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TECHNIQUES AND PROBLEMS Ii>J STUDYING INTESTINAL ABSORPTION

WITH RADIOACTIVE ISOTOPES M CHILDREN

W o P o T . James and J.C. Water-low

Abstract

Radioactive isotopes give substantial promise for assisting the study of
gastrointestinal absorption in children in that they allow reduction or elimina-
tion of the collection of blood, urine and faeces specimens. These operations
are particularly difficult and unreliable in infants, on whom greatest interest
in paediatric gastr^enterology is centred in the tropics. Here intestinal mal-
absorption is most commonly associated with malnutrition, lactose intolerance,
gastroenteritis, parasitic infestation and iron-deficiency anaemia. Two general

14
techniqij.es that have been employed are whole-body counting and analyses of COp
exhaled in the breath after the feeding of C-labelled nutrients. The former is
advantageous if radionuclides suitable for the test at hand exist.; the latter
may be hard to interpret because of problems in the distribution and metabolism
of the nutrient and intermediary products. Proper selection and understanding of
the tests is particularly important in paediatric work, where the use of radio-
active tracer techniques is unacceptable merely for the convenience of the in-
vestigator.

•K-:C-*#-X-

1. INTRODUCTION

Studies of intestinal absorption in children present several problems,
particularly in developing countries. The main difficulty is a practical one.
Studying children over a prolonged period of time is often unacceptable to the

parents and children, and the need to collect repeated specimens of blood, faeces

or urine often makes many studies impossible or at best unreliable. The use then
of radioisotopes as a practical measure to improve studies may become important.
Problems of collecting specimens can be overcome with whole-body counting, but
the number of isotopes that can be studied is obviously limited. Apart from
whole-body counting, methods that involve the analysis of COp in expired air
are potentially useful since samples can be collected without difficulty from
small children.

The major area of interest in paediatric gastroenterology in the tropics is
in the young child below the age of two. Intestinal mal absorption associated
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with malnutrition, lactose intolerance, gastroenteritis, parasitic infestation and
iron-deficiency anaemia predominate. A study of these conditions can be made
either on an intensive scale in a metabolic ward or more usually in epidemio-
logical surveys of the prevalence of these conditions in the community. We

believe that epidemiological studies on intestinal absorption are those where
is'itopic techniques would be particularly useful and they could include methods

14based on breath analyses of COp. We hope to demonstrate, however, that careful
consideration must be given to the nature of the isotopic labelling, so that the
data are not misinterpreted and radiation hazards can be limited,. The use of ISO-
topic techniques merely to ease the problems of analysis for the investigator is
unacceptable in paediatric work. ''

•Balance"studies illustrate the real difficulties associated with gastroin-
testinal investigations in infants and young childrem We have undertaken balance
studies over many years in a metabolic ward staffed by highly trained personnel>
Despife these facilities xsre have found in studies on the digestibility and nutri-
tive value of leaf proteins and in the evaluation of protein requirements by

2nitrogen balance techniques that as many as half the studies had to be rejected
because of doubts about the completeness of our collections. This particularly

applies to cumulative balances based on urine collections, which are usually
limited to male children; the difficulties in obtaining separate collections of
urine and faeces from female infants require such care and attention to detail
that very few can be studied within a reasonable space of time.

Where great care is taken in collecting specimens the results can be worth-
while. This is illustrated by our investigations of albumin metabolism . In

this 5study a single dose of I-albumin was used to assess albumin metabolism
over a month. This prolonged investigation would have been impossible in children
without whole-body counting, but the effec^ of varying the protein intake on
albumin catabolism required the additional collection of urine for three days in
every five« We were then able to show the progressive daily changes in albumin
catabolism on altering the protein intake. This effect is not nearly so reliably
revealed from the decrement in whole-body activity deduced from successive daily
whole-body counting measurements since the fraction of total-bo.dy albumin catabol-
ised each day is small (Pig. l). To show the same daily changes with whole-body
counting would have required too many measurements for the child's comfort to

smooth out the daily variations in the geometry of counting. Thus whole-body
counting can be an invaluable aid in isotopic studies but additional information
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may "be required to illustrate most effectively small changes in excretion or

metabolism.

2, IRON ABSORPTION

Recently studies in Jamaica of absorption have concentrated on the use of

whole-body counting techniques for assessing the absorption of iron in children

who are particularly prone to anaemia. Iron deficiency seems to Tbe the dominant
factor in the anaemia (i.e. 100 g Hb/1) which affects 24 i? of infants and as
many as 46 % of 18 month old children in Jamaica"5. Absorption of iron from maize

59meal, the staple food of the weaning diet, was measured with Fe-labelled maize
59 6produced by growing the maize plants in a solution containing Pe . The dose of

590.1 |j£i -̂ Pe was sufficient to permit the accurate determination of absorption
one week after the meal of radioactive maize. In the 4 " liquid scintillation

7 40counter the background count, including the counts derived from the K content
of the child, was approximately 5»500 counts/mm. By using 0.1 (iCi, which gave a
count rate of 59jOOO counts/min, the amount of radioactivity was estimated with
an error of ± 2 % when 10 % of the oral Pe was retained. This counting accuracy

required two ^-rnxnute counting periods for the child. An accurate estimate of the
59smaller amounts of Pe retained, e»g. 1 $, would have needed a very much longer

59time for counting. Reducing the dose of J Pe below 0.1 uCi was thus not practic-
able.

The studies on iron absorption from maize included an assessment of iron ab-
sorption from ferrous ascorbate alone and from labelled iron in soya beans. The
results (Table 1) illustrate the very low absorption of iron from maize, a major
ingredient of the children's diet. The Jamaican child is estimated to receive
5 mg of dietary iron per day and total iron absorption was calculated to amount
to only 0.75 mg/day . Malabsorption of iron thus becomes important in determin-
ing anaemia in children, since a child's requirements for absorbed iron at this

Q

age has been estimated to be 1 mg/day .

Where parasitic infestation, particularly with Ascaris, leads to blood loss,

the need to increase iron absorption becomes very important,, The preliminary
observations on soya beans (Table 1) suggest that soya might be a useful source
of iron, but measurements of absorption are required from more subjects.

Q
Ashworth and March have recently extended these observations and assessed

the usefulness of adding iron to dried skim milk and corn meal porridge. Whereas
59«6 % of freshly prepared ferrous ascorbate was absorbed, only 9»5 % of ferrous
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sulphate was absorbed from milk (total iron 2<,5 mg); when ferrous fumarate was
added to corn meal porridge the absorbed proportion dropped to 6.4 % of a total
inorganic iron intake of 4«6 mg« Ferrous sulphate was not used to fortify the
corn soya milk as it tends to cause rancidity of cereals on prolonged storage;
however, ferrous sulphate has been widely used in fortifying infant-.milk products.

Ashworth's studies suggest that conclusions based on studies on adults may
not be extended to children,, Adults respond to iron deficiency by increasing
their absorption of dietary iron but this has not been observed in either of
the two Jamaican studies of young children. Also Kimber and Weintraub have
shown impaired absorption of haemoglobin iron in 8 children who had an iron de-
ficiency anaemia thought to be of dietary origin. Thus there is evidence
suggesting that children fail to increase their absorption of iron when anaemic,
and that this failure affects both the mechanisms for haem absorption and the
separate transport process for inorganic iron within the mucosa of the small
intestineo

It seems unlikely that a child's intestinal mucosa is physiologically
different from that of adults and that the capacity to respond to anaemia is a
delayed step in the development of the transport mechanisms of the intestine.
There is some evidence that iron deficiency per se can affect the mucosa in
children who may be particularly sensitive; Kimber and Weintraub showed an

59increase from 26.8 % to 39.8 f0 in 5 children retested for Fe-labelled haemo-
globin absorption after correction of their anaemia with parenteral iron, but
only 2 of" the 5 children showed substantial responses.

Other studies have suggested that iron deficiency in children may affect
the gastrointestinal mucosa, inducing a failure in secretion of acid from the
stomach in Indian children and fat and xylose absorption from the small in-

12testine of an anaemic group of lorth American children . Thus it is possible
that iron deficiency amongst infants in the tropics leads to a secondary malab-
sorption with intestinal changes affecting iron transport. Before this is
accepted, however, it is important to consider the possible role of "tropical
jejunitis" in both the Jamaican children and the Indian subjects as an
important factor limiting the capacity of the intestine to respond to anaemia
by increasing its absorption of iron. Even in studies in temperate climates
the patients studied may have had an intestinal abnormality, primarily due to an
allergic reaction to fresh milk proteins, which are increasingly recognised as a
cause for gastrointestinal blood loss and intestinal exudation of albumin as
well as exudative changes in the skin .
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These considerations are of practical importance when attempts are being
made to improve the iron absorption of children in poor hygienic environments
where bacterial contamination of the jejunal lumen and mucosal changes are so
common. If the anaemia can be corrected by increasing iron absorption then this
on its own would promote improvement in intestinal function if iron deficiency
were aetiologically important5 where bacteria-induced mucosal damage is import-
ant then improvement in gastrointestinal function becomes more difficulr to
achieve.

Iron absorption studies in children are best conducted with whole-body count-
ing techniques, but there is a need to have large numbers in each group under
study. Variations between individuals in iron absorption are considerable, and

17Cook et al.. have suggested that the assessment of food-iron absorption is best
evaluated by comparing it with the subject's response to a standard dose of

59ferrous iron. It has been shown that simultaneous administration of Fe ferrous
sulphate and Fe labelled food leads to an equivalent absorption of the two
labels in keeping with the concept of a single pool of inorganic iron within the

1 8intestine . Since all components of the diet may interact with this single
pool, a patient's individual rate for iron absorption can be assessed only by the
separate administration of a standard dose of a labelled iron salt. The liquid

59scintillation counter in Jamaica could measure only Fe so that sequential
59studies at x̂ reekly intervals with Fe were necessary. This delay increased the

chance of time-related changes in intestinal absorption. The physiological varia-
19

tion in absorption on consecutive days may be considerable in healthy subjects ,
and there was no apparent relationship In the Jamaican children between their
ability to absorb food iron and reference iron salt when studies were conducted
at weekly intervals. This delay seems therefore to be important. Our colleagues
have also shown that an infection leads to an immediate cessation in a child's

20absorption of ironj improvement occurs slowly a.s the child recovers . Studies
of individuals with ill-defined subclinical infection show that iron absorption

may be a most sensitive index of well-being, but more studies are needed to assess
the effect of nutritional status on iron absorption.

3» ASSESSMENT OF JEJMAL FfJitfCTIOJtf

The two main screening tests for abnormalities of jejunal function are the
xylose absorption test and the daily excretion of fs,ecal fat with a standardised
fat intake. The xylose test is more commonly used because only a 5~hour urine-
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collection period is needed after the oral dose. This test can usually be per-
formed even on young children in the home, Taut faecal-fat measurements are rarely
made on children in the tropics. Falabsorption of fat as such is not usually a
health problem since the fat intake is low in many communities, most of the
energy supply coming from carbohydrates. However, simple fat absorption tests
would be a useful addition to the comparatively small number of tests available
for studying jejuna! function,. The single dose of C-triglyceride given in a

21fat meal is being increasingly used in adults and has met with sufficient
22success to replace the standard fat balance in some centres . There appeared to

be a good relationship between the CGp specific activity in exhaled breath
after the test dose and the degree of absorption of fat measured by a routine fat
balance,, I^urther studies, however, revealed that the nutritional status of the

23 23subject might affect the test . Thus Tomkin and his colleagues found sub-
normal C blood levels and lower 4COp specific activities in expired air in

obese subjects without steatorrhoea. Whilst this difference was not explained,
it seems clear that the lower excretion of COp? normally indicative of fat mal-
absorption, merely reflected the greater dilution of label by the increased pools
of circulating free fatty acids and triglyceride as well as the deposition and
retention of label in the larger fat stores of the obese patients,. This illus-
trates the way in which the metabolic state of a patient may influence the inter-
pretation of tests of intestinal absorption, since the test substance has to be
oxidised before it can be excreted as COo- Knowledge of the influence of mal-
nutrition and infestation on the excretion of CO,., from absorbed triglyceride
would be an important requirement before these tests were used on children. Con-

14sideration should also be given to the choice of labelling sites for C tri-
glyceride. Whilst labelling the C-, carbon of the fatty acid ensures that the
label is removed directly once the carbon enters the Krebs cycle, the pool of
labelled acetyl CoA participates in several reactions including fatty acid and

sterol synthesis which will lead to reutilisation and retention of label.
Furthermore C fatty acids released by lipase from fat depots tend to recycle
immediately so that the glycerol output gives a better indication of the rate of
lipolysis ; labelling of the glycerol might result in a rapid clearance of the
label from the body. Whilst this rapid clearance from glycerol might provide a
better indication of fat absorption, labelled glycerol can lead to labelling of
the one carbon pool which in turn is used for nucleotide synthesis. This indica-
tes the need to assess the value of differently labelled fats as tests of absorp-
tion before they are accepted for use with children.
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4« BILE SALT METABOLISM

The C-glycocholate test for bacterial deconjugation of bile salts is a

more routine gastrointestinal investigation than the C-tmglyceride test . In

adults a. good correlation has been found between the rate of COp excretion
after an oral dose of C-glycocholate and an abundant bacterial flora in the
jejunum, but this fact has not yet been applied to childreno C-glycine re-
leased and absorbed after its deconjugation in the jejuna! lumen will enter the
free glycine pool of the body. This we know to be available for protein synthesis

as well as catabolism. The proportions entering these two routes may differ be-
tween children and adults and may change as a result of alterations in nutrition-
al state or dietary protein intake (Table 2). Glycine is also involved in the one
carbon pool used for nucleotide synthesis so this aspect must be considered in
work with children. A higher proportion of label is retained by malnourished
than by well nourished infants so that if the label were derived from glyco-
cholate then a lower proportion of COp would be excreted in the presence of
jejuna! deconjugation. In healthy children on a reasonable protein intake, e.g.
1,2 g/kg.day, the oxidation of glycine amounts to about 18 % of the total glycine
flux. Similar calculations from data obtained in adults suggest that only 8 %
of the flux is excreted and our own observations with tyrosine suggest that about
15 % of the tyrosine flux is oxidised in adults. Thus children might show a
more sensitive COp response to bacterial deconjugation of labelled glycocholate
but the higher retention by malnourished children might reduce the absolute
levels of COp in the breath.

Work on oxidation of C-labelled ammo acids illustrates another problem

in interpreting COp excretion data. It is often assumed that the carbonate
pool is turning over so rapidly that any fluctuation in excretion reflects a con-
comitant change on the input of label into the carbon pool. We have tested this

by infusing C-bicarbonate into adults and have recently shown that the turnover
rate of the carbonate pool is approximately k = 40 day . The excretion of COp
needs therefore to be followed for some time after the end of the absorptive
phase. If labelled ammo acids are used then the precise choice of labelling

pO

site is important. Reeds has shown that a completely erroneous picture of oxi-
dation (and potentially therefore of absorption) may be obtained by employing
universally labelled ammo acids because of the extensive reutilisation of label
in the synthesis of other compounds, e.g. fat. Changes associated with altera-
tion in nutritional state may be masked unless the labelled carbon has direct
entry to the body's carbonate pool (Table 3).



- 53 -

Glycocholate studies may "be of practical importance as well as theoretical
interest. Bile salts are needed not only for fat absorption (a comparatively
minor role in subjects with lower intakes of fat) but also for the absorption of
fat-soluble vitamins. These vitamins share with cholesterol the requirement to
be solubilised in micellar form in the intestine before absorption can take place.
The need for bile salts is Very high for sterol absorption unless the bile salt

29micelles are expanded by fatty acids „ Feeding fat with vitamins A, D and K
therefore may help in their absorption,, Where there is a low intake of fat the
need for adequate concentrations of conjugated bile salts in the intestine be-
comes of great importance for the luminal solubilisation of the vitamins,

i

5» ASSESSMENT OF ILEAL FUNCTION

The absorption of vitamin B-, ? measured with a whole-body counter would be a
very convenient means for assessing ileal function in children. This technique
has received too little attention so far, perhaps because the normal cr even
elevated vitamin B,2 levels in the serum of many ill and malnourished children
have led investigators to believe that vitamin B-,2 malabsorption was not present.

This conclusion seems premature since in malnourished children with fatty in-
filtration of the liver there may be a redistribution of vitsmin B, 2 with deple-
tion of hepatic vitamin B12 stores. There is certainly a fall in serum B-,p
levels as children recover and the elevated serum a, globulin transport protein
for B-, p returns to normal «. Adult studies in South America also demonstrate
the presence of vitamin B-, 9 malabsorption even in the presence of normal or even

32high concentrations of the circulating vitamins
It would be surprising if vitamin B12 malabsorption were not a feature of

intestinal function of children in developing countries since classical descrip-
tions of the pathology of malnutrition emphasised the atrophy of the ileum .
There is also considerable bacterial contamination of the small intestine in
normal as well as ill children studied in Jamaica and Guatemala . We can only
surmise, however, that prolonged vitamin B, ̂ malabsorption is unusual in children
in the tropics since macrocytic anaemia associated with vitamin Bjp deficiency is
relatively uncommon.

6. MTESTIML MTUBATIOi\i AtiD PERFUSKM STUDIES

We have left until last a. consideration of the techniques of intestinal
intubation and perfusion in the study of intestinal absorption in children,
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care and a simple modification of technique jejunal "biopsies are readily ob-
tained in children, and biopsies can be used for in vitro studies with labelled

substrates involved in mucosal transport and incorporation into protein. Intest-
inal perfusions are, however, much more difficult, and until recently only

^ T ift "3O
Torres-Pinedo's group in Puerto Rico and we ourselves in Jamaica have
attempted such studies. The technique requires considerable patience but with
good nursing care and practice very small children can be investigated. Neither
group has published work involving radioactive compounds since many perfusion
studies do not require the use of isotopes. We have sometimes used radioactive
non-absorbable markers with on-line counting of the aspirate from a perfused seg-
ment of the intestine. This technique allowed us to identify rapidly the time
at which the perfused segment had attained steady-state conditions. The total
perfusion time and duration of intubation could then be curtailed.

7o CONCLUSION

In conclusion we would emphasise the advantages of whole-body counting tech-
niques in the assessment of absorptive function in children* Tests involving
C-labelling of nutrients require more investigation of their distribution and

i

biological half lives before large-scale studies in children are justified.
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TABLE 1. THE PERCENTAGE ABSORPTION (MEAN - S.E.) OF IRON FROM THREE SOURCES*^

IN INFANTS WITH **) AND WITHOUT IRON DEFICIENCY6

Children

Iron deficient
Non iron deficient

Maize

4-7 - 1.2
3.6 - 0.6

Soya Beans

6.0 - 2.0
1.2.0 - 1.8

Ferrous Ascorbate

27.6 ± 3.7
19.0 - 3.3

#"»

Each source of iron contained 0.5 rag Fe

Iron deficiency present when serum Fe < 500 TJ.g/1 and Fe saturation < 15$

TABLE 2. THE PERCENTAGE OF THE BODY POOL OF GLYCINE N WHICH IS SYNTHESIZED

INTO PROTEIN RATHER THAN BEING EXCRETED AS UREA
f}£ 0*7

(Calculated from Picou and Taylor-Roberts and Olesen et al. )

Protein Intake
g/kg.day

3.5
5.?
1.2

% of Label Retained
V.i

26Children

Malnouri sh ed Recovered.

85 73
69

,, - - 92

27Adults '
Healthy

_

-
71

TABLE 3. EFFECT OF LABELLING ON RECOVERY OF 1/f'C00 IN RATS FED A HIGH
?R *"

OR LOW INTAKE OF PROTEIN

Labelled Ammo Acid Dietarv Casein Content Label Excretion

L- TJ-valine

20
1

20
1

14.0
13.7
10.8



Albumin catabolism observed subsequent to intravenous injection of

T ,. .I-albumin

10

% injected dose
excreted per day
(deduced from
whole—body counting)

6

4

0

20

16

12

Fractional catabolic
rate
(deduced from assay
of activity in
urine)

12
days

16 20 24

Fig. 1 Albumin catabolism observed subsequent to intravenous injection of I-albumin. The effect of a. low protein
diet on the catabolic rate is revealed more accurately by measuring the fractional catabolic rate (% of
intravenous activity excreted in urine per day) than by deducing the daily decrement of activity with a
whole—body counter*


