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ABSTRACT

Carnitine plays & role in the transport of activated
long chain fatty acyl groups from the site of activa-
tion to the site of beta-oxidation in the mitochendria.
Endo%enous synthesis of carnitine from the amino secids
methionine and lysine, takes place mainly in the liver.
From there free and acyl carnitine are releassed into
the blood snd transported to other tissues. A few
studies have indicated that poor nutritional status wmay
lgad to cerni{ine defleciency. There iz a high
prevalence of kwashiorkor, & protein-energy deficient
- atate, amongat the Mlack population in Southern Africa,
- but at present 1ittie is known concerning carnitine and
- its possible effgcts on lipid meiabolism, Furthermore
there have been relatively few studies concerning the
-~ #ffepts of different diets oa serum carnitine snd
. 1ipid., 8o far no reports have been published concern-
- ing the effécts of walzs meal as a staple dief, This
~is highly relevant in the South African context.

" The aims of the present study were to compare serum

- darnitine, protein and lipids in black and white Sonth

Afwican adalts, to evaluate the effect of a high meize

- diet {low-protein} on healihy adulis and to investigate
these paremeters in children with kweshiorkor as com-
- pared with normal children as well asg to assess the
response o itrpstment in the autritionally deprived
group. ' - '

‘In the present siudy no major differences were cbserved
hatwesn the different adult population groups; values
for amormael children were in general within similar
‘raxges, A change te a low-protein diet in healthy
white adulis produced significant differences in car-
nitine and the proteins and lipids measured. The
values obtained for the X%Xwashiorker children showed
significant changes as compared with normal chiildren.
in particulur garnitine and total phosphelipid con-
esunirations were significantly reduced and the percent-
age of docosatetracuoic acid (22:4) was increased.

The resulis obtained sugpcoet thset there may be impaired

oxidation of lipide in kwashiorkor and the defigiency
" of carnitine may provide an sxplanation for the ac-
cumulation of fats in the livers of kwashiorkor
patisnts., The decereases in total phospholipid con-
centration with alteratifons in the lecithin fatty aciqd
distribution in the childrem suggest that there may be
changes ih membrane fluidity and flexibility.
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CHAPTER 1

1.1 NOTRITIUN AND NUTRITIONAL DISORDERS

 Adeguate nut:ition is essential to life. The body

- requires ceriain espentisl dietary nuirients from which

- the _'.-_féissng__s and cells can synthesize the numerons com-

o pounds required for maintaining its well being. A

_deficient nutritional status leads to a biochemical im-

'-bﬁgigne'e. A prolonged sbsence of one or more of the es-

. sential 'nizt-f.ient-s in the diet results in disease, The

bagis fu-r:'_m_zmy nutritional diseases is multifaciorial

-and  involves the -:_cui_:tu;i'g_;l aspects of food preparation’

"__'.&::B. .'Jveijl -as social and economic irfluences. Anr impor-

tant aspect. '-o._f nutrition is the way in which animals’

- pegpond and ada-bt- to a2 new diet. In vrder to survive,

animals mus ‘adapt to various nutritional conditions
'a_:z-__ld 't_ho-se | that i’-_ai;_ ta adapt will deteriorate and may
tzltima-tely'f' aie {Pén'g' et al, 1974). Most populations

h '--in t’irst worid eountries subsist on & mixed diet. - The

_pa;tarn af faod eansumptinn is’ varied and nlmost svery

"'_maa!. consiats ﬁf foods af both animal and vegatable

" origm. This divermty of food sources is generally

regarded as a requirement for a "well-balanced" diet,



which provides all nuirlents in sadequate amounts.
Humans are omnivores but, by necessity, in third
world countries many millions of people eat 2 virtually
vegetarian diet. Many forms of edible matter are not
used as food; the decision to do so or nct depends on
éoeial, religious and economic factors and may bear no
relution to nutritive value, There is ususlly one food
wl‘_xic:h is the staple dict of a particular culture and
this Ea_ﬁeariy always vegetable in origin (for insiance
ﬁheat,..maize, rice, cassava); another form may be
'iﬁbéiled 2 a prestige food, since it is expensive and
"is;f-théfefere, reserved for special occasiona; this
iﬁ-"ﬁually méat'(Khan-Siddiqui and Bamji 1988: Braun-
wald et al. 1987). Although this type of diet is defi-
Gient in most essential nutrients the most common form
of defieianey in develeping couniries is one of protein
and energy. (WHC 1968; Jelliffe 1959; Waterlow 1981;
Bhattacharayys 1886).

1.2 NUTRITIONAL REQUIREMENTS
' The primary requirement of a diet is to provide enough

energy. Animals get their enmergy from their food in &

chemical form which is derived diregetly or indirectly



from plants. The three food sources which provide this
energy are carbohydrates, fats and proteins. An ideal
ratio of these substrates in a diet is assumed to be
60% carbohydrate : 25% fat : 15% protein. Socme of the
epergy in food is ultimately converted intc heat and

its disgipation maintains the temperature of the body.

Energy may be expressed quantitatively in units of
H}heat, - the unit Eaing the kilocalorie (keal). Since
7&1fferént foads contaln different proportions of the
f'-anargy pruviding compounds, appropri-te balance must be
‘  =muzntainad 3uch that the body 8 metabolic systems can
' T'f "Wba supplied wita the requzsite ‘materials, including the

""_J;fnﬁn anergy prnvidiny nutrienta tmxnerals and vitamiua).

'reaeiian and pathway ‘known to man. The reeommended

 dai1y intakes nf energy gnd nutrienis vary with ago,
- aex._physinlogiugl state and activity (MeGilvery and
Goldateln 1953). The values given in the World Health

fotganization regommended intekes provide a basis for

agsesament of nutritional status (Passmofe_gi al.
1974),

-T;Thﬁaﬁ nutrients g;ay 8 vital rule in human metahnlism,-_

:':ﬁinue they are invaivaﬁ in almus every’ b1ochemical 5

i P P Lk i ST N I




1.3 RUTRITIONAL DISURDERS

Dietary problems are most frequentiy related to in-
adequate or excesglve intake of the major energy
producing components. From & public health point of
view, deficient intake of carbohydrates, fats and
proteins, which may often occur sgimultaneously, is one
of the most ssrious nutriticnal problems in developing
countries, It is generally accepted that, in par-
,.tibulari' piotein deficiency is the underlying cause of
mény*5nutritiona1 disorders of the underdeveloped
_1¢nﬁﬁtiiaa,'_Bfedoﬁinantly,- mainuirition in Africa ap-
 fp§§rs,in tﬁp-fnrms pepulaerly known as kwashiorkor and
| _:_lm_a':_?a-'_smtis" #nd éﬁ;llecti_ire;y- _taal--iéd' .pi«.otai"nwanergy mal~

- muteition. Kwﬁ_ahjiarkar-'--'m-ay--he seen as an insdequacy

| * hf*yrﬁt§in¥fouds withtafrélati#aly.high in&aka'oﬂrchéép )

.aarhﬁhydrates.- Maraﬂmua*ithhefxaault ot aﬁlow;iﬁtake

0! all fovds. Howsver, various combinations are very

common and the oecurrence of the two conditions eom-

bined in one ohild can be referred tfo a8s "marasmic-
kwashiorkor” :{Malatnlema-iasﬁ). Generplly kwashiorkor
manifeata'itaali with thﬂlpreaenaa of oedema and ab-
sence of wasiing,n mhi!e,maraamus-with.wuétingvand ab~

BanCE af_oédéma-(Bhaitacharayya-lessx,




1.4 PROFTEIN-ENERGY MALNUTRITION

Protein is distinguished from the other classes of
major nutrients in that it contains anitrogen. The
adegquate intake and metabolism of this nitrogen~
conieining nutrient leads to & well developed bady with

' pr#par:mugéle'tone and a general feeling of fitness: and
- wéi-i-"—-be'ing. . Mellimkoff (1957) wstated that "unlike

| ”rjfangar; prafefn is~an-inﬂisyenaahle-fnod for all highew

'“fnmms of life. It Baems reasnnable, . thﬂrefore,_ tta
sk wu”olutinnary aana have mnot somehow integrated

inmn‘a quaaf'for faad with aaaim;latian of pwotain&"

;_uffiaient quanti%y &n& quality ta prﬂmnta ﬁaﬁelapment' 
,;uf nﬁw tisﬂuas. :aaide frum ha growth yra&asa, ‘& nan" 
| _f'3 ;s¢ant gupply af pwata:n ia ﬂamandad by tha buﬂy ta__
:"'13uvfimaintain haalth. O ' ' .

thha evidenna %hat anima!a ara able to aﬂnpt to ahangea
f-in tha levela of dietary protein is extansiva._fln
gEneraI they respunﬂ to dietary altarations by modify-

.' ing food iniak&-{MacKayigj al. 19ﬁ1;.qﬁarper'1965}; as-
| aoci#teﬂ~with“this-éra metgbelie ahaﬁg&a agsociated

with alterations in the activities of specific iissue

”{ng growth, suah as in ﬁhildh&ﬁd, the hndy raquiras R

Tfadequata supgly of prutain *n prQViﬁa amzna aeids in":ff




enzymes (Allison et al. 1961; Muramatsu and Asghida
1982:; Herper 1985; Schirmer and Harper 1870; Mauron
et al. 1873) and variations in organ size {Harper
1968). Experimental evidence using animals has show>
that a low protein intake causes a shift towards
ensbolism and reduces ifhe degradation of smino acids

 {Peng @i al. 1974), These animals developed clinical,

"- .biﬁéﬁemicalr&nd.hiatolngical-disorders similar to those

-f,jéeéﬁ-in nhildren-sﬂffering from kwashiorkox (Kirsch et

al, 1&68} . NMyar and Hargus (1083) suggestad that

*!ujanjmals fgﬂ Qn B iﬂw prctein d:at ata little because

'Hﬂﬂ their foad in%aka was limited hy &n exnBHS of energy

' *”ff=;intake in ralatinn to protain intakeaa;w_;jﬂ

’¢ansaquanc& af inaﬁequata pwntein intaka, Tan~ .

'iijphaichitr and Braqaist (19?3) speaulated that B ﬁérﬂ:

:”;ataiu degree of uurnitine ﬁefia1enay can be. enviaagad in

 ;:yapu1ationa cnnauming aereai grain dietsb_;xhese diets
'”Vfara-marg;ngi in;lyaina.andfor-methianine, and in .kwas~

 'k1§xk§rf:7ﬁﬁ§ra'é defiéiaﬁcy uiiahsenfial aﬁino aeids
.iaff.-_:#'ezl-l_'é’sﬁ-aﬁli-shad' {(Jellifte 1?5_&}', capnitine is alse
fﬁéficient.-“Recently.~thare have been éeverai reports
'_régarding the impact of dist on plasma carnitine con-
| _eehtratibn'inuvarioua-apecies, sueh a8 rvats {Seccombe

et al., 19878), rebbits (Qillies and Bell 1876),



monkeys and pigeons (Bail et'ai. 19?9}. Liens has been

Pubiished on plasma aarnitine Iavals - dn man,

-cedarhlad (193?) shuwed that &iet gan. affeet plaam&} w, |

'*haarnztine Zevezs and axcratxon of uwinary aarnitina znf;ﬂ-57;g f

-g;earnitineﬁinuraaaad;on1?f5“=Fﬁﬁiﬂfr

:ﬂ7iufibath frae and acyl narnitina was azgnifieant!y greatar?'  f:7;¢ff

'Vf];an ¥odiet than an.ﬁ atet {ﬁeﬁe»biaﬁ 08y

" §.5  HUTRETIONAL STATUS (N AFRICA

' 'Tha preneut *nud and nutritinn sxtuatiun in Africa can'
be: iooked upon 8@ the result of historieal events, as
well as  ecological and socio-economic status, The af-

fects of the industrial revolution in Burope and the
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14
Fu

USA on Africea and the colonization of Africe hy the
Western countries are perhaps the most lmportant fac-

tors . {Maletniema'iésﬁ}.

“’j_The faad and nugrition problem in &frica may be divided

: '~:ffiniﬁ iwn mmjar eatagﬁriea* -

”"1mn& shnm%ages

WiT  menta1 qanﬂitians in Afriaa ;

'fiof paata,- vﬁrmin, fr¢ﬁuen% nataatraphias incluﬁingf f

uombi ne ﬁ -

 rﬂ“k ﬂf Waieﬁ, abunﬁanca iq f f'ﬁf

;7*::J;£1anﬁa and draught anﬂ unatahla guvernments whiah aiif"" |

:  ;'ﬁ51ead ta an increaae& prevalenee of diseasa (Maleﬁnlﬁma
| *33*19383-=-: S |

" If an infectious disesse wore to ki1l even one quarter
" of the number of people that kwashiorkor or marasmus

| kills'dﬁ'aﬁeraga in a year, &n nrgent control campaign



would be riounted. The relative neglect of the mor-
bidity and mortaliiy associsted with malnutrition is
partly due to its effects being most frequently seen in
young children, and because it is not a communicable
digesse. Malnutrition tends to be greatly under

. reported in disease and mortality stgtisticn, This is

"'-"._-"-'_-becauaa many ahilﬁren recorded e havmg- died of dis-

| --T-haw_ bean auffariﬂg frem ma?mztm*inn. A person who is

’5unﬁarnuurishad ia more 1xke13r 10 sucuumﬂ ta. an infec-
it

""iaa""s'e timn rme af gnad nutritimal si‘atua, Ee

mhi'zﬁ:tiﬁiﬁ'-an- i'n-' yoﬁng’;: childre.ﬁ, which pfédaminant iy

"_manifasta itsalf ‘a5 various forms and dagreea of
*._.anargy-f-pmtein deficits, . has been described in texts

""tiating back to the. sixteenth century,
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Early in the twentieth century fzerny and Keller
(1923-1928) introdueced the tearm <<mehlindhrschaden>>
for infantile melmirition resulting from imbalanced
food infake (Defekterniihrung) where starch constifutad

the main food item. This new clinical syndrome with

| nadema and akin changes remained largely neglected un—

'”[ji fti1 Giaely Williams reparted b > now elassical ﬂeﬂcfip“f

in 1933 and useﬁ the uame kwashiorkar given to itsr

edJnh -dfwﬁen thﬂ next nﬂa iﬂ baﬁn.

:.':.ﬁfl mi cally ur ""'Pﬁthﬁiﬁgi Qﬁl Iy_._:._ o

_-_:__aat'iuiog'y; and a few ar«a Wrn&auiar nam&a med 1&&311;;_: BRI
'7ﬁ3jzaa115£fe 1935),,_;_,:_.,-- R -

“3;gfnxstinctian hatwuen the majar famms af protein—energyf
jfmalnutritinn 18 generaily reiated to mass. A
5j5;3§mglified claaaifieatian intradﬂaing the use of growth

'aharta fur clia:cal purposes haa heem recommendad by

' meaning fha diseaae af the}ﬁ--7r'

5 Thia recaghv;'_ f":'

ﬁthers'afﬂ.S“gﬁaative cf nutritiﬁnalff“'
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WHO baaed on the findings of a Wellcome Trust Working
Party (Laneat 19?0-- WHO 1971; DeMaeyer 1976; Water-
low 19?6),  In thiz. aystem,' all children whose welght

5 :is unﬁar the third percERtile, “ or Iass than 89%,o£"'

’3ffiat&nﬁard wazght for age.f are considered to hﬂVéf

' Um&wmmxiam& 'm»aahiammr
Tﬁﬁmraamas IR ;;ﬁﬂraamiam e
: L Buagkdoniton

':=f Aithough thara ia aume sontroversy in the literature

;concerning tha use 6f an internatianal 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
wsll with the internationsl standards (Khan and Freed-

man  1289; Ford 1984; Lathem 196Y; Hassen et al.

1969 Eremyr 1970; Rea 1971, Wingerd et al. 1971; Amiz-

"-hakzmi 1974}..__':. Et aeema that gven though genetic in-

"3”.-f1usrt _'a' mst play a part, . the role of envn-onmen!tal

. -faet .s-',' gspgaiali? nutritianal faetors,_ ..i..-;g. paramount
RO ef ﬂ\lu 19;:&)‘ B .

-_;-.-_:_-_:'Ismtritianal staﬁus .-';ini’.‘luemaa the aativit:es of the

'-'f__'mamr metrnalic pathwaya in the bady and in kwashmrkﬂr

o them ‘aye _- wi.ﬁe r.an-g;i_;:g _eff-ec_st-s on’ pro-tein. : ear-» |

-héhﬁdiaté.g'i--'_ Cdpid, vitamin and mineral metabolism,
.-'S_uéh- sffoets Aﬁ-e_ reflected by veduced concentrations

| of. theéé- enmpﬁunds' in serﬁm;_' the values generally rise
ﬁﬁpréaéhiﬁg the normel range, following appropriaste
dietary treatment {Dean and Schwartz 1984; Serimshaw
t al. 1966; Burch et al, 1957),

——— o
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1.7.12 PROTEINS

Studies by Kirsch and colleagues (1968) who fed rats on
a_diet conteining only 5% mized protein, showed that
t--ﬁhes'e' 'ra’"és- deve"l’op'ecl a condition resembling

_lrwaﬂhiwkur. ?rétein“dﬁaficienuy in rhesus moukeys

"”7frasulzaa 188 ‘reduction in plasma triseylglycerols end

""-":;:'_;'-phnsphnlxpiﬂa, “a riae in free fatty ac:ds and a fatty

5;515?39 (Kumar et aI 19721..~

“:.'.The ""nitmge.-u mamboiism af ahiltran with kwaahiorkur -

oF f‘-that hmopfateimamia was a ver? Mm*mf fans

--_."':working in Jnhmesburg, fmmd an average of 4 ga‘l M‘_;_'

'“'_".f:_.;_'._tntai pﬁunte ‘ in sernm from twent? hﬂsmta“"ed

["_ch-il_fiz*en,_ i:he albmnin.glnbulin ratio was unity Ao~
| g&éi&@ﬁ and &1tmann (1951) repnrted on the
eleatrophare,.ie serum pmtem pattern in malnutrition
| ”'including kwaghiovkor.  These ‘workers showed that the
gama-gftobulin was ralatively normal or highar than
hormal, albumin was low; alpha and beta globulins
wére mormzl, Jassen and Le Roux (1950) found an
. ﬁﬁéihgs of sbout 4lg/} ‘of total proteln in serum and an

-aibut’ﬁiﬁ:ﬁiobul_in'ratio'- very near unity in forty one

"::s b“"""n exten&i#elzr atudied. Trowell was tim firat S TR

_.:n' kwaahiorkor (Trowall 1944}. : Altmann {1948),5_'.7
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children admitted to a ?retoria hospital. Thizrty two
children in Curagdo investigated by Van der Sar (1951)
had an average of 43g/i for serum total protein, when

| they weve first admitted to hospital, and on discherge

_"j.gtha average value was Bﬁgll" albﬁmin.roae:from 22 to
'-f 453ii ‘and glovalin from 30, to 21371-' The

f3,2‘= ﬁean and Eahwaftz {1953) ‘ showed -an average

f39 35!1 uf sarum tatal pratain (ranging from 29 to

s _;fﬁlgfi} in thirty three kwashinrkar childreﬁ aﬂmitted -

'”f7ff;ia hnapital. A rise to about sﬂgfi of. serum total

j[;pwatain was raynrtad an tha eighﬁh ﬂay after admaasiun.;

ffﬂn aibumin‘glnhulin averaga rat o of 0. ﬁ? at admiaaion :

'7Vfﬂ'in eightean kwashiorkar paﬁianis was rapﬁrfﬂd bY Be-

“  hrenﬂi An 1948, After treatment the ﬂ”ﬁfﬁge ratio

-_ifinaliy_attgineﬂ.waa,a1Ji§t1a-avgr unity. This was
_ bﬁl$ ﬁﬁ1f-§f;$hat-£quﬁd in-narm#l.uhildren (Bahrendt
_.Igggj;  _qitiih:nnd'caéﬁorkezk,sfudigd_albumin'metabne
1i§mfiﬁ kmﬂshiarkor' snd'nancluded that hypoal-
buminaemiaJwas_due_té_a deereag~ 1 aynthegis of albumin
(Gitlin st al. 1958). Oecdems, characteristie of
“_kwaﬁhiqubr, feaults_in part from the hypoalbumin#emia
'(Bragnwald gg'gl. 1887).  An average vhlue of ibpg/l of
gerum albumin f: » eighteen estimations on kwashiorkor

‘subjects was reported by Dean and Behwartz (1953); a

'"'__"azmin-g:mbuun ratin therefore changed from 1.1 to
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very slight rise, a littln more than 10g/l of serum
albumin, from the first to the eighth day after admie-
sion inio hospital was noted. Some recent studies have
verified that the values of serum gzlbumin and total

N pwtam in hweshiorkor are denreased {Ehan and Bamji
,. _;1977-' Hammond et al. 198?).-

& LEEIEE S PR

&i;&iﬁ_aiﬁturbamea in kwaahinrkw hava been reaogmzed

Iipids waa reyorteﬂ by Sﬂhwal‘ﬁ ﬁnﬁ Bean "'('19'-5-4:}* :

ifcraviata ot gl. (1950} end Mscdonald gt ax.'zisasa. |
'_"‘13.3 eariy as 1945 plasma phospholipida wera fmmd ta he _' :

: -“'__-"_"""'-aecrea&ﬁﬂ i:n ahildren guffaring' fram kwaahmrkw

S '_J{c.'arvalha e‘. ax. 1945;. An average serun vahm as

mw as 3ﬂ8mg tatal lipidslm{lmz in kwaahiurkor ;patiants.

o _nn admission 1o hospital was ?epwted by Macnonald and

.cnwwa_rk_era in 1&63: - these concentrations rose repidly
dusing treatment to an averags of 636mg/i00ml,  This
imrgase' in- t'otal Hpic;a, - aleso reporied by Schwartz
" and Deen {13_5'—2")',- - 'was suggestied to be due to an in?
_t:_ivéa-ge_ in cholesterol, triacyiglyeevols and phos-

- pholipide. The serum phospholipid fatty =acids in

__by varioua inveatigatnm. & dearease in taia! mmd _' o
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~ kwashiorkor children on admission were shown to differ
from adult serum phospholipid fatty acids. Palmiti;
(16:0) and oleic {18:1) acids were higher and lincleic
(18:2) and arachadonic (20:4) acids were lower in the
mainourished children. MacDonald et al. (1963) sug-
gested that the differences could be due to dif-
fﬂﬁénaas in age and pot to - malnutrition, Reduc-

':ftioﬂa-iﬂ both alpha-lipoproteins (Craviota et al.

..; a1959} : anﬁ' betawlipnprateirn (Khaiil et al. 19?3)

%'_“have alsa been ragortad,- In sdadition to the dietary

'-cf*defiaienny af 1ipids, diaturhaneaa in the profﬂin

r_ifanspurt systam with ‘the eaneamitani impainment bf ab~

'Uf;aarpiinn and innraased Inﬁa Qf fat in stoulﬂ ara aanu_'

siﬁared tha main faaturs undarlying the disturbanaea uf:
fﬁﬁtq ;Iipiﬂs (Khale at ai..lﬂ?é)., sume ﬂagrea T

fTi:fjgtgatgrvhea haa 1ang h@en raeognlzéd aa naeurring in

” >f kwashinrkor. &tuﬁies have ahuwn thet thare is pnur ab-

f&arptian during ‘the . aeute stage (Halemans ﬁ“d'

h ° _§ambrachta 1955),. late recbvé?Y-(Rabinsnn-gi &l. 108%)

H ana.ﬁvén sometimes long after cliniecal regovery (Mehta
et al. 1968). Holemans snd  Lambrechte (1985) believed
‘this wes due to fanliy digestion rather than absorp-
 tion. ~In Southern India, studles on kwashiorker

patients on & low fai diet, showed faecal fat exeesded

that of fat intake, suggesting that some of the fat in
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the stools was of endogenous origin (Mehta et al.
1956)., Gomey and his assoclates (1956) found that &l-
though fat ahsorption was poor, Ilarger intakes were
aggociated with greater szbsorptlon both in malnutri-
tion and during recovery. However DeMseyer and Vander-
bopght (1958) in the Congo showed that fat absorption

o im kwéshiorkor.impraved-during treatment.

5;§¢aumnlaf1nn of fat in-livers.-aa-a result af in-

'L:fQﬁadaquata prmtﬁlﬂ intgke has been ‘seen in boih animala

”ﬂ-;janﬁ,maa. The livers af recs fed on low pratein diets

'fn&ﬁa faunﬁ tn be f&tty, owiﬁg main!y to tha_ggqumuiﬁ*-'”ief

"T-tlan nf trianylglyaerula (Liiwack et a%. igﬁzr”“Wiﬁw |

'V’eramauayake 19661 1his was. alss saen in rabhits whareﬁ_"'

:“73fthe inorease in lzvar Iipi& was. mnre markad whan tha5 

'"'3_;carbohydrate iﬁtake wan inareaaedu Fatty ebange in the,“

'-liver is 2 characteristie ieature of both expariment31 '
_ and human_prntein malnutritiqn.(Trawell et al. 19543
Platt 1961; Kirsch et al. 1968), Kumar and co-workers
in 1972 showed. that rhesus monkeys fod a diet deficient
in protein but adeguate in ell other nutrients and

calories developed periportal fatty change.

A fatty liver in children sruffering from protein~

calorie-malnutrition or kweshiorkor is a well known
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feature of the disease (Devi et al. 1976). The
mechanism of fatty change in the liver in proiein mal-
| 'mfritiﬁn is .not yet clearly undersicod. It has been

. hypﬂtﬁeaiaéd thai fat sccumulates because of & reduc-

--.i_f__"'tinn in the aynthasis of apoprotein very low density

'-:-.._-_1__11,9”“““3, . the prateins reapons:bie for the

"  '\':':jz.:‘&ranapart af triaw!glweruis fro,n iver: ta fat depnta_' o
1Lt al. wﬁn» mwes -st al. 19?0). ﬂfhw -
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i.8 CARNITINE: METABOLISM AND METABOLIC
CHANGES IN RELATION TC NUTRITION AND
IN KWASHIORROR

Carnitine was discovered at the beginning of this cen-
tury (Gulewitsch and Kimberg 1805; Kutscher 1995) but
it Wﬂﬁ'ﬁlmoﬁf_fprgﬂtten:amongrbicchemista antil its im-
_pﬁpf‘ténda_"-_-in _'f'at':fy: _._a*ci_d metabolism was established 50

‘ﬂ'ears ‘Iater. .In the last 30 years, interest in the

" metabolism aud function of carnitine has steadily in-

\ﬂf- ?$&€ §}{#h§@}gaif{5ijét#u¢thﬁeis f}af'[f'é&fﬁifiﬁe.”wﬁsf

| determined i - 1937 by “Tomita snd  Sendjw; it
f'iégakﬁﬁﬁterﬁhfgfhﬁinﬁ. ﬁet&*hydroxyigammaﬂ

tpimethyiaminn butyric seid:

(CHy) 3Nf~mcnz(lzncazm“
OH

In 1953 the essential role of carnitine in the utillza-
tion 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-
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oxidation. The L-form of this compound was shown to be
biologiecally sective in transporting long-chain fatty
acids'frnm sites of activation in the cytoplasam to
sites of beta-oxi&ation_in the mitcchondria of animal

tissues (Gean 1968).

-'  0arn1tine occura buth in tha frea fnnm anﬂ in the fﬁrmfftg,J [a-g

igtuf »stara‘fi; plasma. tha estara af aarnitina aref

_-I._.-__.i’ﬂfﬁi'rﬂﬂn tD 33 ﬁcylcarnitineg {Bﬂrgen-'nnekner E‘-‘t ﬁ: T

mut'itinnista haﬁ pr¢Viﬁusiy aésume:’

fE  dividual would synthaaiaa ur :ngest adaquata amaunts

?;ffjcarnitina and meat aurnitiue naeds by one nr the'nther\"ﬁ N

' 4f0r hﬂth nf thesa maans‘- ﬁarnatine was nevar aansid&red;fffi” |

¥f a pnaaihie essentiai nutrient for any segment af thefﬂj;ff7=f3f

ll”healthy papulatimn nr even for diseased indiviﬂua!a.j'

'- 'm_.__mic.g: investigations of the last decads, however,

havé cIear1y damonatratqd that_narnitineadeficiéncj;mg?:
occur_githe§ as.gn inbdrn arrpr_df_mmtgﬁnlism. or_in-_-
eer?gin'othgr'commonly_pccurring conditions including
malputritiqn, diabetes, thyroid disorders, 'dyétﬂophy,
.advanngq_cirbhagig (Ruémnn_gi_gl. 1877) end hyper-
Iipop;oteinagmias (Pola et 1..19301._-

Vit Wl
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The carnitine concentration of a tissue at any par-
ticular time is dependent on dietary intake, syn-
-t'_heais, transport into and out of the tissues as well

&8s degradation and excretion (Borum 1883).

i f}'-’rismea.g nthar t-hzm Iivar &nd' o

'.:--_.:'_--__:-"kidneya can amthesiae - the imediate precursor

o '-b}f cnrniiine,. gamma»buiymhetaine. . but lac-.k the
last bios’ynthetie aumyme ‘which hydraxylama - gamma-

butyrobetaine to form carnitine (Rebouche and Engel
. --IQ_BM. © Animals of all ages .synﬁheai__aa . gamma-~
.-'but-sr@rab_et-aine, . but 'the aeltivi_ty of  gamma~
'-bﬂt'srmbetainé-' hydrqxfl_aaa- is age depenﬁa’gt. In three
umen in'f_im'tﬁ-, the gamma-buiyrobetaine hydroxylase

activity was 12% of the normal adult mesn; by 2,5
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yeara,f thé aetivity waé 30% of the adult mEEn and by
:'”5“15 years the leval waa within the atandard deviation of

'"“”tha aduxt maan {Rebcuahe lﬁsﬁ}.- The iver, aon?ersion_-

"”gfof trimethy_

"lyﬁzna ta hutyrabetaine aeams fo take glaes[}f7

"b°*h Parﬁﬂﬂhvmai_ﬂnﬂ nﬂnparaanhymal nells. wﬁaraaaff]; o

‘”*gfﬁlthaugh a nuutitude ﬂf questzana nonﬁerning thaf7~”;

ﬁffiiegﬂlatinn of enrnitine binaynthesia remain to be? Q°-"'

”'answaraﬁ,. it is. snowa that the prﬂaeﬂs is regulatad hy;;f

"f"diet,- age and hunmnnal sta?ﬁa uf the animai {Broquistj "'3

_ffand Burum ;932). j-.-"'



| _HN“TRIMETHYL*ff7fzﬂﬁraxmm BETAINE
s E.IJ-Lstmg AIJ.'IE‘.HYDE . o
L :faf_apyczma_:_ ; ; o

r-{_':ﬁ.'REAtirxcms Dtsmmm (1~5} ARE CATALYSED av

"ifff1. rotein (;ysine) methy? transfarase
B BeNsTrimethyTlysine, 2<gxaglutarate diaxygenase
R P 3-Hydroxy~8~n-tr1methy11ysine aldolase

4,  v~Butyrpbetaine aldehyde dehydrggenase
6. y-Butyrabetaine, Z-oxoglutarate dioxygenase

 (Modified from Tanphaichitr and Broauist 1973 and Bieber 1988).

> v-auwyno..uﬂm*wwnnwﬁnnm-ﬁ-a»su)nnanxwznzt-3"""”



25

i1.8,1.2 Transport

' Binece ‘tissues such .as cardiac and skeletal musele

.:T,deﬁenﬁVupanffatty-aeid oxidation as a major source of

'“f;ﬁenergy but caunat synthssize carnxtine, iranaport F o

fearﬁitine fwom ita site af synthasis io ita aite of

_fa”n”i ?uf eritiaa! importaaee tn celiular energy metan f {ﬁffuf.

zhfepddideia fBremer 1@33),” Faating nr ﬂiabetes mellituaf"

Ezpincreasaa ths Iivar concentratinn &8 earnitiua {McGarry; o

ﬁfet ai* 1@75). Thia inﬁreaae g partiaulariy great in

'}fgﬂhaap,, w@ara the Iivar carnitiae 1ncreaaaa more than N

80 fom in diabetic animals (Bnaswell and  Koundakjian
::9?2). cumpounda structurally relateﬁ - to carniting
 thgf auntain.the trimethylamzne groap=and a eerboxylic

growp reducé carnitine uptake., Gamma-buiyrobetaine is
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taken up to the same extent as carnitine (Bolmer et al.
1877). Many cells take up both P- and L-carnitine,
although some selectivity for L-carnitine occurs

© (Bieber 1888). Data from experiments with isolated rat

.”Lﬂﬁiibr.ééila"indicatéd-the existente of a common car~

' 7ifriew in ‘the plasma  membrane  that maaiates

‘uitvanaﬁﬁrt uf buth carnitine pnd gamma*bufyrobetaine,
iThg Tiver. earriaf has 8- highﬁf affinity for gammr_'7

”e hatyrahataine than far aarnitine, Whiﬂh in cﬂnﬁiﬁf@nff

%with tna rala nf liver h?drnx?latiwn uf -gamma~ ']_”

;butywabetaiﬁe produead hy ather tiaauea (Chwiatianssu_

_%?;and _remef 19?6>.':

1813 Exeretion and dogwadation

Carnitine is lost mainly by excretion in the urime
’!Bﬁruﬁ 1983) ' In rats the reval elearaaae of car-
_nitine is less than 0.051itres/day (Brass and Hoppel
19783, The glomerular filtration rate is approximataly
1.711tres/day/190g body welght (Bauwuan and Phillips
18%70). Thus more than 96% of the carnitine'1n tﬁé
glomerular filtrate is reabsorbed. Thia.is;aimiiéthﬂ'
-amiﬁo'aciﬁ regbsorptic- in the kidne#&.{ﬂréﬁer i983J;
‘Both free and acyl carnitines are excreted\(ﬁraéa-and

Heoppel 1878)., Similar observations have been made in



27

humans . Normal serom clearance is approximately
iml/min, and the daily ozcretion of carnitine iz 100~
$00pmol. Tuvbular reabsorption in the kidneys was found
to be 06-99% (Eene and Binlek 1970; Frohiich et al.
-19?83; darnitiné is also excretied in milk (Bremer

o 1m -gemaz',;:--ammm “in manmals is not metabolized ex-

:'“; j¢apt by bantaria ia the gnt,_*bﬁi it-is*primnrily:ex~

””} ff¢r9t@ﬂ in the urzna,  ‘Both free and in the form of

':?l:aaylcnajugates (Bwamsr 1983) it has been ghown that 

:ﬁifiﬂ hnm&ns Iarga amunnts af carnifine maa be excreted as

”*  :f3pﬁni£ic aaningates to aid in elimination of apeﬁiflﬂ

:7aeylmaieiiaa (Eibbﬂﬁ 1988).  Small amounts of

;.trimethylam;na--anaiuna are found in norvmal urine
. (Gruner ot al..lsﬂﬁ) ‘and may also be of intestinal or T
'.mlcrnbiulogiaalzpwigin (Bremer  1083), However, in

.réﬁs'and.mi&e ﬁheré'is somé gvidence that administra~-

tion of the unphysiolagical isomer (+)ecarnitine leads

to a far higher axaretion of trimsthylaminoacetate than

does administration of carnitine (Seim et al, 1980).

Thus by some unknown mechenism enimal tissue seems to

metabolize (+)¢arni%iﬁa- to trimethylaminocacoetate far

more efficiently than (-)carnitine (Bremer 1983).

Previous studies on the metabolism of labelled racemic
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“(+# or =) csrnitline showed conversiom of carnitine to

what was Ildentified as methylcholine (Rhairallah and

Wolf 19653 1987). Carnitine decarboxylstion was stimu-

: 1a§aﬂ;inrﬁiabetic and fasting rats, showing that the

~ Tormmex were found fo have a docreased body pool and e
” _ dgu??aaéd hatf- life of carnitine {Mehiman et gg,
19?1) Evidance _i_n. : rate  has éhow:_: o ih_qt
”F Zag1&¢§ra€at1on iref (~yearnitine takes,plade. . Howeves,
ERE this ‘hes not heam ahmrm in humma, Ga?bm:yl@i-ah_eilaﬁ _
'_-'_'-:'3butymbataina, - whiclﬁ ss rapxdly . gonverted to

"'"'f:?j.._{*-}aamitim in tha badﬁ's gaw riae ta ;-mma ra&imsu_ -

'??ffiiva Gﬂg An ratﬁ {Bfmmar iﬂﬁz}, ﬂbwaver, tha alﬂwﬁ}}‘ .

S f_-::_ﬁani s, . a:wgathﬂ’ At

 $@*?hut it seema ﬁanbtful that this ﬂagradatinn is of any
-quantitatnva imporvance‘a Mwst af the earnitine aeema'

ta be exareted unchangad in the urine {Bremer 19833,

1.8,2  FUNGTIONS OF CARNITINE.

'*fThe bné_uni?é§sa11y apcepied and major function of cap-

~ mitine is that it forms pari of ithe shuttle mechanism

'”ffﬁrateﬁ ﬂf_formatian af 1aballeﬁ.ﬂﬁz maka it diffiauit &u f;fff7ff
%ginde  f?ﬁr1iulpatiﬁm }fuf intaatin&l miernorufﬁf_“* .
Kt pasaihl& that ome

2i7"f dagmadation af o )aarnitine takea ylace in mammala, ”J""”
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whereby long-chain fatty acids are converfed imto acyl-
'éaéﬁitihe devivatives and transported across the
jmituchnnﬂrial mambrane as shown in FIGURE 3§ . The
' _;mambrane 13 imparmaable ta Iong“ehain fatty aaida, ag
" ?3fwazI a8 “to thair ﬂnanaymﬁ A eaterﬂ* Onae unross tha, 

”'f;“fmembranes the aeyi carnitinas are zaaonvarted to. their ’

’I'ha ana'gme 3

-:_;hj“gaasvuiatéd with tha outer siﬁa afi”'

aﬂylearnitine transloanae;'

. ﬁarnitina"

TZ;LA£yIcarnntina is transpartﬂd in, and at tha same time“.

JV:_on& molequle nf nanitine is tranaported ‘out, The

'.r{anylearnitina than raaots wifh CQA, eatalysed by eay~

aitine aegtyl transferase It (CAT ?ii}:'-attached to

" the inside. of the 1nmer membrane. Acyl Coi is reformed

o in the mitochandrial mairix and carnitine is liberated
|  fg(Murray et a1, 1988)

carnitine acr1 tfansferase:is considevrad thé rate
limiting control enzyme of the beta-oxidation pathway

of fatty acid catabolism in rat liver (Lumeng ei al.

fatfy aayl Oﬁ& fomm anﬂ undergu betaaoxidatiun to_;:__”

,'aarnitina aeetyi trans—'- 

Lto penatmats thef B

aﬁé gain aanaae to tha hetauoxidatiau sys-f”'

. f._a-aﬁ¢haﬁge transpnrter,f-v-
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- FIGURE 3
ROLE OF CARNITINE IN THE TRANSPORT OF LONG CHAIN FATTY
© ACIDS ACROSS INNER MITOCHONDRIAL MEMBRANE =

o ﬁ camiting R

T fmamsbs& '

INNER
MWQH@N@@EA&
MEM&MNE

- cnamm»sg _
;mmmw.»-

camitina L

Asymm - o _' = &' o

" \taken from Murray et l: 1988)
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1976). However, this was not found to be the case in
liver mitochondria of l-day-old piy sts (Bieber at al.
15‘?’3)._. Acceoyding to Meﬁarrr end co-workers, in rats,
_' -an innreaae in tha level of substrata (carnitine) for
_. '-_this anzyma reaulted from an ineveane in cweula‘ting _

L gluea&'an. __ i‘he?' 5“3‘8’99**‘-‘& that the liver carnitine 1o

' '-::_'-azagagea :under the ixzfluenae “taf__gmeagon h?‘

__Jnamased h""pat’m' s:emthesis ‘ f-’i:carniﬁne

.,nraa”"’ﬁ %mnsfms ‘o “capnitine frnm mﬁaeie ta-;"':":'

oxi da:t_;i'an', the'm is | e‘sri darma a:E t;-:ther funat iﬂnﬁ-:i__:':f

’ tmm:.n m,.
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TABLE I1I
SUMMARY OF POSSIBLE FUNCTIONS FOR CARNITINE IN
METABOLISM

3 Established e

711¢‘3f=ﬁeta~axiﬂatinn. of Inﬁgachain_:iatty_ geids in
- f;mitachnndria L{f5, | o _.; )
”'ﬁmination nf 3e1ectiva aeyl residuas{ _
uemzificatim - | el

7;;f1;ght _musales, passihly heaft and sperm3

Likely, but not esteblished
‘1, #Shuttle chein-shortened produets out of

peroxisomas

{Taken from Bieber 1988),

wranalacatzan.-af azetvl units ;nta nﬁitachnndria77ff'ff'f if
mmuzaﬁm ‘af the QﬁAﬁ‘HMcyl«ﬂo& ratia (ma;rf vary..i__f'ﬂjf_-..
ﬁe”an&ing?'an*mituchonﬁrial aource and the 13?@2&] ¥f1;

amd thﬁ aarnitineta¢y1 earni%ina fff_

.Iﬁaaerrair af aativatad neetyi unita {anmg inaeati:~"" S
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It is generally accepted that carnitine is involved in
thermogenesls in bremi adipose timssue (Borum 1983) and

"in ‘initiaticm of ketogenegis (MeGarry 1979; MeGarry
'_ana Foster 1980). Catabolism of branched chain amino

- '._____ac:c.da is im:aartant “in energy*metahaiism in'mansr normal

= '_phyaialoginai and pathnphysialugieal ennﬁitionﬁ. ﬁdr'—-

n ine haa heazl ahnwn tts piay a facxlitatwy, 1f not :

in zhe catabaliam of branehed ahain' -

___atiems ”wi'ih ganetiﬁ eunitingf.\- RN

_-_;_-atzaficimw have--.; sawre ﬁnuta ai’ hypag‘lycaamia (swnim;fz-f.
"'"”:_;’_-::5_'9?; ai. 1981), R LT

3.6.3 . - CARNITINE DEFICIENCY
. The '--tem '-"namit'ina deficienay" < is applicabls wnly

'whan the numher of carnitine moleoulss (as measursd hy

' _'tata.l carnitine condentrsations) is too low to maintain
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normal metabolism (Bargen-Lockner et al. 1981), The
toerm carnitine deficiency should never be unsed fo
" describe 2 decreanse in free carnitine concentrations,
when there mey be a corresponding increase in acylear-

”'aiiing {Bgﬁqaist and Borum 1982},

ﬂﬁﬁi?;With tha kar rule of aarnitina 1n fatty acid exidatimn'

bo *he a¢¢nmnlatian nﬁ

A;l.khﬂ heart,  It wna pnatulata& that earnxtine dapietinn o

| “;furesuitaﬁ frum threa faaiars,_ inadaquata intake nf _T"'

“-3d&etary.narnifzner ' 1nadequats intake nf-lyﬁina.anﬂ

"@methignine_and*tha“laﬁs-bf capaeity‘t6=aynthesixe agy-

. aitine from lysine and methionine (Rudman gt al. 1977).
 Perfused rat liver supplied with oleic scid was treated
:with ¥a2~tetraﬁe¢ylglyeidﬁfé; - which I1nhibited fatiy
'égid=bxidafion.  Thiz diféét-anﬁ specifie-inhibitibn of

i:_:a nat surprisiﬁg that disturbancea in tha f'”'

fuﬂatinn arfcarnitina mmy dause pathaiagiaai phanamenaa?; ;{

trinﬂ?lgryaarai fn'}h& 3311;    fff

: amlﬂiﬁad h‘y a Iﬂgs nf Gﬁl‘nitina {rm
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long chain fatty ascid oxidation diverted exogsnous
fatty ascids to the eaterificatlion pathway and enhanced
the secretion of iriacylglyecerol in the form of wvery
low density lipoprotein (VIDL). The rate of fatiy acid
oxidation in liver was thérefors a major determinant in
o t-h-e'.' proﬁﬁ&tio‘ﬁ of trzanyiglyeeroi rich plasma-
._.'_:__1ipoprmeins (Ide and Ontko 1981). | - |

| °V}jiﬁé&#ﬁiiin§5ﬁéfieiéﬁ&yﬂmﬁy“Bé'bravbke&*iﬁ*infaﬁfé'gévén5

_-["_.artifmiai carn*ﬁm frée dieta,. preaumably bacause of

".nomaily:weaeim subatantiai amounta af aami%ine from
W(Borum 1931] . R T A

He r maihar a milk

S n haa hean ahmm t}mt pnpulationa consuming careai--’_

:'“:f:grain diets have reduead serum ‘and wurinary carnitine
.-c-uncanttat_ions, ‘which are _pmbably .raia_teﬁ.-to low car- -
ﬁi_‘t-ina;_ ingested and impai'red synthesis of carnitine
' 'dﬁring to insuffielent intake of lysine and methionine
(Tanphaichitr ef al. 1680). In a study carried out iIn
‘India, Khan and Bamji (1977) found that plasma car-
nitine ievels -were lower in children suffering from
protein energy malmutrition than in healthy controls;

after treaiment of the malnourished children the values

sf_raw sndagamus rate af aamitina biasynthaaisr in 'the.“._ |
atal ,"erwd (8lonim gt al. 1981). ° Newborn' iafants‘
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 inereased, In a later study serum free carnitine and

SRS TU S VTS ST P ENINP PR

P ~ acylcarnitine were alsc found to be decreased in
F ' . :' ﬂ' __ﬁfricaﬁ-chilérén with kWashiorkor as compared with
o ' :wa11~nﬂurished controls AHammond et al. 1987). These
B e f;law levels nf earniiina, were reported to be associnted
}5;:5ff *i  ;,fwiih rsduead intaka nf carn:tine tagether with

'”wdeiiuiancy af the precursur amina aaida lyaine andi

giving riaé to inadequate endogenous synm

hiﬂzs*{ﬁammanﬂ'etjai 1987},;-‘& def:aiency of amiao'-
' _.f;zaighliaheﬁ iu kwashiarkor. Tﬁa mesultall

thase workera shawe&“3

{'Hewwva?,

_jstheremwaa no earxﬁlatian hetwaan aarmn aarnitine aaﬂj;f

| ff f5fa1humin,_.diffaring fram tha cortelatinn ragnrted by
“""':"'::..'.:_Khan #né Bamii {1977). | lt-waa -hypathasimd that there
: 15 B puasibil:ty that mechanisma nontro!ling serum car-
'='nitine and albumin levels may be: devanged to aifferent

: ”ex%antS'in kwaahiarkor,and-that-markadly suppressed al-

bumin need not-nécessarily be  accompanied by markedly

reduced'carnitina. Bince carnitine plays an essential

role in the oxldation of fatty acids (Bremer 1983), the
deficienqy of carnitine may provide an explanation for

the aucumulation.of fats in the livers of kwashiorkor

shawaﬁ thaf aﬁrum_ff'
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 patients (Hammond et gl. 1987).

L8 o Pmmsn : OF THE ﬁm‘z" -

Ther havg baan veryl fw'r:_mﬂﬂ an serum ﬁ&m“iﬂﬂ and B

-_'3:1@9:*1-«@‘1 ahilﬂran in this reg‘icmv _-_._'.S-i‘ﬁdies ﬁ*’ .semm_:“"f'*-'-
;carnitim masr aixi in tha unﬂeratanﬂing' of m&tabalic:-._"
'*;“t_ahangeg aﬁgu‘gfring m kwaahinrkm and may be af mtenw:_'_'-- :

'tial va!ua as ragarda ﬁharapsr fﬁamand gt al. i9871-
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- The aims of tiis study were:
| 1.,%0 . compare 'serum varnitine, protein and
”‘1ipiﬂ édnuentratiﬂnal-in- black anﬁ white South
_  {&£rican adinits, | .
7 ;;2.; te avaiuaté the. effact af 8 high maize axef

{'zwwmwma on rzeaitw a&ulta,\ o

¥, ”to'investxgate the_aunve binehemiaai yaramecerﬁﬂ.h
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CHAPTHR. 3

oo -. . gni . mﬁﬁfﬂm @Esmm .. | . ) .

_  °_31&&& samples were cbtained frnm diffarant pupulatian
- ; grﬂupa‘ - S _
 ;Li§}; twalve white blanﬁ ﬂnnora {s;x famales and six'_
mai%) U T |
fb} twenty~eight urhan hlaaka (eight females anﬂ twenty'.
| males) : |

¢) ten pural blacks ¢(all males)
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: mumz PR SR
caamrrrme amﬂaanu cumre-

e ww-—m—m : - CARNITINE tnmalas&—ww IR
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Protein standard (Sg/l), (Sigma, USA)}: 0.5g dry human
glbumin dissolved in distilled water and made up
o 100mi,

'~”,_§hgifdi;§wing weré pipetted into clean iOml-test tubes:

Test(T)  Stendard(8) = Blank(B)

. Distilled Mo Z.Bml ==~ $.0ml

'Tb“éaeh tubaf5m1~o£?ﬁiuret.rEagént was added, the solw~
 tioms mixed and incubated at 37°C for 10 min, After
'nnoling the solutions were read spentrophotemetricaily
at 540nm using distilled water to zero the instrunient.
S'i'n_ue it was only possible to obtain small serum
samples from children and certain 0f the rural sdult
| popﬁiafian, . the method was adjusted in these cases

using'one quarter volumes throughout,
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2.1.2  NORMAL ADULT SUBJECTS ON A LOW-PROTEIN DIET

' Bight healthy white subjects (six females and two
meles: aged from twenty 2o twenty three yoars) were
‘maintained on & low protein dist for three wesks
 f(§ppenﬁix A). Thia low protein aiet was taken from a

*--ﬁébk7aﬁ5ibw%g£niéiﬁ cooking by Bounds (1988). It was

 iiEa&juatéd ta innlude 8 hxgh meaiie cuntent in plaae of n

Mﬁf?;iﬁw red mﬂat uontant, in crder to be as close 8s pos-

'5'“:;;sible tn the ionprotain,_high mealie~pap diet fed fa'?

7fi;ffhgauk habies anﬁ ynuug black ahildren by parenta in the |

'””lcwew aanin«eaanumia gruup,

"""-:_.'-"i-ﬁ‘aating ‘blood samsrieﬂ “ciom1y - were  collested

:_'h ffbafnra tha i@Wupratein ﬂiet waa aammaneed and’ aftar *he_zv_
-.-3-_-;.fmt. aacxm& nd- third weak of dlet. Two months aftor

L 3raaumng i3 nurmaz Ayet blood samples were again ob-~

: tainad from each subieet.

2.1.8  CHILDREN WITH RWASHIORKOR

~ Blood was collected from trenty two blaek children
(ages ranging from nine months to four yeavs), who had

béen3nlinieally«diagnosed as suffering from kwashiorkor
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and admnitted to various hospitals in the Transvaal.
‘Bix additional samples from the initial twenty two
'pafienfsg ware;-nbtainad after the first week and

: émﬁprea from ‘Ehi*ee of these six afier the gecond week .

'i-faf haapztaiiaatian and treatment. Details af these

B aiienta are given in Appandix B, Tha treatmant given E

hi.,;fsﬁsummarized iu ﬁppendix o,

! ;af§=angﬂ anéuracalgrﬁﬂp 39

naaa with kwashiurkar,; thay?ff

”had no’ nmtritiana!iy ralateﬁ symptmma and ahawed nn f$

'7:*iavidence nf muﬁcia or Iiver ﬂisaaae,-q;f

| -.ﬁf?fﬂ " BIOCHEMICAT INVESTIGATIONS

Azi"gkemiéhls and solvents used were of analyticﬁl.
' _réngaﬁf*grade; All solvents were obtained from WMerck,
':?W; bh?man#;-aﬁd distilled water wae used through. .:t,

AR invéﬁtigatinﬁé,'except for the le:ithin fatty acids
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B i_a_i. the children with .kwaahiurka-r where insufficient

L '_-s._f_a.rmn: jﬁgé._:av_ai.lable, were sarried o_izt_ in duplicate,

o ilaa'ﬁ-t?'i.bnﬁ is :éﬁta_lyséd..lﬁy -'#Mﬁnitiné ace_tyitraﬁsf%aga.

:f”ﬁi-&nef?l«-carnit'ih.é '-fmia'é_' separated -'__;frn'm 1oy
.'_acatyLCs:A with Dowax 1-—3:3. In thiﬁ”swtém the éuantit:v
~of r“{:} anatylwmrnitine formed {not absorbed to the

reain) wis stoiehinmatmcaily relatsd to the amount of

carnit ine, prasant
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Free caynitine wag estimated using untreated serum
aamplés' and total earnitine was determined after
" alkalin& hydrolysia. the difference giving the acylear~

nitina cnncentration.'
N Acetyi cm {Iithium sal‘t) !Sigma Chemical co, s-r. Louis,

U&&l %mg dissazveﬁ in zﬂml of lzﬂmM Teis~HC]
o huffar pH ?.3' ature& in 3mi aliqﬁnts at »Bﬁﬁg.-

1 ém&egtyl Gu&’spa cifi{: | a(‘it i?i t‘yﬁﬁmﬂ}ifm 01 {Amersnum’ _

_g  .l#arﬁitina anﬁtyl tranafaxaaa {EC 2.3, 1 ?}, antivity-
) éﬂﬂU!ml (Baehringer Mannheim corp, w Germany):'
ool ‘mude up tu 2ml with 1200M -~ Teis-HOY buffer,

pH 7.8, ' '

'Carnitina Standard, I~carnitine ohloride (Sigme Chemi-

cal Co, Bt Louis, HB&) - Bmg carnitine dissolved

_:in 200ml of 120@M,Tgis~ﬂﬁl buffer, pH 7.8,
(10nmo1/50p1), - Stoved in 20ml aliquats at -200C.

;Wnrking standﬁrﬁs:-?nr'uaa one aliguot of ihe
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~ stock carnitine standerd wae thawed and diluted to

8.8, 5, 7.5 and 10mmo1/50al.

$adium ietrathianate (Rieﬂeiéne Haen AG): 13,4mg/2imi
nf reaction mixture {aae paga 451 | |

o anex 1~h8 anion exuhanga resin (BDH, ?oaie, England);*

~ Preparations

___efhanni aaetana

{Gé&erhlad an& Lindate&t 1972);55
"wa& Luspendﬂﬂ in 229m1 o
1iq The reain waa fi!fereﬂ &ryf}j_'

4 &fauahnar fnnnei,:“esuspendaﬁ in water and:,jl7j~

?a,Jstirrad with a g!aaa stirnax. Ii was washad onamf{ ;;g_r'”

fin 1, 5M Naﬂﬂ and filterad, Th« resln waﬂ wash&d
| _'ﬁﬂftwiua mura hy auspﬁnsiun ia ﬂ BM Naﬁﬂ fallaxeﬁ hy..
.Hi ?ff£zltrntiun. It was then auapended in M Hci. Fn1~

o .-"-IGWME' fiitrgti.p&_ wbd an additional waah with 0.5M

“fHCi;*tha.ga#in.ﬁaa wusheﬁ“with_&isiilied water un«
i til_the_filtﬁﬁté.wa§~neﬁtral-(pﬂ approzimately 7).

f?inallrffhé'rasianRs alr dried to a constant
- weight. titfwaa'ihen kept in 8 dry closed plastie

';contéiner.until needed, Just prior to use & por-

;wz%h 1M soﬁ:um anatata anﬂ *i!iarad, raauspenﬁaﬂ ,. o
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tion of the propared Dowex was added to 7.4ml Ho0

to make uwp & volume of i0ml,
. _2.2.1,2 Apsay

T le§$ﬁ?f£afﬁ£f6ﬁ_earnifine.f!'

'°“? “i¥ﬁarnitina aaaays w&re carrzeﬁ out’ in 1oml gluss conical

jahnirifuga tuhaa* Tha tubaa wawe waﬂhed in Cnntxaﬁ

:&ftam eaah assay.;.,~f

" f  ﬁTha'basin reaatian mixtura cantainad,.in 8 voluma of
. "__f-._-.{_.-aamx: a1, Gl of m:nna Traawﬁm &uffam 13, 4mg. --aadium-:
'T{tatrathiunate,_f 2, 4m1 of prepaved aaatyi Cos  and

iﬁ ;1%ﬁ1 EléclanetylﬂﬂnA. ?ram this mixture lml was pip»_,
":f;_geted 1ntn aach tube and EQpl of either serum or stand-
' 'arﬁ wag. adﬂ&d. Tma £inal volume was 1.05m) and this
 eantained i28umel of Tris~Hc1 bufier, pH 7.8 zpmoi of
Lanﬁium.tetrathinnate; 25nmael acelyl CoAj 0,038pC1 1~
Ilgc]acétyi~GqA, and 50ul of either serum or sisndards.
Reactions wepre initiated by addition of BQul (1U) of
carnitine scetyltvansferase suspension snd the mixtures
aliowsd fo stand for 30 min at room temperature. The

| veaction was tarminated by the addition of 0.3ml of a

eontinuously stirred - slurry of the prepared Dowex
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regin, Tha mixture was vortered for 1-2 min and placad
on iece. This stepy was repe: .4 twice at 10 min inter-
vals aﬁd'tﬁe tfubes were ths: centrifuged at 2 000rpm
fdr 10'ﬁin.. .inally, 0.5m) of the supernaiant fluid
_'-_ -waa piaced in a seintillation vial with 10mi Aquagel
z::fffand auntaﬁ in a EKB quuid scintillation counter, a'

7‘=:ff°h1ank fram whick enxyme haﬁ been omitied allowed car-

'ﬂyatem the quantity of A [I4G]aeaty1uarnitina} B

standards :wera faund to be Iinear in tha cnn*

- :atian ranﬁ@ usad 'ﬁ; an axampie s EiVﬁﬂ in FIGURE

f §s§a§g§éf_tb£51 If#ée;ﬁlus_ééterified).ﬁafnitine

Alkaline hydrolysis of the acylearnitine present in the
gorum sample wag carried out by adding 6.I1ml of 1M Tris
base and G0mpl of 0.4 KOH ito 50ul of serum, the mix~
ture (pH approx. 13) was incubated for i hour at 370c.
After incubation, o;ﬁml of 0.575M HCl was added to
return the pH to 7.3, followed by the addition of Iml

nf the reaction mixture described above, the procedure

e utiﬂn fnr nonspacifia anparnatant radinactivity.- In- '-

":'-3___:'-tha amuunt af aamitma preaant.



 was repeated as described for free carmitine. The

o values | far total carnitine obtained fram the ‘standard
: : eurve wera carrected for valuma diffarences. cnneentran'
"{ } !tians nf aay!unrnitine were obtained by subtracting the

'“valua_far frae frnm that far ‘total aarnitina.J_’*'

“SERUM TOTAL PROTEINS

e __._muret Raagam: c?&éiﬁuaé-ibaﬁm--'fami-a; CSHL mm -
. t:cs, Jnhannasburg. Tha reageﬁ% is auppliad raady
for uae.5 | |
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2.2.3 SERUM ALBUMIN
_ 'Principlef*f"

| ?j'ﬂnrtain aninnie ﬁyea hava pr@fain~b1nﬁi*v prﬁperties;

”i?hﬁ bind‘ng ai the dye by the prntein cauaes the

1fiiWﬁ?31ﬁﬂgth at which'maximum absarption nncura to dszer 

:T ;y3;A1buxaet {GSML Bﬁagnastica, ‘Johsnnesburg) This con-
tainad hrnmcresol green, laetate buffer pH 4 and
aurfactant._ One volume of glbuxact was diluted

- with 4 volumes of diﬂtillad_water for use.

. fQuality control serum [QO] (Burronghs Wellecue UK).
. When rea&nstituted with Sml distilled HEO this
‘pontained 85-38g/1 albumin, e o

ffrum”that of the frea dye‘3 The intensity of ahsorptian QL 
1ghh uf the boun& ﬁ?e is reiated in thﬁ amount nf'tf'

-iatéuaiiydcf abs@rpfiﬁn af the aIbumin»dya aompiax isiL.ff

ra?q'tihnal' u the nancanfratian af aIbmmin prﬁsﬂnt° :.525;
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| The following wers pipetted into clean 10ml test tubes:

BT (éj-.f_ - Blemk@y

Cgatml

| 2.2.4  SERDM PROTEIN ELECTROPHORESIS

© prineiple

 ;:T%a serum prnteina nerea aaparated on &n agarnaa gel at
. pH nf 8.8 using the Beckmarn Paragon electrophoresis
'gyatem. .Eleetruphoresia is the migration of charged

particlies in anjelectrolyte golution which oceurs when



an electric .current is passed through the solution,

" _'.’Va'ri-dus--ipi*ot-einf -damrmnﬂﬂfﬂ of a mizture, such as serum,
et xJH valuea sbove or below their isoelectric points

T 'I;Zwi,‘il mgrate at varying x-atas :n such a salmx _bv’ar-__

cauae the;r pnas&ss &ifferent surfaee chargas, At a ?H
e .'.';"ci’_ 3 fi ihe altmmm malmuleﬂ, Whieh are smallar ami-

mos exhibit ‘the sost rapid rate of
tha:f“

'-i.ghly ahm‘g‘eﬁ "

fﬁl IaWﬂé hy

ﬂxwing" he migmtixm pruassa; -

2.2.4.1 Reagents

_Se_rﬁm.._ pr_oatéin etectrﬁphomsis': Paragon system from
. Beckman, Pale lte, USA. | |

. - .
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an electric current is passed through the solution.

' -V:a;'i_'bus' protein -_cc_'amponen’ts of a mizture, such as serum,
R '-ait-'. ﬁﬁ”wiﬁé& ahbw or below their isoelectric points
___"_wili migmfa af varymg' rates in sweh a solutifm be=

j.-_'faanaa they guasasa different aurfaee chargea. M a pH

; mm’ highi;’f_ charged 0

________'_.-_'dnring tlm migratinn pmeeaa.___- |

. _4 1 Rea_gams _

‘Bermm  protein elect rophoresic: ‘Paragon Eystem from

Beckman, Palo Alto, USA.

of 8.6 the. albunin: molecules, ‘which are mzzer ané__"_';
axhibii the most rapid rate of? -
'1:.1-0?@&& b}y ﬂm B
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Preparation of reagenis and samples was carried out as

given in Appendiz D.

”Bm raphnratic prme&ura' '.Ehe Pamgan system ia mm«-__'_.-._ o

Fﬂﬁ@d?ﬁf ﬂlﬂﬁtl‘*ﬁphﬂresis szel!&, a8 Pﬁwar aupﬁi?: aammw_l'._”;.-_'-"-"'

- aa 'aamfuuy p!awﬂ m 'the "E”

Bamples {3 tn 5}:1) were apglied__‘"'

| yosi tinn mz th gs:‘-l_'_ |
l | .”"'.aaross aanh %amﬁiata alat. Fiva minutes aftar applica-' '
; . e __thm of ﬂm Iaat sampla the tempiate Was B'Bnt:[y'.
.! RERNE S .'._':.'blatted. R L | o
i

._E'i.é_éé'r.pghor':e_fia_ .rmi-z _ﬁl‘hé-_gal"ma tht_ah placéd'_into the
| - Gfe'_i.B-ri'_:‘!g}é: Aésambiy; 'hi_i-gxiin:g* _’prisitivje (+) and negative
1 T ‘aldes of the gel 'wi:ﬂi_ﬂié 6§'rmspphding positions
! . marked on the -ée;_ Bridge Assembly. The assembly was

-
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placed in the Paragon elecirophoresis cell, containing
‘the pH 8.8 buffer, and sovered., The cell wee inserted
: '..-ini’j&";_thé_:powazé- ﬁﬂpphly'. the weltage set to 100 volts,

" and vun for 25 minutes,

,ngxing and ataining. Tha gel was removad, pzace& inta aﬁ;'

_ : 333 fmama an& suapsuded in aﬂiﬂ«aicohai snlution 1 fﬁrf” f' o

""';xn;nutés to ftx the pr@tsin,n gitar drying the; f )

loazed sing the fﬁllowing sequanae._;i-%rg;g;*

|
{_ e Ehe atained fiim waa dried and snannad uaing 2 . Galman
¢1 | dg.sitﬂmetﬁr at ﬁnunm,;f_.f__ﬂ_ﬂﬁ R _ _ _

;ﬁggaratad prntwins wara ataineﬁ and the ﬁaekgruund;E; ,_.
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- 2.2.5 - SERUM LIPOPROTEIN ELECTROPHORESIS
. 2.2.5.1 Resgents

*“f ffLipa$rotein a!aetraphnresia Parigon  system fr@m'
ey Bec&mﬂn, ‘Palo Alto, usa.,ﬁn_._ .

and samplss wae capried out mm

Preparation of reagam

_f'_..j.::"-zving‘_.a'”alactrophoratia separationz cf 1ipapruwinan';'-""-"_:-"-'-. |
' fthe frantimn with the greatast anaﬁic mebilat? iﬂlf” :f%F.
' ﬁfﬁeazsnated as alpha 1ipﬁpratein. ‘the naxt two as’ PYG“*.h.
'.ﬁ1fheta and heta Iipaprnﬁeins, reape&tively, ang tha fraaw
“n.iion rema1ning at th& origin as chylomlcrons. Tha al~
”‘; pha, prembata, anﬁ ‘beta fractlons are also referred to
s high density (HDL), very low demslty (VIDL), and low

"K{:f;ﬁé#aiﬁ?if?ﬁﬁlflipéﬁ#utaiﬁa respeciively.
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The-prucadurejwas gssentially as desecribed above for

serum protein electrophoresis.

;'i €;$ﬁﬁ#MQ?ﬁbﬁ?ﬁﬂﬁiﬁ!ﬁsﬁl:3'

thin

nﬂ mada;up ta 5ﬁnm1 with waﬁer.ui=a.'”

 fAmmnniwm malybdata._ ﬂég”émmnﬂimh molybdate

| '  tetrahyﬂrate was dissnlved in lﬁﬂml water. The

"~ sofution was . freshly prepared evary two weeks and
 kept at 4%,

!
|::[_. o Ascorbic acid t-12mg in 2ml water, Prepared fresghly for
|

Iayé”f;;;;fﬁﬁﬂ'.
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r : stﬂak Ef anﬁ&?ﬂi Fhuﬁ?hatﬁ Baiut 1011‘ smg Pfil](lml di B-_’ K
o . ,1j;tilled watsr’ 22mg nf pntasgium_ éxhydragan ;,;;i”"

'_phoayhate £KH3W4, W*laﬁ 59) was d:ssalved izx-'_-_'_'_f_ S

Jahmme gbm. g § ;:_:_. : . i

(Saamhgm,,

E_



bB
2.,2.6.2 Methods
. Extrsction of serum phospholipids

"ffiﬁgfggdggﬁgrg wﬁs"baaé& on that of Folch st al. 1987,

”ffmwthanox (1mi§ was addad o 0. n1 serum, theggdlutiﬁﬁ'.

“”OrtBXEﬁ and Iaft ta stand far Smin, ﬁ furthar Imif"'

_'anﬂimminhlarxﬂe add&d.- The mixtu?e waa vareexed andi °

'fgantrifugaa at 7 aaarpm far 5 min. Tha aﬁditinn afi'
*{KJSGﬁium ﬁhloride solutiun alters the equil:br;um of the
fmixture giving riae to twa phases. The lower
'.(ehlornfnrm} phase eontaining the phospholipzds was
 trans£erraﬂ to a ‘eoniecal centrifuge tube and evaporated
'f {d.&rynass undar;nétragen atlﬁﬂ"C;-tha'residue wﬁs dié—
solved in lml- th"aroform and then divided into two
| aliguots, one for the analysis of total phospholipid,
'éhd the other for aﬁaiysis-of'Iecithiﬂ'fatty acids.

'waﬁ aﬂﬁad, tﬁe nﬁxtﬂze vartexeﬁ and Ieft to f;  ]

I*ﬁmin. Chiarafnmu i?ml) was adda& the-tube.””"u
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ith ulphuria __:_: _,.d'ami gamxide. frhe mguu...;

= Thi{fﬁi.ﬂw.ﬁs-- a moditied '_Ba:%#_:lé_t.t; (1958) procedure.

'-_ﬁme aliquut nf the chlurafurm soiutim {0.5m)  was
-_.___'.:.__takﬁn tn dmess under nitrogen 2t 40% in en acid
.' -wa_ahaﬂ._; znmx : pyr-ex _t__es.'; :-tup_e .- - Pour _.phosphoms'_ #tandards
© (50, 160, 150 and 200u1) containing 2.5, 5, 7.5, end

lﬂpg_ of phosphorus, respectively and a control (0.1ml
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.aiﬁ@féfiifWaré”fnclﬁEEG-with each batch of samples., The
| ,:f f7;£§ﬁﬁﬂ§8fcuer was fnuﬁd to ﬁa linear for this range of
-;,  €;aonQentratimn (vicums 5).  To {he_ﬂriad oxtract. the
"""'_standards md the mmral a 3m1 of sm Hgs% a,nd 0,iml

inta 

ranaferred

| shed “.Tla,_bea .ﬂantaining‘ ﬂ Bml mf ﬂ 4% mumaniunr;a__

:'ff,mniybdate tetrahydrata and 0. ﬁmnl of 0, 5% L~aﬂeorbie 
'ffaeid solutxan. 0.6ml of the supernatant trom each tube_
f;was adﬂed and eaﬁh aulutxon vortexed for 10 sec. The
F7tuhea were covered with' glags bubbles or marbles and 

- heated for 15 win at 1009, After cooling for 10 min,
' the marbles were removed anﬁ;fhe tubes centrifuged'at'n

1 uomrpm for 2- 3 minutas.. The ﬁupernatants ware-re&d

.jat ?ﬂﬂnm against a hlank nnntaining ¢, 5ml  ammoniun

molykdate, 0.05ml ascorbic acid and 0,5ml HQO. Total

phosphorus was multiplied by 23.8 (MW lecithin/MW
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- FIGURE 5
o . -STANDARD ‘CURVE FOR PHOSPHORUS ESTIMATION

58 10 12
EONE (g / 1) e

£ =3
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P 2sphorus) to obtain the total phospholipid concenira-

‘tion expréssed as phosphatidylcholine.

igﬁéiysi§;b£f§e£ﬁ¢*3éﬁitﬁin.fattj}kaids SRR

in Isyer chromatographln separation of sevum =

1n.urder*"'

 H;phaapho1ipida aeparata in ordﬂr af denraasing pnlarlty
' finta yhoaphatx&yl ethﬂnolamine. Hosphatidyluﬁarlne,
laaifhin,.aphingnmy&linfanﬁ.Iysaleciéhin,*reapectivaly;

Methnd _ o
_ jﬂne af thw aliquots obtained from the above extraction

nf eerum phnspholipxds was’ dried under. nitrogan at
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40'0"‘.-.*I'h9'dried phospholipid extract was reconstituted
'-_'with '1-!1:0}11' chloroform and apotted on a silica gel G
_'plastwwbacked plata {tl 25mm layer}). The p‘la_t-es- wore
'uhmmatagraphe& for ane bonr, air dried for a few

'375-'.-"?-‘_!minutas and finally drzad 2t 1000 for i5min. The bands'z |

’_Wém.""mmaﬁzad with wdme vapour, 'i:he 16&11;11111 fraw-

-_-_:'then iraated:; A

in mathano“_ The tube was heated far 15 min at au“a
| with frequant mixfmg After. eooiing. 4ml of water was

- pdded. The methyl estara ‘were extracted with 3m1_‘

| hexana.._'rhe hexana extraation was repeated twice, . An-
_h‘fdroua &nmmn suiphate WAB adﬂed (apprnximateiy haif a
ﬁpoon spatula) ta ramove regidual water and the tube

centrifuged -at_z._ ﬂ-OUrpm for 5 min. The supernatant was

':on -autiimd_ wiﬁ: a pencii md the plate heated at
' %he ioﬁme haﬂ wapOrated.-_ Lec:thin ami

. -*were ehrmataa‘raphed at tha"- P

arafuii? Scz-apaﬁ af.f’ the min
._._ie plate intu a smta‘bie tuhe amd .
dullowss méthaxml (imi} was aﬁdad tus";:]f 2 :
the silwa g‘ai :t‘ul-—inmd by 2mk of o, o sadmm methﬁ'lafﬁ S
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transferred ito a clean tube. The hexane solution was

;evapnrated-to dryness undgr nitrogen at BGnC. The
. rapidue was dissolved in 10ul hexane . and 0. qpl was in-

f'?jeetad inta a gas chromatograph.--

ma? of aaurae ?e“aensitivm to w numbar of fantars suah"f

-wgfias__he nparatiﬁg parameters af the flame ar tha design>

%fmjg; ¢££the jat and tha relativa weight o’ mo lay ?eﬂvﬂnﬁﬁﬁ'

 between individual ﬁetantors o halugenated o similar

pulyatamic maieeulas of Inw mnleeular mxss (&ckman

-_1964).-In-gas.iiquid_ehromatography (GLC), a non
.-_Wblatilé liquid; thﬁ stationary phage, is coated on an
:  inart -solid suppnft (eolumn) and 2 gas pasaes through

as the mabile phase.-



B T T

Methot -~

Nitrogen was useu as the mobiile phese, and two polar

stationary phaaea wera used. For the diet study, the
f_mathyz astara were geparaied on a Im open columm, dam
I isternal. di--amem-, _ packed with BYDEGE-PS on 100/200

"'I"':i":r:-"Supez&apurt (Pactkard :nstrumems, 94) at a-'ﬁifrﬂgﬂn-

'-“j“_'"__i;_'flow ratg af zsmumin. : The rest of the study was

""“’_"-';"s?zaan S supeinn, US&) &t a total uitrugen f1ow Tate

. gas __:hfamatugmph was usad. - The methyl eaters wara_’f"-'
A ” __'_"f__f'_;f'-.’:aeparated ianmarmaliy at an aven tamparature of 169% e
for both p ases. The injeaticm port- was at uanc and
R, 7'f ;thQ?ﬂete°t9”,“tfznnggf” Bﬂth_ﬁﬂlﬂmnﬁ,a?ﬁ;high1y~pnlar
_mi .__'fh&..‘liiéfhiyi’ esters. aepar’étg out :'-i_ﬁ bfﬁa_r of dn-
| : ei-_é:_,aaixig. .éha.-iﬁ '-3-an'gths. The results were recorded and l
in_t_égratad ‘on axi .-8P4.10£l'.int-egratnr. Under the condi-~
. tions described 12 fatty acids were regularly ensoun-
.tere_d &nd  adeguately separated in all the groups
studied, except in children with kwashiorkor (14
'fatty-acidg_wera separated), Other minor or occasional

. components were inelunded in the total ihta-gratinn,- but

were not included in the calculated report because of

'._'_'f.___'iﬁarriad out Qi?. a Sum mega bmm mlumn paekeﬁ with _  o

f Sﬁmumin (Emlimin ‘-’f nitwg@ﬁ thi'ﬂugh the m:lunm and: R '.

B 5-2&:!:1 Imin nf nitmg‘an as 3 make up g'aa)., ,& ?ackara 43?;__:_"- -
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their infrequent occurrence or their very low con-

eentrations.

.._,r-ﬂén'i'i £ e‘&t'ia‘ﬁ- of fatty acids

5 . The. falluwéng methyl ester :Eatty aecid standard miztures
"'-"-wera 'ased* PU?&-:& (animal sourua), RM?,, GLC 50, NH&F: |

j"x-apaaaad ai! (supelm 354 Gland, Switzerland), - GSA’

_:ﬂaﬂ’ 3&'}*&!11 Chefzk, Eiysmn, Minneauta, BS&}. _

_-"_ﬁf___.;dm.ble bonds, A straight 1ine s obtained when togyg
retem&on timé :Is plutted againat the numhar uf ;.arhon
.atoma in the chain, ‘Plotting is slwnlified by the nse _ |
af _a-smi..i-u_garithmi_c 'p#-pwf. A 'fam_i ly uf parallal
straight lines 1s obtained, one for each homologous
__éé:ei_eh..: Thus the points on the 1ine nearest the z-
Iaxis represent saturated fatty seid esters with dif-
ferent e.arban numbers. the points on the next line up
repreaent the homologous series containing one double
bond, and so on. The retention volumes of the unknown

‘are then determined, and the logarithms of these values

P mw %u identaiy the fatty aﬁidﬁ narraetiy, :H is_
ira‘t nmaeaaary tn meaaure retentim vglumGs of"_;'_’_
"‘hamalogaus ﬁarias 0i’ kmwn compoumim In this aaae the' '

'f'a__andarda uaed mutamed zero, ozm, twa, threa, ete. o
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'J'.are plntteﬂ on the grid. The line on which the point

.:f 'fa11H reveaia the cegree of saturation. Tha'position

:7af the poini on the line shaws haw many carhon atoms

or Vanalysad nnd the grapha drawn.z

'* i.f;Th§;Mgnn§Waitn9y §§§{_Was.ﬁaéd fﬁf'anaiyﬁia.pf,ihé:.'
':'  ,§§su1fs"b6fwéen thé'white, urban and ruraIIblaak'subw

.._.jeata. in ahiidren with kwashzorkor and in age and seR-

:;,;matghed children with no nutritional ﬂiaoﬁder

:--gapntrbla).

'*The data fur tha aduli subjects on a low pratein diet
”:waa analysed uaing the Wilcoxon test. The values com-
| pared were basal level, 1st, 2nd snd 3rd weoks on the

low protein diet, and two monthe afier resuming normal

}ara in ihﬂ moleauia (Eurehfield and Starrs 1963).,; f f_
-ta"analysis of tha ﬁamplea, all tha atandarﬁs'{ B

&a there ean be  u:3l;-
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| | - diet. The significance value nsed for all analyses was

pLu. L.
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CHAPTER 3

?g;glit?ﬁiéigj%gj}?§¥$ féaii§?ﬂ::}if.;ffg g

B normal whmta"adalt waa dividad inta 0 mnlif

;_and than frnzén Portian aix Was kﬂpt at ruam tam-?
_ﬂ;]pgrature for 4 days and than frﬁzen. Eight;days_aftar
the iaat samples wera frnaen. puxtzonéfﬁ;l's,fﬂahd ]
J4wera analysad for free. earnitine. ?or{iou $ was ‘
.tasted after 2 manths ac -209C and portion 4 was tested.
'fafter B montha at van“c. The results are shown in
'*.TABLE IiI. There was no change in the sarum free car-
. :nitine 1svel in aliquots 2, 5 and 4§ compared with
r a1iqunt 1 (fresh sarum). : Aliquut 3 'whi¢h had heen
' -frozer for twu montha, shbwed 8 alight decrease in the
v5cngqantration of free oarnitina-(approx. 10%). Starage'

for § months at mZOQG'prodvced & marked decreave in the

serum free carnitine level (portion 4), These results

poriiong and p1aceﬂ in piaatie tubes.; Gna portian wasﬁ ;5f' N
1 '  ediata1y. ) Thraa aliquots were fuuzan atff':fjf"

ifth par%ian waa kﬂpt at 4ﬁc fur 4 agysf} j”
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shawad"that'- serum could be safely frozen for 2 month

_'wiihout maz‘ked alterations in the concentration of free

- ___'__'_carnitine.' _The ma;ority of the serum samples were kepi

'7;f‘£or iass than nne mnnth* the kwashiorkor samples wepe

fSerum _a?nitine appeara tn b& stahla at room tempara«fjg}frfaf~

everal daya prinr ta fraasmg-.«__.__ R

T 4' ?&m mnths a.!;-go(: . . | .. -. as.q .

1 ddays ek «20 © S - 49.7

L 8. Roon témperatvre for

'4 days and frosen fox . - .
an additi.nnal 4 daya 49.1

- R&auli‘:a arre e::preasa& aa _pranifl __ '
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'Garﬂitine reaulta fur the ﬂifi’arent ad‘alt papulatmn”

Nﬁt in eithar gl"aup.:_.-ja

pung ntratim& in the - wali fed_"",.'-, e

'wew nomparah-{e?ﬂf with thuaa nf tha nurmal"

adum pupulatian gz-oup‘ Lo

L When sarum aarnitine cmuentratiuns ‘were measured in-
'.;_:six of . the kwashim'knr panents after 4-5 days on a

y '.".._'\.'.'.'narmal dieu. the va!ues far f:t‘ee and. &03'1 earnitine

.-_"'.'_.'Wmee mmlar ta thusa in untreatad aubjécts.; In tiwee

L of these chi!dxven atu&ied aftar 2 weeks af treatmnt, a""'

T e T e e e et A i e
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FIGURE 6a
" YACUES FOR SERUM FREE CARNITINE N ADULTS OF DIFFERENT POPULATION

| GROUPS, I WELL-NOURISHED CHILDREN AND CHILDREN HITH KWASHIGRKOR

EE?‘3135§1§@91§

B

R __pfa::.;;;:;jfngﬁﬁétﬂ :;,NugHAL' 3 nogman-; gaké;sfn BLACK
| oo U BDULT . URBAN. O RURAL  CBLACK - KWASHIORKOR
{ 0. WHITES  BLACKS = BLACKS  CHILDREN CHILDREN
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. ;vALuss FOR SERUM AEYLCARﬂITINE I8ADULTS OF DIFFERENT POPULATION
BROUPS, TH WELL-WOURISHED CHILOREN AND CHILOREN WITH KWASHIORKOR
A= FENALESy @ = m:.asy | |

ﬂbﬁ'ﬁAL ©NORMAL  NORMAL  WELL-FED  BLACK
ADULT - “URBAN ~ - RURAL ~ BLACK . KWASHIORKOR
CWHITES . BLACKS  BLACKS - (CHILDREN  CHILDREN
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" TARLE IV

TE smun ﬂmlme mucmmnmas 10 A0ULTS OF — mw.mm: aawps 1 cﬂawam
K am msmmm ;\un it um-mumsm cmmﬁsn ' ;

FOGE CARUITIR | TOTAL CARNAYINE . ACUCAONTRE - .

ueu fe;i chudmn :mtrnm_.;__l}':____'5f,_7gsa'__j-__.___ U oeans L wagta

B

ema A ——— A ittt
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marked- increaﬁe in free carnitine was observsd, but for

_ acylcarmtme there was 1itile change. The results are
__depzeﬁad in FIGURE& 7a and 7b and the mean values
:__'_gwen in ‘I‘ABLE 3’. .

’maintained _on a Iow-yratein diat far threa weeks are
lated 1 ' A

ase (pm ﬁi} :ln serum :E:reﬁ aarnitine

" 'The results obtained for serum proteins end albumin in

ﬁi-é_';fti-ffefén‘ti aduii population groups, well—nourished

ﬁhilﬂien'and in those with Xkwashiorkor ave depicted
in FIGURES 92, 9b and the mean values (+SD) are listed
in TABLE VI.

' Both the 'aarum_ fb-tai-__pr.qtein and albumin concentrations

| w'e're.with_in'.the locally determined (_SAIMR)' reference

nrﬂitine resnlts An eight whifze adult aubjenta[

n ﬁiat ramzltad in a signiﬁcaati}f,f o
after ‘the
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- FIGURE 7a

© " CONCEWTRATIONS OF FREE CARNITINE IN KWASHIORKOR CHILDREN WHO HAD
. BEEN PLACED ON AN ADEQUATE DIET FOR TIME PERICDS INDICATED

ke

e . T I
7o ADMISSION DAYS W :
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 ADAISSION

DAYS
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TABLE ¥

Lo et AL FOR SERUS CARUXTIRE 1 THE POLLC UP OF KMASHIORKOR PATIENTS Al
DT T e T S o .

gt oamn. o TOIMLCADNTIGE. . SCHOAMNITGG

39.&5-5 . ; 8'73_’1.3 )

B~

eass sy

CouvROLS B3 68,841, %1114
ot | | I |

eaults are dxpressed a5 pool/t

e
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szauna 8 | -
naaw VALUES FOR ssaum CARNITINE IN EIGHT SUBJECTS
M&INT&INEB Qﬂ & LGH»PROTEIN ﬁIET FGR THREE WEEKS._-“ o

! oo IITIALY _,-1"’ B L L Aot monTHs
1 T S .. NORMAL DIET
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FIGURE Qa

':*&TSERBﬂ TOTAL pnnrszms 1IN ADULTS OF DIFFERENT POPULATION BROUPS,
S U IN WELL-NOURISHED CHILDREN AND: CRILOREN WITH KWASHIORKOR
S ( A FFMMES, o= MRLES) : | |

o NORMAL. NORMAL  NORMAL  WELL-FED. BLACK
O ADULT -0 URBAN - RURAL - BLACK - KWASHIORKOR
WHITES . BLACKS  BLACKS _cmwnm ~CHILDREN

e R, e LT i
-
L
3
3
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FIGURE Qb

.:. SERUM ALBUMIN IN ADULTS OF BIFFERENT POPULATIUN GROUPS, IN
" WELL-NOURISHED CHILDREN ARD CHILDREN MiTH KWRSH;GRKQR e

1”.f(45- FENALES; @ = - WALES)

o0 KORWAL - . NORMAL - NORMAL - WELL-FED = BLACK
. ADULT URBAN RURAL- - BLACK = . KWASHIORKOR
© WHITES® ~ BLACKS - BLACKS . CHILDREN . CHILDREN
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- rangas for smbulant white and black adults (Whites: to~
' tal prutems 55~ 85g11, albumin 35-50g/1; Blacks: total

"':--"“tiit’ferances between ihe thrae graupa were noted end

-ihara mre nu ae:e *reiated d:fferenaem !i.‘ha in&ividvﬁl._:

tha- mﬁzita pupuiai'iun graup ean be _-

o -rff-urhan Bleck tnﬁé&if SRS FY U ST XA
L nurelbloks (mel0y . SAEE4 AEpde

testrola | gmelS) . BM.6EAT M2pRF
 Kueohiarkei 'tnuaa_s* 0 Bes® W3a3a

 Rosults are onprosoed 58 g/t

‘l‘atal pratein ami al !min were nignificantly decraased

in the kwashiorkar group as compared with eontrols

; --'“.:f_-..prateins 50-83g/1; albumin 30-85g/1), ‘Mo Hiﬁmf*"a‘“}

eﬁlt'im':tinns fnr serum tntai iimtmns ami aibumin far-.'_._--'.-- o

fscmnﬁ :tn Appﬂndix_ L S
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' (pw 0005). The individual values for the serum

s '_-"-__prnteins are shown in &ppendieas N and O. The values
8 '--”far %he cnntrols wara namgarabla with thoae of the

'In th' kw Slhiﬂfkﬁr nhimrﬂn wlm haﬂ baen treatad thereﬂ_;-'.:._'_-_’.__

_:iaant inerease {pw ME} '-m bnth tntaz"_'-":

FUTAL PROTEIN

. Y * -t S,

costROLS . B YR sy
tr=15) '

y '  ttosulss are expreseed as g/l ':
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. f_f:.-f_'.F:éliﬂt,fiu-a. R

'tumcENTRATIQNs oF TGTAL PRQTEIN 1N KUASHIORKOR CRILDREN WHO HAD
LACED ON AN ADEQUATE DIET FOR TINE PERIODS INDICATED

_fa”mzsszom
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| "”7Tfi;FIauaE'1nb-- S

;ﬁﬂﬂCENTRATIGHSIUF hLBHMIﬁ i RWASHIDRKOR ﬁHILDREN NHQ Hﬂﬁ EEEN |
PLACE ZQNIRN AﬁEQUﬂTE ﬁIET FBR TIME PERIBDS INDICATEQ B i

¥,
P
!

TR Sl

T e
.. ADMISSION  DAYS .

TR T R A ey P
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"""f;&'fter' two weeks on treatment, although values were

: "-"--:_-_:_'__';--'-max-kadIy higher than the imtial values, ‘they stii_l; E

_;’_:'remained lawer than in i:he annt:*al chizdran. o

The valaes ab%f: inad fw' Iaerum_ prntsim {maan +sm in

Tmms
| ARTER fEmsaEmg
| HEER HORMAL DIET

o

aghd :_',_:{?;_-;31‘.& BT . @:a.:s &u.s;;_a. B
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FIGURE 11 -

* MEAW VALUES FOR SERUM TOTAL PROTEIN ARD ALBUMIN IN EIGHT SUBJECTS |
. MAINTAINED ON-A LOW-PROTEIN DIET FOR THREE WEEKS

._ /1'07“ PROTELY

~ ALBUMIN

HEEK. - WEEK . MEEK . AFTER RESUMING

T T HONTHS
. NORMAL DIET




3.3 ' _ RLECTROPEORETIC SEPARATION OF PROTEINS

| 'Individual valuas for the sevum albumin, alphap
 alphay, beta and ganma glubuiim are listed in Appen-
S ’:__Idices Q {whitis pupulation}. R (urban black population}.
o s (mxral black papulation). T (ecntrol children) and U
"'_j{ahiwren with kwashmrkur) " The mean . (#8D) gom~

__'gsentmtiens fmz tha protein i’raationa in the gmups )

atudied ara summariseﬁ m TﬁB:..E B

. the alphaz and gamma glnbui in fracticms

-":-__:_"'rala’tiva "te euntz'ala. T
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TABLE IX

COUCENTRATIONS OF SERUN PROTEIN FRACTIGNS I¥ ADULTS OF DIFFERENT POPULATION GROUPS,
1N CHILOREY $ITH IMASHIORKOR ANMD (8 CONTROL CHILDREN

© pROTEINS

Alsuiny T pLobuLIus

L. R U

WM eln) AL3ge3 15505 SE:LS B1:13 95s20
- urken Blagks '-{nﬁaé'_)“: 12,2636 13205 62rT4 T.AE13 LT

Cmrst Steck (1) WZ239 LBpfd 63508 TEELe Bé21s
5). 418 & z.a[ 907 65509 85210 TOsad

- 19.2 Fy 3.9_ S3EsN2 73s16 39:L1 10226

_'-.';'.'j"rb.e *mluaeg maaaumd in___ x:hildran with kwaehiarkor, who

had ”oeen plaead cm 'an' adequate diet ave listad in TABLE

(B@taila Apgendix n). &fter one week on an adequate

B '7"_"-'.diets aihﬂmiﬂ and. thﬁ alphag and beta globulina showed

a an;-inﬁr_.e-aga _as- seen in TABLE X. After two weekr,
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TABLE X

WEAM VALUES FOR SERUM PROTEIN FRACTIONS 1N THE KUASHIGRKOR FATIENTS HHO
NAD BEEN PLACED O AN ADEGUATE DIET FOR THE TIHE PERICDS IUDICAYED AS
. COMPARED WETH CONTROLS

.. GRotems

CmsRMN . dlomwINg-.

CURESS BEMLZ 7809 I 1L024

| AShG 2HE0 TES WS

03 AN B WLe

LS BERS B3l M2
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abumin appeared to increase further with alpha,
globulin decreasing end the remaining globulins vir-
tuwally at tre values seen for control children. Due fto

iha’very_small number af'samples,obtained no statigti-

 'qéifapa1yais'waQ ghle to be carried out, Appendix U,

iiiﬁxfratéa the electrophoretic - separation of gerum

 §rateins on agarnea gel for adultl of dixferenﬁ pupu1a~ :

::“ tiQn gruupe, kmaahiorkn; ohildren and their controls.

| '-findividual walves (g/l) fcf the protein fractions

;:i-fin tha eight suhjaéts on & low~protein diet for 3 weeks

© are uami in Appendix V. TABLZ XI shows the mean
"vaaluaa obiaaned auring the study. After the first waék

aignifiear dacreaﬁe was found in the alphay

:l;(9<“ 01} and alphaz globulins (p<0.01), these were
27 sti11 dﬁnreaaad af%er the aecond week= by the third
' ﬂ;fweak tha values wera aimilar tu the initial values for
ffu;lall frautimna,_ except for. the aihumin, which was now
"3f81§nificantly inwer 6940 Ul)* TW“ months after resun-
:-Tfflng normal ﬁ;et 311 reﬁulta were aimiiar to the initial

?ﬂfvaines._f“'



92

TABLE X1

FEAN VALUES FOR SERUM PROTEIN FRACTIONS IN EIZHT SUBJECTS HAINTAINED ON A LOW-PROTEIN DIET FOR
THREE WEEKS

PROTELINS
ALBARAEY GLOBULIN
oy ay 8 Y

DAL 0636 23405 7200 8515 9.8 322

18T MEEK W07 317 0.9480.3 50207 67 0.8 7. 2.6

20y vEEK S5.4 30,6 L1g4 5230 77308 10.0 1.5

MOUESE . A2 208 52209 85410 9.9 £2.1

THO HONTHS AFTER - .

RESRING AUSPAL
T 28428 1634 S905 BT 206 0.2

RGSGTTE aFe ehpratuad 68 671 '
84 . . LIPOPROTRIN ELRCTROPRORESIS .

The mé&p per¢au%gges_fg:'tha_sérnm lipoprotein frac-
__tigns inlthg-three_populatinn groups aze listed in
TAB:_.E' R11. The whites showed & significantly higher
'{p<n;§1) vﬁlu&:for chwloﬁibrons 4s compared with the
p;gck;pépyigtidh'groﬁyé'(urba@ and_rura1).' There was a
" eignificant difference (p<0.01) in DL between urban

'and rural blacks, ihe latter having a lower percentage
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of this lipoprotein. The individual values for
lipoproteins in the white, urben and rural black

groups are listed in Appendices W, X and Y. In the ur-

B hén'black population there app'earad to be sex-related

"ti_!:ff_erenc-e's; chylomicrons were not defected in the
maie_é.-_ whereans a mean of 0.4% was found for the

females.  Appendix ¥, illustrates the elecrophoretic

'ééﬁﬁrati_oﬁ of the lipoproteins 1n the different adult

S population groups.

TABLE X)E

© PERCENTAGES FOR SERR1-LIPGPROTEINS 1 ADULTS OF DIFFERENT PORULATION GROUDS

U momMW. - CHVGMICReRS AL . viBL . oL

UHITES

@ 08 ST3shA | WO 232

L ‘ﬂﬁm, ) .' - ) B gea?f '_ _53-9 331? i 19.ﬂz4-1 22.9 zz-?

Hochits oc aupressed 88 %

_’rhé.'_indii?idué-l_ valuas for serum lipoproteins in the

'.f'wéll';nauriah_ed ehilﬁzen‘ a¥e listed in Appendix 2.

These are similar to the velues found for the

lipoprotein fractions in ithe normal adult population.

X As the majority of the serum samples collacted from
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children with kwashiorkor had been stored at -20%¢ no

lipoprotein electrophoresis was possible.

.Densitometric scanning of the lipoprotein fractions in
the eight éubjects on 2 low protein diet showed the
| - pernentagsa 1igted in TABLE XI1I; individual values afe
‘ S _._f"_:-'-h‘givan in. Appemiix AA.  After the first week, the VIDL
: - - frarztion inereased (p<0.001) .and the HDL fraction
| B . ﬂeereaseﬂ (p«l ﬁﬂl) _ Mter the gecond wesk nf_di_qt,
mr. ahomd ¥ dacvease .(Ipw 0i) .wh.ils 'HBI. inereased

_"'tzmmnared with the fsrat resk (pm 01), the ehylomi.nrona
a:_Wul‘a decraased (p{ﬂ 01) as compared with the initial
o values; by 'kha third Wit v.m'sf had all raturned to the

initial valuea. | | |
s TR

7 WeAl PERCENTAES FOR SERUN | (POFROVEINS TH ELGHT SUBJECTS MALUTASNED
O A LOW-PROTEIN DIET buit THAER HEEKS. -

Tewiecon WL vaL WL

el velve  GBDA SOMES IMEA 269562

a0 5602 HOST DS

| ”':-_3;t"_d'.ue§k_ -' 0,301 O OBSaE4 16,2024 208815

T ikentha

aftep remuning O.9:0.7 - B8.435.3 15534, 26.322.9
normel dise B

e e aa o BRI ODT W R A i i
.__;:...‘.;.;_;'_..45,;;‘_‘,_,-_,;. =~ ¥ S

Recults gre expreased as 2
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3.5 PHOSPHOLIPIDS
3.5.1 TOTAL PHOSPHOLIPID CONCENTRATION

\'The results fur serum- total phospholipid in the three

:poyulatinn grnnps, the well nuurishe& c¢hildren and
kw_as_hiorkw -children are dapieted in FIGURE 125 mean
aﬁf_eﬁiags (+Sn)ara 1zsted in TABLE X1V, | |

“TRELE xw'

" VR YOTAL PHOSPHDLIPIY CONCENTRATION 1N THE DIFFERENT ADULY
S g;&&g;on ms, TH CELOREH WITH KMASHIORKOR AHO TN CONTROL

Cwmes. 0 UG aea
| omi2) el -

- nsa m‘ﬂé R T ST

G RN BAGES . MR IST
R e

Coeowmals . . a7 e
U tE) . _ S

S mmmhxnk ST e g
. _tﬂ”s-?i o s T

I ".ﬁesults ara zxpt‘esaed ey mé%

Thore wns no significant difference between the valuses

for the adult population groups (Appendix BB).
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FIGURE 12

SERUM.TOTAL PHOSPHOLIPID IN THE DIFFERENT ADULT POPULATION SROUPS,
IN WELL~NOURISHED CH™ JREN AND CHILDREN WITH KWASRIGRKOR
(A= FEMALES; @ = MALE>)

-

A

&- Be%ﬂ-%ﬁﬁﬂ B
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oy
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7T UNORMAL - NORWAL NORMAL  WELL-FED  BLACK
ADULT =~ " URBAN . RURAL  BLACK = KWASHIORKOR
'WHITES  BLACKS - BLACKS  CHILDREN  CHILDREN
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The total phospholipid was significantly decreased in
the kwashiorkor group as compared with c¢ontirels
(p<0.0005)., The values for the controls were similer
to those obtained for the adult population group
(details for kwashlorker 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.
Reaults for total phospholiplds in the eight su‘njects_
on the three week diet diet are depicted in FIGURE 13;
_.mem values (+SD) are. listed in TABLE XV and individual
'results 1n Appendix I:ll‘.l. After tha seaond week the
':phusphalipida were signiﬁaantly decreased (p<0 01),
.thay aontinued to decrease after the third week
_- (p-m 01) ag eompared with the firat week. 'Pwo montha
n-ft_ar;.r.a_esming- _no.rmal_ diet the valugs for total p-hos-'

 pholipid were similar to the initial values,
wmmxﬁ

- TOTAL FHDB?HOL‘!HQ _clouctriimmpns_m 310104 B!J#JEI‘}TS. HATHYAINED OF A LOM-PROTEIN DIET ¥OR THREE WEEKS

PHOSPROLIPIDS  IMITIAL 98 mo e THO HONTHS AF
| | TER
T e e VEEX - weEk RESUMING NORMAL DIEY

130.1 2140 18,9 £t 129.9 M3 2LBA1T.0 1414 £12.8

Results are eXpressed a8 mgs
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FIGURE 13

MEAN VALUES FOR SERUM TOTAL PHOSPHOLIPID IN EIGHT SUBJECTS
'MAINTAINED ON A LOW-PROTEIN DIET FOR THREE WEEKS

 PHOSPHOLIPIDS

CTUTINTRIAL B g T THO MONTHS
© NALUE - O MEEK .. WEEK  WEEK . AFTER RESUMING
S e e TR ~ RORWAL DIET
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3,6.2 LECITHIN FATTY ACID DISTRIBUTION

The mean values (+8D) for the adult population groups
are shown in TABLE XVI, the individual results in Ap-
Lpéndides EE, FFI, FFQ and GG. There were significant
 ;fﬁiffereneas between the threa groupa. The white

f-propuiatian grcup had an 1nereased {P<0 001) linolenic

§ﬁ }aeid (182 3 umega«ﬁ) with & eoncom1tant ~decrease

_-Hﬁ;;i{p<ﬂ n01) in Bigoaapentaenoic ac1ﬁ (20:5) compared with
’ﬁfjtha nther two population groups, whereas the urban

:-?hiaek pnpulation group showed & higher (p<0 01)

““fﬁ;ﬁteariﬁ aﬁid (13 ﬁ) ﬁgmpafﬂﬂ with the oiher adult

"gréﬂps anﬂ a 1awsr (p<0 01) eicusatrzenaate (20 3) cam*

.f?foarancas were found in palmdtin (18: “3 and arachadonic

“xfiitZQ*éiff&tty’anids. Tha PaNMitiﬁ acid (16 0) was s1g-

5ffﬁ$fican;1y {pdﬂ 001) highér in the females ‘Whereas the

" achidonic acid  (2014) was signiflcantly (p<0 001)

*'3f::fhighar iﬁ tke‘malaa (ﬁpﬁendiﬁgs FFI‘ FFz)-

ed T __ffha wn: es.. The rurai black popnlation]
graup;shawad inereaaes (p<u ﬁﬂi} in’ paimitaleie (16 i1y
8 ﬁ':raahidnnic tzﬂ 4} aaida enmpareﬁ With the other_-

Qtn”tha uxban black poyulation graup aexnreiatsd dif-
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TABLE Xv1

LECITHIN FATTY ACIDS I# THE ADULT POPULATION GROUPS

EATTY
ACIDS  f6:0  16:%  1B:0 1Bl 1B:2  18:%d 18:ZB 20:3 20:4  20:5 2215 22:6
HRITES 32.0 0.21 15.1 13,7 25.0 ¢.1 3 2.7 633 0.29 1.6 2.22
th=12) +2.03 #0.08 +1.39 i.16 42.76 +0.08 0,13 20,54 #1.00 011 0.7t  +0,51
URBAN :
BLACKS 30.6  0.40 172 12.8 26.7 001 0.23 231 6.95 C.55 1.08 1.65
o Aps28) 85,19 3032 #1.EB 2162 3349 2003 0,13 2046 #0735 2022 2052 30.56
Cmmm _ o
CHLALKS 25 0. 158 12 e o nd 0. 260  9.26 087 0.85 1.32
traid) 3415 2033 40,70 &1.85 #5.02  nd #0.32 <052 092 #0.19 0.41 G651

1 1+

B r (Y oy T T T

':The resultn fov Ieaithin fatty acid mathyl esters in

are listed in

*~¥?ngﬁBLE xvxx, the individual percentages in Appendices HH

respectzvely.. -There ware significant dif-

___f f_ferancaa betwaen the kwash1orkor and weli fed chlldren.
:7511fThe kwashicrkov

ahilﬁren shnwed sigaifiaant {840, 001)
(18 D}s
(20 3} aﬁids;

11nole:e
with '

'}decraasaa in staaric
f aiaosatrienoin
_{p<0;001)

’significant
increases in pnimitoiein (16:1),
(22-4)

Bath.zzié'and ﬁﬁ-ﬁ'bmega~6 were

_dqcbséfefraenoip" ‘and  docosapentasnoic

(22:530mega-6) acids, .
._fnot ‘detected in the well«nourishad chidreﬁ. ~The
lecithin fatty scids  in the mmil;fed children were
comparable with those of thE'nbrmal adult populaéion

group.

-(18:2), and
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TABLE XV1II shows the means for serum legcithin fatty

~acids in the eight subjects on a low protein diet and

the individua.l results ave listed in Appendix JJ.
_‘After the first week the 18:0 (p<0.01) and 18:3;omega-6
L :_'_-.-{pdﬂ 001) were signifmanttly increased, while the 18:0
H  tpen.neny, 18:1 (2<9.02), 18:3;0mega=3 (p<0.001), 20:3
%."- ﬂ}f f2gi f(P<B 013, 20¢5 (p<0.01) and £2:5 (p<0.01) showed a

: '-""."r_'_'-'--:denreasa.\_. _Ea-imito_leia seid (18:1) was not detected

durmg—-the pe'r-ié.:i af‘ tﬁe diet. Ai’ter the necond week
" the 18 0 had increassd (p<t. 001) further but 18:0
'_”.-'_{pdﬁ 01) ami 18 S;nmegaus (p{ﬂ 0%) had increased as
cnﬁpared with the first waek, | mth a cnnrzomitant

dearaase_£p<n 011 i za:a and zz 6._ At the anﬁ of ihe“f

t-h_urci ’waak all fatty aoids were axgni fitzantly different-
_ﬁ'm:tial vainaa. E The dearaaaaa dn 13:0_5 _
_._.__::'-__1331 {pvzn 111}.. 13 2 (p<{3 llI).- 18 3,omega~3.' |
'*“i;;gn '3 {9<n ania, 30 4 (p<0 au1), 20:5

» "':-___auci 22 LB (p<0 0‘1} and tlm mcreases in
16‘0 p«t'n"ﬂl} anﬂ 1a 3 omaga-» {pw 001) were sig~

""”'nifiennt Y me&l'ﬁﬁ Wi*h th& inttial W”me‘ Two

ST g e

"fter raauming* thair usual diet there wag no ap-

L =-._-;.__'7'.;""parent _ifferenee in . !aeithin fa.tty acid dmtributicm

o ;@as gqm?ared with the inittal findinga.
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TABLE V1T

LECITHIN FATTY ACIDS 1N LELL-NOURISHED CHILDREN AND CHILDGEN YITH KWASHIORKOR

EATTY -
ACIDS  18:0  16:1  18:0 18:1  18:2 18:Ro6 18:ZuE  20:3 2054 20:5 2254 22:5wb 225u3 22:

KUASHION-
OB 31,6 321 B.00%5.9 7.8 0.2 0.5 178 7.8 076 8.98 0.73 1.89 0
32.9° 0.2 20,26 0.9 3245 $0.45 33,35 20.41 #1.01 40

(h=22)  32.82 3156 1.25 +5.40

LOHTROLS  31.0 0.8 1.0 1.6 26.3 0.06 0.27 3.1 7.04 0.50 nd nd 1.12 Fd
(=15) 42,15 $0.47 $0.88 3195 $1.86 30.06 50.27 30.77 2168 0.3 od  ed B, b
RBsllEs are cXpreseed a8 & —

TARLE XvIll

LECITUIN FATYY ACIDS IN EIGHY SUBJECTS OM A LOW-PROTEIN DIET

ACIDE 180 et 18:0  8:1 H8e2 MWiduf 1B:RE 205 2004 25 AA5 2

79 1,21 3.6
29

gisal . 208 039 8.0 1% 269 0.9 039 346 10,1
Ausal. 051 1.3

o
D8543 3032 156 $1LB1 . £2.62 30,18 20.09 D34 4344 40,

ttunek B8  nd 13.2 104 275 757 00 248 7.8 058 D52 247

Cdier | 2258 +1.30  $1.46  $3.67 26,92 005 £0.41 #3.20 40,15 £0.20  30.60
dueek 343  nd 6.8 0.0 2.0 239 0.3 220 &3 015 0.98 1.2
ook B 270 4071 #h.09 2080 3025 40.52 22.00 10.08 #0.07 2082

s;rm..-u M4 omd 4,0 . B2 20,2 6.2 0,06 179, 505 0,25 0,08 1.68
diexr  JA.65 AT $L34 26,05 #8862 HL08 057 <087 2012 20,19 +5.20

C2womths |

after  SLE D42 184 129 26 038 0.43  3.52 10.3 0.86  f.ur 3.8
-remingi'gs.‘uo 035 #1466 2170 3201 $0.36 30,08 0.54 291 0.4 2050 #1.77
“nevmal diet - :

Results ard oapressed 8 §
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CHAPTER 4

4.1 METHCUS

_ mig'___at_;zd_y is concerned with the measurements of serum
'na-‘ei;,‘;-‘hie;,-;_'_:.Ii'i'nteir._té.'a-nﬂ lipids. The methods used Yor

.t protoia (Biluret), albumin (dye-binding) and for
"V-npim. {Fulci;_extraat,im_i for total lipids, Bartlett

precedure Jtay tuté-i hosphorus, -th'in'wlayer

5 chxomatagmphic aeparatim of phospholipids and gas-
Z*iqm' chromatngraghy for lecithin fatty acids) have

'-alI been wide!y used and are weil validateé. RS

i As gm. ___:_@i-‘n"i'ﬁné"'ié oncermd, the Ixrst reports of

_"'-_;_-_'_:fj.the measurﬂmant of this campaund appaared in the early

'.f":".'_'_'.-.-_"'_ninetean fiftms, | A,a knowleﬁge of the role of cap-

“'-_':"__nitinﬂ in metahuiiam iﬂcreasad. it hecame clear that

'-'-"_meaauremant ‘of this. enmpound nould be of elinical sig-

'-ni;"iaance '.rhe i‘irst methads f:u- the assay of cap-

o m_._t_..ing ._\we_r-c_a B haaed cm tha separation of guaternary
am:_i'm-?f's-; :-_f_-_cx-l-lpwe_d._-by --cry-s _ta_i._i_izat_ion - of the isolated
- carnitine by standard methnda of o>rganic chemistry.

bater a meihod based on determining the effectiveness
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of samples containlng carnitine to promote normal

growth of the mealworm, Tenebrio molitor, was puab-~

lighed (Carter et al. 1952). In this rather cumbersome
hiologicesal asssy, the amount of carnitine in an extract
was determined by compering the growth of the worm in
the presence of the extract wlth thy growth in the
prasence of standard carnitine solutions. With the

| discovery of the carnitine acetyliransferase enzymes, a
new era in the asssy of carnitine began, involving
- gpectrophotometric technigues (Williamson and Corkey
'1969). | These tesis wers relatively insensitive
 and subsequently a radioigotopic method was iniroduced
by Coderbiad and DLindstedt in 1972, In this method the
-'féaufién~mixtufé-cqntaining carnitine, labelled acetyl~
 '¢aA an¢ earn1tina acetyltransferasé'was inenkated in
_ the presence of 5,5'~dithiobis-2-uitrobenzole acid

'_:{ﬂﬁﬂﬁ}{tb,énaurg camp1e%£on.pf}tha reaction, and then

| passed through a Dowex 2X8 columi whiod binds laballed

.féﬁéfyiﬂdﬁfbuiﬁdaés“nbf?biud'aeetylearniiine. This
' metEodf%§§fdes1guaﬂ'fd'ﬂeteut pleomole quantities of
ffee and eéferiffeﬁ[carnitine.in gmall volumes of
plasme, -The-intrddﬁation.of_this radioisotopic method
resulfed‘ip im@taved”gccura&y snd precision, providing

1 importeat impetﬁs_tn carnitine investigations,

Limitations in thig .0d were, however, apparent when
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nonlinear standard curves were obtained, unless a con-
siderable excess of radiosciive material was used.
Modifications and Improvements of this method have
been published, but the basic procedure has remained
the same. Bohmet snd co-workers (1974) ueed Tris
buffer and short columns adapied to fit directly over
seintillation vials, but the problem of non-linear
reéponse remained. A major modification of the method
.of'Caderﬁlaﬁ ang Lindstedt was contributed by MeG: rry
and-Fnﬁter {1978). In their procedure, ietrathionate
was inclnded as a sulphydryl reagent, the reaction
'ftérﬁi#ated_by‘aﬂding'a slurry of Dowex 1X8, followed by
nﬁﬁtrifngatibﬁ to remove the ion exchenge resin before

_ ﬁuﬁniﬁfﬁ@ation:hf tha~aeety1aaraitina produced. This

E _prﬁﬁeaura-avaremme the-problem of nonwlinear'reaponae.

'_The HMﬂarry and Foster (1976) aseay yields a linear

| T_respanse nvar & wide ranga of capnitine concentrations,

x:ffIn additabn, maasurement of frea and acyl earnitine in

m ::very 9ma11 ?olnmea of plasma withaut extraction or

praor dapwnteiniaaﬁinn isg posa1hle even in the presence
'”oi gxcems ‘soylesrnitine. Purther redioisotopic assays
| weré“aﬁbséquently publizhed by Parvin and Pande (1877),
'Seeéamba g& gi. (1878) and Brass and Hopel (1878), but
with_littla-aignifieant improvement ovav the method of

MeGarry and Foster (1978).
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ADULT SUBJECTS

In tha'namai' white adult population serum concentra-

t'i'ﬂns for free and total carnitine (58.7+4.8 and

- B, 534:‘.:3}@&1'{_1, -:r'e-speét-ive-ly) were consistent with

o #alﬁés-spﬁb}ishe_d for adult '.human--s.:laama. These valuss

o ;""-___#eré_-._:-fﬁsi-ilﬁ.'5}1&10-11 1 for tﬁtalz- carni tine {Cederblad and

| nindstedt 1873) and. 55.7%1:98 for  free and

ﬁﬁ 743, SSpmolii far tn'tal carnitme {Mcﬁaw}r ‘and
o _‘_;-'}If.fE‘natar 19?5)‘ G

. the velues u‘btaimd i‘nr u:eb:m and rurai ’blacks weref*'

%) rural hlanks'i’ 54 1-&3 6
‘63 4+3_5pm01f1 fw frae and t__q-ji:_a,; carnitine[

;...Barﬁm'iatal prutains and aibumia showed no sigmfieant
diffammes ‘batweem white, urhan and ‘rurdl black
=-:'-..-';_'_-:__pupu;’la'fiﬁna. 'I,'ha vazues were within nmsmai reference

BN f.rangae*

il
g
i
i
b
.
L

[ R e~

| j_;_f'_aimilar._. T thbse uhtaimﬂ fnr w.’aitag,._.- 'Z‘he:m vuere mﬁ.‘ :
__.aigmfi._am diffammas hemeen tha dgffwem papul a__-_: o
F S (urban hlanks«_ 54 5,,,3 ﬁ d
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With respect to lipoproteins, the white population
group showed a2 significantly higher percentage of
chylomicrons (0,440.3%) as compared with the urban
black population (0.1+0.3%). This could be due to the

{ime at which the samples had been collected. For the

‘black population samples were collected very early in

thefmmrﬁing whereas for the whites, samples from blood

N dﬁpﬁﬁs'wefa'cdllecfeﬁ during the afterncon. Sex dif-
'féisnéaa;mwre-ohaerved in the chylemieron concentra-
”-ti&ne’in thé urban black population group (females
'ﬁ‘f3ﬂ 4%, malﬂa not deteaied).. The ocourrence of sex 'dif-

| T5 ffferencea 1n 1ipidﬂ and lipoprﬁtﬁlns has been fe?“”tﬁd'
* ?fthnr1snn and Harﬁali 1977).  In the urbun blank 
"1f;ipnpulatibn group; the malea showeq a higher,level'
| (19.9+4.0%) of VIDL thau the ferales (16.0+8.8%).
'f:fﬁnwevsr, sex»related diffarences were not seen in the

"*fThe phﬁaphnlipi& aaneantrations ‘of the different aduit
;'population groaps weﬁa within published reference
.:ranges;(izﬁaa?a mg%,-?igta 1988).

.Thera ware a few ﬂ!fferan¢ea in the lécxthin fatty
o acids in tﬁe ﬁifferent pagulation groups, The whites
“had an inc;eaaed_ (0.1140,08%) 1linolenic acid
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(18:33omega-6) with a concomitant decrease (v.29+0.11%)
in eicosapentaencic acid (20:8) compared to the other
two population groups (18:3jomega-6: 0.01+0.03% and not
detsoted; 20:5: 0.55+0,22% and 0.67+0.18% for urban
and ruzal blacks respectively), Whereas the urban
.,plguk__pqpuiation;;grqup showed. a higher (17,211.88%)
'siéari&;gciﬁ (18:0) compared to the other population
'-g&ﬁhﬁﬁig;s.lii.ss§ for the whites and 15.540.70% for
yth&'rurai blacks) and'a lower (2,31%0.46%)

-Jgeicﬂsatrianoia soid (20‘3) compared. to the whites

 ?{f (2 ?3+ﬁ 54%). Tha rnral blaak pupulatian groﬂp ahowed |

"”fﬂinereasea in palmitaleia (18: 1) and arachidonic (20:4)

_'ffgf;aaiﬁs <, 78+0.93 <8 9,260, 928 respaatively} compared
__f;?;fiwith tha bthﬁr twa grﬁugs (16 1: 0 21+ﬂ ﬂB, 0.4040.32%
”'f;-anﬁ 26 ﬁ--ﬁ 53+1 00 8. 93+1 ?3% fov whitau and urban'

”;5fhlaeks_reﬁpaet1vaiy)u_- nif£9fennes 1n the | ecithin

Jﬁ? ifatty aaids, espsaially the eﬂﬁﬁntial fatty acada. soen

':”fjfin tha adult popu!atian groups in uur atudy, aauld be
” ”attributad ia the diffarent dietary habits a8 has been

 tsuggestad by Halman et ml. {1878), These workers
j,ahnwed that differencer in the ;fatty acid composition

_': of the tatai phasyhnlzpids eould alao be associated

'Twith sex and aga.j”'



i The msjor phospholipid in serum g lecithin
i (pnaaphatidflehaline), which comprises approzimately
% [ ?0%'§£;a11 sertm phospholipids.  There have been rela-
; : _; tivély few studies on leeithin fatiy acids in different
?j 3 -"~-i: _; fpupuIati¢n gwuups for comparison with the results in
1 i   ’thia gtndy,n' Each phospholipid ‘molpeule contains two
?j : ?n"fj;5? ;!§£%§1ﬁéid“mo1aeu1esi the chain length of which oan

'*f;vary hetwaan 12 and 2% und. mamy ~ ean be unsatursted

.auntainiag batwean 1 anﬂ 5 double bands,-f?%ns 1afga_

':7 ?f 'numbers uf 1aamar$ ot each phospha!ipid oan exist and
"’Vﬁffmnny of" thase uan be inearpnxated 1ntu membranas,. The -

_ ;aigna¢iuanca uf tha ﬁiffemant tygaa uf fatty aai&s,”-

" ":-phaziy's-as' ia_ n"'t claar CWilla :wss}.

m‘uld\ point to &Itarations in membrana phoaphglipid_- -
:&tfy &G“ﬁfcnmpnsition and may affgni mambrﬁna ilaidxty

| ~ifand henue membrane funatian.t~ AT

It ean he paatnn,: f'
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4.3 NORMAL ADVELT SUBJECTS ON A LOW-PROTEIN DIET

The present stud: ~learly showed that a change to 2 low
profa2in diet, deficient mainly in meat, affecied plasma
earnitine levals. The values for total carnitine
deéfaased'after:a period of three weeks from 66.68+10.0

to 43,7+7.4umol/l. It would appear thai there was an

| inadequ#ta éietary supply of amine acid precursors,
'.[1§Binéj#ndzmethicnins. The daily requireménta of the
."3=hﬁﬁgn:pﬁﬁyffbr carnitina.ara-unknowh; and 1ittie effort
“ :_ﬁﬁé;beeﬂ mﬁda.to-approximhte;aven usual dietary intake
5:(ﬁ¢nﬁ§ﬁﬁg£.§i;.19333. However, it has been reporied
'&hatfmeat gnd déiry products are the major sources of
.”diatﬁry §aﬁnitino, with the highest concentration found
 :.i#:rédfmeat_{ﬁzoquist-anﬁ Borum 1982). Voryetables
"confdin a.nagligibie amount of carnitine, and thus
'.'végatariéha'have:nnly.anﬁogenous carnitine (Slonin et
\gi@'IQSI};u_T%e'lack.nf information on carnitine con-
'aumptian{méﬁ be due to the dismissal of dietary intake
'”aéjplaying.a significant faie in overall carnitine me-

'tabr_iiim,"_"-"ﬁinw' it can be synthesized endogenously,

from lysine and methionine (Bremer 1961; Tanphaichitr
and Broquist 1973), However dietary carnitine should
not be excluded as playing an important role in mesting

the body's nutrient needs (Lennon ef al. 1986), An
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snalogy which may be drawn 1is the role played by
dietary cholesterol in overall body cholesterol meta-
bolism (Mitchell 1978). The amount of dietary choles-
terol consumed and abeorbed mway change the amount of
cholesterol synthesized by the liver. It is therefore

also passible that the amouni of dietary carnitine ab-

_-ﬂnrbad ‘may modulate the amount nf hepatic carnitine

o s_ynth_asisad {(Lennon et al. 1986).

_@nmi_éfeﬁf -w_i'ih.': the low protein intake were the reduced
vamea 'I-fhr'---her.ﬁm "ﬁn-‘tﬁl--' protein (from 66,412.2 to
63.022.75/1) and albunin (from 40. 44,2 to 80.4+2.3g/1)
o ai‘tar three weaka. A ehange to & low protein diet

_ also ﬂhwad alterationa in the aoncentrations of the
| "'pi'nte-iu-anﬁ lipnprntein .Eracti-ons in young adults. . An
_.____'-__ﬂexapeeted duereasa was Iéeém" in the éibumin'-iractinn
."'.-"__tfmm 39 ﬂ+3 6 to 2? 4+2 2g‘1’1} thraughmtt the ﬁwt.
':“"_"'-'.l‘he alphal. aiphag and . gonime  globuling had deoreased
 mfter the first week of dlet (from 2.330,5 to 0.9+0.3,
©T.2%1.0 to B.050.7 and 9.6%2.2 to 7.8%1.4g/1

Sasgéfz{ivzaiy}g ‘and with the exception of the albumin

| _f'ﬁaétiﬁn the -6théz’él nbm;iénen-ta' returned to basel levels
by the thirﬁ ‘week, ~ The decrease in the alpha,
_-g‘labulm, mentianeﬂ abova, ap'peare'to fit In with the

'denr,eaae_ in HDL _{frmn__faﬁ-*sié:-.z 1o 8.0+3.5%), which was
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seen after a week on the diet, as the HDL apopro.gin
rung in the alphe; gicbulin region., This initial
decrease could be due to reduced availability of
ahﬂlesterol.and alsgo reduction of proteins: the wain
£unctinn of the HDL 15 {0 iransport important proieins,

suah 8K apoprntein C-I1 which regulatea the sctivity of

";w jtha enzymes invelved : in li@oprutein matabolimu (W1ils
”Q’gisaﬁ), ﬁn 1nteresting findiag was o marked increase in
¥; vanB (frnm 15 y*ﬁ,g ta 34 3+3 1%) . after the first week.

"'*;Igy;Tha initial inareaaa in VLBL cnuld be due to the Iaw
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Changes in the leeithin fatty acides In young adultis

were seen. In particular those fatty acids which are

indicative of animel product consumption eg. pal-

mitoleie . (16:1), glcosapentaencic (20:5) and

'ﬂbcﬁsahexaenbie €22: Bl'aeida were decreased (from

| 0 39-!—0 32% to not ﬁetectad, ~from 1.21+0.51 to
0 0030, 19%, from 3.68+1.80 to 1.68+1,308 respectively),

mawked inarease in the 18 :3;omega-6 (gamma linolenic

”Tacidi was seen aftar the thirﬁ week of diet (from
_.__.-';_'zaiw 13 to 18. 3+s 0893: “This 1s an essentlal fatty
jéaié anﬂ ia mnstiy of plant origin., Nhi#hgrt ef -al,
i[t;gsy) 1n their atudy on vegetarians'ithESe subiects
fﬂhad baan vegﬂtarians for a minimum uf five - yéars)
’ repnrted innraaaes in tha Iznalaia (13 23 ‘and alpha
'liﬁﬁlania {18 3,0mega~3} anids but no: 1ncrease in _ganma

iiin lenie_tlé 3;umagnwﬁl ac*d. It waula sppaaL thatf

'*“f; :fattY aaids in noﬂma! adults on a 10w~protein diet for

;}3 _nngar pariad':nd tn aaaesa the d:stributian on dine-

-ﬁaﬁntinuatinm nf'tha diat at sharter time intervals,
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4.4 CHILDREN WITH KWASHIORWOR

The findings reported here showed that both free

and acyl carniiine were decreased in black South

African children with kweshicrkor (30.3+5.8umol/l for
; ) ' - free and 8,7+1.fumol/1 for acylcarnitine) as compared

_@iﬁh;weiI}nnurishadgpiack:chiidrsn_(51.711a%ﬂm°111 for

.' "ff§§ ’§#¢  14.1+1.4pmol/1 for acylearnmitine). This is
ff f§dﬁ§isteﬁt' wiihf'?hsi-ohﬁérvations of Hammond and co-

| ._..._.....'._Wﬂrkers (19873 'ﬁhﬁi' reported - 32.6+6.2pmol/1 for
. free and. 8. 1+z apmom for. acylﬂamitine for  South
:*f;;Afrzcan ch:ldren admitted to hoaPi*33 with

:*;Tkwashiorkor.;, In a study earriad nut in Ind;a, Kahn
(19??} reparted that tata! carnitine 1evals

were. 101 fgwoup of ehildran saffEring frnm
kwa"hiurlwr "'3(:21+5,zm11:; than i3 health'y mmtmxa'

ﬂ&fter treatwant cf theaa malnouxished

'ff [ah$1ﬁr9n far feur weeks the valuea far tnfal carnitine
"”T?inereasg_ftn-42+qpma1!1 (Kahn anﬁ Bamii 1977’*;

" In this study althnugh tha numbm* ui‘ fnllow-up samplea
“fichtainad was ralatively nmall there was an inereass in
”f ffjboth frea and acyl uarn;tine_ after~twn weeka of treat~
”uff mant on aa adequate diet..-.ﬂftar one week there had

”"Lffbeen na sagnifinant change in the fren and aeyl .car-
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nitine, 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+3.8umol/l and
8.7#1.8 to 11.5#0.3pmol/1 respectively). The number of
- samples in.the-present study is too small to reach any
detinit. conciusion, but it does. appear that at lesast
two weel~ of tireaiment is required for tie free car-
nitine'tn-return to normal. Altmann in 1948 suggested

"that treatment of the ordor of four to five weeks may

v requwad for the carnitina to return to nmormal. It

) '"":_i-g_;___pqa;s_;ble__tha,t e certain time period may ne required |

"“.'__"_'i'é::i_;_ﬁg.l-;law -"'_éyﬁt.he:éis. of -cgiriii-tina in thé---;iver prior o

E i.f_:a-_"t':grgnég‘far.;ftq_ﬁggipﬁam! tigsues.

- -?"_:___In +he ahildmn mth kwashimknr suhaisting mainly rm-.'

:--'ﬂf:_._'._maiga, 'tha lnw nnnﬁawtra%ions ﬁi’ Garnitil‘m maY be as-

“7" .'}-__'_'_anciated with e reﬂmad intak;e af eamitim: 1tse1f, x

;"'_-__ff‘tagethar wﬁh daficiency nf preaumov amina am&s

" -'.'-_'.mthiqpine am& Iysina, - gwmg rwe to inaﬂequate en-

' '?'-'.'_'.-__dqgenaus symheais.g ﬂewbnma ami infants are. incapable

et syntmsizing the necesaary ‘amoun’ o carnitine and

""___without an adeqmte suppl:r from food, symptoms of

! --_-'. "'Zﬂefix:iency"__ can:""lnceu? {alunim et al. 1081), Children

’guffaz‘ing frnm kwaahiarknr are found deficieat in a

'_'wide variety of; nther mxtrients such ag iron and ascor-



S _-_""i:erad Ja___ rum Iaveia of certain hnmanes ns Buggeste i_-'-f-h’y

_f;_"__"-imeasure fissua Iavels, but unfnr*unafel;r thw is mo

pusaible sm binpsiea are’ rarel‘s;,_ i ‘ever, carried _z_é;x
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bic acid (Lindstedt and Lindstedt 1970). Probakly

as a result of low protein intake, the go~
tivities of many enzymes involved in the biosynthe:;is"

of carnitine are low (Kahn and Bamii I7y. As car-—
_ nitine plays an essential role in fatty acid oxidatf{;g;_' e

{314‘34&;1913\_ 1983), & deficiency could be associated uith

.:-thé“.ﬁé'&éioﬁmént”' of & fatty liver f’i--e‘.qﬁ'ently seen
' .nhildren with I:Washiorkor; a CONENON. feature secms m'

"'.--h___'at:tmmulatinn af triacylglycemls in the cell (Br.'___

It :ls oaasibze ‘that administration of carni}

heigful in currecting ‘this defeet. as 1&'_

._._.-_.._:.-vioualy mammnad by Hamund et ai. {198?) Ham

sue t:oncantratims,- but anuld- re&ult £

perhapa as a reéﬁl

_ nto : r:arni 'E:ine ifﬁepanﬂent t iasues

E”'f"'uri prnteins in a.*eapunse to'al

Hmud e*k al-j CiBS?). . It would ba af intereat

_ f_.__ﬂ;ﬂ thaaa patiantg,._:
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The assay for serum carnitine is a veluable one. Many

_disecase _é-fate_s_ a?sqéia_t_gd with Jow carnitine | levels, .
-_'s'uc'iz aé I-érgaﬁié aeidurias, may benefit from_ ad-
o _,__.nmisfratian of oral doses of car—xitine {Borum 1983).
”':-_-..-Q.It is pnasihm that rxarmtine therapy may alieviatf\

| "'ﬂ:'___f'-aamu: uf the !ipm metabuiism ﬁisorders seen in numeraus |

| i "':_:"-:':d*sease cnnditinns, | sxmh 28 dYSIiFid&émi a5 and. hwe””:
“*fﬂﬂiipia.amiaa {Bremar 1933;._ 1t was reported by BOhmer'”;

4*{19?31 and Battistel!a st al. (1878) that plaama;"

""-ﬁ_.‘-oarnitine I&veia i’a!l belaw normai in.'."'

:__'.:_'in ‘the 'p'ithngenesis ak‘ dyaiipidmmia m uraamia_i-_'-"_
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Total protein and albumin were found to be decreased
(44.8+6.9 and 24.313.8g/1) in the kwashiorkor group as
compared wiih controls (69.8+2.7 and 44.2&3.7g!1
: respectively)., The resulis Iin kwashiorkor patients for
whom follow up studies were possible showed that treat-
ment increa§éd the total protein and albumin concentra-
'ti#hs;_ﬁlfhuugh the wvalues . for total protein still

k ﬁehaiﬁéd;;oﬂer.(aa,ﬁzz,ngl) .(after two weeks of
.ftiéatmant)-'than in the controls (69.6+2. 73;1) This

: "was passihly due to the vary diminished amounis of
'.;:pratezn preaent an admission and it would seem that a
.glnnger psriod of treatmant was neadad, In & study
:_fcarried aut in 13 kwashiorkur ehildren .and 9 children

_ ::with~nutritian&1 uad&ma~by Anderaun-and Aitmnnn (1851)
“7ffat the Bawagwanath Hnupitai in Johannesburg, it was
,jﬁfnnnd that a narmai total serum pratein canuentfatian -

__ waE reaehad unly aftar thrae ta four weeks on a diet
.'“fwiﬂz B high protein aanient,.by whiah time olinical
ﬁiree@vary-aisa oanurrﬁd‘.  The levels ef:safumlﬁroteins
"'; in nur kwaahiorkor patients eonfirmed the expected
Tdarangement of nnrmui prﬂtﬁin profiles.  As early as

| the 1940%s Trowell (1944), Gillman and Gillman (1945)

 anﬂ_&1tmann (1848) reported diminished amounts of al-

bumihfﬁnd”total protein and suggested this could ae-

count for the obvious symptoms of kwashiorkor such as

|
7
M
4
A
A

T M I
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oedema and hepatomegaly. The oedems of kwashiorkor
may also occur &s a result of alteration of renal func-
tion (Davies 19568), changes in the secretion and meta-
bolisem of the adrenal glands (Sinclair 1948) and
changee in the production and inactivation of posterior
pi'tuiiary antidinretic hormone {Gopalan and Waterlow
1868},

'__--_'I'lx o . gerum -bratfem fractions 'in the kwashiorkor
E :uhiidren. An gur: ntudy, showed- deereases in the albumin

fraetiorz (19.&-—* Agf1) and in the deia glubulin frac-

S tim 8. Bil.1gt) . ‘with en incraasa in the alphay

’ :_.-_'giubulin 313 3+1 ngl) &8 nnmparad C with the well-

 "-"‘-___--"__'nauayisheﬂ t:hil-dran. g ﬂ'o signi:t‘ieant uhange from - the

--”‘uontmls was: sean in the gemma giabulin fraction.

’I‘hera appaaw tn bg 1aak af eanaietency in publiaatmns. -

-dealing with nhanga& in the “individual protein frac-

Lf%iana in kwashiorkor, espacially with regard to the

”"-"'_’-j__._-alphag, beta ami gamma globmin fraﬂtions.- -Howevewe-,- a

) _i_da :reasa in tha aibumin fraatim in kwashiorkor was

' '-'___aean througheut (Andeﬁsan and A!tmam 1851; Schrimshaw

"_et al. 1955"Pu1itzer and Wayburne 1967; Edozien 1960).

':'--'"-"_':ﬁﬁrimahaw et al. (1955) using 4 technique of free

:elautraphureaia in an--Antweiler micro-electrophoresis

" appavatus, found that the outstanding features of the



AR S AR L B e e W S RS e

120

protein paitern in malnourished children were the low
gbsolute and relative amounts of albumin, compared
with the normal values and the high absolute and rela-
tive amounis of gamma globulin. This pattern was zlso

reported by Politzer and Wayburne (1957). Howevesx,

in & Jater study by Edozien (1660) in 146 kwazhiorkor

; nhildrén,*- using paper electrophoresis, the alpha,,

'aiphaf, and beta glabuiins were decreased, with no sig-

 nifi¢ani;Varia£i0n £x6m the controls in the gamma

gdqbﬁ:iﬁa»;lﬁ 1960;Ednxiau.fepurted_that in children

f;ﬁiiﬁ*Qfﬁt&iniénargy'malnuiriiion~the albumin and beta
"Vulgicbuiin fraetionm wers found to be affected re!ativaly
" more %han the athar pmotein fractians, the raaulta of
'} 7 tha praaant atudy ara reiativaly conaistsnt with thﬁse
'? fj£indings. Hnwaver. s taised nlpha1 globulin was f““ﬁﬂ-
'17_in cnntrast 1o the ﬁeareasa reported hy Eéazian (1960).
A raiationahip hetween Iuw values fﬂr ‘beta globulins
 -fanﬁ the presanae af fatty IiVﬂz in malmourished'
”“fchi1ﬁren was nhaerved by Flurea et al. 619¥ﬁ).'ihese
'W* jwqngrEkaund'thﬂi in ehildren with fatty livers
ffﬁﬁﬁﬁhi@fﬁbii, ‘the bata giohulins were, lower than in
_ .~chxldran withant fatty Iivers {maraamus and normal
'  ;-¢hi1dren) ?he inﬂividual aerum protainzfrnctions dif-
'*f £ar An amino aeid uom@osition. Albumin and beta

glabulins nontain mnra sulphur and- sulphur-containing
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amino acids than do alpha, and gemma globulins (Edsall

1874). In kwashiorkor there is qualitative as well as

quantitative deficlency of amino aclds (Edczien 1860).

] The sulphur containing amino acids, which .. me'nly
; suppliéd by the animal proteins in the diei, mw:' be
- wery deficient im kwashiorkor pastients since the in-
.; : o - t&kﬁ. =df .'animal prnteins ‘such as milk and meat is
' R nsua!ly ve»y lumted. - The patiera of amino acid

o ﬂaficienxzy in kw;ﬂhmrkor' may; thersfore, play an im—-

- '.'__}-L';_purtant rale in determining the serum protein spectrums

"&ienc*y nf aulphm- eontainiqg amino acids may be

I‘nbulin (Eduaien 1380), ) ﬁm@ng their mny '

ﬂacraasa_ in'heta g’luhulin annaantmf ia:m. e

| '1*1;@ Latek nf 'signifiaant .awrelation batweﬁn serum car-

nitirw 1evain am& albumin in aerum from kwashiorkoe
-".‘f_“ff:.'_{cmidreu was wnmstent with ﬂze nbsathinna ‘of Ham~
j_:--.--._'?_'.imonﬁ emd Qu—wnﬂ:ars msaﬁ, aith_wgh--_lihan and - Bamj i
--__."_.;(19??) Bhawad otharwiaé. It "ié. .pﬂssibl.e thet the

o machanisms nontralling sorum carnitine . and albumin
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levels are deranged to different exteunts in kwashlorkor
and markedly depressed albumin levels meed not neces-
sarily be accompanied by markedly reduced serum car-

nitine values (Hammond et al. 1987).

In this study, the leveis for serum total phospholipid
(10%2,1+12,8mg%) in  the Xkwashiorkor children were

decressed compared to the comtrols (152.7+8.6mgs).

TheBB va!uaa were consistent with the findings of

_-st:hwarfx ‘and I}ean 41957). " In South African Black

. .'-'._-"'._:'ghiidren {hay reported- 14"5mg% for children with
'Ef-ikwashiorkor and 2oﬂmg* for. well ‘nourished children.

lfmha resulta of serun totai phaaphnliyid in the controls

”””xftiﬁz 748.8mgh) were compﬂfﬂble with those of the adult

_“fif_fpapulatinn graup in thls study twhitas"ida 8+16 1; Up~
”";Vban blacks! 14? ﬁ+11,5, Rural blacks 143 6113, Tmgh). - A

’ ;diet leading tn kwashiurkor is knnwn to be ‘#ich in car-

'. .___-_- 'hbhydrate, low in fa‘t and paar 111 pmtein (Hafiew et

19?3}..: Suah 2 diet was reportad to praduee low

“?5; fla?ﬁla af bluad Iipids {Cravioto et al. 1959; sahwartz

'and Baan 195?); &a previnualv mentiunsd phaapholipida
" _1__:%1'111 paz!t m? nen mambranaa ami their shortage may be

- -ane nf the eauaas oi’ the &ecreased ecell membrans

'57:praductzun ubsarved in protein energy malnutrition

'(Teiehberg 19821 Thia hypolipidaamia together with
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the intense accumulation of fat in the liver and abun-
dance of fat in the depots sugpests the presence of a
défecf,in-lipid.matabolism affecting its transport from

| ﬂepgié.and_liver to the blood stream (Hafiez et gal.
.7 i§fQ}4t- Abnnrmalitias of lipid metsbolism in

';kaaéhiorkﬁr'aré~wéll dooumentead  (Coward 1971}, In

-'nhiidren wi%h kwashiurkor - frequent findings are fatty

'fo finfi1tratiﬁn uf tne 1iver and a radneed metabolism of

 'feram'1§p1d3 (Sahwartm anﬁ nenn 1957* Devi. et al,

zxilsﬁﬂ,_Florea at ai. 19781 |

ﬁeareasa in tha nxidatibn'

; =¢arﬁ3ging: n ?atty ﬁcid nx:ﬁatibn@ iiPid aﬂﬁﬂmﬂlﬂ".

Afij?fatty acid compﬂsitiwn in -ehildran ‘with. kwashiorkar

“  nnmpared'with wall~nauriahad ehildren were inereases in

#
:
-}
g,
"4
';_-Z:§
5
i
: i
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the percentages of palmitoleic (16:1), oleic (18:1),
doccsatetraenoie (22:4) and docosapentaenoice
(22:5;0mega~6) acids, with decreases in stearic (18:0),
linoleie (18:2) and eicosatrienoic (20:3) acids. The
increases were from 0'.84_?_0.47 fo 3.21_1-_1.54% (16:1),
11;631;93*-ta 15.9+3.40% (18:1), not detected to
;Qaaﬁﬁ;ssﬁiizz;ij and not detec‘ed to 0,73+0.41%

f22$5:oméga46}iaud'the decreases were from 16.0+0.88 to

o 8.00%1.26% (18:30), 28. 351,86 to 17.8+2.986 (18:2) and
lﬁ}usa 11*n 17 ta 1.78%0. 845 (20: 3), |

"ﬂ&jttfhﬁﬁ”hééﬁ*feboftéa'thatifaif formed from carbohydrate

may giva rise to an inerease in palmiﬁﬂ anﬂ pal-

:'tnleic aeids and ﬂacrease Iinale&c acid percﬂntages
he tntal fatw aaids (H%rah et al 1%-0; MacBonald
'”*ﬁAs lecithin aaeounts far ac-?n% of thef

:'_ tutal- phnspholip:d this am:tiﬁ ﬁxpiam the changes in' |

n'_'the nhzldrerz with kwaahinrkar.

Th daareasa in éséénﬂai fm‘cty anid intake would be

" -"-"-._-'_-"'-__expeete(‘l fiﬁ enhanas the Iinolaiu aeid decrease. ~ This
is bnrne out by the marked dacrease in 1inoleic peid

-"_'--'__ftmmi in theaa ch:.‘tdren. Poasible e:onsequences of fhe

| -"};f:_'_fdeeream..in tha essen‘tiai fatty amds in - kwashiorkor

""_'.'-'__-.:I._:_sm 1ot fnlly mderstoad. As essential fatty scids are

'preenrsors ot prastaglanﬂms a deficiency may interfere
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with a number of regulatory processes (EKoletzk et al.
1_936). One of the most common clinical asympioms in
protein en_er_gy malnutrition (PEM), the dry scaly der-
- matiils with a tendency fo superinfection and increased

o ___-i?;a;e'r permeability, resembles the seme lesion oceurring

o in -éfher:"_ _;_fﬁ:é__ma:j_ of esgential fatty aecid deficleney

 Gooiman 18715 Wichols st al. 1974). In 1036 Toletsi ot
al‘ roported 'the fatty seid composition of plasme phos-

- -i-"__'--"-:.:--"{phuhpxds in 514 Nigarim ehildwen with PEM of whom 9
"I:'had__f_'-_.Zmashiorkor.__ 'I‘he total phosphoiipid fatty . ‘aeid
_:Ir.em..lltﬁ - *ﬂparted hy these workers do not show a
_____ _"ﬁacraaae in Imniaia aoid in PEM compareﬁ with well-

r""”:;_*_inou::ished cuntrols. . but do show a decrease

_"i_._agaah;aonig gaiﬂ*_, In mzr study tha iacithm :Eatty amd

results ahow a deereasa An iizmleie seid but. no
:decreasa in araehidanic aaid in kwaahiorkar cnmpared'

""ZWith well~nnurished childran. - A literaturs saareh hus

prnduced aﬁy publications on legithin fatty acid

RUS f nc:t )

_'cgmpuaitmn in eh:ldren with kwashior’knr for comparison
wi fh tha ra sults in this stndy. It ig known that the
'_“.'::'ffatiy acid distrihutmn in the ﬁifferent 1ipid classes
: ' _- .._'-'j'-"'.'alters with diseaee {Sanders et al. 1978),. lnsufh-
| '-_"_"c_-x_-a_n-t.,_.-__wwl;i.;ha.s been done on the phospholipid fatty
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acids In PEM. It is possible that marasmus and
kwashiorkor could have a different fattvy acid

distribution,

Holman and co-workers (197¢) vrepurted that
-doaoaatetraeno*é'acid (22-4) was present in children
aged 0 . ‘i mﬁmihs at a concentration of approximately
_fil_%_._: Th:lb fatty acid was aleo reporied to be present
in th-e adult-- population group (males *2.0%; females
_-\'i_':+z %) Holmen gt al. (1979). Under the conditioms of

ﬂtlr "_'aaaay nn 22 4 Wﬂ& found 111 the adult popuiation

the welhnauriahad childran, bu‘i: in the

- ﬂlat iva:y" Iarge amaunts (9%) % -_ .

':"_'the_ ffum%:i_un:ﬁf_) hia a.e.id 15 not known. Changes

:_:in __tha intake 'ni‘"'diatary gnlyunaaturated, fatty scids
| aﬁh ba an:peetaﬁ tn mm‘ify ph;vaialcgical functions by
__\__}_:ﬂhanging mambrane str*&cture, modifying' membxane

L ';__._fiuimty'”'_j_

ERc and mu&ulating signal transduction (Johnston
S ame). K

_Kwaahiwker ammran have innreased red cell
?'_'--'.__-"-".'fragiIity (cﬂwam! 19?1}. whinh auggests that membrane
o '_-"'s'f!ui&i'ty zs alterad; which in turn suggests that the

'.i'o our knowledge it

n" ﬁ-__tim i’atty acids. Ap&rt fram '
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phospholipid fatty acid composition is altered. In
this study, kwas! .orkor children showed a decrease in
the concenirations of total phospholipid and the
lecithin fatty acid distribution wes altered.

4L . CONCLUSION

'fThe fine hamenstatie valance between the different
'bioehemical faarameters studied was shown to be closely
- _.:dependsnt on the mtture of the diet. The present study

B :_-___alearly showed that a ehange o 1aw-pratein diegt af-~

i‘antad the piasma camitine, pmtains and 1ipids‘ FO:!.‘

‘““iﬁgrroteins and 1liptds, changes were seen ~after the first

-'_j'_-i_"'_wegk an.- the d:.et ami fnr aamitine, ehangas waz'a seen

the' thirﬁ waek.p : This almws haw the narmai-

- __,m; __emwal statua nhangaa and lmw dapendent we ara on-

'_,"_'_'_:'_._ﬂamitin& 13 a acientifiaally exaitiﬂg maleeula and its

'- ':._';fﬁ:’.'hiwhamistry ia atill being unravelled by & nuat  of

*T:fwesearch grnups._ Its raie in the metabalism of long

s ﬁhain fatt;r acids is rsnw waIi astablished and its nse~

'__-:;'fulneaa -””__.'-Jthe treatment nf a ‘range of deficlency

”_-syndmmes is well aeeepted.
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The results obtained for serum carnitine suggest that
there may be impaired oxidation of 1lipids in
kwashiorkoer. The deficiency of carnitine mey provide
an explanation for the accumulation of fats in the
livers of these patients. Measurements of tissue car-
nitine abneentrations could prove informative, but
‘liver biopsies would noet be able to be performed in
thase'children, © Further studies of carnitine in
_’rélétion fg.prngresaion-of the disease need to be

arrisd out an a larger number of kwashiorkor children

';ﬂ:f and during a Iungﬁr period of treatment in hospital.

";._In aﬁaiticn, the valua or otherwise of the administra-

'7;tipn of ce uitine needa to. ba eatablisheﬁ

‘&asat&traanoic acid (22 4),_1n the lecithin
3 i yaftern seen in thase children. 1t appears

'-'-'"_-.'_tn be ths first tima thia has been reported. As the ex-

'-"'",:'._--'._aat aompositmn af the phaspholipida is important in

fmembrane fiuidity and flexibxiity, {t would be of in-

"];_'__tareat ta atudy red c-.al‘.l mamhrane fluidity in  these

e '.5'-__-’_'ehimren and ta datermne the rad eall memby ane phos~

"__'_.'-_pl.;pit___igisi;d. _-f;att_y_ aeiﬂ ao:np.qs *tion,
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APPENDIX A
LOH-PROTEIN DiEY

! t)pieat dav‘f; mars- foltowsd this s:uple regime (no red meat
atLowedys . .

BRI muesli made e caraal flakes, mlts. ‘sends, ied or fresh
. ‘Pﬂﬁf‘

'..-_i':"'dried 'Pruit e:mﬁe ﬁ%’ §resh fruit Hith ynghurt follo‘wad by

- ilesizal foms:

s_uué twem%w!, es-rmh hrnaﬂ 88 e aikes* |

alad o ixturs. of ditforent saleds with. rg_l_.ft?_'ﬁr_‘
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Appendin B

DETAILS OF PATIERTS DIAGKOSED WiTH KUASHIORKOR

AGE  SEX ETVHNIC  HOSPITALS OTHER FLLKESSES 1ST HEEK
SRoUE,

2Hb MEEX

1 1m

2 &ly

3. 1y

5oty
5 Ty2n

L6 e
L

Verklo Elim Gastro~enteritis i
ghangeen Holamuileie  Gastro-enteritia
éotho Baroguenath Gestro-enteritis
‘zulu’ Davagwanath Haresmic-Kuashiorkor
Zulu  Barwguaneth Heasles

Shengaan Ellm - tastro-gnterivis
'"s}mnqmn_ Natamdete - L

- Yhosa --aaéagﬁmét!;-' . _

shangaen Halemutels  Diarvhoea

LI

.E:l-'fni_"- Marrlma

b3

'_.-E'li'iﬁ-' _'Gnstr@-mt&ritis - ' %

g slim - Brom:hlﬁs, pnelmmnfa
ole g_-a'shumzmi;:f aaafrovem;erms'___‘ R

:ﬁzmg .:'ﬁ- ..‘z_-j-_'z ®E R o2 o= =

i - :.'hiarmea
:'-aarasunnaﬂlr‘fﬁeasm S
aﬁs_:’_i’-avanféi-'tﬂ#""' '

. _'_3_-.ﬂarzsaﬂanath:_f

- f’ﬁastra\-em +itis

_f'mmmnia ;aﬂ.fght;i. diarrlme

'._-'::_:_.'Bnrammth'_j Rat&nder.i, :Qxéé'tfb-éﬁééfift'in; o

'_:-_.ﬂasm-mmm S "
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Appandix €

© ROGTIME TREATMENT OF KUASHIORROR IN SGME RURAL KOSPITALS OF
THE HORTREBN TRAMSVAAL, AND AT GARAGHANATH HOSPITAL

A lefieines
1. -Fe:_'rg-___dmpn: - ByémL 'ﬁauy % 14 days
2. Potgestun éhtmdea A0sL dafty x 7 doyo
o . '-‘I_a. ﬁpruvit orazly zao 000 U on - mimtsaim

. 100 600 U the naxt dby
1o 080 U an discharge

R ',-m}_ﬁggg taliaﬁt var!aticna from hoap{tai, to hoapital!

‘naramaannth ﬂuspitat S '
;--:ézam $26 Forniuls (hmized milk, m prutein 1.2 gAty:

' -progress. to. Leseagar thigh in progeiny; later

Ll mfant am smpimamad aith vleamin Ay € cig,

k daiiv:

Ty i :_eeeea ._tno' dlarrﬂo&aﬁ

"Rl or E afeure: 15Mﬂfkalday

© Frash frott Joleer 0Dl /dey -
e pecordingly., -

R "-awaro o ;.;. dinrrhm)

s "3'.'_._5.\&7 wnox aa far’ mnd ems )

. lm:~ x# the dhﬂd mfuaes all ?mds pu: up a drlp nf':_

h::if uarrm aalueim tisﬂmlikﬂfda?h DT

e _haapizalsz

Ba M " ak;ﬁ t’éﬁt W 1‘5{ muareul!n taa'l:

: .-f:_}mggtmm # 'ﬂnﬂham ?ranavnn& -:ui: leust awen faw

- Add vblids og omn ae .'-chtt'd_cun aat thm md mfuce ) s

" Doy of adwiasions weat rahydra:m 1summ=9 R

cE.éLrsa,im m‘ i;meva mw ttmmuv osrs in rurel -

ET 7 e i
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Appendis D

- -_pwmi_x-ma OF SUPPLIGD REAGENTS FOR SPE.

N 1 Sﬂﬂmt dia}tlued Heter
Eacit mavmt {2) of Papagon E[actrohnreﬂis rell

o g B¥Lbed with 45nl B+ garbital Buffer.,

' Wmt uf a-z Barbhal Buffef iﬂ celt Is erftical.

kR ﬂtlmrl diﬁtmeﬂ uatar

S stal et
-'faf -_150:‘rilj 'atp_cit_ﬂ- ami.g_ &
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Apperdin &

'- _Pﬁsmméﬁ oF supmm ns_nnems-'m LPE.

4 1500wl diovitied sater | |
.!i_ﬂml: of Guffer in. etectrppnumig eall oriticel .
l‘s"“’“ Wm*.‘ Wsww _i__ﬁtc'-e_puﬁ resurvois of cold,

_-45%1 ﬂistﬂlw mter +-45M Reagem -’.'rada Eﬂiaml
Bl Blm:ial ﬂcetie Mid R
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Appendix ¥

BERUM CARNITINE CONCENTRATIONS ¥H THE UHITE ADULY
POPULATION GROUR

CARNITIME { mmol/1)

SAMPLE
- Ho FHEE YOTAL - AL

5.0 @3 - 103
48,0 . s - v
80D “3 . 93

B T ¥ R

T

GAWLES 1+6: HALES
SAMPLES 7-12: PEMALES
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Appendix &
SERUM CARNITINE CONCENTRATIONS [N BLACK URBAN ADULY

- POPULATION eroup

| CARNITINE ¢ pmol/0)

oW ome ot
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i\ppendix #

SERU CARMITIRE COMCHNTRATIONS 14 RURN. HLACKS

CARMITING ¢ mmet/ly
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Appandin 1

SERUI CARMITIMNE CONCENTRATIONS IN WELL-NOURISHED
CHILDRER

CARMITINE { pmol/L)

SAPLE
HO PREE T0TAL ATYL

o wa
1!3 : . 114

SANPLES 1-8: MALES
SAMPLES 9-15: FEHALES



138

Appendin &

SERL CARNITINE CONCEMYRATIONS IN CHILDREN MITR KWASHIORKOR ON ADMISSION TD HOSRITAL
ARD DURINE THEATHENT. :

T CARMETIDE mmol;(l)

187 HEEX 25D HEEK

. FREE - TOTAL ACYL . FREE  TOTAL AGTL

1 38 S B 520 658 118

77 %o W 1y WO mr N2
- BE %.S 126 B0 R A8

A0S 868 SLF M
03 zr we %4 03




VALES FUR SERUN CARNITIOE CONCENTANTIONS I SIGHT SUBJECTS CA-HY MATUTAINED O & LOU-PROTERY DIEY FOR THRRE WERKS. | . -

O Bne BRI 1RSS4 TP
324 6.4 10 580 763
X 28.0 3’:5 11»6 ‘?‘6 “¢9

6T 9 G0 A0 TRE 30 500 120 b 3B NI 460 &
) PR HT. 0 5% TRY WLT O 400 A5 8.0 560 1.0 8.0 &3

L B6E BLE T 8.2 TeI

T2 A53 101 BN &S

SR
<
-

5.5
15.3

w5

11.3

12,9

.

TEG SR #Bb 62,8 141 416 819 0.8 320 4.7 M. 562 69.0

%9

2.9 .

0D e BS990 2%  Eh S 15 63 TS5 1P . T3 67T
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Appordix L

SERUY TOTAL PROTEIN AD ALBUMIN CONCENTRATIONS IN THF WRITE
POPULATICH GROUP

PROTELNS (a/l)

TESDULYS . vemy, et
.65 | 40

e w e W
B
~
-

I S ¥ 2 . 3.3

U Ghees e60. tALES

- &mﬂjg Y“qa%m[ﬁs e
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SERUH TOTAL PROTEIN AND ALBUMIN CONUENTRATIONS FOR BLACK URBAN AND RURAL POPULATION

BROUPS

Epgpeonmasuns

=
‘gl ] E .

:Eggé#Qéﬁéﬁﬂﬁégggéggﬁf{ }¢, "]

glEaEx
5

r

a

gaeNaal.

TSN ERRNE

fmeyyké;; 

B '-ij&;

- SHPLES -AvBDE: ALER
BAMPLER 29-28; FERALES

Wy

HERRREABEEY

x
b
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SERUY TOTAL PROTEIN (TOTALY AND ALBUMIN CALB) COMCEMTRATIONS
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I CHILOREN YITH KYASHIORNDR ON ADRMISSION 4D DURING

TREATHENT

PROTELNS (o/1)

o ADMISSION

| fREATHENT

187 1 K

2D WEEK

. OBAMRLE '
e mml. aw

Torl

Als

TOTAL ALB

S %7190

. 5869 359
39!5 23-3
B2t %
51.6 30,9
3.8 2%

W 267 2.5
L OBH.A

R X B TX

ﬂaan#‘:‘r-a 25‘1
SR B _— 5.?' ' '4.5

a8 ol 26
16 de B2

sa.z Hyl

~B%

616

2.
1

858

17 - 50E ohd

s 305l AP

- 31.8

0,8 36,0

.3 Y4

L BL4 - 362

9,5

F o
»
i

N 'ﬁ-’s'a'.a-- |
- |

ﬁaf‘ : 3&'&9 .
&3 18

U ey 4B ws
L e e Pemas -
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Appendix O

SERUN TOTAL PROTEIN AND ALBUMIN COMCENTRATIONS [N WELL-
WCURISHED CHILDREH (CONTROLS)

PROTEINS (a/i}

SAMPLE MO TO7AL - ALBUMIN

50

33

&6
42

1)

EEEEEEEE

1

ad.
&

R e e

e

S tveestl
s

T BAMPLES 1-Bs  MALES
" SNHPLES 9-15: FEHALES



SEI‘!UH ?DTM PROTBIH ﬂh‘z’ﬁl} &HB !\L&UHII.I {ﬂtﬂ) EDHGEHTRATIONS M ERGHT SUB.IECTS M"lﬁ mmmtm o
A LGH*!'&QTEIN ﬂIET '

' PROTELHS. (o/0) "

E oM oTOE D

CHMETIAL G 18T VERK 2D EEK $HD HEEK 2 JONTHS AFTER RESUMING
C - NORMAL DIET
ToAL M8 TOTAL A8 TOTAL ALD TOTAL AL TOTAI ALB
¥ 4 6 3 s 32 %% % 7w W
& 43 w4 % 3% 3 67 4
& 36 @ % &8 W 52 3 & 38
6 46 @ 3 & m 53 3 7 46
& 30 62 3w - S8 % B ® 66 3
& 40 6 36 6 32 51 3 68 48
- ™ 3B g2 %7 59 34 50 30 & 37
& 3. W % 8 B 59 2% T2 37
TTES.6 A0 613 374 59.8 32.5  53.0 0.6 68.9 40.6
22 42 8 15 18 2.7 23 2.0 4.9
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CONCENTRATIONS OF SERIRY PROTEIN FRACTIONS IH THE ADULY ¥MITE POPULATION GROLP

PROTEINS (g/L)

SANPLE
W ALBLMIN GLOBULINS

B 6y a'

CX 15 e #.1
a0 | 13 52 9a.
BR- 22 - 58 1.2

XA 13 sa 6.9 .

Csnh BRI % N ¥ S,

E I 1w 6T 98

R A R

9.9
10.4
13,1
0.4

76

R

LW o M4 15 &1 6.8

e ke as 0 te 18

R

- Ah

s we vz 56 82
w0 Twe e sr 18
weoo o smal OSSN Y
"o B R LT T &

e 2

9.7
6.8

w7

1.2
8.2

e - aE 15 84 75

9.6

1.'_5

m S as N T A T L3

9.5

2.0

SAMBLER 1-8: HALES
SMIPLES 7-12: FEMALES
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Appendix R

CONCENTRATIONS OF SERUM PROTE[N FRACTIONS IN THE ADULT BLACK URRAN POPULATION GROUP

PROTEINS Cos/L)

SANPLE
oo ALBUMEN BLOBULINS

B (I 5.8 8.6 13.0
38.3. 3. 80 73 - ne
SR % 21 D B 1.2
R O T - S X 5.0 10,4
&Y. T A 68 8.8 8.
e s &1 hE . M
&R &3 &S BT
8. B e
s &Y BB 88 - B4
S U F 88 2.9
CRBRY L BRR 90 04

TRE &G &S ke
CUURES L BB Tab o TR
SR R X N T R
R I e M

A . B3 e BT

Tab . a0 8a o wal

BT S W SR R R
S N WETT L 8

OS89 . B2 86
CURE e A 3.3
- 1.2 - 5!& - : ?12 - 6.8
RTINS K IR N 3 B2 . 102
R 1 I O B0 0.
0% 0 1 aB T BS

15

_ o X} .

1'.5 ’ 2.1

Y N S TR .y
D T 1.3 1.3 1.9

SAMPLES 1-20: MALES
SANPLES 23-28: FEMALES
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CONCEMTRATIONS OF SERUM PROTEIN FRACTIONS IM THE RURAL BLACK POPULATION GROUP
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PROTELNS {o/l)

Ho

GLOEULINS

6‘ u

Fx
P63
72

8.k

T
e
Coe

8




148

Appendix T

COMCENTRATION OF SERUM PROTETIM FRACTICNS IN THE CONTROL GROUM (CHILDREN)

PROTEINS (g/l)

SAHPLE
0 . ALBUNIY GLOBULINS

oy tly B ¥
42,0 0.7 7.0 8.1 1.2
37,6 2.6 6.6 8.6 10.6
39.7 : 1.3 5.9 7.2 11.4
o 1.3 3.9 7.8 13,0
7.2 7.9 0.8
5.5 L4 65 04 8.6
40.1. I 6.8 88 - 10.9
X 52 - 62 . 124

' T R T R B T
&
o
-l
a
F-

1'5 . 5-3 su 1 : 11 -1
6.6 Lo 1 A3

o "'a_.s s w2
R T TR T SRR T
B XU R ¥ B R
s ws s 1
S TYNET S A SR
BT R X R

23 e 85 . Ma
B R X A B

1e es B3

. &&? . an 1'1 ‘1'3

SAMPLES 1-8: HALES
SMMPLES 9-151 FENALES
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CONCENTRATIONS OF SERUM PROTEIN FRACTIONS IN CHILDREN WITH KHASHIORKOR ON ADMISSICN INTO
HOSPITAL AND DURING TREATHMENT

PROTEINE (9/1)

18Y uEEK

TREATHENT

2HD HEEK

ALBUNIN

GLOBULINS

ALBURIN

GLOBULINS

ALBUNIN BLOBULINS

-

15.3
193
%Y

o o~ e W o W T

B6
e
e
s
ol

ho 24

2.7 5.7 2.3
3.1 9.4 3.1
6.2 2.1
9.0 6.7
28 5.1 3,6
89 38
2
‘58
FRTy

52
28
3

2 S 42

as
21.7 E.%"?T? 2.¢ 10.6

12.2
17.2

9.7
11.8

o
8.9
ey
Hat
B3
iy

420
Kz}
fj#é;&.;

ny o
27.5

i3 95
3!& 8.9

4 A% rE 4e
& BT RS BT 1
BN
\ a5 X5
9oy

" lfT£?5%i; fl':I““
2 85 7

0.8

AT 85
B85

8 Y

3.8 12.5 8.8 10.0

83 4a.9

52 83

5.3 1.1

8.9 89

m saes %0 ma

mg o B 7
38.3 2.0 6.6 8.8 2.5

7.7 2,6 5.5 8.5 10.5
3.0 2.5 6.1 846 9.2

Coverdll

Hear 9.2
w 3!9

3.3 7.2
.2 1.9 n3

100

2.4

3 3.5
1.4

7.0

GRNFLES  1-13%
SAMPLES 14-223
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Appendix Ui

ELECTROPHORETIC RUN OF SERUM PROTEINS ON AGAROSE GEL

B6 ADULT URBANBLAGNS
. 7+8 MELL-HOURISHED CHILDREN
- ---j_'n«m HIASHIORKOR |

- *Nute i:he d*lminish&d a%humm cuncentrat‘icns

‘ﬁr %Téh'iérkﬂé} S
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PERCENTAGES OF LECITHIN FATTY ACIDS 1M THE ADULT BLACK MALE (URBAM) POPULATION
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Appendix &b

INDIVIDUAL VALUES FOR SERUN TOTAL PHOSPHOLIPID (mgX) IM EIGHT
SUBJECTS MAINTAINED ON A LOW-PROYEIM DIET FOR THREE WEEKS

PHOSFHOLIPIDS

INETIAL IST MEEX 2D WEEK 3RD MEEK 2 MONTHS AFTER
C ' ' RESUMING HORMAL
DEY
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Appendix X

SERUM LIPOPROTEINS IN THE ULACK URBAN ADULT POPULATIUN GROUP

LIPOPROTEINS (%)

SAMPLE

KO CHYLOMICRONS 0L VLol MOL
! - 59 1.0 2.0
2 - 54 24,8 ée.0
3 - 61 1.0 25.0
4 - &5 2.0 25.%
5 - 57 20,0 23.0
] - 54 25.0 2.0
7 - 53 23.40 22.0
8 - 59 20.9 1.0
9 - 59 20.0 21.0
il - 2.0 23.0
" - 22.0 24-0
12 - 2%4.0 1.0
13 - 0.0 19.0
14 - 20.0 18.0
: - 19.0 23.0
- 20.0 2&.0‘
* 13.0 4.0
- 5.0 5.0
- 16.0 26.0
- B0 9.0
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0.9 5. 2.5
B3 . 0.5 Ok
- 0.3 13.3 264
2 A 18,9 22.0
26 - 9.4 5 It 21.0
2% Ut 59 2.3 19.8
£F. L€ -1 19.4 23.0
= 1.2 ' 62 14.5 20.0
Ry X 1.5 6.6 22.5
C OB - n-& 24 .8 3.2

Svarall ' '
Haar i BA.9 12.0 22.
3.1 L 2,

T Mea 0.

| SANPLES 1-30: BALES
SAMPLES 21-28: FEMALES
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Appendin ¥

SERUA LIFOPROTEINS 10 THE RURAL BLAGK POPULATION GROUP

LIPOPROTEINS (2)
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Appendix Y1

ELECTROPHORETIC RUN OF SERUM LIPOPROTEINS ON AGAROSE GEL
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Appendix Z

SERUM LIPOPROYEINS IB WELL-NOURISHED CHILDREN (TONTROL GROUP)

LIPGPROTEINS (%)
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Appandin BB

SERLM TOTAL PHOSPHOLIPID CORCENTRATICH IN THE
DIFFERENT ADULT PUPULATION GROUPS

PHOSPHOLIPIDS {mgX)

SAHPLE URBAN BLACKS RURAL BLACKS WHITES
7 129.4 162.8 42,9
2 151.1 151.4 156.6
3 1614 147.6 153.8
4 162.8 120.2 150.1
5 133.3 161.1 165.0
& 141.4 162.8 143.6
7 121.8 153.6 152.8
8 %76 148.5 11141
9 148.5 1248 122.1
0 152.8 147.6 12.2
gt 156.2 ' 128.5
12 0.8 - 1419 .
3 138,2
e "
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15 RUEE . -
y7 1424 ' _ Yalen ggan J.Eé:g
18 . 8 . - :
v R | _ Fenzlas ‘ IISIB‘.EII 132:& .
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SAMPLES 1-20:  HALES SAMPLES 1-6: MALES

SAMPLES 21-28: TFEMALES SANPLES ¥-121 FEMALES



159
Appendix GC

SERUK TOTAL PHOSPHOLIPID CONCENTRATION TN PATIENTS HITH KWASHIORKOR AMD
HORMAL CONTROLS

PHOSPHOLIPIDS (mg¥)
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Apperdix EE

THE RELATIVE PERCEMTAGES OF LECITHIN FAYTY ACIDS IN THE ADULT WHITE POPULATION GROUP

FATYY
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Appendix FFp

THE RELATIVE PERCENTAGES OF LECITHIM Fa7TY ACIDS IY THE ADULT BLACK FEHALE (URBAN) POPULATION GROUP
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Apperalix 68

THE RELATIVE PERCEMTAGES OF LECITHI® FATYY ACIDS iN THE HALE RURAL ADULT BLACK POPULATION GROUP
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Appendixn HH
THE RELATIVD PERCENTAGES OF LECITHIN FATIV ACIDS TN UELL-NOURISHED CHILOREN
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Appendix 11
THE HELATIVE PERCEMTAGES OF LECITNIN PATTY ACID IN CRILDREM WITH KMARHIORKDR

FM'T\' 4650 et B30 1851 18:2 18i3s 1S3 2013 2034

. 20:5  2Z:h 22ukoS 223543 2216
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K 728 A3 R3O0 G 100 1.8 6,18 098 Y. md .67 9
& B4 223 w32 A9 2.t 028 0.1 683 B.6F  0.23 5.2 0.80 295 0.9
5 © . 3.4 A4S B35 0.3 .8 029 0.5 150 5% o495 .3 0w 113 0.5
) 30.4 5.8 9.8 2.9 WE OB 0.BF 09 e D42 985 0.6 0.9 0.77
7 3.8 7% vS2 W 134 LA DB 086 A48 0,26 1o .40 3.9% 052
8 2.7 33 918 185 208 G4 065 t.44 0 5.0 0.5¢ 680 0.7 1.5 D.77
g 286 3.0 V.4 T5.Y 18.8 026 0.6 2.7 8.2 0.66 2.9 080 200 0.7
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1 38.4  2.85 400 12 24 016 020 DTS 450 Q.86 2,52 035 2.8 1.0t
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14 2.5 2.60 6.62 W6 6.2 103 038 .94 132 .72 1.8 099 126 0.9
i5 20,4 2.43  6.86  1D.9  16.5 8.60 1.03 2.29 12.6 1.96 12.8 .58 0.69 F.12
16 ar.a 2,03 7.26 15.9 12.9 0.27 0.53 2.10 8.43 0.40 9.27 0.97 1.80 0.99
17 ev.b .61 0.2 993 1.9 0.20 0.5% 3.9% 1 3 0.92 14.0 rd 1.54 0.68
16 3.3 2,61 B8.26 15.6 158 0.32 0.66 9.52 8.62 06.88 10.7 .M 1.6' 0.9
19 2.4 3.405  9.63 18.2 20.4 md 0.62 1.93 5,30 0,43 6.0 1.65 3.38 0.62
0 31 2,58 830 15.9 20.3 0.39 2.7 2.41 8.73 0.53 6.15 0.50 1.26 0.74
-y} OB 345 T.B2 O 19,4 W2 027 049 1.3 482 0.5 5.6 0.88 045 0.Th .
& 0.9 TR 77 168 133 0.2 635 0.1 5. .26 10.2  1.30  4.02  1.04
tleg 3.2 3.00 799 1.4 .8 Q.40 9.4 2.02 8.62 1.6L .73 0.88 1.76 0.856
o I . 2.3 1.66 1.28 3.4 .73 .30 g.2' 0.88 3.ty 0,50 3.20 0.46 1.18 0.17
Overali
Meen 3.5 3.21 B.00 15,9 178 0.2¢ 0.55% 1.78 7.88 a.75 8.98 0.73 1.89 0.81
S0 2.82 1.5 1.2% J.50 298 0.22 v.2h 0.94 2.43 0.45 3.35 0.41 1.01 0.20

SAMPLES 1-13: MALES
SAMPLES 14-22: FEMALES
nd = Not detectabley for statistical wnalysis vatues were taken as zarc

991




Appendin JJ

THE RELATIVE PERCENTAGES OF LECITNIN FATTY ACIRS 1M EIGHT SUBJECTS MAIJWTAINED ON A LOY-PROTEIN DIET
FOR YHE TIME PERICDS IMDICATED
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Y

FATTY
ACIDS 16:0 16:1  18:0 18:1 1B:2 18:%wh $B:33  20:3 20:4  20:5 22:5 2234
Basal A 13.5 0.73 17.7 6.9 27.1 0.33 0.40 3.2 16.2 1.64 2.00 5.9
8 2.4 0.5 7.6 1.2 25.3 nd 0.2 325 10.3 0.49 1.87 4.02
£ 20,8 0.3t 17.2 1.0 23.0 nd 0.64  3.82 9.35 0,50 151 1.7%
B 8.9 0.43 17.2 10.8B 30.2 0.06 032 %52 12.8 0.8 0.87 4.30
£ 15,0 0.26 20.6 14.% 30.2 C.05 0.32 3.8 11.8 097 1.00 4.03
F 20,4 nd 20,2 14.7 30.3 037 048  2.97  6.B% 0.41 0.73 2.06
27,1 nd  16.% 2.4 2B.6 0.41 050 3.8 6.55 0.69 0,80 4.46
# 228 0.89 7.5 1.5 28.7 0.30 0.4  3.13 6.86 0.8 0.91 2.91
PEan - E0.E U.3F 18,1 2.9 27 '6"‘5‘.“'19' [ 3.56  1C.1  0.77  3.99 3.58
JBE A EB.7 rd 2.9 0.7 30.6 2.3 0.18 .53 B.30 B.34 0.38 1.95
beek 8 302 nd 168 9.7533.9 13.3 016 2.5 8.91 0.5 0.26 2.16
S £ 255 nd (4.4 1.8 8.2 241 md 238 907 051 0.45 2.70
: D P8 o 14,2 10,6 2900 221 0,92 236 933 0.22 0.49 2.69
R £ 24.2 md 12,6 8.2130.9 0. 0.22  2.58 7.835 0.29 0.28 1.90
Soocs T 3 ond M. 11 08 4. . 2.58 7.00 0,16 0.72 . 2.54
5 354 nd 4.2 12.7 28.6 498 nd 3,3¢ .00 0.8 0.75 2.89
0B ond VA4 9.22 2004 201 009 1.97 591 047 088 2.9
feAn 28,7 hd 7.2 "10.5 ST SR T LT
&b 256~ LB .46 3.67 S 008 o4 .20 695 D20 0.41
I R ST WU T 18,9 28,4 0,82  D.19 2.3 7.7% .25 D.28  1.47
Meek - B 37,8 nd 184 9.5 19.6 441 0.8& 2,22 5.46 0.08 0.30 1.43
T f 3T o 1B 1.8 2.2 047 Q47 180 695 0.2 0.30 1.8
S o RS o 1 109 2R L D% LK .73 0.086 0.1 2.2
SRR B ond i 13 25 192 007 30 T 0.18 M7 0,55
T Foo3.2 et 3.3 1.3 317 2.40 0.27 1,85 L85 0.06 0,13 1.00
G %us“d B.0 1.2 2300 2-’4 0«62 2.41 591 0.2 . 007 .81
. ¥ 0803 nd 167 03 209 KB4 AN 1.53% 3.8 0.1 G.f 0.53
- eEn TOReh HE . LABeB  T0.T . D5al 2.39 N3G gD B.3% D8 0.8 .24
- 383 - 1H 0. 400 1,80 0,25 0.5  2.00 0.08 0.07 0.52
3rd R 26,3 19 13,1 B.9% 1.8 20.4  0.10  2.38  5.38 0.19 nd 1.67
Hesk 8 R4 ond M 848 15.1 M4 rd 0.8  3.88 nd nd 1.35
T 6 39 ond 142 1B 182 9.2 .08 149 5.43 0,20 nd 4.53
b . 273 nd 16.8 N8 209 W3 §.88 5.42 0.2 0.21 1.1
B 25,0 nd 17,9 105 263 4.82 7% 470 034 n 1.85
F o350 md 1.8 10.2 274 943 082 LS4 435 0.20 iy 1,22
G a?t? l'lﬁ . 11-6 3-39221 .07 162 . 6‘% : 0532 M 0-99 ’
Feon ib.& T 592 F P T QN R NI - A M B B
' 2.85 - 247 1,36 405 0.62 .08 DS5Y 008 092 0.19  1.20
_"'ﬁmtus T3 U710 1747 11.3 280 048 041 8.9 1hd .70 503 6.5
Cpftar. . a 2.3 oS 18U 155 5. 0086 038 3,27 0.2 851 .36 4.06
resuming € 27,7 &34 173 4.2 215 Q.10 0.50 39 10.6 0.5 137 1.72
maegel b 195 047 158 10,5 20.3 0.1 034 362 130 0.9 0.92 3.9
ding E . %2 0,24 20 .9 203 1,15 0.40 (N ] 1.5 w00 07 &4.07
. z?ﬁﬁnd 16;1 12-1 2&-5 D-iﬂ 0,52 3»95 9.50 0.7 0.80 0.82
Bean P13 D42 1B.1 12,9 .6 0.30 0.38  3.58 10.3 0.8 .33 i
8 5uun.35 .85 1.762.91 035 0.17 0.4 2.9 040 050 .77

= not detectabte: for statistieal onulyain values were token as zero
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