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Abstract: : A method is described by which phenylalanine in blood can be separated 
and quantitatively estimated with reliability using thin layer chromatography. Silica 
Gel-G was used as the adsorbent and n-butanol/acetic acidlwatcr (4 : 1 : I) as the 
developing solvent. The method was serlsitive enough to detcct quantities as low as 
0.5 p; the volume of serum required was4 P (0.004 ml) and the time taken for the 
entire estimation was less than 3 h. Theclinical norm for Ceylonese children, deter- 
mined by using this method, is reported, The values of serum phenylalanine range 
from 0 to 16 mg/100 ml with a mean of 7.07 f 4.86. Two positive cases of phenylke- 
tonuria, belonging to the members of a single family are also reported. 

1. Introduction 

Phenylketonuria is an inborn error of metabolism characterised by the failure to 
metabolise the amino acid, pheny-lalanine. The serum phenylalanine rises and 
neurotoxic metabolites are formed which cause mental deficiency. Phenylketonuria 
is treated by a low phenylalai~ine diet which should be started at the age of a few 
weeks. This condition is detected by testing of the urine for phenylpyruvic acid 
and finally confirmed by the testing of the serum for phenylalanii~e levels. 

The basic screening test is the detection of excess of phenylpyruvic acid in urine 
with ferric ~h lo r ide .~  This test should be carried out with fresh urine since atmnos- 
pheric oxygen oxidizes the acid. Further, as phcnylpyruvate only appears in the 
urine 2 or 3 weeks after birth, the test is done up to 4 to 6 weeks. Therefore, an 
increase in the blood phenylalanine gives an earlier indication of the deficiency and 
is used in the case of new born siblings of identified cases. 

The methods available at  present are the agar diffusion microbiological method,4 
thin layer chromatography on cellulose layers impregnated with cyclol1exylamine,7 
paper chromatographic method? Calorimetric method,' the fluorimetric method,= 
and the enzymic r n e t h ~ d . ~  
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There is a need for a rapid meth.od suitable for very small quantities of serum/ 
plasma to separate and estimate quantitatively phenylalanine witlrout deprotcnizing 
or  desaltins. This paper describes th.e succezshl applic~ticn cf th.e thin layer 
c.h.ron?atographic technique in a new solvel~t system and its value for the separation 
of phenylalanine in particular and its probable value for many other anxino acids. 

Soine of the findings have been previously rcportcd.8 

2. Materials and Methods 

2.1 Chromatoplates 
The c!rromatographic plates used fcr thi11 layer were cf  glass (20 cni. x 20 mi) with 
ICiesel Gel G (Nach Stahl) as the adsorbellt. The Gel (30 g)  was n7.ade inlo a slul-ry 
usii1.y a mixt~~re  or  ethanol (72 ml) and water (8 ml). With this quantity we were 
able to obtain 5 plates of 0.2 n..m thick gel layer ; tl7.e sl~trry was spread 011 the 
glass piates L I S I ' I I ~  3 Desaga S ~ r e a d e r . ~  The plates were then dricd at room tempera- 
ture in the open, for 30 lnin and subsequelltly ciried at 1 lO"C !or allollier 4- h 
before storing in a Deszga drying cabinet. A shc?rp boundary or  2 mni of 
each edge of the l a p r  was made possible by wiping the edges wit11 a groovcd cork ; 
a line 10 cm from the edge was also marked. 

2.2. Application of sample 
Standard solutior~s of the amin:, acids wcre prepared i n  d o ~ ~ b l c  di~tillcd wzter 
(500/~g/ml); thc insoluble amino acids were dissolved with the aid of dilute Na,CO, 
solution and subsequently n.eutralised with dilute HCI. The ~11.1-on?.atc,plate was 
divided into 9 equal strips using a fine nredle a~-?d then t 1 ~  stanclarcl solutio~l cf tl?e 
amino acid was applicd on each. strip u:;.ing a 10,1~1 pipetic to delivel- the san?plc, 
With phenylalalline varyifl.5 amounts ranging from G.5 to 2.0 /i,g were applied wit11 
care so t11.~,t tIxc diametcr of the spot was less tl-izn 4 mm and the spots werc in one 
borizont.al line. The p!ates were irrigated with 11-butznol/acelic acici/H,O (4 : J : 1 )  
for about I. h dur i f i~  which period the solvent front movccl 10 c111 from the . 
starting lint ; the tank was equilibrated will1 the same solvent systern over-ligllt 
before use. The plates were dried and the amino acid detected by sprziying with 
nirhydrin (BDH ninh~clrii: spray can) and dryi~ig zit 120°C for 10 i i ~ i l ~ .  The s p ~ t s  
appeared reddish 011 the white background. The intensity of the colours of th.e 
spots was found directly proportio~~al to the an~ount of phenylnlaninc. However, 
with more than. 3 , ~ ~ g  (6/~1) of the amino acid it was difficult to e:.tin?.ate the qtiantity 
by the intcnsity of t ! ~  colour produced by the spot. 

Among various types of adsorbent and diffxent solvent systems tried, Kiesel-Gel 
G adsorbent with. 11.-butanol/acetic acidlwater in the proportion of 4 : 1 : 1 was 
found to give the best separation for this particular purpose, because most amino 
acids prescnt in the serum of hu1nai1 blood either had very low or very high RF 
values, whereas plienylalanine had an RF value in th.e region. of 0.65 to 0.68. 
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2.3. Quantitative estimation of phenylalanine in human blood 

In thc 4 strips of the cllrolnatoplste were placed pllenylalaninc standar-ds, viz 1 ,  2, 3 
and 4 pl of a solution of pbe~lylalanine (1,~rl = 0.5/6) whilc rn t l ~ c  next 5 strips were 
placed saniplcs of serum (B,LLI) to be tested. The plates werc then subjected to 
ascending chromatography usmg the solvent systein descr~bed above. A f t ~ r  thc 
solvent front reached the 10 cm ]nark the plates were removed and thc spots locatcd. 
Nor~nal samples of serum (4 ,ul) produced the sanx intennty of the spot obtained 
with 1 pJ or less of the standard ; i.c. the noslnal value of phc~lylalanine in the 
serum is 12.5 1112 %. 

3. Results and Discussion 

The one dimensjonal thin layer chromatogl-aph.ic sepal-ation or  plle~~yla~ianine is 
showi~ in Figure I .  The a~v.ount of p.hen.yhlan.ii%e pl-esei~t in. 4.0/~1 (0.004 ml) serurn 
was estilnatecl by this ~rocedure. The quantitative estin?.ation was wade possible 

compariltg the inten.sity of the spots of the uoknowi~ with tllc i1:tensitics of  know^^ 
quantities of the phenylalanine. Attempts madc to qilantitate Ille mclhocl, bv 
scrapin3 off the spots, elutin.g, centrir~lging and measuril~g in a coloril~?eter, 1i.ave 
been iinsucccssful. This was mainly due to tile small amounts G F  s t i ~ ~ l d a r d ~  used 
(0.2 to 1.0 pg) ia the method. 

FIGURE 1, Thin layer chromatographic separation of pl~enylalanine in human serum. 
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Adsorbent Kiesel-Gel G, Solvent -n-butanol/acetic acidlwater (4 : 1 : 1). Amino acids detected 
by spraying with ninhydrin and drying at  1200C. 

S Standard phenylalanine expressed in mg%. 
SI, S,, S,, Sg, and S5 = 12.5, 25.0, 37.5, 50.0 and 62.5 mg%. 

C Control serum 
TI Test sample of case (1). Table 1. Phenylalanine deficient diet for 7 days. 
Tz Patient fed on full cream milk for 12 days. 
T3 Patient again on phenylalanine deficient diet for 2 weeks. 

(c.f. Table I,  case (1). experiments 11, I11 and IV). 

Among the many methods which are available for the estimation of phen.ylalanine 
of blood, the paper chromatographic method9 needs com.parison with the t l~in layer 
method described in this paper. The experimental details of the 2 methods are 
tabulated below. 

Chromatography 
Thin layer Paper 

1. Solvent system Butonal/acetic Butonal/acetic 
acid/H20 (4:l:l) acid/H20 (4: 1 :5) 

2. Number of runs One dimentional Two dimentional 
3. Volume of serum requried 4 pl(0.004ml) 250 pl(0.25 ml) 
4. Sensitivity of the method 0.5 to 2.0 /hg 10 to 50 p g  
5. Time taken to develop the 

chromatogram 90 min 48 h 
6. Time taken for the whole 

estimation 3 h  54 h 

The above tabulation reveals that the thin-layer method although open to errors 
associated with "eye estimationy' of colour and not made quantitative by calorin~e.try, 
yet is very rapid and requires only one sixtieth of the serun? necessary in the paper 
method. It should be emphasized that this test is normally carried out on new born 
babies and hence the volume of blood necessary is a key factor. The 4 pl serum 
necessary for the test can be obtained from the finger prick while the 250 ksl serum 
necessary for the paper could only be obtained by venepuncture. This method is 
therefore very simple and can be adopted routinely in most of the provincial patho- 
logical laboratories. 

The validity of the method was checked by 2 procedures : (1) by carrying out 
the clinical norms ; no sample gave more than 16 mg% (w/v) and (2) two cllildren 
in the same family with phenylketonuriya were investigated for phenylalanine levels 
before and after feeding with phenylalanine rich and deficient milk. The results 
(Table 2) show that when the children were fed with phenylalanine deficient milk, 
the phenylalanine levels of the blood fell to  6 and 8 mg%. However, when they 
were fed with the normal full cream milk, the values rose to 50 and 40 n ~ g  %. There- 
fore this method is quite accurate enough to detect small cllanges in the phenylalanine 
levels of blood. 
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3.1. Clinical n m s  for Ceylonese chiidren 

All blood san~ples tested were obtarncd from cl?~ldrcn of both sexes of the age group 
3 months to 6 years, who were v~arded a t  the Lady Ridgeway l-loqp~tal, Colombo, 
for varlous a ~ l ~ ~ e n t s  ; the group did riot include those w l ~ o  sl.owcd any s~glls of 
phcnylketonuria. Fifty samples of Elcod v m e  e s i l l ~ ~ ~ t c d  for pl7cn~lzIunlne contcnt. 
Thc value of scrurn phenylalanlne raoges f ~ c m  0 to 16 mg/lOO 1i>1 with a illcan of 
7.07 1 4.86 wg/100 mi. 

3.2. Changes in serum phernylelanine content with diet of cases of phenylkefonuria 

Two cases of pber~yIketcnuria ill the ssme fa~i?.ily were investigated. 'Fhc cli.anges 
in serum pb.en.yla1anin.e of Ihesc 2 subjects with diets deficient in pkenylala~tine 
(Lofenalac) is reported ill. Table I. 

T A ~ L E  1.  Cases of phcnylkctonui-ia and clia~~gcs i n  serum ~phenylalaninc 
contcnt with diet. 

Case (I) 
~ ~ ~ 

~ - 

Date ,or Scrtr 117 
collec!~on I'hc~~yl;~lai~inc 

Age or blood Diet 
~ --- ~~ 

(rnz!IOO m I) 
- - - -- - - - - - -. - - 

(i) 1 yr. 7 lilonths 5.6.69. Fu!! Cream mill< 25 
(ii) I yl- 7 IIIOII~IIS 1 - 6 9 .  "Phcnylalc~~;ine 

ckficicnt mi!!<. 6 
(iii) - 24.6.69. Full CI-earn milk SO 
(iv) 8.7.69. "Plicnylnlnine 12.5 

deficient milk 
(4 -- 1?.7.69. --do - 10 

(vi) -- 
~~ .- -- 

2.8.69. -do-- 1 0 
~ - -  ~~ 

Case (2)--Sister of Casc (I) 
- - 

Date of Scrr~m 
col!cction phcnylalaninc 

Age oT blood .Die[ (mzl I 00 ml) 
-~ ~ ~ ~ -~ 

(i) 5 d:lys old 26.6.69 Brcast Tcd 25 
(ii) 8 days old 1.7.69 Breast Tcd 40 

(iu) 15 days old 13.7.69 *Phcnylalaninc 
dclicient d ie t  16 

(iv) 40 days 30.7.69 -do- 8 
~- ~ 

Clinicai norm for- Ceylonese child~-cn 7.07 2 4-86 
Range : 0-16 mg pl1enylala11i11~/:0O ml. 
*(Lofcnalac) 

3.3. RF values of other amino acids 

In order to ascertain that the ct5c1- 2miil0 acids h.ad nc cffccts on t1i.e ~ e p a r a t i o ~ ,  
pure samples of 24 an~illo acids were tezt~d.  Of thcce 24 zn3il;o ricids, 1C are k n o w  
to  be concerned in metakolic d izca~es .~  I l i c  valccs are psovidcd in Tab!e 2 
Of the 24 an2in.o acids tested only ph.enylalanine had a11 RF of 0.67 \v11i!e all others. 
had values sailging horn 0 to 0.73. 

5-1 3786 
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TABLE 2. RF - Values of amino acids in human 
plasma after spraying with Ninhydrin - Thin layer 

Amino Acid 

Asparagine 
Alanine 
Aspartic acid 
Amino-butyric acid 
Arginine 
Cystine 

*Ci trulline 
Glutamic acid 

*Glycine 
G lutamine 

*.Histidine 
"Lcucine 
*[so-Leucine 
Lysine 

"Methionine 
Ornithinc 

* Phcnylalanine 
*Proline 
Serine 
Threonine 
Taurine 
Tryptophane 

*Tyrosine 
"Valine 

RF - Values 

0.22 
0.29 
0.24 
0.33 
0.09 
0.11 
0.22 
0.36 
0.23 
0.20 
0.09 
0.62 
0.57 
0.09 

Did not move 
0.07 
0.67 
0.21 
0.24 
0.3 1 
0.30 
0.72 
0.60 
0.44 

* Amino acids lcnown to be concerned in metabolic discases. 
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