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Abs t r act :

T he pace of phys icians ’ involvement in amino acid
metabolism has  been enormous  in the las t five
decades . With fur ther  development of technology to
identify and quantitate upto picomoles  of amino
acids , their  metabolites  and related peptides ,
diagnos is  and effective medical intervention in cases
of inher ited metabolic disorders  have been well
within the reach of the clinician. Automatic amino
acid analyzer s  have become an es sential par t of
maj or  medical and research center s  around the
wor ld. T he technology has  come indeed as  a boon to
phys icians  who in par ticular  deal with inher ited
defects  of amino acid metabolism. However , the
technology comes  with the r is k of major  deviations
from the actual results  when a few minor  var iations
are not looked into. T r ivial var iations  in bas ic s teps
of obtaining the sample, the choice of anticoagulant,
hemolys is  etc. can cause s ignificant var iations  in the
resulting values , par ticular ly while dealing with
inher ited defects  of amino acid metabolism and their
treatment/management. Effects  of such factor s  are
revis ited here for  the benefit of the modern day
laboratory personnel.

I nt r oduct ion

Phys icians  have been interes ted in amino acids  for  a
long time after  the fir s t amino acid Aspargine was
discovered in 1806. After  the epic Croonian lecture of
S ir  Gar rod, the awarenes s  of the amino acid
as sociated metabolic disorder s  has  been growing,
owing to the relative ease of their  quantitation with
the ex is ting technologically advanced methods  and
also for  the fact that mos t of them respond to
treatment and / or  dietary res tr iction.

Amino acid quantitation and analys is  have been one
of the pr imary necess ities  in determining the
biochemical etiology of inborn er ror s  of metabolism.
S everal aminoacidopathies  are character ized by
s ignificant elevations  in amino acid concentrations  in
the plasma. Clinical effects  of such elevations  and
the consequent organic acidemias  that generally
occur  with mos t of them are well known.(1)
Quantitation of amino acids  with the automated
analyzer  on ion exchange columns  has  been the
method of choice for  quick, reliable and effective
interpretation of the aminoacidogram in suspected
cases  of metabolic defects . S everal tr ivial factor s
when not cons idered lead to s ignificant deviations
from the actual picture. A few of them are dealt
here.

Choice of  ant icoagulant :  Hepar in has  been the
mos t commonly used and prefer red anticoagulant for
preparation of plasma for  amino acid analys is . T he
mucoitin polysacchar ide inhibits  the formation of
thrombin from pro-thrombin. Normal concentration
of use for  analys is  is  2mg/10mL blood. However , its
indiscr iminate use leads  to hemolys is  and may
introduce ar tifacts . Another  anticoagulant, EDT A
(ethylene diamine tetra acetate) chelates  calcium
ions  for  anticoagulant effect and is  available in two
forms viz. dipotass ium and dilithium salt. T he former
is  prefer red owing to greater  solubility. However ,
ar tifacts  could be generated with the change in the
brand/supplier  applied. We have detected Ninhydr in
pos itive ar tifact co-eluting with taur ine at our
laboratory.

H emolys is :  Hemolys is  could occur  dur ing
phlebotomy, preparation of the sample and transpor t
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of the specimen. Even when hemolys is  is  not
noticeable on naked eye inspection, spectroscopic
examination may reveal bands  of oxyhemoglobin.(2)
I n such samples , increases  in concentrations  of
T aur ine, Glutamic acid and Glutathione have been
noted and decreases  of upto 50 %  have been noted
with respect to Arginine and Cys tine in our
laboratory.

Depr ot ein is ing agent :  Picr ic acid (3) and
sulfosalicylic acid (4) have served the purpose of
deproteinis ing the sample pr ior  to application onto
the column. Appreciable los ses  of T ryptophan have
been observed with picr ic acid. S ulfosalicylic acid has
the advantage of not alter ing the amino acid
compos ition and also makes  the Dowex treatment,
that ensues  the use of picr ic acid, unnecessary after
deproteinisation.

Delay in  depr ot einis at ion :  Effect of delay in
deproteinisation can be readily noticed with
reference to Cys teine, Homocys tine and Cys tine,
wherein they readily bind to red cell and plasma
proteins  in the time gap available.(3, 5) Conver s ion
of pyruvate to lactate is  also favored dur ing the
delay. Formation of urea is  also consequent to delay,
par ticular ly in contaminated specimens . Er rors  with
respect to Homocys tine could prove cos tly when
dealing with a homocys tinur ic on dietary res tr iction
s ince actual prognos is  may not be indicated.

B uf fy coat  cont aminat ion:  T his  is  probably the
eas ies t contaminant while separating plasma. T he
effor t of acquir ing maximum plasma is  a great
temptation to res is t. Contamination with leucocytes
and platelets  leads  to a high es timate of Glutamic
acid and Aspar tic acid s ince these cells  contain much
higher  levels  than plasma itself.(6) Other  aminoacids

are not s ignificantly affected as  their  concentration in
mature erythrocytes  is  s imilar  to that in plasma.(7,8)
I t would be wise enough to leave a 5-  7mm layer
above the buffy coat region before aspirating
plasma.

Delay in  analys is :  Deproteinised plasma s tored for
longer  per iods , even in a freezer , may not result in
the mos t accurate amino acid determinations . Los ses
of Glutamine and Aspargine have been noted whils t
increases  in Glutamic acid and Aspar tic acid have
been repor ted. However , it is  generally opined that a
90-day freezer  s torage could s til l render  the sample
suitable for  amino acid analys is .(9)

Conclus ion

Amino acid pool of the plasma is  subj ect to a lot of
var iations  at any given ins tant of time. Membrane
transpor t agains t a concentration gradient,
nutr itional s tate and circadian rhythm all contr ibute
to the var iations . With these factor s  accounting for
only minor  var iations , a careful attention to the
above detailed tr ivial facts  is  mandatory if one
appreciates  a cr itical and accurate analys is . S uch
facts  when ignored may indicate apparent changes
that do not actually reflect the biochemical reality,
par ticular ly with reference to res tr iction therapy in
amino acid related disorder s . With the awareness
about inher ited defects  of metabolism growing, it
now becomes  mandatory to highlight such er ror s  and
the consequences  associated with them to the fresh
generation of exper imenter s  so that biochemis ts ,
diagnos ticians  and care-givers  for  the metabolically
" er red"  as  well as  laboratory technicians  should be
well aware of these tr ivia.

T able 1 . A few  inher it ed amino acid met abolis m dis or der s  det ect able by amino acid chr omat ogr aphy
and quant it at ion

Dis or der Def ect ive E nz yme

Phenylketonur ia L-  Phenylalanine tetrahydrobiopter in:  oxygen oxidoreductase
(4-hydroxylating)

Hyper tyros inemias T yros ine aminotrans ferase /p–  HHPA hydroxylase
Hyperhis tidenimas L-His tidine ammonia lyase

Hyepr lys inemias Lys ine:  a ketoglutarate:  tr iphosphopyr idine nucleotide
oxidoreductase

Hyperglycinemias Glycine decarboxylase / Propionyl Co A carbon diox ide l igase

S arcos inemia S arcos ine:  oxygen oxidoreductase

Hyperprolinemias L-Proline NAD(P) 5 ox idoreductase / D 1 pyr roline 5
carboxylate dehydrogenase

Homocys tinur ia Cys tathionine synthetase
Cys tathioninur ia L-Homoser ine hydrolyase
Maple syrup ur ine disease Branched chain a keto acid ox idases

Urea cycle disorders  (hyperammonemias ) Enzymes  of urea cycle



3

R ef er ences

1. S cr iver  C R., Rosenberg L E. (ed). I n Amino
acid metabolism and its  disorders ,
Philadelphia, S aunder s . 1973;  290.

2. Harold Var ley, Alan H Gowenlock, Maur ice
Bell (ed). Practical Clinical B iochemis try Vol
I  (5 th Ed), CBS  Publisher s  & Dis tr ibutor s .
1991. 368-378.

3. Moore S ., S tein W H. Procedures  for  the
chromatographic determination of amino
acids  on four  percent cros s - linked
sulfonated polys tyrene res ins . J B iol Chem
1954;  211: 893.

4. Dickinson J C., Rosenblum H., Hamilton P B.
I on exchange chromatography of the free
amino acids  in the plasma of the new born
infant. Pediatr ics . 1965;  36: 2.

5. Crawhall JC., T hompson CJ., B radley KH.
S eperation of cys tine, penicillamine disulfide

and cys teine-penicillamine mixed disulfide
by automatic amino acid analys is . Anal
B iochem. 1966;  14: 405.

6. Rouser  G, Jelinek B, S amuels  AJ, Kinugasa
K. Free amino acids  in the blood of man and
animals . I . Method of s tudy and effects  of
venipuncture and food intake on blood free
amino acids . I n:  Amino acid pools , J.T .
Holden (ed). New York:  Elsevier , 1962;
350-372.

7. S oupar t P. I n:  Amino acid pools , J.T . Holden
(ed). New York:  Elsevier , 1962;  220-262.

8. Winter  CG., Chr is tensen HN. Migration of
amino acids  across  the membrane of the
human erythrocyte. J B iol Chem. 1964;
239: 872.

9. De Wolfe MS ., Baskur t S , Cochrane WA.
Automatic amino acid analys is  of blood,
serum and plasma. Clin B iochem. 1967;
1: 75.


