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O THE PATFMGENESIS OF F -:IIDEDNkSS DURID• Pir2tYLKETONURFA

(Followeing is the translation of an article by F. Lenneweh and
Li. Zhrlich, 4rburg, published in the German language periodical
(Kl.nische Wochenschrift) Clinical Weekley, 4Oth year, book 5,
March 1, 1962, pages 16-17. Translation perfor-ad by Constance
L. Lust. )

Among the types of feeble-:-nde-ness caused by metabolic alterations
phenylketonurea has obtained a special importance. It has been studied
very extensively and is one of the heridctery diseases of metabolism
whicih has been explainued bast in chemical ter..s. In 50 million inhabitant;
in a country one has to figure on 15C0 cases of phenylketonurea. To this
number one must add about 50 newborns each year.

A decrease in activity of phenylalainie oxidase system during thdis
illness results in an increase of from 20-30 tines the concentration of
phenylalanine in plas-a compared to normals. Feeble mindedness is developed
already in infancy and in most cases an intelligence quotient of less than
20 is found. However, there is as yet no uniform concept about the question,
whether phenylalanine itself or other phenolderivatives such as phexrl-
acetic acid or similar products of intere.ediary metabolism, represt the
noxious agent. At the sam- ti'n feable-mindedness can be diminished
therapeutically, or even prophylactically prevented, by substituting an
amino acid mixture without phenylala-line for dietary protein. This pro-
cedure is being carried out successfully in several places. The dietary
results fully substantiate the pat"hogenetic presentations.

U&e have obtained results in lh cases of u=treated phenyWketonuea,
which lead one to suspect, that tvhe reasons for the pathogenic observatioz
about the genesis of fecble-minaue;_-s must be c:t-ended (expanded).
UtilizinrZ colum-n chromatography according to Stein and Xoore, we have analysed
the plasma before institution of dietary therapy. 7he results we obtained
are szvrarized in tables 1 and 2. :f one focuses on the essential amino
acids -izstidinc included- and rýlates the values f-.zd with the norm"al,
average-values (table ,.), then the surprising facc lamones apparent that
the essential amino acids in par. are reduced 50; below normal. We re-
cently reported similar results in tw.o cases of phcrnylketonurea (5).
Only Knox (h) reported that in a column chromatogram of 'oore and Stein
such a variation occurred.

Our results lead to the question; what mechanism is responsible for
the decrea.e in the essential a-ino acids. Our .kowledge about amino
acid tran�port is inadequate -o be able to answer this question at this
time. Tuablar reabsorption does not decrease, as we demonstrated in
clearance t-.udies (5). It canbe assum-d that the high concentration of
phc.-ylalaý-ne in the plasma com.ctitively inhibits the transport of other
ami:.o aci-s and in this way causes metabolic co3ditions which are presently
inexplicible. This has been demonstrated in brain sections in vitro (6).
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2:t is easiý,r to e~llain th--t.r*ros.nc de-crease ~:ihhas been kniowni
longer. Thi--s is prasr.za:ble bacc-.:ze of th-e bloc'-ed defected enzym.e which
is responsible for ccrnvert4in- ~nn to tyro.-ir.a. Tyrosine is not
reszonsible as a cause of L.~.Tiswsa osrae nn~

exocrlrnznts whereC tyrosine was zalbsti`tUted. 1.n this case one of the es-
sentiaj. a'.inro acid-- is not irnvol-vad.

Thea decreasse of the esetal a.L-o acidsý in- ulass-a on the other hand
offX.red an, oD- ortunity to ten to ~ranLe2iydur-in:. phenyl-
ketor.,area.. It is possible that tho fvruntiona2. diffarcntiation of brain
cc-Lls in particularly dependent on an. optirnun conc-entration of essential
buildingf blocks.

Zae observations (3) that mothoýrs with herny-ketozcerea car, have mentall2y
norr.7al childrezn and that dieta:7hea aýP:;cars to havc- no effs'=ct after
th~e third year of life leads. onz to beli4eve t-a.- a z~,zniblc :ariod c:cizts
for cerebral danma.- ocourrs (1). ThnConcen3t is derived from develo,-,en.atal
P hysIl0Er and ,r~e be a-n'icarble for :ýatio log-ic Irczc..n Wl(- areýa
o4'oatho'-~j it w.-ould ::.4= tha c Wh .,iivt is li-nitýd

.oadefinita time. This tieprod 'or phcnyL.znurea linsz bet;woen .1
zcaths, of age to the end of the .hr yeaz. coiiz .aeze --ith. thc nearid

o1f ryelinization of tho bz-ain. On t-z! othor handii iyb azsu:-,e d ta
other dis-turbances are oceri: si.utznou sly in. protein cyrnthosiz of
brain cells, especialLy w.han oneý rez:ýz-,bers tt jliiaionis d¾~dn
or, the intact. gliaJ cell1s.

The, vario-as foerns of n ieaoo.iy eitto the fact. that dif-

Sz~~ry: ~~i-*j -ny et-ýv,:,:.uýx.az a 2'-'-.73TL.~~~-i of .rylane
-.s bz.erncec by a.. C.:7 t' h.; C ese tial a:.in-o azids;
in the o Val-c s of '>3, of . ~ - A 'oo;Siýbla
neaain of tihLi defiLcit for t:. I'~s discurssd.
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Table .

Concentration of plasma amino acids in i4 '•ntreated cases of phenylkotenurea
foebla-mixdodnass

T:3.; ," 1. K.:, ,atuo,: ,, , Ifi'r *,,,-. 1,, ,.,i,:,'~ , ;#,, ,,!,),'/:,,, I , ,, F'i , , ,Fod pto h ,ruph lk.m arisacht ,, Sciuvyl or,,nn (in mg- -)

~. N:. 4' ~ " * I., u s.~ srTry I wa I Cy A1 Se r Al: P:,,

A t V I k u I . (4.2 4 -ý 1-9 % rv

i . *'.,�201, .Lirel 19,4 2,34 0.53 1),7-' 1'. ,41 1 0; 1,IT 0.•4...l - 2,31 I44T

1: . R ' .iaLir°' 23.5 1C. It. I •). , '4 3 1: : I 44 I). I o .0 . •1 0,471 ? ! 0,03 :1,:;: 2
4., k. 'L. :", .]ah•" ,-• ; ).'ll i1.1' ',,2'~ t t!*,,;l o.• i].26 1,59 0),116 O,,s,i7 1.; ]

%ill*Lt . 1 :!9:-C 2 0,14 3 1, 2,L:, , :; 1 0. 4 ; 4 o.t14 1.24 1.~o~o oxI1:44 1::", 0""4. - 1 -,2 O ,' 1 ",61 0.4 6 4 1,1, -1.55 0,..,
4.# 3; . ,, 9I 4[o:i. t ' ;,9 44,7l 44,i 'l.9'i ' -..1 A.1 0 4p., ,,•, 4 l 1.6 0,4 6 1,1, 1,44' 1.9i. 0,36S21 j..,;CC 24.4 2314 3 ' 3S 1.2 ,1 5 i 1. 5 ,5 ' 1,5 I - 1,44 1,35 1,43 0,5ti.. I if. I ., _:, .. 22¢ 24. Ij I.'q

It '.1 ., S M n.ite ý 26,. 4P,64 1. 8 3. 3 J 1 44 '1.312 2 2 0,0 1,11 1,29 1,4s 0,44

!i.9 1. I 1. , :1 1 Jahr 21,4e 2.3s tj.541 , . . 44":t I44ti l 1,41 1,14 - 1.,29I,7('2, 0.23
1 '.: I I . K ., "~, .. .i . hrc 12 7 ,' 2L ,5 2 i , , , 4 4.4 :; 1 3: . - .7 ! 7i 1,5 0 ,5 S 0 .•i6 1 .(d '4  1 203,7 0[6 5

It. If K . .. 1,

It. v- %V., 1i1"".1141) 122.1 to.5. A),S3 1.0 .2 . -I i 14,4 l iN 1 0,02 1,5• 1 ,4.43 1,52 0,27

I I.i. .%. , Jahr 1.. .2 ,1, Ill,6 ,' 0,M l 1 7, 1- . ,,, :, 4 0 . ,5 ,66 0,341 •5-; 4 .I• I 1 :13 0.40

I:,.. C.~ G .. L. :132,4 3, k 1,3 1 ~ 7( 1,16, -j. i ~ 431 2.4:13~I.4
14.,P.F., I*/ a Jahre 121,712,1430,5( Oh I, !): ,;1,1:1 ,:) 4o .4 .3,0,57 1,26 0,34 1,(45!1, 11,43 0,32

Tabia 2

AvC age values and standard deviations of ar.ino acid concentrations in

plasma of the cases of table 1

.llt~~lih~t~t~t It Illlb r::...... i:. , .I ttm tr,

,V .. ,iI43,~ ~ 0.' , (. 15 L'..--:;2.40 14 25.045- 3.72 1.,,.4
'. . 7--;.71 , 2..'7,7 , 1,:;,; -:;,0i 71 2.:31 - .- I'S0.4, 1

l. .4. . . . 4...--I.2.: .3 :.Ii7 4.-i;-*.5 I .1 2. 5i4 -11 ( 1 .1,4 i. I I.4 i.44

loy ll. . .. . :.ll -- l~l• ll 7. 1 tli A) I :l -:i:• 1 ,l i I. N I I, j N3 l I I/lll*'t3Hi. . il-- .34 I' • 'Is, 3.,,, ;-3--1, 3 :34 2i.*4OjOtl5 1I4l.4N

4:u'h ,"ii--".Z.-. :* I.4i I',l ::i,:l' - 3 ' 14: ii.74--0,4 i3 44,44

•rii3,.. lliiil . .. . 1,2 -.:.- 4 -,21 11..l 1M l 4, 44l 1

.':.L. --. , . . .. . , 7- 44..i 44,3 ., 4, 4 44.27 -I 44. N 10 I.4 )I
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