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ABSTRACT... nafeeskhan50@yahoo.com Objectives: This study was conducted with two objects in mind. Firstly,
to screen children who were under two years of age for detection of inborn errors of Amino Acid and Carbohydrate
metabolism. Secondly, a group of cases of proved mental deficiency were screened to find out whether the inborn
errors of Amino Acid and Carbohydrate metabolism are a significant contributory factor to the mental deficiency in
Pakistan. Setting: Department of Pathology, PGMI/ KEMC/ Mayo Hospital Lahore. Material and methods: In this
study, two groups of subjects were investigated systematically to detect inborn errors of amino acid and carbohydrate
metabolism with particular reference to Alcaptonuria, Phenylketonuria, Galactosemia, FruSosuria and pentosuria. In
group I - 2000 children, under 2 years of age, mostly newborns, were randomly selected for this study from Pediatrics
department of various hospitals of Lahore. Group II - Includes 30 cases of mental deficiency of various ages referred
by the psychiatrists or pediatricians for verifying whether any inborn error of Amino Acid or Carbohydrates metabolism
is present or not. Method: Chemical screening tests along with one dimensional descending paper chromatography
and thin layer chromatography (TLC) were employed to detect metabolic errors. Results: In group I, one case of
alcaptonuria was detected In group I!, Three cases of a specific generalized aminoaciduria occurring in a single family
were detected. Conclusion: This study indicates that inborn errors of metabolism also exist in Pakistan. It has also
sorted out a reliable scheme of screening and detection of these disorders suited to our socio-economic.environment.
The importance of early suspicion of these disorders and a timely diagnosis during preventable stage has been
stressed and the need of a national screening programme highlighted.

Key words: Inborn errors of metabolism, screening programme, early detection and treatment, 
chromatography, phenylketonuria, alcaptonuria, galactosemia. 

INTRODUCTION
Around the turn of the twentieth century Sir Archibald
Garrod  (1908) drew attention to the inborn errors of1

metabolism, rare disorders each characterized by a

specific block in biochemical pathway and resulting in the
disposal by some alternative route of a metabolite
immediately preceding that metabolic block. He then
postulated that these abnormalities were due to
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inheritable enzyme deficiencies. Since then a large
number of genetic disorders have been recognized in
which a defect of amino acid or carbohydrate metabolism
is coupled with neurologic symptoms, most commonly,
mental retardation. It has also been recognized that
while some of these abnormalities, such as pentosuria.
arc without injurious affects, others including
Phenylketonuria (PKU) are definitely harmful . PK.U is2

one of these disorders which has been extensively
studied so far .3-9

PKU is a disorder of phenylalanine metabolism in which
the enzyme responsible for the conversion of
phenylalanine to tyrosine, phenylalanine hydroxylase, is
completely missing . Because of the defect,3,12

phenylalanine accumulates throughout the body and is
converted to phenylpyruric acid and other metabolites:
phenyl lact ic acid,  phenyl acet ic  ac id ,
phenylacetylglutamine and o-hydroxyphenylacetic acid
(Figure 1). 

These are not abnormal metabolites; rather they are
normal metabolites that occur in very abnormal amounts
in this disorder . Untreated phenylketonurics present with4

mental retardation, seizure activity, pigment dilution,
eczema, cataract and microcephaly . According to4,5,6

Knox (1978) , one third is unable to walk and two thirds10

are unable to talk. None of the symptoms are specific but
it may be that these will be found to be more frequent in
true phenylketonurics. 

The incidence of PKU varies from 1 in 4500 in Ireland11

to 1 in 11,767 in USA . In 2006, NIH  reported that13 14

incidence in the U.S, Britain, and most of Western
Europe is between 1 in 11,000 and 1 in 15,000 births. In
Asian populations, PKU is rare and prevalence figures
range from approximately 1:16,500 in China to 1:120,000
in Japan . 14,38

In the US, the incidence of congenital hypothyroidism, as
detected through newborn screening is approximately 1
per 4000. Data from countries with well established
newborn screening programs indicate an incidence of
congenital hypothyroidism of 1 per 3000-4000. Some
countries with more recently established screening
programs have slightly higher incidences. Some of the
highest incidences (1 in 1400 to 1 in 2000) have been
reported from various locations in the Middle East .15,16,17

Studies conducted since 1979 show that 1 of every
7,500 live births will have some form of galactosemia .18

It is also estimated that 1 of every 40 people is a carrier
of this defective gene . Alkaptonuria affects one in18,19,20

250,000 to one million people worldwide . In US, the21

incidence is 1 case per 4 million populations. This
disease is unusually common in Slovakia where
incidence is 1 in 19,000 .21,22

It  is now  generally accepted  that  if the  PKU  is
promptly  diagnosed  at  birth,  a  low phenylalanine diet
will permit the infants brain to develop normally . Thus23

according to Smith & Wolff (1974),  extreme urgency in24

prompt and accurate diagnosis is indicated if mental
retardation is to be avoided.

Bickel (1971),  Holtzman et al (1986) , Bickel (1996)25 26 27

suggested that early detection and treatment of
hereditary metabolic diseases must be carried out on
large scale. All newborns should be tested for PKU,
maple syrup urine disease, homocystinuria and
galactosemia during the early days of life.
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In 1974, Holtzman et al.  reported that about 90% of all28

North American infants are screened for metabolic
disorders of one form or another shortly after birth. By
1975, routine newborn screening for PKU became
mandatory in 43 states of North America and in many
parts of the world there is a similar trend towards early
detection of inherited biochemical disorders . In April29

2006, NIH  reported that, all American states test for14

PKU and for congenital hypothyroidism, while 42 test for
sickle-cell anemia, 38 for galactosemia and for additional
metabolic disorders as well.

This trend has gained great momentum in recent years,
because it has been assumed that discovery of such
abnormalities in the newborn period of life will allow the
physician to initiate treatment so that the potential harm
which would result from biochemical imbalance can be
offset. Virtually, today all newborns are tested for PKU in
every American state, Canada, Australia, New Zealand.
Japan, the nations of Western and most of Eastern
Europe, and many other countries throughout the world.
At relatively low cost, it has prevented mental retardation
in thousands of infants worldwide . It is a significant14,38,39

achievement that these individuals and their families
have been spared the devastating effects of the PKU
and other inborn disorders.

The primary role of screening thus appears to be
preventive. But in Pakistan, no such steps have so far
been taken on national level for early detection and
treatment of these inherited metabolic disorders in
newborn babies. The screening methods can also be
used in this country to detect metabolic abnormalities in
newborn babies. This will not only provide early
diagnosis but also will provide a guideline for the
management of such cases and will help to develop
them normally. The present study was carried out with
two objects in mind:

Firstly, to screen urine of children who were under two
years of age for detection of inborn errors of amino acid
and carbohydrate metabolism with particular reference to
the 1-Alkaptonuria, 2- Phenylketonuria (PKU), 3-
Galactosemia, 4, Pentosuria and 5- Fructosuria.

Secondly, it was aimed at finding out whether the above-
mentioned inborn errors of metabolism are a significant
contributory factor to the mental deficiency in this
country. For this, a group of clinically proved cases of
mental deficiency was screened for these disorders.

MATERIAL AND METHODS
In this study, two groups of subjects were investigated
systematically to detect inborn errors of amino acid and
carbohydrate metabolism with particular reference to the
following:

1. Alkaptonuria
2. Phenylketonuria (PKU)
3. Galactosemia
4. Fructosuria
5. Pentosuria

Group-I: Two thousand children of under two-
year age were randomly selected for
this study from pediatric departments of
various Lahore hospitals (Table-I). 

Table-I. Division of group I children into various sub

groups according to age

Sub

group 

Age

(months)

Sex Total both

sexes
Male Female

1 0-1 424 286 710

2 1-3 205 121 326

3 3-6 114 103 217

4 6-12 168 107 275

5 12-24 283 189 472

Grand Total 1194 806 2000

Group-II: Thirty cases of mental deficiency of
various ages referred by the
psychiatrists or pediatricians for
verifying if any of the above mentioned
inborn errors of metabolism is present
or not (Table-II).
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Table-II. Division of group II (mental deficiency) case into

two sub-groups according to age. 

Sub

group 

Age (years) Sex Total both

sexes
Male Female

1 1-5 08 11 19

2 5-10 05 06 11

Total 13 17 30

Chemical screening tests (FeC13 and Benedict’s tests)
and one dimensional descending paper chromatography
and thin layer chromatography (TLC) were employed to
detect metabolic errors .30

Early morning urine specimens from both these groups
were screened for the detection of above mentioned
disorders and in those giving a positive result,
quantitation of various substances in blood or urine was
also done as indicated. 

RESULTS
The results of this screening program, on urine
specimens of 2,030 children are as follows: 

Group-I: Out of 2,000 cases (1194 males and
806 females) only one female child had
alkaptonuria. The elder sister of this
child examined as part of the family
study also showed the presence of this
disorder. There were no cases of
PKU, galactosemia, fructosuria,
pentosuria or anyo ther aminoaciduria or
 mellituria (Table-III).

Group-II: Out of 30 cases aged 1-10 years (13
males and 17 females); there were
th ree  cases of  genera l ized
aminoaciduria belonging to one family.
The aminoaciduria pattern of this family
did not fit into any of the recognized
aminoacidurias so far reported in the
literature. But it is definitely related to

the mental deficiency in the family
because all other close members of the
family that were studied had no mental
deficiency nor had they aminoaciduria.
So this appears to be a new syndrome.
(Table-IV).

Table-III. Results of urine screening in 2000 random

hospitalized under 2 years children.

Category Disorder No. of cases

Aminoaciduria

Alkaptonuria 01

Others Nil

Total 01

Mellituria Nil

Normal 1999

Grand Total 2000

Table-IV. Results of urine screening in 30 cases of 

mental deficiency.

Category Disorder No. of cases

Aminoaciduria

Generalized

Aminoaciduria 

03

Others Nil

Total 03

Mellituria Nil

Total with metabolic error 03

Without aminoaciduria or mellituria 27

Grand Total 30

DISCUSSION
This documented study on inborn errors of metabolism
in the Punjab (Pakistan) gives the results of a thorough
biochemical screening by means of well-proved
methods.

The first part of the study covers 2,000 random cases
aged less than 2 years in which one case of alkaptonuria
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was detected.

The second part of the study reports results of screening
tests carried out on 30 mentally deficient cases and in
this -group three cases (belonging to one family) of an
obscure generalized aminoaciduria were detected. A
search of literature did not reveal that this pattern of
aminoaciduria have ever been reported previously. The
fact that it occurred in three members of a single family
and all three were having an identical pattern proves its
hereditary origin.

The study shows that the problem of inborn errors of
metabolism does exist in this province (Punjab). We
cannot pick cases of any disease unless we are
conscious of its existence and suspect it. And this study
has brought us to the conclusion that classical inborn
errors of metabolism like alkaptonuria do occur here and
we need to know their nature and incidence by means of
national survey.

In 1970, Sridhara et al.  found 5 phenylketonurics in 41431

cases of mental deficiency examined in Banglore, India.
In Kuwait, Teebi et al.  found 7 cases of PKU among32

451 institutionalized mentally retarded persons (1.9%).

The need of this survey is indicated by the fact that the
modern medicine has made it possible to prevent and
manage this class of disorders. Over the past few
decades it has become apparent that a number of inborn
errors of metabolism are associated with clinical
abnormalities, particularly mental retardation and that in
several of these disorders, the consequences may be
prevented by early institution of therapy . Foremost2,39

among the treatable disorders is PKU , but24,26,33,35,36,40

also included are maple syrup urine disease,
homocystinuria and galactosemia . Ideally,25,39

galactosemia and maple syrup urine disease should be
treated from birth and PKU before 3 months. This has
led to the view that all the newborn babies should be
screened for hereditary metabolic disorders, so that they
could be put on treatment before the disorder causes
irreversible clinical damage . 2,39

At relatively low cost, it has prevented mental retardation
in thousands of infants worldwide. It is a significant
achievement that these individuals and their families
have been spared the devastating effects of the
phenylketonuria and other inborn disorders . 37-40

Infact, routine newborn screening for PKU and
congenital hypothyroidism has become mandatory in all
states of USA and has spread widely in Europe and
other areas of the world. A number of these screening
programs are now testing for many metabolic disorders
in addition to PKU. These screening programs have
yielded invaluable and otherwise unobtainable
information concerning the incidence and characteristics
of certain metabolic disorders among the general
population . Until now, diagnosis of metabolic14,28,29,34

errors was made by the positive findings with the
chemical tests. But in view of the other disorders
showing false positive with chemical tests, diagnosis of
metabolic errors is now confirmed with chromatographic
methods. Therefore, in addition to chemical tests, one
dimensional descending paper chromatography and TLC
was used in this study for the detection of metabolic
errors  and proved quite satisfactory. The30

chromatography has the advantages of being cheap and
capable of handling a large number of individual samples
simultaneously on a single sheet. Thus the methodology
employed in this pilot study, which is both cheap and
reliable for detecting the maximum number of cases can
easily be adopted for the national survey program.

CONCLUSION
This study indicates that inborn errors of metabolism also
exist in Pakistan. It has also sorted out a reliable scheme
of screening and detection of these disorders suited to
our socioeconomic environment. The screening program
can yield invaluable and otherwise unobtainable
information concerning the incidence and characteristics
of certain metabolic disorders among the general
population.

Early detection is important for prevention and treatment
of multiple systems. The detection of these disorders is
not without benefit for the affected family and the
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individual as the administration of un-necessary drugs
can be avoided. In addition to being cheap and reliable,
chromatography is of greatest value when both disorders
of amino acid and carbohydrate metabolism are to be
detected simultaneously.

REFERENCES
1. Garrod, A.E. The Croonian lectures on inborn errors of

metabolism. III. Alkaptonuria. Lancet. 1908; 2: 73.

2. Raine, DN. Management of inherited metabolic

diseases. Brit Med J 1972;2:329- 336.

3. Justice, P., O Flynn, ME. and Hsia, D.Y.Y. Phenylalanine

hydroxylase activity in hyperphenylalaninemia. Lancet.

1967; 1:928- 929.

4. Pitt, D.N, The natural history of untreated

phenylketonuria. Med. J. Austral; 1971; 1: 378-383.

5. Kawashima, H. Kawano, M. Masaki, A, Sato, T. Three

cases of untreated classical PKU: a report on

cataracts and brain calcification. Am .1 Med Genet:

1988; 29: 89-93.

6. Koch, R. Guttler. F. Blau, N. Mental illness in mild PKU

responds to Biopterin; Mol Genet Metab. 2002; 75 (3)

284-286.

7. Koch R, Hanley W, Levy H. et al. The Maternal

Phenylketonuria International Study: 1984-2002:

Pediatrics 2003: 112:1523-1529.

8. Lee, PJ., Ridout, D., Walter, JH and Cockburn, F:

Maternal phenylketonuria: report from the United

Kingdom Registry 1978-97: Arch. Dis. Child., 2005; 90(2):

143- 146.

9. Campbell, E and Ross, LF; Parental attitudes regarding

newborn screening of PKU and DMD: Am J Med

Genet. Part A, 2003, (120A), 2, 209-214.

10. Knox, W.E. Phenylketonuria in the metabolic basis of

inherited diseases Ed: Stanbury, J.B., Wygaarden J.B.,

and Fredrickson. D.S. 4th ed. 1978; p-266.

11. Cahalane, S.F. Mass screening of new born in Ireland.

Arch. Dis. Childh. 1968; 43: 141-144.

12. Guldberg P, Rey F, Zschocke J, et al. A European

multicenter study of phenylalanine hydroxylase

deficiency: classification of 105 mutations and a

general system for genotype-based prediction of

metabolic phenotype. Am J Hum Genet 1998;63:71-79.

13. Sepe, S.J., Levy, H.L., and Mount, F.W. An evaluation of

routine follow up blood screening of infants for

Phenylketonuria: N. Eng.-J. Med. 1979; 300: 606.

14. National Institutes of Health Consensus Development

S ta tem ent. Phenylketonuria : Screen ing  and

Management. Washington, D.C; October 16-18. 2000,

last updated April 2006.

15. eMedicine, Congenital hypothyroidism; CME report,

Daniel Postellon 2006.

16. Niu, DM, Lin, CY Hwang, B Jap, T-S, Liao, CJ and Wu, JY;

Contribution of genetic factors to neonatal transient

hypothyroidism: Arch. Dis. Child. Fetal Neonatal Ed.,

2005; 90(1): 69-72.

17. Stuart ALO; Neonatal thyroid disorders: Arch. Dis.

Child. Fetal Neonatal Ed., 2002; 87(3): 165- 171.

18. Galactosemia; Georgia annual Newborn Screening

report - 1997. updated 2006.

19. Yang YP, Corley N, Garcia-Heras J. Molecular analysis

in newborns from Texas affected with galactosemia.

Hum Mutat. 2002 ; 19(l):82-3.

20. Elsas LJ, Lai K, Saunders CJ, Langley S.D. Functional

analysis of the human galactose-l-phosphate

uridyltransferase promoter in Duarte and EA variant

galactosemia. Mol Genet Metab. 2001;72(4):297-305.

21. Srsen S. Muller C.R, Fregin A, Srsnovak. Alcaptonuria in

Slovakia: 32 years of research on phenotype & geno

type; Mol. Genet. Metab; 2002; 75(4): 353-9.

22. Phornphutkul, C., Wendy J. Introne, Monique B. Perry et

al: Natural History of Alkaptonurina; NEJM 2002, 347;

26:2111-21.

23. Dobson, J.C., Williamsons, M.L., Azem, C., et al.

Intellectual assessment of 111 four years old children

with phenylketonuria. Pediatrics.;1977; 60: 822- 827.

24. Smith, I. & Wolff, O.H. Natural history of

phenylketonuria and influence of early treatment.

Lancet: 1974: 2: 540-544.

25. Bickel, H. Early detection and treatment of some



  INBORN ERRORS OF AMINO ACID AND CARBOHYDRATE METABOLISM 518  

  Professional Med J Sep 2007; 14(3): 512-518. 7  

hereditary disturbances of aminoacid

metabolism. Therapiewoche, 1971; 21(28):

2044-48. 2050-2 (Gev). Chem. Abst.1971; 75:

116669 C.

26. Holtzman, N. A., Kronmal, R. A., van Doorninck, W., Azen,

C.. Koch. R. Effect of age at loss of dietary control on

intellectual performance and behavior of children with

phenylketonuria. New Eng. J. Med. 1986; 314: 593-598.

27. Bickel, H., The first treatment of phenylketonuria.

Europ. J. Pediat.1991; 155:3.

28. Holtzmen, N.A., Meak, A.G. and Mealits, E.D. Neonatal

screening for phenylketonuria. 1. Effectiveness. J

AMA. 1974; 229:667-670.

29. Levy, H.L. Newborn Metabolic screening. Past and

prospect. N. Engl.J. Med.: 1975; 293:824-825.

30. Smith, I. Chromatographic and Electrophoretic

Techniques. (4  edition. Vol. I), London, William-th

Heineman.1969; pp 104-150.

31. Sridhara,R. Rao, BS. Narayan, HS and Narayan RGN.

Biochemical investigations in 5 patients with

phenylketonuria. Indian J. Med. Res: 1970; 58: 1753-

1757.

32. Teebi, A. S., Al-Awadi, S. A., Farag, T. 1., Naguib, K. K.,

El-Khalifa, M. Y. Phenylketonuria in Kuwait and Arab

countries; Europ. J. Pediat.1987; 146; 59-60.

33. Dobson, J.C., Kushida, E., Williamsons, M. and Friedman,

E.G. Intellectual performance of 36 phenylketonuria

patients and their non-affected siblings. Pediatrics.:

3976; 58: 53-56.

34. Clarke, J T R; The Maternal Phenylketonuria Project: A

Summary of Progress and Challenges for the Future;

Pediatrics 2003; 112:1584-1587.

35. Courtney Martin. G: Bross, R: Raffi, M: Clarke, J T: Ball. R

0: Pencharz, P B: Phenylalanine requirement in

children with classical PKU determined by indicator

aminoacid oxidation. Am .I Physiol Endocrinol Metab.

2002: 283(6):1249-56.

36. Koch R, Burton B, Hoganson G, Peterson R, ct al;

Phenylketonuria in adulthood: a collaborative study.

J Inherit Metab Dis. 2002; 25(5):333-346.

37. Channon, S., Goodman,G., Zlotowitz, S., Mockler, C. and

Lee PJ. Effects of dietary management of

phenylketonuria on long-term cognitive outcome

Arch. Dis. Child., 2007; 92(3): 213-218.

38. Giovannini, M., Verduci, E., Salvatici, E., Fiori, L. and Riva,

E; Phenylketonuria: Dietary and therapeutic

challenges. J Inherit Metab Dis. 2007: 30(2); 145- 152.

39. MacDonald, A., Daly. A. Chakrapani. A; Dietary

Treatment of Amino Acids Inborn errors of

Metabolism: HK J Paediatr (new series) 2004: 9:253-

276.

40. Bekhof, J., Rijn, MV., Sauer, PJJ. et al; Plasma

phenylalanine in patients with phenylketonuria self-

managing their diet: Arch. Dis. Child. 2005; 90(2): 163-

164.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

