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Abstract
Background: Brain damage and mental retardation in children can be caused by either excess or depletion of certain amino acids.
Up to now there is no reliable reference interval for free plasma amino acid in Iranian children.
Objectives: The aim of this study was to provide the reference intervals of free plasma amino acid in healthy Iranian children using
high performance liquid chromatography (HPLC) as an accurate method.
Methods: 133 children referred to Children’s Medical Center, Tehran, Iran for the annual checkup entered the study after filling out
the informed consent form. Demographic data and blood samples after overnight fasting were collected. Plasma amino acid concentrations were determined by reverse phase HPLC (RP-HPLC) equipped with a fluorescence detector after precolumn derivatization
of amino acids with o-phthalaldehyde (OPA).
Results: Female children exhibited significantly higher plasma concentrations of taurine and lysine than male children. Other 20
amino acid values were not significantly different between two gender groups. Positive correlation was obsereved between age and
taurine, leucine and lysine.
Conclusions: Our data provided reference intervals of free plasma amino acids in healthy Iranian children. We believe our data
can be used as a guideline for pediatricians to identify the significantly deviated amino acid values in children with medical issues
such as genetic disorders and some acquired illnesses. Our data is also applicable for further investigations in the field of family
medicine.
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1. Background
Excess or depletion of certain amino acids will result
in severe illnesses (e.g. Phenylketonuria and Maple Syrup
Urine Disease) which are usually accompanied by brain
damage and mental retardation (1-3). The amino acid baseline concentrations are used in assessment of nutritional
status and creating amino acid level profiles (4-6). Recent
studies have emphasized the importance of these nutritional profiles in prognosis of malnourished patients with
chronic renal and liver diseases (7, 8). In the recent years,
obtaining the nutritional profile in patients undergoing
dialysis for the first time or transplant surgery, is considered as a major factor in prognosis, survival rate, mortality
and morbidity (4, 8, 9).
Defining the reference interval of amino acids is important for diagnostic and prognostic purposes. Free

plasma amino acid concentrations can differ in normal individuals over a broad range of variables like diet, time of
the day, gender, obesity, stress, hormones like testosterone
and age. Among the identified variables, age and gender are the two main physiologic factors affecting plasma
amino acids values. Significant differences between male
and female and between old and young adults have been
reported by several studies (4, 10-13).
Although free plasma amino acid values in children
are documented in medical textbooks and journals (12, 14,
15) no equivalent study has been conducted in the Iranian
child population.
2. Objectives
To determine the normal free plasma values which are
the primary requirement for physicians to apply to their

Copyright © 2018, Iranian Journal of Pediatrics. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

Monajemzadeh M et al.

practices, we have measured free plasma concentration
of 22 amino acids in healthy Iranian children aged 2 to 8
years, analyzed by o-phthalaldehyde derivative high performance liquid chromatography (OPA-HPLC) method.
3. Methods
A total of 133 Iranian children (54 females and 79 males,
2 - 8 years old) who were referred to Children’s Medical Center Hospital, Tehran, Iran for their annual check-up from
July 2011 to June 2012 were recruited into the project after
filling out the informed consent form by parents. The participants fulfilled the requirements of the inclusion criteria. The study size was reckoned according to CLSI guideline (C28-A2) recommendation for establishment of reference interval (16).
The inclusion criteria were as follows: a) no history of
metabolic disorders, b) no history of liver or kidney diseases, c) normal development and growth d) being on a
regular diet and not consuming infant formula), and finally d) no evidence of malnutrition.
Overnight fasting blood samples from antecubital vein
were collected in a heparinized syringe and immediately
separated by centrifugation at 3000 rpm for 15 minutes.
200 µL of plasma was mixed with 50 µL internal standard
homoserine, afterwards ice-cold methanol (800 µL) was
applied to the mixture while vortexing, then kept in 4°C for
5 minutes.
The tubes were centrifuged at 4,000 rpm for 5 minutes
and supernatant was collected. 250 µL of supernatant was
mixed with 100 µL of borate buffer followed by 50 µL of
OPA/2ME reagent (Tube A). 200 µL of mobile phase and 25
µL of hydrochloric acid (HCl) was added to 50 µL of Tube A
solution and injected to HPLC system (Knauer, Germany).
Separation of derivatives of amino acids was performed by
reversed-phase HPLC chromatography on a C18 column using a gradient of 0.05 M acetate buffer and methanol, pH
7.02 with a flow rate of 1.0 mL per minute.
HPLC was equipped with a fluorescence detector operating at excitation wavelength of 330 nm and emission
wavelength of 450 nm.
Amino acids including alanine, arginine, asparagine,
aspartic acid, citrulline, α-aminobutyric acid, glutamic
acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, ornithine, phenylalanine, serine, taurine, threonine, tryptophane, tyrosine and valine were
quantified using appropriate calibrators (Clin Cal, RECIPE,
Gm pH, Germany).
Plasma amino acid concentrations were expressed as
mean, 95 per cent confidence interval and scored at 5th,
25th, 75th and 95th percentiles. Amino acid concentrations were compared according to age and gender by anal2

ysis of variance (ANOVA) and t-test, respectively. IBM SPSS
Statistics 17.0 software was used for statistical analysis. P
value < 0.05 was considered statistically significant. The
study was performed in agreement with Helsinki declaration and was conducted in accordance with considerations recommended by local ethics review committee of
Tehran University of Medical Sciences (ethics code: 90-0230-12879).

4. Results
The mean age of 133 children (54 female and 79 male)
was 4.2 years (ranged from 2 to 8 years). Mean of each measured free plasma amino acid concentration, 95 per cent
Confidence Interval and the scores of 5th, 25th, 75th and
95th percentiles are presented in Tables 1 and 2, respectively.
A significant correlation between age and taurine (r =
0.185, P = 0.033), leucine (r = 0.184, P = 0.034) and lysine (r =
0.175, P = 0.043) was observed.

5. Discussion
This study presents the physiologic values of 22 amino
acids in Iranian children aged 2 to 8 years and their distribution as the scores of 5th, 25th, 75th and 95th percentiles.
Since maximum and minimum values could have unusually high or unusually low values, we preferred to use the
95 per cent confidence interval to describe our data. These
findings are intended to act as a reference for pediatricians
to identify the significantly deviated amino acid values in
Iranian children with medical issues such as genetic disorders and some acquired illnesses.
In the present study we used a RP-HPLC method involving pre-column derivatization with o-phthalaldehyde
(OPA) to analyze the free plasma amino acid concentrations. Although simplicity and reproductivity of ion exchange chromatography (IEC) in combination with postcolumn ninhydrin make it the reference method for measuring the free plasma amino acids in clinical laboratories
(4, 17-19), its long analytical run time made the OPA-HPLC
a useful alternative method for analyzing the amino acids
in physiological fluids because of OPA-HPLC’s higher sensitivity and speed, both of which are very important for newborn screening (18).
The data of the present study demonstrated two additional findings. First, the plasma concentration of taurine
and lysine was significantly higher in female children than
in male ones and the other 20 measured amino acids were
not significantly different between the two gender groups.
Our results were in consistency with the report of Gregory
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Table 1. Mean Concentration and 95% Confidence Interval of Amino Acids in Healthy Children

Mean, µMol/L

Confidence Interval 95%

Amino Acid

Mean, µMol/L

Confidence Interval 95%

Alanine

376.39

358.36 - 402.59

Leucine

115.379

108.48 - 122.24

Arginine

71.813

67.10 - 76.15

Lysine

131.099

123.46 - 136.07

Amino Acid

55.4815

53.25 - 57.99

Methionine

26.44

24.49 - 28.75

Aspartic acid

5.92

5.34 - 6.35

Ornithine

62.02

58.42 - 64.83

Citrulline

26.52

24.97 - 28.04

Phenylalanine

61.40

59.00 - 64.49

γ -Aminobutyric acid

23.10

21.53 - 24.25

Serine

139.68

134.20 - 144.07

Asparagine

Glutamic acid

59.71

54.21 - 65.27

Taurine

77.11

68.11 - 82.61

Glutamine

552.12

534.19 - 566.89

Threonine

121.18

113.61 - 127.00

Glycine

258.15

245.97 - 270.03

Tryptophane

50.15

47.20 - 53.22

Histidine

91.56

86.71 -95.14

Tyrosine

67.01

63.26 - 70.57

Isoleucine

66.72

62.72 - 70.90

Valine

227.48

216.76 - 238.17

Table 2. Values of Amino Acids for the Scores of 5th, 25th, 75th and 95th Percentiles

Percentile, µMol/L

Amino Acid
5

25

75

95

Alanine

184.06

284.50

466.20

581.16

Arginine

37.02

55.70

82.40

134.08

Asparagine

35.82

45.10

64.70

79.52

Aspartic acid

2.36

3.70

7.30

11.58

Citrulline

13.70

20.20

32.60

42.10

γ -aminobutyric acid

13.22

17.60

25.40

41.78

Glutamic acid

22.44

35.87

76.77

127.95

Glutamine

372.88

495.00

628.80

687.00

Glycine

164.62

208.80

308.40

408.40

Histidine

56.340

73.90

108.40

135.44

Isoleucine

37.020

50.10

77.00

114.42

Leucine

65.22

88.90

134.30

196.50

Lysine

85.26

102.10

148.80

202.34

Methionine

11.72

18.00

31.70

50.16

Ornithine

33.02

48.70

73.40

94.88

Phenylalanine

38.91

50.75

71.13

97.87

Serine

95.34

118.00

154.60

194.00

Taurine

27.64

44.40

98.80

178.72

Threonine

64.94

93.10

140.20

197.00

Tryptophane

15.62

40.10

61.00

79.70

Tyrosine

38.72

51.90

82.00

110.52

144.40

181.20

264.10

346.86

Valine

et al that the effect of sex was not apparent in children, al-
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though they found significant difference for 5 amino acids
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including isoleucine, leucine, methionine, phenylalanine,
and tyrosine in adolescents (20). Their values were significantly lower in adult females than in males. In a study
conducted by Yamamoto et al. a link between sex and concentration of most of the amino acids especially branched
chain amino acids was reported (21). A few other studies have also identified lower concentrations of branchedchain amino acids in older females (10, 11). Since several
studies found sex-dependent amino acid values in adolescents and no significant differences in preadolescent children (10, 22, 23), it is believed that these gender-related differences occur after adolescence.
Recent studies on amino acid concentrations have described a relation between diet and amino acid values.
Milson et al studied on fasting and postprandial plasma
amino acid concentration and showed a gender-related
difference in fasting subjects (24). They have reported that
fasting female subjects had lower values in several amino
acids than fasting male ones, but this effect was insignificant in postprandial subjects. Therefore, dietary protein
can induce a significant degree of variation in amino acid
values throughout a day. Another study, conducted by
Rana et al. showed that protein intake is significantly lower
in vegan diets particularly taurine which was absent in vegan diets (25). In comparison to these data, we suggest that
the lower amount of taurine and lysine could be a result
of a daily diet variation in children. It needs a study with
more cases and precise diet control.
Our second finding identified a significant relation between age and lysine, leucine and taurine values. Our results to some extent, were consistent with previous studies which are suggesting an increase in amino acid levels
in growing children probably caused by increasing muscle mass (26). Lepage et al. demonstrated a unique pattern of age-specific distribution for each amino acid in a
healthy pediatric population (27). In their study, alanine,
arginine, asparagine, methionine, ornithine, phenylalanine, proline, threonine and tyrosine were decreased in
the first years of life, and then increased steadily up to 18
years of age. An Initial reduction followed by stable concentration was observed in taurine and serine. Aspartic
acid and glutamic acid had decreasing trend in all ages. Citrulline demonstrated a two-step increment at 0 to 3 years
of age and 13 to 15 years. Cystine, glutamine, glycine, histidine, isoleucine, leucine, lysine, tryptophan, and valine
showed increasing values throughout 0 to 18 years of age.
Several other studies (20, 28, 29) have also reported a specific pattern of age-dependent amino acid concentrations
with slight differences to Lepage et al.’s study. It seems
that children under one year need specific reference value.
Cruz et al. in their study validated the HPLC method for
determination plasma amino acids and established refer4

ence interval for Brazilian population (30). They recommended that each laboratory should establish its own reference interval due to variation in methodology and analytical techniques used in published data. The main limitation of our study, as that of Cruz et al.’s, was absence of
specimens from children under 2 years old. That was because their parents refused to give permission for blood
collection from their babies for our study.
This study provided reference intervals of free plasma
amino acids in healthy children. We believe our data can
be used as a guideline for investigations in the field of family medicine and in the practice of pediatricians. We have
also reported an significant difference between age and 3
of amino acid levels and also a significant higher concentration of taurine and lysine in female children whereas
other amino acids were not significantly different, but it
is more ideal to establish further follow up studies and include more affecting factors such as, body mass index, and
diet.
Acknowledgments
This research has been supported by Tehran University
of Medical Sciences. We thank all staff of clinical laboratory
of children’s medical center specially Mr. Mohsen Sivashi
and Mrs. Neda Rezaei for specimen collection, processing
and analyzing.
Footnote
Funding/Support: This research project was funded by
Tehran University of Medical Sciences.

References
1. Svasti J, Wasant P, Tiensuwan M, Sawangareetrakul P, Srisomsap C,
Pangkanon S, et al. Normal plasma free amino acid levels in Thai children. J Med Assoc Thai. 2001;84(11):1558–68. [PubMed: 11853298].
2. Lin G, Wang X, Wu G, Feng C, Zhou H, Li D, et al. Improving amino
acid nutrition to prevent intrauterine growth restriction in mammals. Amino Acids. 2014;46(7):1605–23. doi: 10.1007/s00726-014-1725-z.
[PubMed: 24658999].
3. Burrage LC, Nagamani SC, Campeau PM, Lee BH. Branchedchain amino acid metabolism: from rare Mendelian diseases to
more common disorders. Hum Mol Genet. 2014;23(R1):R1–8. doi:
10.1093/hmg/ddu123. [PubMed: 24651065].
4. Corte Z, Venta R. Biological variation of free plasma amino acids
in healthy individuals. Clin Chem Lab Med. 2010;48(1):99–104. doi:
10.1515/CCLM.2010.008. [PubMed: 19929754].
5. Rudman D, Mattson DE, Feller AG, Cotter R, Johnson RC. Fasting
plasma amino acids in elderly men. Am J Clin Nutr. 1989;49(3):559–66.
[PubMed: 2923089].
6. Palova S, Charvat J, Masopust J, Klapkova E, Kvapil M. Changes
in the plasma amino acid profile in anorexia nervosa. J Int Med
Res. 2007;35(3):389–94. doi: 10.1177/147323000703500314. [PubMed:
17593868].

Iran J Pediatr. 2018; 28(2):e61893.

Monajemzadeh M et al.

7. Ivarsen P, Tietze IN, Pedersen EB. Nutritional status and amino acids
in granulocytes and plasma in patients with chronic renal disease
and varying residual renal function. Nephron. 2001;88(3):224–32. doi:
10.1159/000045994. [PubMed: 11423753].
8. Henkel AS, Buchman AL. Nutritional support in patients with chronic
liver disease. Nat Clin Pract Gastroenterol Hepatol. 2006;3(4):202–9. doi:
10.1038/ncpgasthep0443. [PubMed: 16582962].
9. Schulte-Frohlinde E, Wagenpfeil S, Willis J, Lersch C, Eckel F, Schmid R,
et al. Role of meal carbohydrate content for the imbalance of plasma
amino acids in patients with liver cirrhosis. J Gastroenterol Hepatol. 2007;22(8):1241–8. doi: 10.1111/j.1440-1746.2006.04620.x. [PubMed:
17688664].
10. Caballero B, Gleason RE, Wurtman RJ. Plasma amino acid concentrations in healthy elderly men and women. Am J Clin Nutr.
1991;53(5):1249–52. [PubMed: 2021131].
11. Nakamura H, Nishikata N, Kawai N, Imaizumi A, Miyano H, Mori
M, et al. Plasma amino acid profiles in healthy East Asian subpopulations living in Japan. Am J Hum Biol. 2016;28(2):236–9. doi:
10.1002/ajhb.22787. [PubMed: 26407660].
12. Armstrong MD, Stave U. A study of plasma free amino acid levels. II.
Normal values for children and adults. Metabolism. 1973;22(4):561–9.
[PubMed: 4696900].
13. Galante A, Angelico F, Crocchioni G, Pennetti V. Intersexual differences in the serum-free amino acid pattern of young adults, normal
obese aged subjects. Nutr Metab. 1978;22(2):119–26. [PubMed: 619318].
14. Babu SV, Shareef MM, Shetty AP, Shetty KT. HPLC method for amino
acids profile in biological fluids and inborn metabolic disorders
of aminoacidopathies. Indian J Clin Biochem. 2002;17(2):7–26. doi:
10.1007/BF02867967. [PubMed: 23105346].
15. Wu PY, Edwards N, Storm MC. Plasma amino acid pattern in normal term breast-fed infants. J Pediatr. 1986;109(2):347–9. [PubMed:
3734973].
16. How to Define and Determine Reference Intervals in the Clinical Laboratory; Approved Guideline. Wayne; 2000.Clinical Laboratory and Standards Institute. p. 13–22.
17. Le Boucher J, Charret C, Coudray-Lucas C, Giboudeau J, Cynober L.
Amino acid determination in biological fluids by automated ionexchange chromatography: performance of Hitachi L-8500A. Clin
Chem. 1997;43(8 Pt 1):1421–8. [PubMed: 9267323].
18. Fekkes D. State-of-the-art of high-performance liquid chromatographic analysis of amino acids in physiological samples. J Chromatogr B Biomed Appl. 1996;682(1):3–22. [PubMed: 8832421].

Iran J Pediatr. 2018; 28(2):e61893.

19. Fekkes D, Voskuilen-Kooyman A, Jankie R, Huijmans J. Precise analysis
of primary amino acids in urine by an automated high-performance
liquid chromatography method: comparison with ion-exchange
chromatography. J Chromatogr B Biomed Sci Appl. 2000;744(1):183–8.
[PubMed: 10985580].
20. Gregory DM, Sovetts D, Clow CL, Scriver CR. Plasma free amino
acid values in normal children and adolescents. Metabolism.
1986;35(10):967–9. [PubMed: 3762400].
21. Yamamoto H, Kondo K, Tanaka T, Muramatsu T, Yoshida H, Imaizumi
A, et al. Reference intervals for plasma-free amino acid in a
Japanese population. Ann Clin Biochem. 2016;53(Pt 3):357–64. doi:
10.1177/0004563215583360. [PubMed: 25829462].
22. Fernstrom JD, Wurtman RJ, Hammarstrom-Wiklund B, Rand WM,
Munro HN, Davidson CS. Diurnal variations in plasma concentrations of tryptophan, tryosine, and other neutral amino acids: effect
of dietary protein intake. Am J Clin Nutr. 1979;32(9):1912–22. [PubMed:
573061].
23. Lavie L, Lavie P. Daily rhythms in plasma levels of homocysteine.
J Circadian Rhythms. 2004;2(1):5. doi: 10.1186/1740-3391-2-5. [PubMed:
15347422].
24. Milsom JP, Morgan MY, Sherlock S. Factors affecting plasma amino
acid concentrations in control subjects. Metabolism. 1979;28(4):313–9.
[PubMed: 571951].
25. Rana SK, Sanders TA. Taurine concentrations in the diet, plasma,
urine and breast milk of vegans compared with omnivores. Br J Nutr.
1986;56(1):17–27. [PubMed: 3676193].
26. Armstrong MD, Stave U. A study of plasma free amino acid levels. III.
Variations during growth and aging. Metabolism. 1973;22(4):571–8. doi:
10.1016/0026-0495(73)90070-x.
27. Lepage N, McDonald N, Dallaire L, Lambert M. Age-specific distribution of plasma amino acid concentrations in a healthy pediatric population. Clin Chem. 1997;43(12):2397–402. [PubMed: 9439460].
28. Janas LM, Picciano MF, Hatch TF. Indices of protein metabolism in
term infants fed human milk, whey-predominant formula, or cow’s
milk formula. Pediatrics. 1985;75(4):775–84. [PubMed: 3872443].
29. Scott PH, Sandham S, Balmer SE, Wharton BA. Diet-related reference
values for plasma amino acids in newborns measured by reversedphase HPLC. Clin Chem. 1990;36(11):1922–7. [PubMed: 2242570].
30. Cruz AF, Barbosa TMCC, Adelino TER, Lima WP, Mendes MO, Valadares
ER. Amino acid reference intervals by high performance liquid chromatography in plasma sample of Brazilian children. J Brasileiro de Patologia e Medicina Laborat. 2016. doi: 10.5935/1676-2444.20160012.

5

