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A n  ion-exchange thin-layer chrom atographic m ethod su itable for 
screening o f  am inoacidaem ias in the new born is described. The te s t  is 
carried ou t from  one drop o f blood dried on filter paper. B y  m eans o f  the  
m ethod, phenylketonuria was diagnosed in  an 8-day-old infant. The d iag
nostic possib ilities o f  the m ethod in the identification  o f other am inoacido- 
pathies is discussed.

In  order to identify phenylketonuria 
as well as other disturbances of amino 
acid metabolism, screening tests are 
performed all over the  world [9]. The 
possibilities of the application of thin- 
layer ion-exchange chrom atography 
for screening of neonatal aminoacido- 
pathies have recently been discussed 
[2, 3].

According to several authors [5, 8] 
thin-layer chrom atography opens new 
perspectives in screening, while others 
[1, 7] emphasize the  technical and 
economical disadvant ages of the m eth
od. Between the  well-known and 
generally used cellulose-acetate thin- 
layer chrom atography and ion-ex
change thin-layer chrom atography, 
there are some basic theoretical and 
practical differences. The la tte r tech
nique is much more simple, and its 
one-dimensional running in aqueous 
buffer solution ensures a simple, rapid 
and perfect separation of the amino 
acids in blood serum.

A further advantage of chrom atog
raphy over the classical Guthrie test
[4] consists in the fact th a t from a 
single blood sample almost the entire 
amino acid spectrum m ay be detected 
by simple observation, thus the de
m onstration of an increase in the in 
dividual amino acids does not require 
the application of microorganisms or 
culture media.

M e t h o d s

In  the ion-exchange thin-layer chro
m atographic procedure described by  D é 
v é n y i  [2] exam ination is carried ou t in  
three steps. D uring the practical trial, 
how ever, it  has becom e clear th a t th is  
form o f  the m ethod would not be su itable  
for m ass-screening purposes. Thus the  
follow ing m odifications have been m ade
[3].

1 ) 20 to  50 /«1 capillary blood is dropped  
on filter paper and dried. The spot is 15 
to 20 m m  in diam eter. This sam ple can  
easily be stored and mailed to  the labora
tory w here the tests are performed.
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2) T he dried blood spot is  punched  
in to  6 — 7 sm all disks, w hich are p u t into  
sm all te s t  tubes. To each tube 0.1 m l o f  
a 10 : 1 m ixture of 95% ethanol and con
cen tra ted  hydrochloric acid is added.

3) T he tubes are sealed and allow ed to  
sta n d  overn ight at room tem perature. 
T his t im e  is sufficient for th e  elu tion  of 
am ino acids.

4) T he eluate is transferred during con
s ta n t d ry ing  by  means o f  a  cap illary upon  
th e  10 X  10 cm  chrom atoplate (IO N E X  25 
SA , N a -cycle , o f Macherey, N agel & Co, 
D üren , G F R ), which is coated  w ith  a 
stron g  ca tion  exchange resin. O nto one 
p la te , 7 blood sam ples and a control 
am ino acid  m ixture can be transferred  
sim u ltan eou sly .

5) T he p lates are put into a 15 X  25 cm  
glass cham ber and developed in a  p H  5.23 
N a + =  0 .35 N  aqueous sodium  citrate  
buffer solu tion  at room tem perature, for 
a b ou t 60 m inutes.

6) T he dried chrom atogram  is  stained  
w ith  n inhydrin  spray [2, 3].

On th e  developed chrom atogram  the  
basic am ino acids appear according to  
their  increasing Ry values in th e  order 
argin ine, histidine, lysine, phenylalanine, 
tyrosin e , leucine. Since the concentration  
o f th ese  am ino acids in blood is  nearly  
id en tica l, the spot of the pathologica lly  
increased  am ino acid w ill be conspicuous
(Fig- !)•

A  tech n ica l assistant m ay perform  10 
exam in ation s per hour. The m ethod , the  
co st o f  w hich  is about double o f  that o f  
G uth rie’s te s t  is, however, su ited  for the  
sim u ltan eou s exam ination o f th e  level o f  
six  am in o  acids.

R e po r t  of a  c ase

B . K ., a  male infant, was born from  
th e  fou rth  pregnancy, w eighing 2.800 g. 
T he p a ren ts  are healthy, there is  no con
sa n g u in ity . From  the first pregnancy  a 
h ea lth y  girl w as born, w hich w as follow ed  
by tw o  spontaneous miscarriages.

B lood was drawn from  th e in fan t for 
th e  screening test on the 5th  d ay  o f  life. 
E valuation  o f  th e  blood sam ple w as per
form ed on the 8th day o f  life. T he chro
m atogram  dem onstrated hyperphenylala- 
ninaem ia (Fig. 1). Owing to  social reasons, 
th e  m other failed to  present th e  child  for 
control, therefore we repeated th e  blood 
sam pling in  the hom e o f th e  in fan t a t the  
age o f  18 days. Some hours follow ing the 
positive  result o f the repeated chrom ato
gram , the infant лгав adm itted  to  our ward. 
There a quantitative analysis (Beckm an  
U nichrom e Am ino Acid A nalyser) per
form ed on the 21st day o f  life  gave a 
serum  phenylalanine value o f  42 m g/100 ml. 
D ietary  treatm ent was im m ediately  intro
duced w ith  B erlophen®  (G D R ). Q uanti
ta tiv e  control exam inations performed 
m on th ly  gave serum phenylalanine values 
at the beginning 2.0 to  2.5 m g/100 m l and 
later, 5 to  7 mg/100 ml. The in fan t accepts 
the preparation readily, he started  to 
gain w eight, his psychom otoric develop
m ent is according to  age (F ig. 2).

D is c u s sio n

By means of the m ethod described 
above more than  3000 screening tests 
have been performed since August 1st, 
1972. From m ature newborns the blood 
sample is collected on the  5th, from 
prem ature ones on the 14th day of 
life. U ntil now, false positive results 
occurred in two cases. The parents 
were notified by mail and in both  cases 
a control examination was performed 
within a week, which yielded negative 
results.

The m ethod’s sensitivity is similar 
to  th a t  of tbe Guthrie test [2, 3]. In 
addition, since the chrom atography is 
independent of antibiotics, less false 
results are obtained th an  w ith the 
microbiological test. W here prem ature
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F ig . 1. Ion-exchange thin-layer chrom atography o f  various sera. N os. 25, 26, 27: normal. 
28: phenylketonuric serum. K : control amino acid m ixture

newborns are concerned, the screen
ing test is no t disturbed by previously 
administered plasma or amino acid 
infusions, which may induce a transi
tory  increase in all amino acids in the 
serum. Thus, the chromatogram would 
dem onstrate an identically increased 
intensity  of the spots of each amino 
acid. Spots of outstanding intensity 
only may be evaluated as pathologic, 
or as suspect of being pathologic. O b
viously, the m ethod is suitable also 
for the regular biochemical control of

children on a phenylalanine-poor diet.
The aminoacidopathies which may 

be detected by this type of screening 
method, are represented in Table I, 
demonstrating also their biochemical 
and clinical characteristics.

A differentiation between the var
ious types of hyperphenylalaninaemia 
seems of importance, tak ing  into con
sideration the genetic heterogeneity 
of the phenylalanine-hydroxylase en
zymatic defect [6]. In  infants, the 
differentiation of phenylketonuria is
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T a b l e  I

A m ino acid  m etabolic disorders detectable by Ion ex  25 SA -chrom atoplate m ethod

Diagnosis
Amino acids 

or organic acids 
increased in plasma

Amino acids 
or organic acids 

increased in urine
Biochemistry Clinical features 

and treatment

Phenylketon
uria

Phenylalanine Phenylalanine 
o-OH-phenyl- 
acetic acid, 
phenylpyru- 
vic acid

Phenylalanine
hydroxylase
deficiency

Usually (but not al
ways) mental retarda
tion. Convulsions, ec
zema, fair hair and 
complexion. Treat
ment: low phenyl
alanine diet

Hyperphenyl - 
alaninaemia

Phenylalanine Not precisely 
known; phe
nylalanine 
transaminase 
in some cases

May be normal, de
pends on type. Treat
ment if serum phenyl
alanine exceeds 20 
mg/100 ml

Tyrosinosis 
(several clini
cal types)

Phenylalanine,
Tyrosine

Transient p-OH- 
phenylpyruvic 
acid oxidase 
deficiency

General failure to 
thrive, convulsions. 
Temporarily responds 
to low-phenylalanine 
diet

Hyperlysin-
aemia

Lysine; also 
ammonia

Lysine, N- 
acetyllysine, 
Homo- 
arginine

Lysine-acylase, 
Lysine-dehyd
rogenase, or 
lysine keto- 
glutarate- 
reductase

Convulsions and coma 
related to protein 
feeding

Histidinaemia Histidine Histidine, Ala
nine, Threo
nine

Histidine am - 
monialyase

Slurred, inarticulate 
speech. Variable in 
cidence of mental re
tardation. Low histi
dine diet has been 
attempted; results 
questionable

Oasthouse 
(Smith — 
Strang) 
syndrome

Not reported Phenylalanine, 
Methionine, 
Tyrosine, 
Leucine and 
Isoleucine, 
alpha-OH- 
butyric-acid

Unknown Infantile spasms with 
interim flaccidity and 
unresponsiveness, 
sparse hair, retarda - 
tion, general una
wareness

Branched chain 
ketoaciduria

Isoleucine, Va
line, Leucine, 
Alio-isoleu
cine

Leucine
Isoleucine
Valine

Branched chain 
keto acid de
carboxylase. 
Partial and 
intermittent 
forms

Neonatal difficulty in 
feeding, anorexia, 
convulsions, other 
CNS signs. Mild, 
intermittent and thia
mine dependent forms
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absolutely indicated from therapeutic 
aspects. This may be carried out easily 
by appropriate loading tests as well as 
by regular quantitative control of the 
serum  phenylalanine level [6].
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