'>'
10

26 ~4
2S 26

22 Z~

2~ 27
aa 1S

2$ 1?

16 26

U~ ;JO-

19 2'4,

~I) 29
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Appendix Y1

ELECTROPHORETIC RUN OF SERUM LIPOPROTEINS ON AGAROSE GEL

"

"

f$ '.. V,,/ ij

."@~©g~~Jil~~
..

1...5 ADU1.T WHITES
6..8 ADUt.T BLACKS (one rural .and tHO urbans)



156

Appendix Z

SERur4 LIPOPROTEINS III WELL-NOURISHED CHILDREN (CONTROL GROt'P)

LIPOPROTEINS (%)

SAr,lPlE

IJO CHYlOl,11 CROMS l.Dl V!.DL HOI.

63.0 20.:; 17.0
2 65.0 18.3 ~7.0
s 0.6 60_2 16.0 :t~_2

4 (l./~ 60.1) 15.6 ~4.0
5 62.(.1 2~.O rr.o

03.0 2~.O 16.0
1 O.fJ 6:1.5 16.4 21.3

a 0.1l 58.4 .- '
'! 25.0

...........,.,._._
t,l~(.itl 0.3 6~.6 1k.O 20.1

So O.•Z 2.0 ~.4 l.a
~~l'Ojq~""

9 ':>9.0 ~1.U ~o.o
10 0.4 60.•0 1'1'.6 22•.0

11 'l.t 61.0 ZO.O 17.9
'!a 0.6 56.0 15.6 27.8
~3 61.0 21.0 18.0
14 59.0 2iMl 19.0
15 I).S $6.4 %!.8 30.0
~~. '_"i.~ ~""''''''''''''' ...00aI''''' --!j~
Meon 0.1t $M' 18.1> 22.1

SO 41.4 ~.O ~.l 4.13

-. ~~ .... :io:l

Ovof'tlH
14ulll1 0.4 60.4 18.:> 21.0,So 0.4 2.4 2.8 4.3

,...____
SllJ1PLSSHh WIt.ES
~W1PLt:a 9·1!i: FEt·IAI.ES



UPOPROTEINS %

uanAL 1ST WeEK' 2NI) HEllf' 3RI) HaEI( 2 '·IOUTIIS AfTeR RESUMHlG
NORMAL DIET

......
I.1l

t:IIVI.O I.!lil. VI..DI. llOI. CIlYLO IIDI. VU)1. 1101. CHno to!. VLD!. 1101. CliVL() Llll \fLOL liDL CIIYlO WL VLO!. flOl "'-I

~. ..~.

I~ 1.0 56,4 11.~ 31.3 nd 55.0 34.5 10.5 nd $5.6 26.2 16.2 0.2 57.1 14.4 27.7 r..9 51.4 11.3 30.4,.::: 6:),$ 1.4.0 l'!1.lI nti 55.1 ,
28.9 1.6 62.S 13.0 22.9a 40.6 4.2 0.2 55.2 28.9 1j.7 n.3 56.1 14.6

eM 64.6 6.1) 29.4 n~ 58.4 33.S 1.S nd 54.6 21.~ 24.2 L.1 5~.5 19.5 28.9 0.6 63.6 10.0 25.13
I) 1.6 61),2 15.0 2~.t nd 58.6 33.0 a.1 nd 57.2 28.0 14.8 !1tI 51'.8 14.1 28.1 1.3 58.6 13.1 27.0
e 1.9 6:S.~ 15.0 33.2 M 59.1 35.0 5.3 nd 56.4 25.2 113.4 nd 55.4 19.0 25.6 1.8 65.2 12.0 2Z.0
F !'ttl 56.5 15.7 27.8 I'ld 57.3 35.1 7.6 nct 56.::1 7.6.2 17.5 0.1 57.3 '7,6 (' J .. y nd 57.6 15.7 26.7
to 1.0 $1.?, 23.' 24.6 o.a 6'3.7 29.6 5.5 0.1 60.1 20.6 19.2 nd 59.0 1"'1.11 28.0 0.8 50.2 19.6 29.4
II 0.0 SO.S 25.2: 24.3 \).6 S1.;l 33.0 15.1 0.3 52.6 22.3 24.8 0.1 '54.4 i1.1 28.4 nd 52,5 21.6 25.9

t,leon
0.8 S8.3 1S.7 ~6.9 0.1 57.4 31,.3 a.o 0.08 56.0 24.8 19.1 o.i 56.2 16.2 27.6 0.9 58.5 14.5 26.3

$1)

0.8 5.S 6.1 4.2 0.2 3.7 3. ~ '3.5 0.1 2.2 3.1 3.6 0.1 2.4 2.4 1.5 0.7 5.3 4.1 2.9
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Appendix BB
SERUr·, TOTAL PHOSPHOLlPtD CONCEIHRATlOII IN TIlE
DIFFERENT ADULT POPULATION GROUPS

PHOSPHOLIPIDS (mg%)

SAMPLE URIWJ SLACKS RURAL BLACKS WHITES

129.4 162.8 142.9
:2 151.1 151.4 154.6

3 161.1 141.6 153.8

4 162.8 129.2 150.1
5 133.3 161.1 165.0
6 141.4 162.8 143.6
7 121.& 153.6 152.8
8 147.6 148.5 111.1

9 148.5 121.8 122-1

10 152.5 147.6 124.2
11 1$4.2 128.6

12 140.6 141.1
13 138.2
14 141.1

15 156.4

16 151.3

17 1/12.4

18 1S3.1

19 161.1

2~) 132.4
21 147.1

:at! 153.2
2.:~ 141.4

24 139.8
25 162.2
26 166.7
27 '~37.2~---------------------
OV!.1l'aU~leat'l 141.2 140.8
$~O ~.j~'.~.$~ ~'~3·~i ~

URBAN fllAC!(S
$Am'.lLSS '-20: HflLESS/lNPI,.I:S·2:1-28: FENAt.tts

!-IllITES
SAf.1PtES HS: ~lALES
SAMPl~\S7·12: F€~lAlES

SEX nn~ElUilNCE:'3

~m!~S

l~ales

Females

mean 151.7
SO 8.2

mean 130.0
SO 14.8

URBAN BLACKS

mean 146.0
SO 11.3

Mal.es

Females mea.n 150.3
S;) 12. I},

RURAL BLACKS (all males)
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/lppendilt cc
SERU~l TOTAL PHOSPHOLIPID CotlCENTRATION IN PATIENTS WITt! KWASHIORKOR AIID
NORr4AL CONTROLS

PHOSPHOLI P I OS (mg%)

SAt.JPlE KHASHIORKOR CotJTROlSi
tJO

108.7 162.1

2 98.9 130.2

:5 103.1 158.6

4 104.0 149.6
5 80.2 152.9
6 115.1 154.8
7 96.3 152.1

8 92.0 151.3

9 112.8 '\48.8

10 89.4 142.3
11 91.1 165.2
1~ 96.9 156.4

13 107.2 161.1

14 92.(1 156.2
15 ... - 148.2" .:J

16 er.s
17 133.3
1$ 1a1.0

19 110.4

2(1 98.~
21 103.1

22 114.$

~leotl 102.1 152.1
$!) '~.6 S,6

~fJ;'ISHIO~KOR
SAf.l!>!.!;S1·13: wU.es
SANPLES1'H~2: Ff.MI\I.ES

CONTROLS
SANpl.ES 1-8: t4ALES$AMPL~S9~15;, ~ES

SlillXD!FFEM~CES

RWASletXOUOn

105.5
15.5

151.59.5
---~-.----.~---.~~.....~-.--.-~~----~~,---------1$4.0

8.0
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Appendix EE

THE RElATIVE PERCENTAGES OF LECiTHW FATTY ACIDS IU THE ADULT ~JMITE POPULATlOrJ GROUP

fAT1Y
ACIDS 16:1 16:1 18:0 18:1 18:2 18:3w6 18:3w3 20:3 20:4 20:5 22:5 22:6

32.3 0.12 16.1 13.3 21.6 0.29 0.13 3.08 6.86 0.35 2.99 2.75
.2 30.6 0.13 17.6 13.8 21.S 0.20 0.60 3.13 6.97 0.60 2.06 2.45
3 34.6 0.21 15.4 1J.3 22.8 0.18 0.12 2.63 5.88 0.32 2.64 1.63

4 34.2 0.33 14.7 15.3 24.5 nd 0.14 1.65 !j.Ol 0.18 1.86 1.98

5 36.;;': 0.06 '13.5 13.2 22.0 0.07 0.23 2.91, 8.31 0.24 1.03 2.11

6 30.9 0.16 15.9 12.8 24. ~ 0.07 0.32 3.19 1.55 0.29 1.90 2.69

!<leDI'I 3~.2 O.ll 15.5 13.6 za.8 a.14 0.26 2.17 7.67 0.33 2.08 2.27
SI) 2.21} 0.09 1.39 0.87 1.25 0.11 0.1S 0.58 1.18 O. tS 0.68 0.44

"I ~·L.1 M!l ~6.~13.5 24.2 0.05 0.13 3.61 6.87 0.32 1.39 1.56
a 3~.U o.at 1fhit 16.1 24.9 0.•0$ 0.21 2.8a S.19 0.27 1.47 1.a9

9 :!Il.~-- O.a3 12.9 12..9 ~r.6 0.14 0.25 2.n6 6.67 0.20 a.Ol 3.01
10 !9.6 1)..~t 16,,1 lS.!) 2&.' a. '10 O.2l 1.86 5.:i!fl O.~2 O.au 2.85
p 29.'1 0.25 1~.$ 1ia.7 28.'1 O.(l3 0.30 2.18 1.03 0.16 0.8$ 1.7S

19 31.6 0.22 13.3, 13.6 28.6. 0.09 '0.33 2.75 '6.74 0.27 O.SO 1.94

--~
tlel:ii"l 20.9 0.2$ 14.7 1:$.4 21.1 0.0$ 0.24 2;'(\ 6.30 0.26 1.23 2.17

$0 1.00 ·0.04 1.4t " .135 '-.02 0.04 0.07 e.ss O.SS 0.06 G.ila 0.60

--"""~
OV{;lr~U

{,1:'011 sa.o (l.2f. 15.1 13.1 2S.1) 0.11. 0.25 2.73 6.53 0.29 t.M 2.22
~'tI 2.03 0.0$ 1.~W 1.1{) 2.76 O.OS 0.1S 0.54 1.00 0.11 0.7'1 0.S1

SANPU:S~ '-4: f,lAI..E$
$At'lp~t.:S: 7·12: FI':MjI\l.~S
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THE RELATIVE PERCE~JTAGES OF LECITHH! FI\';'TY ACIDS I'f THE ADULT BLACK FEf4ALE (URBAN) POPULATION GROUP

FAT'fY
ACIDS 16!O 16:1 18:0 18:1 1B::2 1e:~ 18:3w3 20:3 20:4 20:5 22:5 22:6

33.2 0.26 15.7 13.3 21.1 ncl ".42 2.70 4.95 0.22 0.52 1.54

::14.0 0.26 15.8 13.3 26.0 nd 0.41 2.21 4.70 0.68 0.85 1.64

31.4 0.21 1S.9 12,9 22.0 nd 0.48 2.27 1••94 0.18 0.52 2.97

4, 32.6 0.R1 16.4 14.9 24.6 0.10 0.47 2.18 4.58 0.16 0.72 3.05

-...~
5 34.3 0.26 18.3 12.6 21.2 I'ld 0.31 3.55 5.22 0.59 0.67 2.32

--
37.2 0.21 Uh7 13.9 20.4 O.tW 0.46 1.59 3.65 0.66 13.S7 2.26

-~ ~
36.S o.~3 17.7 13.1 23.0 0.09 0.1.6 2.0~ 4.69 0.10 O.S 1.41

~, ~
~thg 11.213 1$.5 12,9 22.1 O.'Hl 0.28 ~.63 5.01 0.43 0.68. 2.1$

£<~"'~n 3S.0 i).as 17~1 t~.4 2$.;;; 0.05 Q.$7 2.39 4.74 o.~~ 0.67 2.1'7

~
$1} 1.79 I).O~ 0.75 ~.36 e.es o.n 0.$8 O.tiS 0.24 Q.13 a.lSt

TOrA!. " WtU!S + t:~I,IALES

f.lEAU 3U.6 0.40 'H'.a 12.8 26.2 0.01 e.as re.:l1 G.9; 0.5$ 1.01) 1.65
$l!) a.19 o.:.I~ 1.8a 1.62 3.49 0.0$ :Il.13 0.46 1.i1i o.aa 0.5a a.56

~..
Harii!"taklill1e$ ~ert).lit! :: not d.atecteblCl; TOI" stotie1;ieol sm:llva'ls Wlu\'Js
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THE RELATIVe PERCIWTAGES OF LECITHiN rATTY ACIDS W THE f·lALE RURAL AnU~T BLACK POPULATION GROUP

fATTV
ACIDS 16:0 16:1 18:0 18:1 18:2 1B:M 18:3,,3 20:3 20:4 20:5 22:5 2' Lb

1 ::!O,~ 0.92 16.0 10.4 28.1 nd 11.82 2.61 8.97 0.'» 0.62 1.03

2- 26.9 1.32 16.4 11.8 30.4 nd 0.12 1.91) 8.01 ..,58 1.04 1.21----
1; 29.8 0.32 16.(1 9.9' 30.0 nd O.M 2.64 9.34 0.36 0.;)2 0.63

4, 31.7 0.26 14.S 10.4 30.1.' ncl 0.22 1.92 8.'17 O.S9 0.46 1.07

5 29.0 1.03 15.7 f~:f 4S,[f nd 0.76 2.119 9.10 0.62 0.114 '.02
..._ ... "" -,~~''''''--'--

6 32.•2 0.86 14.4 ..l ?'&.! n: u.Z9 3.07 10.4 0.66 0.76 0.97
~~ ...,....,__ ...'''''' -

'1 31.8 U.89 16.1 10.4 li.:..~ rt<:i 1.01 3.10 10.1.) 0.53. 1.20 1.70
~ .......-~ Ht....__

8 27.8 0.63 15.~ 8.97 3'1.6 !'ld 0.09 2.60 8.131 0.S6 1.22 2..n1
...._

\) 25.8 1"oa 15.1 14.3 24.,6 rid O.4~ ~.QS 10.7 0.99 1.61 2.l1~- ......,_
"I' ---

10 a9.S'1 o.aa 15.1$ is.7 g$.6 mi 0.2> i2.51 8.9? 0.76 0.S7 1.01

11$010 a9.5 0.79 15.5 H.Z 27.& l'\r;I 0.44 2.•69 9.~6 0.67 0.84 1.32
~~
s~ 2.15 O.3~ 0.70 1.8.6 3.02 0.32: 0.S2 0.92 0.19 0.1.1 0.51
ALL MA1.ES
lid !') tlO!; .d$tectobl¢; ft)~ st~tisticQt onotysl$ vatu(ls MI':Y'e ttlke~ as 4ero
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Appan:filt 11M
TIlE RELATIVe: ?r:RCENTAClES OF LEClTIIiN FATTV ACIDS Hl tlELt-NOURISHFI> CHIWREIJ

FATTY 16:0 16;1 18:0 11;}:1 18:2 18:;!w6 18:3a.i5 20:3 "(I~4 "0:5 22:5W3 t..2:6-
ACIDS

1 29.0 0.90 15.2 10.4 a8.0 0.11 0.18 2.6~ a.72 0.37 1.93 2.34
~ S2.9 0.85 14.a 10.9 25.3 0.11 O.2() 2.04 6.' 1 0.81 LOB 1.69
:3 33.3 1.82 15.1.- 7.68 26.0 0.06 0.20 3.82 S.27 0.56 0,09 1.18
4 34.3 1M2 16.8 14.0 22.6 nd 0.20 2.01 4.91 0.43 1.86 2.30
" 32.4 0.60 ~5.a 1:5:r 27.9 (I.OIl 0.16 2.01 4.62 1').46 0.81 1.31.'
() 31.a 0.21 16./~ 1;;.7 25.9 nli 0.113 2.M 5.19 0.60 1.03 1.94
1 29~1 0.71 ~i'.a U.S a4.3 0.03 O.6a 3.62 s.rr 0.51 1.11 2.01
a ;$1.0 1.133 16.2 s.as .?6.t~ 0.08 0.12 4.20 8.611 O.Mt 0.91 1.1'

t.100'ri'"'1; .7 0.93 16.0 ~1.3a25.9 0.06 0.24 2.1',0 6.91 O:S2-r.10 ':8'--
$1> 1.92 0.59 o.aa 2.31$ 1.14 0.04 0.11} 0.00 1.111 0.14 0.59 0.44
\} SO.la 1.1a 16.0 '1.0.2 ~9.::i 0.08 0.20 .LaS 9.13 0.68 0.S9 3.10
10 '-I).f" 0.38 14.ti 10:' 2e.:Il JMO 0.18 3.6$ r.ee 0.S9 1.10 2.77
11 ?It.?' 1.08 16.3 13.9 24.t! 0.08 1.10 3.90 7.139 0.61 1.1~ 2;54
12 28.7 G.S6 1'7.6 ~3.4 24.1 0.08 0.21 3.60 7.1l1 0.50 O.US 2.1)5
1$ sa.a n.•61 1$.8 11.2 26.C w.i 0.09 3.6' 1,(13 0.36 0.71 1.81
14 29.9 0.,5(:1 16.$ 12.6 ta7.6 r.cl 0.18 21.61 ~~3:J 0.S1 O.SI} 1.413
15 33.6 O.M, 15.2 11.2 7!tl.9 0.06 0.11 2.26 4.23 0.40 1.61 , .81

~"30.1 " "'O:71 16.1 11.39 l!i'.O 0.06 ~:S:'3S'" '1.~9. '0';46 1':o~',2.19
$1) ~.2~0.30 1.00 i.4t! 2.1~ O.l!~ 0.36 'tJ.SU 1.$6 1.).1/1 D.lO 1;)'s8

o1iol·~'t't-·.- , ;i:~~' ..=i<"""l'Aj"'''"' . ...
W.lbh 3hO 0.84 16.(.i '11.6 26.~ .0.06 O.i:7 ::1.11 1.0~ O.SO 1.1(a 2.0USD :M5 0.47 o.nL\ 1.93 1.aa 0.04 0.21 0.77 1.66 O.VI 0.30 1M3
~~~W·",,,,,".· ... ·... ,,","~~'if.·.·.","~.d l~ioW

SIII,lP!.,f;S: . HS: t'IALES
$t\M~l.e:h 9...15: FrmALES
I'l'J; not datEl(:toble; for stoti ~ticllt ol'lol},sia volU(i)$ tier!) tokpn !l(l ;;:~rt)



APPl:lndflt II

lllE RELATIVe I>EnCENTMES OF U;CITIUN rATTV ACID Hl CIIILDREN WITH KWASHIORKOR

FATTY 16;0 16tf UM 1£1:1 18:2 18:3:...6 181U 20:3 20:4 20:5 22:4 22:$:..;622:5.&1 22:6
MIOS

1 29.7 1.52 10.4 10.(; U.B 0.13 0.71 4.13 10.6 1.10 13.1 0.26 1.65 0.37
2 S(,,1 2.55 6.19 18.8 21.8 0.12 0.15 0.79 6.72 0.69 3.42 0.36 2,1.2 1.18
::I 21.7 2.18 7.43 22.3 13.0 0.38 1.00 1.84 6.1S 0.98 11. r nd 2.67 0.91

" 33.6 2.23 7.32 11•• 9 21.1 0.26 0.18 0.83 8.62 0.23 5.92 O.SO 2.95 0.95
S 30.4 4.57 8.36 20.3 18,8 0.29 0.58 1.50 5.10 0.15 1.30 0.79 1.13 0.55
6 30.1 5.13 9.l!1 12.9 18.8 1l.S3 0.85 0.99 9.14 0.62 9.25 0.61 0.94 0.71
7 31.S 7.19 7,$2 17.2 13.4 0.20 0.51 0.64 4.63 0.24 10.3 1.40 3.94 0.52
S 29.7 3.31 9.78 18.~ 20.6 0.40 0.65 1.44 5.1.. 0.50 6.S0 0.74 1.25 0.71
9 28.6 3.06 7.14 i5.9 18.8 0.26 0.61 2.76 8.72 0.66 ?92 (.1.80 2.01 0.76
1() 29.2 3.05 3.10 16.6 19.7 "d 0.55 1.67 S.89 0.45 9.46 0.63 0.61 0.69 _..
11 ;55.4 2.63 6.00 19.2 22.1 0.14 0.29 0.76 6.50 0.66 2.52 0.2S ?.45 1.01 en
12 31.8 2.72 aS1 16.2 20.7 0.21 0.27 1.68 a.57 0.42 6.HI 0.90 1.18 0.64 c;r,

13 32.6 2.06 13.22 13.4 16.C 0.33· 0.39 2.01 6.89 0.90 13.6 ()'61 2.06 0.87

!-lean 31.1 3.30 3.01 16.7 1a.5 0.25 0.50 1.62 7.36 1).58 8.45 0.63 1.96 0.71
SD 2.31 , .52 1.29 3.26 3.05 0.14 0.26 0.97 1.35 0.25 3.47 0.36 0.91 0.22

14 29.!i 2.60 6.62 10.6 16.2 1.03 0.36 1.94 13.2 1.72 12.8 0.99 1.26 0.91.
15 29.5 2.43 6.64 10.9 16.5 0.60 1.03 2.29 12.6 1.96 12.8 O.:>S 0.69 1.12
16 37.0 '..03 7.26 15.9 12.9 0.27 0.53 2.10 8,43 0.40 9.27 0.97 1.S0 0.99
17 29.6 1.61 10.2 9.93 ~5.9 0.20 0.51 3.93 l' .i 0.92 14.0 nd 1.54 0.66
11> 30.6 2.6" 8.26 15.6 16.8 0.32 0.66 1.52 6.62 0.B8 10.7 0.91 1.6 ' 0.91
19 2l'.6 3.03 9.6:1 18.2 20.4 nd 0.62 1.93 5.30 0,63 6.01 1.65 3.ld 0.62
20 31.1 2.56 8.30 15.9 20.3 0.39 0.71 Z.41 8.73 0.43 6.15 0.90 1.26 0.74
21 34.4 3.65 7.a2 19.4 19.2 0.27 0.69 1.34 4.82 0.85 5.65 0.66 0.45 0.74
22 30.9 7.2/. 1.17 16.3 13.3 0.12 0.35 0.71 5.1., 1.26 10.2 1.30 4.02 1.04

-,-",--"."

I,loan 31.2 3.09 7.99 14.8 l6.e. 0.40 0.!-1 2.02 8.62 UJI. 9.73 0.88 1.78 0.86
$[1 2.13 1.66 1.26 3.47 2.'73 0.30 0.2' 0.00 3.C9 O.S~ 3.20 0.46 1.18 0.17

Overall
Neon 31.6 3.21 8.00 15.9 ".8 1).29 0.55 1.78 7.88 0.76 8.98 0.73 1.89 0.81
SD 2.82 1.54 1.25 3.40 2.98 0.22 1.0.24 0.94 2.45 0.45 3.35 0.41 1.0' 0.20
SAI,lPLES 1·13: !,lALES
SAf4PLES 14-22: fEl.IAlF.S
ncl " Not detoctGblc; for statistical analysis v~lues were taken as zero

~



Appendh( JJ

TIlE REI.ATlVE PERCENTAGES OF LECITHHJ FATTY ACIDS HJ EIGHT SUBJECTS r4AHHAINED ON A LOH'·PRt"lTE HJ DIET
FOR rilE TmE PERIODS INDICATED

FATTY
ACIDS 16:0 16:1 18:0 18:1 18:2 18:!w6 18:3..i5 20:3 20:/, 20:5 22:5 22:6

Basal A 13.5 0.73 17.7 1G.9 27.1 0.33 0.40 3.29 16.2 1.64 2.00 5.Q8
B 21.1 0.54 17.8 11i.2 25.3 mI 0.24 3.25 10.3 0.49 1.87 4.02
C 27.8 0.31 17.2 1/•• 0 23.0 nd 0.44 3.82 9.35 0.50 1.51 1.71
D 18.9 0.43 17.2 10.8 30.2 0.06 0.32 3.52 12.8 ().84 0.87 4.30
Ii: 15.0 0.20 20.6 11.9 30.2 O.OS 0.32 3.84 11.8 0.97 1.00 1•• 03
F 20.4 nd 20.2 14.7 30.3 0.37 0.48 2.97 6.84 0.41 0.73 2.06
G 27.1 nd 16.1 12.1, 28.6 0.41 0.50 3.82 6.55 0.69 O.BO 4.46
n 22.0 il.89 17.5 14.5 28.7 0.30 0.44 3.13 6.86 0.1l1 0.91 2.91

~lce!'l 20.6 0.39 18.1 12.9"2,.9 0.19 -0.39 3.46 10.1 0.79 1.21 3.68
SO 5.13 0.32 1.54 1.61 2.62 0.18 '0.05 0.34 3.44 0.39 0.51 1.39
1st A 29.7 nd 12.9 10.7 30.4 2.13 0.18 2.53 8.30 0.34 0.38 1.95
H(l'ek D 30.~ nd 10.8 9.76 23.9 13.3 0.16 2.25 6.91 0.'5 0.26 2.16

C 29.3 nd 14.1. 11.B 26.2 2.61 nd 2.38 9.17 0.51 0.65 2.70
0 28.1 nd 1t,.2 10.0 29.9 2.21 0.12 2.36 9.3:S 0.::2 0.49 2.69
E 24.2 rid 12.6 S.21 30.9 10.9 0.22 2.58 7.83 0.29 0.28 1.90
F 31.1 tld 11.6 11.1 9.3 .4.03 0.03 2.38 7'.00 0.14 0.72 2.54
G 31.4 nd 14.2 12.7 28.6 4.18 nd 3.39 1.00 a.S1 0.75 2.89
II 25.1 no 14.4 9.22 20.4 21.1 0.09 1.97 5.91 0.47 0.66 2.91

t-lean 28.7 rId 13.2 10.4 27.5 7.57 0.10 2.48 -7.6a 0.33 0.52 2.47
SO 2.56 ~ 1.39 1.46 3.61 6.9.1 0.08 0.1.1 1.20 0.15 0.20 0.41
2nd fA 31.2 nd 16.6 10.9 28.4 0.5,2 0.19 2.35 7.74 0.25 0.26 1.47
Week f.l 37'.6 no 18.4 9.54 19•.6 4.~,' 0.86 2.22 5.46 0.08 0.10 1.4:::

e 34.1 nd 18.4 11.8 23.2 0.97 Q..41 1.60 6.95 0.21 0.30 1.S8
I) 29.3 nd 15.6 10.9 2.7.7 1.00 0.36 '!l.S1 9.13 0.00 0.11 2.21
E $2.3 tid 17.4 11.3 2$.$ 1.92 0.07 3.10 ;'.044 0.18 1"1.17 0.55
F 33.2 nd 13.3 11.3 31.1 2.40 0.2'iI' 1.35 4.65 0.06 0.13 1.00
G 36.5 nd 18.0 11.:a 23.0 2.14 0.42 2.41 5.U 0.26 0.17 0.B1
II 40.3 nd 16.1 10.3 20.9 5.54 0.11 1.53 3.66 0.11 0.17 0.53

~.~
W3Sh :51.. 4 nd 16.8 10.9 25.0 2.;)9 0.34 2.20 6.34 0.15 0.18 1.24
Sf) 3.63 . 1 70 0.71 4.09 1.80 0.25 O.5~ 2.00 0"08 0.07 0.62
3rd fA 26.3 nd 13.1 8.94 19.8 21.4 0.10 2.38 5.38 0.19 ntf 1.67Meek B 21.4 he! 11.4 8.48 1S.1 31,( r.cl 0.86 S.SS rid nd 1.35

C 3V~ t'ld 16.2 n.a 18.2 9.2S o.oa 1.49 5.13 0.20 nr.:I 1,.53
0 27.3 m:i 16.8 11.5 2\).9 14.3 nd 1.88 5.42 0.24 0.21 1.113e 29.0 tid 17.9 10.5 26.3 4.82 nd 2.14 6.10 0.34 nd 1.65
r 3:5.1 nd 11.e 10.2 27.4 9.63 0.22 1.$4 4.34 0.20 nd 1.22
G 21.7 tid 11.6 a.3922.1 0.07 1.62 4,96 0.32 nd 0.99
II 31.0 nd 1;;1.7 9.42 20.2 17.6 nli '.80 4.39 0.36 0.54 (J.S7

Mt~Qll 29.4 .I'!d 14.0 9.92 21.3 16.3 0.06 1.79 5.03 0.23 0.09 1.68
SI) 2.65 • 2./~1 1.34 4.05 8.62 a.os 0.57 o.oa 0.12 0.19 1.20

2. 1-!Qnth$ II 14.1 0.71 17.7 11.1 28.0 0.42 0.41 3.19 14.1 1.70 2.02 6,33oft"" B 21.3 0.65 1S.tI 14.5 25.1 0.06 0.30 3.27 10.2 0.51 1.86 4.04
resuming C 2.1.7 0.34 11.3 14.2 21.S 0.10 0.50 3.9 10.6 0.56 1.37 , .72normal I) 19.8 0.47 16.$ 10.5 29.3 0.11 0.34 3.62 13.0 0.91 0.9? 3.94
eliot fl 15.2 1).24 2(l.4 1'.9 ~9.~ 1.16 0.40 4.09 11.9 1.00 1.07 4.07

F 21.7 ntl. 20.S 14.6 3D.;! 0.51 0.49 3.03 S.73 0.46 0.67 2.44
G 21.6 nd 16.1 12.1 26.5 0.41.1 0.52 3.95 9.50 0.71 0.80 0.82
11 23.0 ('MIl' 1";,7 14.5 29.1 0.33 0.48 3.03 7.00 0.88 1.01 1.92

r·l(1an 21.3 ·0.42 18. j 12.9 2~.6 0.39 0.35 3.52 10:r--O.84 . 1.22 1.16SO s.na 0.35 1.66 1.1'02.91 0.36 0.17 0.44 2.91 0.40 0.50 err
Md = not detectable: for statisticel Gn~lyslr. values .

uere taken as zero
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