—

Pediatr. Res. /5: 309-312 (1981)

celiac disease
glycine
intestine

peptide absorption
phenylalanine

Absorption of Free and Peptide-Linked Glycine
and Phenylalanine in Children with
Active Celiac Disease

W. NUTZENADEL,"™ K. FAHR, AND P. LUTZ

University of Heidelberg, Children’s Hospital, Im Neuenheimer Feld 150, Heidelberg, Germany

Summary

Using a marker perfusing technique, the jejunal absorption rates
of glycine and phenylalanine from test solutions containing either
the free amino acids or glycyl-phenylalanine (30 mM each) were
studied in five children with active celiac disease and in three
controls. Changes in plasma amino acid levels during intestinal
loading were also investigated.

Mean values of intestinal uptake rates (umoles/min/20 cm
segment) in patients and controls were found to be as follows: free
glycine, 19.3 = 21.8 and 74.5 = 10.3; peptide-linked glycine, 45.0
+ 12.4 and 110.7 + 20.1; free phenylalanine, 33.6 + 19.6 and 106.1
+ 10.6; peptide-linked phenylalanine, 44.5 *+ 14.3 and 113.6 =
11.1, respectively.

Thus, amino acid absorption is higher from peptide-linked gly-
cine and phenylalanine, and the advantage of individual amino acid
absorption from dipeptide seems to be maintained in the disease
state.

Changes of amino acid levels in plasma do not reflect impaired
intestinal absorption because the levels of phenylalanine increased
to the same extent in patients and in controls, and the increment
of glycine was found to be higher in the patients group.

Speculation

The dipeptide absorption pathway contributes to amino acid
uptake in controls as well as in patients with reduced intestinal
absorptive capacity. Therefore, dietary formulae (elemental diet)
used for the treatment of malnutrition due to intestinal disease
should contain not only free amino acids but oligopeptides as well.

Ample evidence has accumulated that the intestinal absorption
of amino acids is accomplished by the uptake of free amino acids
and the mucosal transfer of oligopeptides as well (17, 18). In
intestine of several species (19, 20, 24) and of man (3, 4, 7, 11) a
distinct transport system serving the uptake of dipeptides has been
identified and well characterized (2, 19). Accordingly. the absorp-
tion pathway for dipeptides contributes to nitrogen and amino
acid uptake during protein digestion, but the significance of free
versus peptide-linked amino acid absorption is still a matter of
debate.

Findings in patients with inborn errors of membrane transport
in kidney and intestine involving absorption of neutral or dibasic
amino acids emphasize the importance of dipeptide absorption
because uptake of peptide-linked amino acids was found to be
unimpaired in gut allowing adequate amino acid nutrition of the
affected patients (5, 12). Similar observations have been reported
in adult patients with celiac disease (I, 14, 27). Using a marker
perfusion technique, the intestinal absorption rate of amino acids

from dipeptide was found to be normal or less severely impaired
than the markedly reduced absorption of free acids. This unequal
impairment of absorptive function is remarkable in view of the
severe morphologic lesion of the intestinal mucosa combined with
malabsorption of many nutrients in this disease.

In children with active celiac disease growth retardation, un-
derweight and protein deficiency are frequently encountered but
knowledge is scanty as to which extent malabsorption of amino
acids contributes to these symptoms. Regarding the requirements
of nitrogen and essential amino acids to maintain growth and
weight gain in children, the form in which proteins are most easily
absorbed in the disease state seems to be of great interest. The
purpose of our study was, first, to determine the degree of impaired
amino acid absorption and, second, to compare absorption rates
of free versus peptide-linked amino acids in children with active
celiac disease.

MATERIALS AND METHODS

Seven children in whom celiac disease was diagnosed during
infancy were investigated for relapse after they had discontinued
the gluten-free diet for at least 3 years. Their age at time of
investigation ranged from 10 to 15 years. Clinical symptoms were
absent or minimal in all but one who was suffering from chronic
diarrhea and underweight. In five children, examinations revealed
an abnormal xylose test and a flat mucosa in the intestinal biopsy.
According to present understanding, gluten-sensitive enteropathy
was most likely responsible for the mucosal changes observed.
Two of them showed no evidence of the disease by clinical or
laboratory examinations, and the intestinal biopsy revealed a
normal histologic appearance of the mucosa. These two children
and one of the authors served as controls. One of the former
patients was reinvestigated after 3 years on a gluten-free diet. At
that time, mucosal alterations had returned to an almost normal
picture. Parents and children gave fully informed consent to the
study which was approved by the local Ethical Committee.

EXPERIMENTAL PROCEDURE

A double lumen tube with two openings (distance, 20 cm) was
introduced into the jejunum via nasal route on the evening before
the experiment and remained there for the next 2 days. The
proximal opening was placed near the duodenojejunal junction,
and the distal orifice reached the second or third loop of jejunum.
The perfusion experiments either with the free amino acid or with
the dipeptide were performed on the following 2 days between 9
and 11 AM. The perfusion solutions consist of sodium chloride
(120 mval/liter), polyethylenglycol (2 g/liter), and either glycine
together with phenylalanine or of glycyl-phenylalanine (30
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mmoles/liter each). The perfusion solution was introduced into
the tube with the proximal opening by a peristaltic pump at a
constant rate of 5 ml/min. Total amount of amino acids or
dipeptide infused were 15 mmoles/m” body surface. Two samples
of intestinal fluid were collected between 40 and 50 and between
60 and 70 min after beginning of the infusion through the tube
with the distal orifice by simple syphonage or slight aspiration.
Blood samples were drawn at the beginning and end of the
infusion.

CHEMICAL ANALYSIS

Concentrations of amino acids in plasma and intestinal aspirates
were determined on an amino acid analyser (Biocal BC 202) with
a program suitable to separate glycyl-phenylalanine as a single

eak.

P Polyethylene glycol was determined according to described
methods (13, 15). To minimize errors due to binding of polyeth-
ylene glycol to the wall of the vials samples of the infusion solution
were taken and kept under the same condition as the intestinal
aspirates and were used to make up appropriate dilutions for the
standard curve of the polyethylene glycol estimations. Further
polethylene glycol was determined at least 48 hr after the experi-
ments were performed.

CALCULATION OF DATA

The disappearance rates from test solutions containing either
free amino acids or the dipeptide were calculated by an equation
previously described (3), and results are expressed as the amount
of amino acids absorbed in pmoles/min/20 cm segment. The
increase of plasma levels of glycine and phenylalanine was cal-
culated from the difference of amino acid levels in plasma at the
beginning and end of the experiments. Statistical significance was
analyzed by Student’s ¢ test. Hydrolytic activity towards glycyl-
phenylalanine was determined in three samples of intestinal fluid
taken before the experiments were started and was found to be
around 0.7 pumoles/min/ml (15 mM glycyl-phenylalanine; 15 min
incubation time at 20°C).
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MATERIALS

Glycine, phenylalanine, and polyethylene glycol (molecular
weight, 2000 to 4000) were obtained from Merck (Darmstadt,
Germany), and glycyl-phenylalanine was purchased from Fluka
(Buchs, Switzerland).

RESULTS

Table | shows the medium values of the two determinations in
each proband. The absorption capacity of free and peptide-linked
amino acids in active celiac disease is reduced to rates being 30 to
40% of the mean values observed in the control group. Consider-
able individual variations in the ability to absorb amino acids or
dipeptide are evident, but in general, those patients with very low
uptake of free amino acids also exhibited the most severe impair-
ment of dipeptide absorption. Thus, the degree of impaired ab-
sorption seems to be almost equal for free and peptide-linked
glycine and phenylalanine, but it should be noted that at least
glycine absorption is higher from the dipeptide compared to that
from the free amino acid. The statistical evaluation of this differ-
ence shows a P value at the 0.05 confidence levels for the patients
and a level below 0.05 for the controls. Phenylalanine absorption
is only slightly different.

Absorption rates of the two determinations in a single experi-
ment varies markedly in patients while duplicates of the controls
are close. Gut motility is affected in celiac disease, and therefore,
flow rates of the perfusion solution may be less constant in patients
causing the observed fluctuation. The reinvestigation of one pa-
tient after 3 years on a gluten-free diet shows that impaired
absorptive function has returned to normal; in fact, values are
found in the range of controls (Table 1).

One is surprised that the markedly reduced intestinal absorption
in the upper jejunum of glycine and phenylalanine does not result
in a smaller increase of these amino acids in plasma (Table 2).
Changes of phenylalanine are very similar in patients and controls,
whereas increase of glycine tends to be higher in the patient group.
The design of the experiments—constant infusion rate per min,
amino acid load related to body surface, and collection of blood
at the beginning and the end of infusion—implies that times at

Table 1. Disappearance rates (pmoles/min/20 cm jejunal segment) of glycine and phenylalanine from test solutions containing either free

amino acids or glycyl-phenylalanine'

Glycine Phenylalanine
Free Dipeptide Free Dipeptide
Controls
B. K. 64.5 103.2 94.7 103.6
W. N. 739 133.5 108.0 125.5
M. K. 85.2 95.6 116.8 1.1
745 + 10.3* 110.7 + 20.05 106.1 £ 10.6 113.6 £ 11.1
Patients with active disease
K. S 55.3 63.9 60.7 68.4
F. A 24.8 51.7 40.0 453
M. H 7.6 383 1.3 30.85
H. K 49 35.5 38.6 375
EM 4.1 358 17.8 409
193 £ 21.8 450+ 124 33.6 + 19.6 445 + 143
Patient treated
K. S. 63.9 129.3 68.4 131.7

' Values are the medium of two determinations in each patient.
*Mean * S.D. of patients and controls.
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Table 2. Plasma levels of glycine and phenylalanine at the beginning of the experiments (t,) and increase (A) of the amino acids during

intestinal perfusion’
Glycine (pmoles/liter) Phenylalanine (umoles/liter)
Controls Patients Controls Patients
1 A to A to A I A
Free 0.224 + 0.063* 0.385 £ 0.122 0.168 £ 0.061 0.210 £ 0.090 0.045 £ 0.007 0.421 £0.107 0.042 £ 0.003 0.491 % 0.031
Peptide 0.231 £ 0.071 0.356 £ 0.091 0.205 £ 0012 0.237 £ 0.071 0.057 £ 0.008 0432 +£0.123 0.057 £ 0.015 0.480 %= 0.081

' No statistical significance is evident if patients and controls are compared.

*Mean = S.D.

Table 3. Plasma levels of certain amino acids at the beginning of
the experiments'

Patients Controls
Threonine 0.073 = 0.021* 0.076 + 0.016
Serine 0.112 + 0.028 0.090 + 0.006
Alanine 0.374 + 0.113 0.253 £ 0.094
Valine 0.161 = 0.029 0.214 £ 0.034
Methionine 0.019 + 0.002 0.021 + 0.003
Leucine 0.094 + 0014 0.124 = 0.011
Tyrosine 0.037 £ 0.006 0.046 + 0.002

' Differences between patients and controls are not statistically valid.
2 Mean + S.D. (mmoles/liter).

which the second blood sample was drawn differ slightly from one
proband to another. It seems conceivable that results of repeated
determinations of plasma levels during infusion may exhibit a
delayed increase of plasma amino acids in patients.

Glycine and phenylalanine in plasma at the beginning of the
experiments are very similar in patients and controls (Table 2).
The mean values of certain other amino acids are slightly different
(Table 3), and the differences show a tendency toward the dis-
torted amino acid profile observed in protein calorie malnutrition
(16). The changes are characterized by relative deficiencies of
branched-chain amino acids as well as relative elevations of some
nonessential amino acids. The altered endogenous metabolism
may influence the amino acid profile after the intestinal loading
test, and this may be relevant to the observation of a similar
increase of amino acids in patients and controls.

DISCUSSION

The processes that are concerned with the absorption of glycyl-
phenylalanine are not fully elucidated by this study. but findings
suggest that intraluminal hydrolysis does not precede the absorp-
tion of amino acids from dipeptide. Although hydrolysis of glycyl-
phenylalanine by brush border enzymes has been demonstrated
(21), human intestinal fluid shows only a low hydrolytic activity.
Taking into account the in vitro activity of 0.7 umoles/min/ml
intestinal fluid and the amount of peptide infused (150 pmoles/
min), only a small percentage could be hydrolyzed in the lumen
of the gut. Accordingly, the bulk of amino acids recovered in the
samples taken during infusion of the dipeptide are peptide linked
(more than 85%). Further, the absorption rates for glycine and
phenylalanine from dipeptide are very similar but different if free
glycine and phenylalanine are infused.

Surface hydrolysis linked to the uptake mechanism of free
amino acids have not been excluded in these experimental con-
ditions but data suggest that the absorptive mechanism is at least
partially accomplished by a distinct mode of uptake not serving
the entry of free amino acids.

To our knowledge, amino acid absorption from dipeptide has
not been studied in children before, but the findings of this study
suggest a similar mechanism as has been described for several
dipeptides in adults (3, 4, 23). Our observations indicate that the

intestinal absorption of free and peptide-linked amino acids is
equally impaired if the absorbing surface is reduced. Thus, we
failed to confirm findings in adult patients which show that the
capacity to absorb amino acid from dipeptide is better retained
(1. 27). This discrepancy could otherwise be due to variations of
the technique used or to the different dipeptide infused than to
different age.

More important seems the fact that dipeptides are substrates of
amino acid transport even if the absorptive surface is reduced and
that their uptake may be preferential to that of free acids. This
may have therapeutic implications because current treatment of
malnutrition due to intestinal disease includes dietary formulae
containing mainly free amino acids (15). In view of these findings,
a mixture containing free and peptide-linked amino acids could
be more advantageous. This conclusion may be precocious in view
of the several hundred dipeptides which are released during
protein hydrolysis in intestine and of which absorption rates are
unknown. Further studies are required to substantiate this sugges-
tion.

Increments of plasma amino acid levels after intestinal loading
with amino acids, peptides, or proteins have been previously
studied and results have shown higher (10), lower (6, 8, 25), or
similar (22) increase if patients and controls are compared. The
marker perfusion technique allows the assessment of absorption
close to the site of the uptake mechanism, and the absorption
defect in proximal intestine of children with active celiac disease
seems to be unequivocal.

On the other hand, only one segment of gut is under investi-
gation by this technique. and changes of plasma levels may reflect
the absorptive capacity of the whole intestine. Interestingly, in
adult patients with celiac disease, methionine absorption was
found to be reduced in proximal intestine but enhanced distally
(26). Therefore, the observations about changes of plasma levels
during loading tests are not necessarily unreliable with respect to
absorptive function. Malabsorption of amino acids and their
nutritional consequences may be less grave than results of the
marker perfusion technique in the upper intestine indicate.
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