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Abstract. We studied amino acid concentrations in granu- 
locytes and plasma of 24 children with chronic renal failure 
and 15 heal thy children.  Granulocytes  were isolated from 
10 ml  of  b lood  us ing  a dex t ran-Fico l l -Hypaque  procedure.  
Intracel lular  levels of  leucine,  isoleucine,  meth ionine ,  
phenyla lan ine ,  lysine,  hist idine,  tyrosine,  and arginine were 
s ignif icant ly  lower in  chi ldren with chronic renal  failure 
than heal thy children. There were no  s ignif icant  differences 
in  intracel lular  and p lasma amino  acid concentra t ions  be-  
tween chi ldren with chronic  renal  failure on a wel l -ba-  
lanced protein-restr icted diet and chi ldren with chronic  
renal  fai lure with a normal  protein  intake. 

Key words: Chronic  renal  failure - Granulocytes  - A m i n o  
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Table 1. Characteristics of the patients with chronic renal failure at the 
time of blood sampling for measurement of amino acid levels in 
granulocytes and plasmaa 

Characteristics of the patients Protein- Unrestricted diet 
restricted diet 

No. of patients 10 14 
Age (years) 12.7 (5.2) 10.5 (4.1) 
Gender (M, F) 7/3 10/4 
Diagnosis b, c, d 2/7/1 0/10/4 
Weight for height (%) 108 (25) 100 (14) 
Height standard deviation -1.58 (1.1) -1.12 (1.1) 
Calculated creatinine clearance 37.3 (15.9) 36.1 (14.2) 
(ml/min per 1.72 m2) e 

a Data given are numbers of patients or means (standard deviation) 
b Glomerulopathy 
o Obstructive uropathy and/or renal dysplasia 
a Miscellaneous 

Computed as 40x length (cm)/creatinine (~tmol/1) 

Introduction 

It is well known that children and adults with chronic renal 
fai lure may  have abnormal  p lasma and intracel lular  amino  
acid levels [ 1 -11 ] .  The observed abnormal i t ies  are pre- 
sumably  due to altered amino  acid metabo l i sm and mal-  
nutri t ion.  Cel lular  malnut r i t ion  in chi ldren with chronic  
renal failure may  contr ibute  to their poor growth. In the 
present  study we invest igated 24 chi ldren with chronic  
renal  fai lure in a prospect ive randomized  trial and eval- 
uated the effect of  a protein-restr ic ted diet on p lasma and 
granulocyte  free amino  acids in  relat ion to renal  funct ion 
and growth [12]. 

Correspondence to: J. Kist-van Holthe, Groot Hoefijzerlaan 22, 
2244GJ Wassenaar, The Netherlands 

Patients and methods 

Twenty-four uremic children (17 boys, 7 girls with a mean age of 
11.4_+4.7 years) were studied. The glomerular filtration rate varied 
from 15 to 78 ml/min per 1.73 mL Fifteen healthy children (8 boys, 7 
girls with a mean age of 9 _+ 3 years) served as controls. All patients 
were in a stable condition without concurrent illnesses. Table 1 shows 
the characteristics of the patients with chronic renal failure. 

The children in the protein-restricted group were advised to reduce 
their protein intake to safe levels between 0.8 and 1.1 g/kg per day 
[13]. The children in the group with no dietary restriction were advised 
to eat at least 1.5-2.0 times the safe levels of protein, corresponding to 
normal protein intakes for healthy children [14]. For all children the 
target caloric intake was at least 100% of the energy requirement [13]. 
The children and their parents were asked to provide a prospective 
dietary diary which covered 2 days during the week and 1 day of the 
weekend prior to blood sampling. A specially assigned dietician 
supervised the dietatry diary. Protein and caloric intakes were calcu- 
lated using the Dutch Nutrition Index [15]. The essential amino acid 
intake was calculated from the nutrition tables of Souci-Fachmann- 
Kraut [16] and compared with the minimal daily requirements of 
amino acids for children [13]. The patients were started on sodium 
bicarbonate if the serum bicarbonate dropped below 21 mmol/1. 
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Fig. 1, Mean intake of essential amino acids of the protein-restricted 
and the control group, as a percentage of the minimal daily require- 
ment [13]. *P <0.001; LEU, leucine; LYS, lysine, MET/CYS, methio- 
nine/cystine; THR, threonine; ILE, isoleucine; PHE, phenylalanine; 
VAL, valine 

After 18-39 (mean 36.3) months on the protein-restricted diet or 
the diet with no restrictions, blood was drawn for granulocyte isolation 
and amino acid analysis after an overnight fast. Granulocytes were 
isolated using a dextran-Ficoll-Hypaque sedimentation procedure, as 
described by Metcoff et al. [1t]. The leukocyte suspensions contained 
83%-100% granulocytes (mean 96%). The viability of the granulo- 
cytes, measured by the trypan blue exclusion test, ranged from 86% to 
99% (mean 94%). Amino acid contents were measured by liquid 
column chromatography on a LKBcz+ (Pharmacia, Sweden) amino 
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acid analyzer. Granulocyte amino acids are expressed as micromoles 
per gram of protein, using albumin as a standard (Lowry method), as 
the protein content of cells in children with chronic renal failure on a 
well-balanced diet does not differ from healthy children [10, 17]. 
Plasma amino acid concentrations are expressed as micromoles per 
milliliter, given as the medians and their range. 

Weight, height, upper arm circumference, and triceps skinfold 
thickness of the children were measured by the same observer 6 
months prior to and on the day of sampling. Weight is expressed as 
weight for height percentile and height as height standard deviation 
score for healthy Dutch children [18]. 

Statistics. Differences in the estimated intake of essential amino 
acids and the amino acid concentrations in granulocytes and plasma 
were evaluated by the Mann-Whitney test. The correlations between 
amino acid concentrations and protein intake, glomerular filtration 
rate, and anthropometric measures were computed using regression 
analysis after logarithmic transformation of amino acid levels (or the 
level + 1 in the case of occasional values of zero), due to their skew 
distribution. The limit of significance was taken as 5%. 

Results 

The  mean  (SD) es t imated  prote in  intake differed signifi-  
cant ly be tween  the prote in-res t r ic ted group [1.1 (0.4) g/kg 
per  day (113% of  safe level)]  and the group wi thout  dietal  T 
restr ict ions [2.0 (0.6) g /kg  per  day (205% o f  safe IeveI)]. 
Energy  intakes o f  both groups were  adequate:  91% and 
110% of  the energy requ i rement  for the prote in-res t r ic ted  
group and the group with  no dietary restr ict ion,  respec-  
t ive ly  (P  < 0 . 0 5 ) .  The  es t imated  amino  acid and essent ia l  
amino  acid intakes in the prote in-res t r ic ted group were  wel l  
above  100% of  m in ima l  dai ly requi rements ,  val ine  be ing  

Table 2. Amino acid concentrations in granulocytes (btmol/g protein) for the protein-restricted group, the group with no dietary restriction, and 
healthy children 

Essential amino Protein-restricted group 
acids (n = 10) 

median range median range 

No dietary restriction group P* Healthy children P P 
(n = 14) restricted n = 15) restricted vs. unrestricted vs. 

vs. unrest- healthy healthy 
ricted median range 

leucine 6.57 1.30-74.67 
isoleucine 2.70 0.37-37.33 
valine 4.55 0.74-34.67 
phenylalanine 2.86 0.41-32.00 
methionine 2.19 0.01-21.33 
threonine 4.73 1.66-26.67 
lysine 7.71 0.78-58.67 
histidine 0.23 0.01 - 16.00 

Non-essential 
amino acids 

serine 5.87 1.85-34.67 
asparagine 1.67 0.01 - 10.67 
glutamate 25.48 0.01-34.66 
glutamine 5.72 3.69-21.19 
proline 0.28 0.01 - 10.66 
glycine I2.11 5.33-32.00 
alanine 10.05 2.47-61.33 
citrulline 0.42 0.00- 2.67 
tyrosine 3.25 0.93 -24.00 
omithine 2.19 0.56- 5.33 
arginine 4.08 0.60-32.00 

6.52 1.19-44.26 NS 35.71 7.38-126.7 <0.05 = 0.001 
2.97 0.61-22.13 NS 17.14 4.42- 55.25 < 0.05 < 0.001 
5.56 0.76-22.95 NS 11.11 0.78- 73.28 NS NS 
5.14 0.01-33.61 NS 9.62 3.69- 60.77 < 0.05 < 0.05 
2.42 0.01-12.29 NS 10.71 2.72- 88.89 < 0.05 < 0.01 
3.33 1.21-18.85 NS 9.62 0.75- 68.97 NS NS 
5.23 1.52-22.42 NS 22.22 3.76-127.6 < 0.05 < 0.001 
0.45 0.01-14.75 NS 1.22 0.01- 17.24 NS < 0.05 

4.83 1.91-23.77 NS 9.06 1.10- 81.03 NS NS 
1.13 0.01- 5.74 NS 2.87 0.01- 43.10 NS NS 

17.13 6.90-71.31 NS 14.85 2.18-86.21 NS NS 
5.04 0.01 - 15.57 NS 8.67 0.01-43.38 NS NS 
2.24 0.01 - 12.64 NS NA 
7.80 4.60-37.70 NS 11.11 0.95- 78.45 NS NS 
8.22 2.43 -42.62 NS 16.24 1.79 - 146.6 NS NS 
0.36 0.00- 2.46 NS NA 
2.17 0.30-22.13 NS 9.58 2.33- 43.97 < 0.05 < 0.01 
2.44 0.80- 7.38 NS 2.22 0.01-17.24 NS NS 
2.89 0.46-13.93 NS 11.39 3.57- 60.34 < 0.01 < 0.01 

NA, Not available 
*P values are given if there is a significant difference between the median amino acid level in the granulocytes of 
restricted diet and the diet without restrictions, and of each group compared with healthy children 

the children with the protein- 
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Table 3. Amino acid concentrations in plasma (gmol/ml) of the children in the protein-restricted group, the group with no dietary restriction, and 
healthy children 

Essential amino Protein-restricted group No dietary restxiction group P Healthy children P P 
acids (n = 10) (n = 14) restricted (n = 15) restricted vs. unrestricted vs. 

vs. unre- healthy healthy 
median range median range stricted median range 

leucine 0.09 0.07-0.15 0.09 0.05-0.25 NS 0.09 0.06-0.12 NS NS 
isoleucine 0.05 0.04-0.10 0.05 0,03-0.11 NS 0.05 0.03-0.06 NS NS 
valine 0.17 0.12-0,23 0.16 0,09-0.33 NS 0.20 0.14-0.26 NS NS 
phenylalanine 0.05 0.04-0.09 0.05 0.03-0.09 NS 0.05 0.03 -0.07 NS NS 
methionine 0.02 0.01-0.03 0.02 0.01-0.05 NS 0.02 0.01-0.03 NS NS 
threonine 0.10 0.06-0.13 0.09 0.06-0.20 NS 0.10 0.07-0.15 NS NS 
lysine 0.13 0.t0-0.16 0.13 0.10-0.27 NS 0.14 0.09-0.15 NS NS 
histidine 0.06 0.05-0.09 0.07 0.04-0.10 NS 0.06 0.04-0.13 NS NS 

Non-essential 
amino acids 

serine 0.09 0.07-0.17 0.08 0.02-0.14 NS 0.12 0.08-0.19 < 0.05 < 0.001 
asparagine 0.07 0.05-0.09 0.06 0.04-0.13 NS 0.08 0.05-0.11 < 0.05 NS 
glutamate 0.07 0.02-0.19 0.06 0.02-0.18 NS 0.06 0.01-0.17 NS NS 
glntamine 0,52 0.30-0.66 0.49 0.24-0.66 NS 0.53 0.30-0.58 NS NS 
proline 0.25 0.20-0.52 0.28 0.12-0.51 NS NA 
glycine 0,32 0.17-0.69 0.27 0.16-0.38 < 0.05 0.24 0.14-0.43 < 0.01 NS 
alanine 0.33 0.17-0.82 0.31 0.18-0.53 NS 0.28 0.18-0.56 NS NS 
citruUine 0.06 0.04-0.10 0.06 0.02-0.10 NS 0.03 0.00-0.04 < 0,001 <0.001 
tyrosine 0,04 0.03-0.09 0.05 0.03-0.13 NS 0.06 0.04-0.08 NS NS 
ornithine 0.05 0.04-0.10 0,05 0.03-0.07 NS 0.06 0.03-0.15 NS NS 
arginine 0.07 0.07-0.10 0.08 0.03-0.12 NS 0.06 0.02-0.10 NS < 0.05 

Table 4. Con'elations between amino acids in granulocytes and in plasma and the change (A) in weight for height, /~ height standard deviation 
score (SDS), A upper arm circumference, and /~ triceps skinfold thickness of the children with chronic renal failurea 

Parameter Granulocyte Plasma 

amino acid P r amino acid P r 

A Weight for height 

/~ Height SDS 

/~ Upper arm circumference 

/~ Triceps skinfold thickness 

leucine < 0.05 0.48 phenylalanine < 0.0 t 
isoleucine < 0.05 0.48 proline < 0.05 
valine < 0.01 0.55 glycine < 0.05 
methionine < 0.05 0.47 alanine < 0.05 
lysine < 0.05 0.47 omithine < 0.05 
ornithine < 0.05 0.48 
arginine < 0.05 0.44 

histidine < 0.05 -0.45 
asparagine < 0.05 -0.45 
glycine < 0.05 -0.50 
citrulline < 0.05 4).52 

4).57 
-0.59 
-0.47 
-0.50 
-0.45 

glutamate < 0.001 0.66 
glutamine < 0.05 4).52 
citrulline < 0.01 -0,55 
arginine < 0.05 -0.48 

phenylalanine < 0.05 4).43 
omithine < 0.05 -0.51 

a Of 19 amino acids measured in each group only significant correlations are presented 

the l imi t ing  essent ia l  amino  acid (Fig. 1). There  was no 
s ignif icant  corre la t ion be tween  the in take o f  any o f  the 
essent ial  amino  acids and the amino  acid concent ra t ions  in 
the granulocytes  or in plasma. 

P lasma  and granulocyte  amino  acid concent ra t ions  are 
shown in Tables 2 and 3, We found  a wide  range o f  amino  
acid levels  in the granulocytes  o f  chi ldren with  chronic  
renal fai lure as wel l  as in heal thy children.  There  were  no 

s ignif icant  d i f ferences  be tween  the prote in-res t r ic ted group 
and the group wi thout  dietary restriction, Four  amino  acids 
in granulocytes  revea led  a nega t ive  corre la t ion  with  the 
cor responding  amino  acid in p lasma (phenylalanine,  as- 
paragine,  glycine,  and omi th ine) ,  The  g lomeru la r  f i l t rat ion 
rate corre la ted with  p lasm a val ine  (r = 0.52, P = 0.01) and 
arginine (r  = 0.41, P < 0 . 0 5 )  concentrat ions.  Seven  amino  
acids  in g ranulocytes  and f ive  amino  acids in p lasma cor- 
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related with the change (/k) in weight for height, while four 
plasma amino acids exhibited a correlation with A height 
standard deviation score (Table 4). Mean plasma bicar- 
bonate levels in the protein-restricted group and the group 
with no dietary restriction were 25.6 mmol/1 (range 
22.1 - 34.4 mmol/1) and 25.3 mmol/I (range 
21.4-28.6 mmol/1) respectively (P = NS). 

Discussion 

There are firm indications that plasma amino acids are of 
limited value for assessing the total pool of amino acids, as 
they are known to mirror recent exogenous intake, as well 
as uptake, synthesis, and export by cells [4, 7]. Granulo- 
cytes are interesting because the relatively short halflife 
and rapid turnover (from differentiation in the bone mar- 
row, through extrusion into the blood, and survival in the 
circulation of about 7 days) implies that their metabolic 
activities, e.g., protein synthesis or energy production, re- 
flect the availability of nutrient substrates in their micro- 
environment. Furthermore, the impaired host immunity 
associated with uremia is mainly caused by functional and 
metabolic disturbances of the granulocytes [19]. 

Unlike a muscle biopsy, isolation of granulocytes is non- 
invasive and therefore a valuable method for measuing 
intracellular levels of amino acids. Published values of 
amino acid levels in granulocytes in children with renal 
failure are scarce and originate from only 10 patients on 
hemodialysis and 8 on continuous ambulatory peritoneal 
dialysis (CAPD) [8, 9]. There are no data on patients with 
chronic renal failure. Although exact comparison of results 
is not possible due to different laboratory techniques and 
ways of expressing the data, the trend is the same: most 
essential amino acids in the granulocytes (leucine, iso- 
leucine, valine, phenylalanine, methionine, lysine) are 
significantly lower than in healthy subjects. 

Amino acid levels in muscle cells of children with 
chronic renal failure are expressed per 100 g wet tissue or 
per liter intracellular water, which also makes comparison 
difficult [2, 5, 10]. Broyer et al. [5] found decreased levels 
in muscle cells of valine and alanine and increased levels of 
glutamine in 20 children with chronic renal failure com- 
pared with healthy children. Delaporte et al. [2] found that 
muscle pools of essential and non-essential amino acids 
were increased in eight children with chronic renal failure. 
Canepa et al. [10] found lower levels of valine and iso- 
leucine in muscle cells of 15 children with end-stage renal 
disease compared with healthy children; these results are 
comparable to our findings in granulocytes. The cause of 
the low intracellular branched-chain amino acids (leucine, 
isoleucine, and valine) in uremia is still unclear. These 
amino acids are mainly metabolized in muscle by deami- 
nation to their ketoanalogues. This is followed by oxida- 
tion, which is mediated via a common branched-chain keto 
acid dehydrogenase complex, which is rate limiting for 
branched-chain amino acid degradation. In normal and 
uremic rats, acidosis appears to enhance protein degrada- 
tion in muscle, an effect which is thought to be due to 
stimulation of branched-chain amino acid decarboxylation 
and thereby to cause depletion of the branched-chain amino 

acids [20, 21]. The children in our study with chronic renal 
failure had no metabolic acidosis. 

Some of the plasma and intracellular amino acid ab- 
normalities in uremia are similar to those in malnutrition, 
and it has been suggested that they are in part attributable to 
dietary inadequacy [7]. The children in our study were not 
malnourished; this is confirmed by the adequate energy 
intake and a mean weight for height of 102%. Although the 
protein-restricted group in our study consumed signifi- 
cantly fewer essential amino acids than the group with no 
dietary restriction, the mean intake of each essential amino 
acid was well above the minimal daily requirement. 

Our study indicates that there is no important difference 
in intracellular and plasma amino acids between children 
on a well-balanced protein-restricted diet and children with 
a normal protein intake. Supplementation of this protein- 
restricted diet (0.8-1.1 g/kg per day) with essential amino 
acids can therefore not be supported by this study. 

The median levels of 8 of the amino acids isolated from 
granulocytes were found to be significantly lower in the 
children with chronic renal failure than in healthy children. 
This might suggest cellular malnutrition in children with 
chronic renal failure. 

We found significant correlations between the change in 
weight for height in the preceding 6 months and 7 of 19 
intracellular amino acids and 5 plasma amino acids. There 
was a positive correlation for intracellular amino acids and 
a negative correlation for plasma amino acids, suggesting 
that relatively high intracellular amino acid levels and re- 
latively low extracellular levels may contribute to better 
growth of these children. 

The reason for the low intracellnlar amino acid con- 
centrations in granulocytes from patients with renal failure 
is uncertain. Similar results were reported by Metcoff et al. 
[7] in children on CAPD. Reduced protein synthesis was 
demonstrated in the granulocytes of these children. An al- 
tered transport of amino acids into the granulocytes and 
intracellular metabolism of these amino acids in the gran- 
ulocytes, resulting in an abnormal pattern of intracellular 
protein, could both contribute to the lowered intracellular 
amino acid concentration. These hypotheses require further 
study. 
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Deadline for abstracts: abstracts must be received by March 15, 1996. 
For all inquiries contact: President of the Congress 
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1011 Lausanne Phone: 0041 21 31 435 69 
Switzerland Fax: 0041 21 31 436 26 


