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Summary· 

A male child died at 7 months of age with progressive 
neurologic deterioration and persistent metabolic acidosis. In­
vestigations during life showed this child to have elevated blood 
pyruvate, lactate, and a-ketoglutarate as well as elerntion of 
branched chain amino acids and occasional hy·poglycemia. Co­
factor therapy using either thiamine-HCI (2 g/kg/24 hr) or 
thiamine tetrahydrofurfuryl disulfide had no measurable effect 
on the clinical or biochemical status of the patient. Tissue taken 
postmortem showed normal levels of ke_y gluconeogenic en­
zymes but a deficiency in the activity of pyrm·ate dehydrogenase 
in all tissues tested (liver, brain, kidney, skeletal muscle, and 
heart). Examination of the individual activities of the pyruvate 
dehydrogenase complex showed pyruvate decarboxylase (E,) to 
be normal in liver and other tissues. Dihy·drolipoyl dehydrogen­
ase (E:i), on the other hand, was deficient in all tissues tested. 
a-Ketoglutarate dehydrogenase complex, which depends on E, 
for its total activity, was also deficient in all tissues tested. The 
absence of this e~zyme is discussed in relation to the clinical 
and biochemical status of the patient. 

Speculation 

Congenital lactic acidosis due to a severe defect in the 
pyruvate dehydrogenase complex for the first time has been 
shown to be due to the absence of the E, enzyme of the 
pyruvate dehydrogenase complex, dihydrolipoyl dehy·drogenase. 
The survival of this infant for 6 weeks of life without hospitali­
zation is suggestive of a reliance on glycolytic rather than 
oxidative metabolism in the early neonatal period. 

Oxidati\'L' dl'L'arhoxylation i, invol\L'd in thl' normal ml'laho­
li,m of pyru\'all'. tt-kl'loglutarall'. and thl' branched d1ain amino 
acid, ( kucinl'. i,okucinl'. and \'al inc·). Thl' ll\idatih· dl'carbd\­
vlation of pvruvall' i, catalvzl'd by thl' ,o-calkd pyru,atl' dl'hv­
drngl'na,c cnzyml' complex. Thi, complex comprise, at least 
fi,·c di,tinl'l u,mponl'nt,. Thrcl' of thcsl' componl'nh in sc·­
qucncc catalyze the actual oxidative dccarhowlation of pnu­
,atl'. Thc,c· arc pyruvall' dc·carh,,,ylasc· or I·., (LC -l.1.1.1). 
dihvdrolipoyl tran,acl'lyla,c or L, ( FC. 2 .3. I. I 2 ). and dihydrn­
lipoyl Lichnlrngcna,c or I', (EC. I .h.-l.3). The· total comple, 
compri,L', thl''>L' componcnh (I-,. L,. I-... ) in ratio, ,\11ich arc· 
ti-,-,uc ,pccilic. c .g .. bo\'illl' heart JO:hl): 12 and bovine· kidnc·v 
20:hO: 12 (2.'i). Furthermore. thl' 1-., rnmponl'nt. an,,,µ, ,ubunit 
ll'tramcr. c·,i,ts in ;111 acti\'L' and an inacti\'L' fllrm. The· intc-rc,Hl­
\t:rsion of thc,c is catalYJcd bv a further t\\11 ,ubcn1ymL' 
components. The con\'ersion of thL· Lkphmphorylall'd actiYL· 
form to the pho,phorylall'd inacti,c form i, L'atal~;cd hv specific 

kina,L' (pnu,alc' dccarboxvla,e: ATP transphmphoryla,c) and 
the rnnsc· pnKc,, i, catalyzl'd by a specific phosphatase (Mg·· -
and Ca·· -dependent pvru,·atc dccarboxylase phosphatL' pho,­
phatase) (16, 17. 34). 

The enzyme complexe, responsible for the oxidative decar­
boxylatilln of n-kl'loglutaralc' and the branched chain kctoaciLh 
arc similar to that for pyru\'alc. I hrn e\'cr. a regulatory kina,c­
phmphatasc S\''>tcm of the I', component has not vl'I been 
identifiL·d. 

The total pvruvatc Lkhydrngcna,c compkx compri,e, ,i.\ 
enzyme protein L·omponl'nh: the n and /3 unih of I' 1 • F,. I·::,. 
specific kina,c. and ,pccific plwsphata,L' for F,. Thu,. there arL' 
six po-,-,ihle hereditary dcficicncic,. At least eight rnnfirmed 
cases of E, dcficicncv have been dc,crihed (3-'i. 10. 11. JO). 
Presumptive hut unpro\'cn diagnmc, of E, ( 7) and 1':i ( 13) 
Jcficiency havc: bcc:n dc:,cribed. \Ve have prc:viou,ly Jc:scrihcd a 
ca,c of the specific phosphatase Jcficiency ( 23). A specific 
kinase deficiency remain, undc,cribcd. 

With ,11c·cific clinical. biochc·miL·al and ti-,-,uc enzyme data. 
\\L' prL'..,L'llt a ,.:~t..,L' in \\ hich we confirn1L·d thL· di~t!,!llO..,i'.'-. of 
dcficiencv llf the I·., rnmpllnent in both pyruvall' and n-ketoglu­
taratc dclndn,gcna,c complcxc,. i.e., dihydrolipoyl dehydrn­
genasc· dcficil'nL·y. 

CASI- RLPORT 

The proband "a, the first horn of consanguineou, Cauca,ian 
fir,t cou,in,. The 20-year-old mothn entered spontaneous labor 
and dclivcrv at term aftn an uneventful pregnancy. Thi: :i. I-kg 
male infani cril'd immediately aftn birth hut had a congenital 
larvngeal in,piratory ,tridm. lie de\'elopl'll normally and at 6 
\\eek, of agl' weighed -l.8 kg. Hll\\l'VL'r. at the age of 8 ,,eek'> 
he bi:camc acull'ly ,ick over a period of 12 hr. At presentatilln 
he \\as pale and mottled in appearance. He L'Xhibited irregular 
lahmcJ re,pirations \\ ith marked in,piratory ,tridor. I k \\·as 
lethargic and floppy: yet at times became L'Xlrcmely irritable 
and temc. lk had a con,tant gla,w stare. He made purposeles-­
limh 1110\'cmenh. 

Ph~sic,tl L'\aminatilln re,·L'alcd an akhrile. \\ell hydrated child 
1,ith a \\cieht ,if 4.8 ke. hcieht .'i6 cm. and head circumkrcncc 
.N cm. Iii; puhl· rate ~,a, 11"lO/min. blood pres-,url' 100 mm Hg 
(systolic). Auscultation rc,·caled no heart murmurs and clear 
lung field,. Iii, li,cr \\as not enlarged. Hi, muscle tone wa, 
increased \\ ith symml'lrical brisk dL'cp tendon rcfll'xc,. Hi, gag 
rcfk., was present. lk did not follow a light '>lllll"ce and 
fundmc,,p,· re,·caled bilateral optic atrophy. lie did not have 
nystagmu,. Iii, anlc'rillr fontanelle- wa, llpL'n ( I . .'i x I . .'i L'lll). 
and hL· \\ a, nornwten,ivc. 

Initial in,e,tigation rc,·L·alcd a metabolic acidmi, \\ith ck­
\'atcd anion gap (pl! 7.22: pCO, :n: bicarhllnate 13: sodium 
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1-W; potassium 4 .0: d1l, ,ridt.: 11 )<J). ( ·ne·hn ,spinal fluid \\ as 
t.:kar and stnik. as \\as a blood rulturt.:. llt.:mogram \\as nnrmal. 

Furthn irne·stigal io ns rL' \'t.:akd a pnsiste·nt ekvation ,,f blond 
pyrmale (0.240- 0 .370 m l\1 (normal 0 .2 111 1\1)). la ctatr (2.ll ­

S.7 mM (normal · 2.0 mM)) . H-kl'loglutarale (0.103 - 0.14 7 
mM (normal · 11.11~4 mM)). kuci nt.: (O.I IS - O .. 'l44 ml'vt (nllrmal 

11 .11 1JS mM)) . isnkue·i nt.: (II .Ohll - 0 . IS'I ml\.1 (rwrm ;tl 11.114 7 

1111\1)) . and \',rlint.: (0.524 m:\-1 (nnrmal · 11 . 11!1! 1111\'1}) . Citrall' 
was not t.:kvated ( ·<O. I mM). During thl' lllllnths ht.: was fol­
lo\lL'd. tht.: hillllll laL'lall' kvl'is sho\\L'll \\idt.: fluL·tu ;1tio11', hut 
\\e·re· pe·r,isll'ntlv ab.,,·e· thl' nnrmal range· . 

( kcasi\lnal random plasma sampks e·, hihill'd l,m b!.,od glu­
cose' 1·,tlue·s (35 - 42 mg/ I()() ml). I k t111Lkrnent L·,tlnril' dqni1a­
ti,in for S hr lln t11ll ,1ccasi,1ns . Onlv lln llne llL'L'asion did he· 
de·\ l'illp hypoglvcemia (.,2 mg/ 1111) ml) . ,\ gl1ce·111ic· re·spnnse· 
\las ohse·n·e·d \lith I g/ kg oral 1.-alanine (37 mg/1 00 ml afll'r 45 
min). 

Tht.:rap1 11as attemplL'd 11ith prnlllngt.:d L·, nrrse·s nf thiaminL· 

(hydrnchlnride· dnivative· I g/da1 f.,r 4 11e·e·ks and the· lL'trah1-
drofurfural disulfi1k deri1·ati1·e· SOIi mg/day fnr h \\ed,s). Ne· i­
the·r a hi,iehe·mical 111ir a clinical imprn1·emL·nt 11as ohst.:ned 
(hg . I). This 11as also the cast.: 11ith glutaminl' suppkmenl (I.~ 
g/day f.,r h wt.:cks) llr a high fat did (I::'() L·al / kg /1L1y. sw; as 
L'lll'll nil). 

His ne·tm,1, igic dvsfunL'linn \\as prngre·ssi1e· and 111ne· mitting . 
1-k dit.:d afte·r pulnwnary aspiration at the age of 7 months at 
11hich time his weight 11as :'i.3 kg. An aut,1pS1 11as perf,,rmed 
11 ithin I h r of 1kath. Tissue samples of live-r . 11111,ck. kidne·\, 
and brain 11·ere obtained a nd immnliatl'iy snap fn>1e·n in liquid 
nitrogen and thL·n stllred at -70" for latn L'ntymatie· analvsis. 

The majllr findings at autllpsv 11ere· in the· brain. Myt.:lin J.,,s 
and cavitation \\l'f'e' found in diseTL'le' are·as .,f the· basal ganglia. 
thalami . and brain slL'm. The· ce·rl'lnal l'llrtice·s appeart.:d to he· 
free ,,f patllllillgy. 

l\1Al'J'Rl ,\I S ANI) l\11 ' Tll<ll>S 

l.actatt.: ( I 4) . pyruvatt.: ((1). /3-ll\dn,xyhutyrate· (J'i ). citrat e· 
(2 1!). and H-kt.:toglutaratt.: (2) IIL'r t.: meast11·L·d in 11h;,1e blood 
samples e·xtraL'led I: I with 0.h N perehl,,ric acid hy e·n1s111e· 
spectrophotomL'lric mL'lhods . 1:ree' fatty acids 11ere· me·a,ure·d in 
plasma by the• ml'lhllll of l.aurrl'il and Tihhlin g ( 15). 

1.iver. brain. kidney. and cardiac and skl'il'lal muse·k \\e·re· 
ohtaint.:d JO min postnwrtem at aut\lpsy aftn informe·d parental 
L'Olhenl. The· tissue·s We"re· fr,11c·n in liquid nitrogen and st,,re·d 
at - 100" until use·d f,, r 1letnminations . ( ',,ntrnl tissues 11t.:rl' 
llhtained at autllpsy 11ith informed part.:ntal cllnse·nt 11ithin 2 hr 
,if dt.:ath fr\llll Sl'\'e'n childrt.:n he·l\\11' the· agL· \lf I 1·e·ar 11e·re· 
frozen in liquid N, and ke·pl at - I()( )"' until u.se· d for de·lL'rmina­
ti,,ns. Of th l'sL'. four di ed aftt.:r ;1 chrnnic clinical c,1111se· ., f 

1khility and malnourishment seL·11ndary t,, c,rngenital llL'art 
disL·ast.:. The· othl'f' thre'e' dit.:d acute·lv of Ulllktt.:rmine·d cause·s. 
All determinations \\l'l'e done· within I year of ,,htaining the· 
tissues and no 1klL'riorat ion in L' n11·111e· aL'li1itie·s has hccn 
ohse-rve·d 1111 repeated !L'sting during the· pcriml .,f sll>ragt.:. h,r 
e·nzymt.: dt.:tt.:rminatinns. small pie·L·e·s of tissue· 11ere· thawe·1I. 
l1<>111oge11i1c·d in ) ll \lllumt.:s ice·-e·ll ld ll . .2:'- 1\1 ,unosc·. :'-mr>.1 
Tris- I IC! hufkr. pll 7 A. and ccn1rif11gl'd at (,()() x g fllr IO min 
to rt.:llHll'L' cell dt.:hris. Gluct1st.:-<i-plwsphata,e· was mcasurnl by 
till' mcthml llf S\\ an son ( 30). frue·tost.:-1 .(1-diphnsphata,t.: by tht.: 
me·thod llf Ponlre·mnli (20). ph,isphot.:n,ilpl'rU\'alL' carht1,yki­
nasc hy the ml'lhml ,if R1H>h,il and Alleyne (::'h). and pyruvalL' 

t.:arht1xvlasc hv the method of Crahtrt.:l' ('/ 11/. (S). 
Pyru-vatc tit.:hydrngt.:nasc \\as mt.:asurt.:d hy the modified 

lllL' I hml of Tavlt1r t'I 11/. ( 33) as tksnihe·d hy Rt1hinson and 
ShL-rwood (:~3). l'yru1·atl' 1kcarhoxylase· \\a s mt.:asure·d hy a 
modification of the· mt.:thnd of Rt.:nl and \\'illms (::'2) as dc­
sniht.:d hy Blass ,·1 11/. (4). Dihydrnlipllyl tkhydrugcnast.: \\as 
lllL'asurcd hy the me·tlllld nf Re·e·d and \\'illms (21 ). llllldifinl in 
the following mannl'r . Tissut.: was ho111, 1gt.:ni1nl in I 'i H>lt1111L's 
il'e·-ct1ld 0.01 M pht1sphate· hufkr . pl( 7.0. and 'iO-µI aliqunts 

of this \\e'l'e' ad1kd lt1 ide·ntie·, il e·ui·t.:ttc, containing 111! 0.1 :'i M 
ph,l',phate· hulll'r . pll S. I. 0 .2 1111\1 NADII at .17". The· 1kLTL·ast.: 
in ahs.,rhance· \1a, measured at _14() nm in a split hcam spe·ctro­
pl1<llollle'll' r (l'ye lJ nie·a m SI' SOO) on addition t1f 2 .. , mM 
lipoamidt.: to thL· te·st cu1e·t1L'. 

<>-Kt.:togl11L1rall' dt.:hvdrnge·n,i"l' '""' me·asurt.:d hv a nllldifica­
tiun of the· pnt11a1L' ckhvdrngt.:n.t,t.: me·thml de·scrihe·d hy Taylor 

,,, 11/. (.'.') . Small pieces of tissue ( 100 mg) \IL'l'L' th,I\\L'd and 
IH1111"geni1.nl in 111 , ·.,Juml's ic·e· -cnld hufkr uinL!ining IO 1111\1 
p11tassiu111 plw,phatt.:. I m:\1 LDTA. I 1111\.I dithillthrt.:itol. Ir; 
fa1t1 acid-frt.:t.: h,11·ine· serum ;tlhumin . pH 7.-i. ,\liqut1ls t1f II. I 
ml 11cre· then ad1kd lo the· main d1 ,1111hn llf I0-111! Lrle·nmt.:ye·r 
tb,ks e·,111taining t 111I assa1 bufft.:r ( 11 1111\1 p,1t,1',si11111 phos­

phalL' . I .I 1111\1 1·.DTJ\. l::'.S 1111\1 MgCI ,. 10 mM CaCI,. I .h'i 
hu1inL· ,t.:rum albumin (fat frt.:l'). 1.2 ml\! dithiothre·itol. 11.3 
mM ir-kt.:toglutarale lahdl'd with U. 12 µCi nl I - 11 Cjkc toglutar­
att.: / ml at pH 7A and 37°). Tht.: rt.:actit1n was stopped aftt.:r 2 min 
h~ tht.: injection of I ml 11.llH M citric acid and int.:uhation was 

c·llntinllL'd for .,o min "' that the· ''CO, e·1·nlvt.:d cnuld ht.: 
l'll ikctnl llll IJ\·;1111ine·-,oak l'll filte-r p:1per insc-rt s hl'id in plastic 

cups attached Ill th e· ruhhcr flask st"PPL' I'. ,\ftcr this tilllL'. thl' 
filte·r strip, 11t.:rt.: rt.:mmcd with forceps and plat.:nl in 10 ml 
tolut.:ne·-l'lhant1! ('J: I 1;1·) scintillation fluid. and the· ''C ae·tivitv 
1\as n1L·asure·d in a liquid sL·intillation spL'L'lromeler. CitralL' 
sy nthase· 1\a, llll' ,ls llre·d bv the· me thod of She·pherd a nd (iarl;md 
(2S). 

RISl !ITS 

BIO('ltl ~11('.-\l. 1:--IVFSTl(i ,\TIO~ DllKl~(i l'ATtL:'-/TS 1.11·1·. 

The· hi.,d1cmie·; rl .,h,cn atillns of raist.:d lactate . p1ru1 alt.: . n­
ke·toglutaratc . and branched d1ain amin" acitb . ma1k short)\' 
aftn admissilln. 11e·rt.: high!\' sugge·sti1·L· .,f a lc.:sion in1·<1lving 
s,,me aspL·ct of oxidati1e dt.:carho\\lation. h,r this rcaslln. 

initial tre·atme·nt \\as carrie·d out h1 ,,ral administration llf 
thiamine· hnlr, ,chlllridL· . I g/da1· f,n a pnilld nf I month. This 
,e·e·me·d tn ha1c lit1k the·rape·utic dkct. judgt.:d cilhl'r on diniL·,il 
llr a hi.,d1e·mie·,il h;isis. tht.:rl' being a con,tantly t.:le\ atnl lal'latl' 

11 ith an almost dailv 1ariatit1n 11hid1 11as not lt111crt.:d during 

thiamine· tre·atmt.:nt (1-'i)!. I) . h:aring malahsllrptiun nf the 
admini,!L're·d thiamine·. the , ·chick f.,r administratinn 11.is 
t.:hange·d lll tht.: lllllre· rcadil\' abst1rbt.:d tl'lrahvdrnfurfural di,ul-
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High Fat Diet 

Fig . I . \'ariali<>ns in hlnnd lae·ta le in the· patie·nt p\·cr a -i-m<>nth 
peri<>d during which different forms <>f therap, we·re atlc'mpteJ as 
descrihL·d in the tc·x t. Th .H( ·1.: rhiamine hydr<>d1loride·. I g/ Jav: Tl'f-'I) .: 
thiamine· tc'!rahvdn>furfural disulfide· . SOil mg/da\': (ilu": glutaminc. 
I .:i g/day: high fat diet : high fat diel. 120 cal /kg/da\'. 80', as corn nil. 
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fide (TTFD) ( 18. 19) . 500 mg/day for 6 weeks. This again had 
little dkct on the disease process. Oral glutaminc 1-2 g/da y for 
2 months also had no ohscrvahk clinical effect. 

The tcnde·m:y tm,ards lllw hlolld glucose· that was e·\·idcnt 
even when the infant was receiving intraVL' nous glucose (5 mg/ 
kg/min) \I as invcstiga!L'd hy institution llf a fast lasting 8 h,nirs. 
During this time. the hlllod glucose kll to :n mg/ 100 ml \\ith 
no change in the hlood lactall' concentration. AlaninL' adminis­
lL'red at this point elicited a rise in blond glucose concL' ntration 
to -:i. 7 mg/ I 00 ml over a 45-min period aftn which the te·st was 
IL'rminated. Administratilln of a low carhohydratc high fat diL'l 
for a pni,id of 4 weeks did not bring about any clinical or 
hiochcmical improvement. 

POSTMORTEM INVI--.STl(,,\TIONS 

As modcrall' hypoglycemia was a katurL· llf this patient. 
to~ethcr with lactic acid,lsis. mcasun.:ment of the kev cnzvmcs 
of gluconeogencsis was undertaken in liver. The activiti~s of 
phnsphocnolpyruvall' carboxykinasc . pyruvall' carhoxylasc . and 
fructose- I .6-diphnsphat a se \I ere all in the normal range . 
whereas glucosc-6-phosphatase was slightl y hL'low normal hut 
not lm1· enough to hc c1msidncd as typL' I glycogen storage 
disease (Ta hie I). 

Total pyruvate dehydrogcnasc. measured after prcim:uhation 
with Ca· · to convert the enzyme to the active form. showed 
markedl y rcduccd activity in the patient in every tissUL' tc·s!L'd 
compared to controls . giving only I o-2or·; of normal activity 
dcpcnding lln the individual tissue. The mllst acti vit~· was 
ohtaincd in cardiac musclL·. where the pyruvatl' dehydrllgcnasc 
activity is at its highest (Table 2). n-K..:toglutaratl' dchvdrogcn­
asc activity was found to he deficient in activity in all tissues . 
the values obtained again hcing only a ,mall pL·rcL·ntagc o f 
those ohscrvcd in control tissue (Tahk -:i.) . The ddicicnt acti\·i­
tics seen in the prohand were thought to he unlikely to he duL' 
to the patient's chronic dL·hilitatcd rnndition. sincc nrntrol 
tissues from patients with a similar clinical course showed 
normal activities. On the other hand. citralL' synthase activity 
was normal in thoSL' tissues IL's!L'd (Tahk 4) . In order Ill 
examine the activitv of the pyruvall' tkh~·drogcnasc complex 
furlhL·r. th \..· ;. 1cti,·i1iL' ..... of lhl: .-..ubcnn1poncnt...,. ,n .. · rc 111(..'a ..... urL·d 

in tissues from the patient and control subjects (Table 5) . Pvru­
vall' dccarhoxylase appeared to he nllrmal in livn. hL·art. 
kidney. brain. and skeletal muscle. On the other hand. dihydro­
lipoyl dehydrogenasc was ddicicnt in the patient in nny tissue. 
having between 5 and I or·; normal al'livity. We were not ahk 
to measure the al'tivity of dihydrolipoyl trarhacctvlase in thcsL' 
tissues. 

DISCUSSIO!'J 

OBSE R VATIONS D lJ Rt:sl(i l.lFL 

The consanguinitv of the parents wa , an immediate index llf 
suspicion for inherited mctaholic disca,e·. The raised pvru\·atc. 
lactatl'. n-kctoglutarate . and branch chain amino acid CllllCen­
tration observed in this child suggested some prohkms . either 

Tahk I. Aoi,·itil's ofg/11c1111cog1·11ic <'ll ; r111cs i11 lin•r 
(111icro111oles per 111i11 pcr g /i1 ·,·1-J' 

Ci6Pase 
f I hDpa,c: 
PFPCK 
Pyrmatc carhoxyl­
a~c 

Patient 
(/: /\) 

I .Ill 
1.0:1 

_lJ(I 

1.57 

Control suhject 
--- - -··· . , ... ----- --- -

\-lean 

1.40-':tU-l 

I .8'J -" 11 .-l:'­
O. 'll :': 11.16 

RangL' 

(I . l 'J-4 .HO) 

(0 .72-:1.20) 
(0.l,l)-.1.2.1) 

(0.61-1.66) 

No . 

7 

7 
7 
7 

1 (i<,P;lsL' : gluoise-1,-phosphatasc: : FI <,Dpa,e : fructose - I .<,-diphos­
phatase : PFPCK : phosphoL·n,,Ipyruvatc: carhoxvkinasc: . 

Tahle 2. To1al (·a' ' -sti11111lml'cl prr111·at<' cl1'hrclrog<'11as<' 
(11111w11wln per 111i11 per g tis.ml') 

l.iwr 

Skektal muscle-

Brain 

Kidney 

Heart 

Patic·rll (1-:K) 

I 07 

I 7 

118 

Control suhjects 

7 I :'i 
7')0 

800 

70:'i 
6 1)8 

108-l 
!-(<,] 

1881) 

I .1_<;() 

10-l:'i 

1.1-lO 

I-l2 I 

:'i78 

780 

:'i:i-l 
(,O(, 

800 

1111 
'! I 7 

.• .•72 
2."'I') 

Ta hie -:i.. n-Kctoglwarat,' clehrclrog,·1111.H' ac1il·i1_,· (1111111111wles per 
111i11 flt'/' g) 

Brain 

l .iver 

Muscle 

Kidnccv 

I kart 

Patient u: I\) 

l." .6 

8. 0 

.160 

Control ,uhjc:cts 

187 

II 

I .•25 
I 5:'i 8 

77~ 

841 

h.15 
85lJ 

11 XO 

I .173 
2476 
2208 
2781 

with thiamine as thL· common denominator or with the· oxidative 
dccarhoxylases involVL'd in n-kl'loacid decarboxylati,lll. On the 
olhL·r hand. there \\ as the presence of moderate hypogl ycemia . 
,,hich might suggest a problem in thL· gluconcogenic pathwa y 
,,ith lactate accumulation occurring as a result of impaired 
functi,ining of thc Cori cycle. Leigh's suhacute nenotizing 
cnccphalomyclopathy has been reported as having a distinct 
neuropathology and nonspecific manifestations including devel­
opmental delav . ,,L·ight loss . WL' akn~·ss . and lal'lic acidosis in 
thL· L'arly years of life . The pathologic findings arc symmctrical 
punrtatc· arL·as of mye·lin loss and capillary proliferation in the 
brain and basal ganglia ( 11-i. 32. 3/l). In some casc·s therL' is 
assnciated hypoglycemia and don11ncnll'd pyruvatl' carhoxylase 
ddiciL·ncy ( 12 ). and these cases appear to respond well to 
glutamine administration (32). /\dministration nf thiamine or 
thiamine precursors in large doses is successful in some cases . 
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Tahk 4. Citrate .1_1·11tllllsc acti1·itr (111icru1110/cs pa g pa 111i11) 

Livl.'r 

Brain 

KiJnc·v 

Patil.'nt 

2 .88 

2 .86 

."-.76 

Cnntrul suhjl.'L"ts 

2.08 

2 85 
."\.6l/ 

2.81 

8.62 
l).07 

8.4 7 
4 . 17 
6.'14 
1.84 
4.47 

:'.12 
5 .70 
4.54 

Ta hie 5. Acti1·itics ofp_rru, ·atc tlehrtlrogcnasc c/J111po111•11ts' 

Livt:r 

F, . 1111101/min/µ 1-: ". µmnl/mintµ 

Pati<:nt Patil.'nt 

(l: K) Cont mis (/:K) 

2.28 1.17 0 .2W 
(, _'14 

4.54 
I .44 
4 .50 

( ·ontrnls 

7.41 
14 .4<) 
U .20 
2.10 
7. '18 

PC )STM< )l{TLM STLJDIJ ·:S 

Thl' finding of normal .ic:tivitil's of thl' kl'y glunH1L'ogL'nic 

enzymes in the liver of the raticnt confirmed our susricion that 

a rrimary block did not L'Xist in thl' gluconcogl'nic rathway. A 
primary hlllc:k. ho11L'n:r. was .ipparL·nt in h,lth pyruvalL' and n­

kL'loglutaralL' dl'hydrogl'nasl',. This ((lllpling of twll L'nzyml' 

ddicil'ncic:, has hel'n dL'scrihL·d hdorl' hy I la worth 1' / al. ( I 3). 

Although thl'y WL'n: llllt ahk to document this. they proposl'd 

that a ddicil'ncy nistl'd in the L:1 comroncnt llf ryTuvatc 

dl'hydrogcnasc. thl' dihvdrnlipoyl dd1ydrogenasl'. Since this 

L'nzyme has hL'L' ll shll1\ 11. at least in 1ll1L' animal specil's. to he a 

L1lm1111H1 ClllllP<lllL'nl for hllth ryruvalL' and n-kl'loglutarate 

dchydrogL·nasL' crnnpkxcs (27). its absL·nci: 11ould caUSL' a 

d,luhk ddicil'ncy of thl' l\'J)L' \IL' have found in this child. \VL' 

found a ddicicnL·y of F:i in L' VL'ry tissue tL'slL'd. comrarl'd with 

L·ontrol tissul's. Thl' fact that nl'ithl'r ryn11a1L' Lkcarhoxylasl'. 

the I·: , componl'nt. nor L·itratl' synthase 11as ddiL' iL'nt L' mphasizcd 

that 11c wcrl' nnt dl'aling with any gL'ncraliZL·d mitochondrial 

L' nzymL' d...:ficicncy. 
The major problem that come·s to mind in the case llf a 

se1·L-rL' ddicienn such as thi ., is h1l\\ can a child survive fllr 8 

weeb. aprarently wdl. without rL·quiring hllsritalization. The 

t11,l sihs descrihl'll hy Haw,lrth ,urvin:d 4 and 11 weeks. 

respL'cti1·cly. " ·ithout causing L'nough concL' rll for the· parents to 

seek medical attention. If there is a ddicicm:v in eithl'r of the 

I·, or F., enzymL·s of thL· pyru1a!L' dchydroge,{;isl' cllmpkx. thL· 

resulting ryruvate dehydrllgenase defect L'ompromises only the 

glyc, llytic s,lllrCL' of acctyl-CoA units for the Krchs cycle. and 

alternati1·L' sllurce·s of acetvl-CoA ma,· he l.!L'llL'ralL'd hv fattv 

acid oxidatilln in mllst tissL1cs with th~ L'xccption llf thl' . brai,~. 

TIJL· brain must SL'L'k allL'rnativL' fuel for oxidative llll'tahlllism 

6.21 in thL· form of either kL't,HlL' bodies or hranrhL·d chain aminll 

4 .7 1 acids . Thus . it is concci1ahk that 11ith c:ardul 111anal.!cn1<:nt a 

child with such a dL'fiCiL' llCY might strr1·ivl' fllr sllml' ye,;rs . alhl'it 

Kidni:~ 3.hl 

Brain 

Skektal musde 4 . .1(, 

Heart 7.1 ') 

.1.81 
4 .7.'i 

4.h2 

4.').'i 

2.7.1 

5. 71 
2 .04 

4 .74 
:Ull 

_"\ __ q 

2.hl/ 

3.48 
2.7'1 

14 .78 
7.80 
l)_h2 

II . I 17 

0 .080 

0 .080 

0.353 

l) _(l_'i 

5 .8.'i 
111._'i() 

:! .h~ 

.1 75 
.1 .8 .1 
2 .48 

2 .h4 

2 .75 
I .7 4 
4 .7'1 

-'-' -" 
·' _()lJ 

5 .47 

' I' ,: pyruvate dccarhoxylase: l..::1: dihvdrolipnyl dehydroµ~nas~. 

sirKL' in L~igh's disL'aSL' it has hl'L'II pllstulatl'd that thiamillL' 

pyrorhosphalL' phosphorylation is dekctive in thl' brain and 

that it is dl'kl'li1·L' synthL·sis pf thiamillL' triphosphatc \\·hich is 

respllnsihk for this disl'ase (I')). 
Thl' fac:t that 11·L' WL'rL' 111it able to L'licit any impriive·me· nt in 

thl' patil'nt's condition L' ither with thiamine hydrochloride· . thia­

minl' dnivatiVL'S (TITD). or l.!lutaminl' is hil.!hlv Slll.!l.!L'Stive that 

the lesion involved was neithl''r a ddl'ct i11 tl;ia,;1inc' ~lL' taholism 

nm in pyruvate· cari1ll .,ylasl' activity. H,n1·L'\ 'L'r. thl' possihilit1 llf 

a pyruvalL' dehydrngl'nasl' ddl'ct as dcscrihl'd hy CL'lkrhaum 1·1 

al. (7) cncmrragl'll us to at!L'mpt thl'rapv 11ith a high fat / hl\\ 

carbohydrate dil't sincl' a grL·atL'r rl'liancl' ,rn oxidative L'lll'rgy 

derivL·d from fat slwuld lowl'r thL· LlepL'llllen,·L' on glycolvsis and 

pyruvatc oxidatilln. thndorl' lessening thL· rate llf lactall' pni­

ducti!ln. This did not ap11L·ar t!l hL· sucL·L·ssful. 

neurnlogiL·allv c:ompromiscd. \\'ith a ddicil'ncy inv!llving E:i 

and therdorL' both p1Tuva1L' and n-kl'loglutaratc dchydrogen­

asl's (and perhaps thl' hrand1L·d chain ket,iacid dL'hydrogL'nasL'). 

ll<ll llnly the· input of ac·L'tyl-CoA units dLTiVL'd from pyruvatc is 

,1ffectcd hut alsll the actual functi,lllilll.! of the Krd1s cvcll' . so 

that no suhstrall' can pni1·ick a st.:ady ;,Hrrce of rL'dUL'ing power 

for oxidati,·c phllsphorylation. The ability of thl'SL' children with 

l·:1 ddiciL'nciL·s l<l exist through the first kw I\L'L'ks of life 

without l11L'dical treatml'nt can hl' L' Xplainl'd only hy p!lstulating 

that thl' llL' whorn infant is highly Lkpcndent on glycolysis as a 

sllurcl' of high cnl'rgy phusrhall' and gl'ts into trouhk only when 

the slow transition tu a more oxidative mod..: of metabolism 

cannot hl' achievl'd. Thl' low kvds of pyruvatl' dl'hydrngenase 

which Cremer and TL'al (9) llhservl'd jn thl' brains of nl'whurn 

rats and which we ( 24) observed in sewral tissues of ncwhorn 

rhesus monkeys underline the crl'llihilitv of this hyruthesis. 
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Summary· 

Aheolar macrophages (.-\Msl obtained from 1-day·-old rabbits 
showed high lcn~ls of phospholipid. protdn, DNA. and RNA 
compared to those obtained from 7-day·-old, 2H-day-old. or 
adult rabbits. The surfactant material released in alveoli during 
the perinatal period is extemivcly phagocy·tosed by AMs, and 
appears to he primarily responsible for high phospholipid con­
tent of these cells. The high protein, DNA, and RNA levels of 
A\-h may result from phagocytosis of cellular debris. 

Of the six lysosomal enzymes of A Ms studied, acid phospha­
tase (AP) and lysozyme activities showed a decline in the first 
postnatal week. In AP this was followed by no significant 
change . A stt:ady rise in lysozyme activity after the seventh 
postnatal day was observed. The activities of cathepsin D and 
l>Nase did not show significant changes, whereas /l-glucuron­
idase and RNase activities of AMs increased significantly 
within the first postnatal week. 

The activities of glucose-6-phosphak dehydrogenase (G-6-
PD ), 6-phosphogluconate dehydrogenase (6-PG D ), lactate de-
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