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COMPARATIVE STUDY OF THE TESTS OF FAT ABSORPTION USING TRIOLEIN

OR OLEIG ACID LABELLED WITH I AIIJD 14C

J.F. Grenier, J. "Oauohel, K.R. Sloy, C. Mendel and J.P. Privat

Abstract

Studies of the absorption of radioiodinated fats introduced into the
lumen of isolated intestinal loops of dogs have shown that these compounds
are promptly and to a large extent dehalogenated, not only in the small
bowel, but also in the colon. Further comparative experimental studies on
clogs and patients, using 'C~labelled fats, have demonstrated thst the ab-~

1 "*!sorption of the mineral J 1 and of the fats is not simultaneous. Therefore,
the use of triolein labelled with I to measure fat absorption should be
abandoned . However, it is concluded that tests of intestinal absorption
us in1* C-labelled triolein are of great interest,

1 . INTRODUCTION

In 1949 Stanley and Thannhauser first used I-labelled triolein to
measure absorption of fat from the intestine. Subsequently, a number sof
reports have supported the value of the radioiodinated triolein absorption

2—4.test in the detection of fat malabsorption . But during the past fifteen
years the value of these tests has often been challenged, and several authors
have shown that their results were not always correlated with those of

C f

simultaneous chemical fat-balance studies .
Since 1963 the iodmated-triolein absorption test has often been re-

7-]Qexamined " . The contradictory results do not allow a final judgement on
the pccuracy of this absorption test. Thus, the present work was undertaken
to study again the validity of the test. We have already stated that, since
iodinated fats are dehalogenated in the intestine, their use in measuring fat
absorption should be abandoned. We suggested, instead- that the use of C-

labelled fats should eliminate these errors. These findings and our assess-
ment of the usefulness of the C-labelled triglycerides in the diagnosis
of .malabsorption form the basis of this report.
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2, CRITICISM OP TEE USE OP IODINATED PATTY ACIDS OR TRIGLYCERIDES IN

ABSORPTION STUDIES

Schonheimer and Rittenberg , in their early use of isotopic tracers

in biology, specified the optimal conditions for their use. These con-
ditions are that the physical properties of the test substance not be
changed by labelling, and that the marked compounds remain stable during
the phenomenon studied, which in this case is absorption. Absorption is
defined as a transfer of the ingested substances from the lumen of the
intestine into the blood vessels and lymphatics, through the intestinal

wall. But in man, after ingestion of I«triolein, 75% °f "the ingested
radioactivity is detected in blood as mineral I, freed from the molecules
of fat on which it had been fixed.

This dehalogenation can theoretically occur at four different levels;
in the intestinal lumen, in the intestinal wall, in blood and finally in the
course of the metabolism of fats after their absorption. On the basis of

2
arguments which, as will be seen, are questionable, Ruffin et al. in 195°
stated that this deiodination does not occur at the level of the lumen nor

12at the level of the intestinal wall. Moreover, Lamberg et al. in I960
showed that neither did it occur in blood, and therefore that presumably it

could occur only in the organs in which fats were metabolized.
Although apparently solved, the problem of dehalogenation nevertheless

gave rise to much discussion of these tests, especially whether the lipid-
bound or the total radioactivity in the blood should be measured. In fact,
the ambiguities in the interpretation of the results of these tests arose
because the fats were not deiodinated after their absorption, but rather at

the intestinal level, as shown in our first experiments.

2. 1̂  _ Exp̂ ejriment̂ al procedure

Our first study was carried out on 87 dogs. After laparotomy and
catheterization of the thoracic duct, the inferior vena cava and the portal
vein, 100 uCi of I-triolein or J I-oleic acid were introduced into an
isolated intestinal loop (Fig. l). Every three minutes for the first hour,
and then every hour for eight hours, samples of lymph and blood were collec-

ted. The total activity of these samples was first determined, using a
gamma counter. Then the lipoproteins of plasma and lymph were precipitated
by using trichloroacetic acid, the traces of mineral I contained- in the
precipitate were eliminated by several washings with potassium iodide, and

the residual lipid-bound activity was measured.
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2.2 Results

In the lyrnph the lipid radioactivity appears only at the end of the
first hour, whereas the mineral radioactivity is detected as early as the
twentieth minute. This result shows the existence of a rapid and important
dehalogenation of the triolein before its transfer into "blood.

The concentrations of mineral radioactivity are always higher in the
portal vein than in the vena cava (Fig. 2). This phenomenon allows the
assertion that deiodination does not occur, after absorption, in the course
of the metabolism of fats in the lungs or other organs, in which case the
concentrations of mineral radioactivity would be higher in the vena cava than
in the portal vein.

Moreover, it has been possible to demonstrate that dehalogenation is
located at the intestinal level by assessing the stability in vitro of the
iodinated fats incubated at 37°C for 12 hours either alone, or alternatively
in pancreatic juice and bile or in scrapings of intestinal mucosa. When
incubated alone, only 1% of their iodine was freed in 12 hours. On the con-
trary, when incubated with digestive juices and scrapings of mudosa, 1-5$
and 2.5%, respectively, of the iodine was freed.

3. COMPARATIVE STUDY OF TESTS USING TRIOLEIW OR OLEIC ACID LABELLED WITH
131I AMD H)

The stability of fats labelled with C was first tested by an experi-
ment similar to that just described which enabled us to observe the in-
stability of the iodinated compounds. The amounts of freed C were about
0.004% of the total dose administered, that is, very much smaller than the

possible measurement errors.

3 .2̂  Comparative^ ..stud̂ r J.n. dogs

This second study was carried out on 28 dogs. Intestinal loops were
isolated and the thoracic duct, the inferior vena cava and the portal vein
were catheterized, as described above. Oleic acid, or triolein labelled with
50 y,Ci of " I and the same fat labelled with 10 y,Ci of 4C were introduced

into the isolated intestinal segments. Samples of blood and- lymph were
collected as in the previous experiments.

]_•
On a part of each sample the total

assayed with a gamma scintillation counter as before. Three months later,
On a part of each sample the total I and lipid-bound I were
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after a sufficient decrease in the I activity, the fats of the remaining
fraction of the samples were extracted with a mixture of methylal methanol.
Finally, after evaporation of the extractive liqiiid and purification of the
extract Toy raethylal the residue was added to a scintillator solution of
PPO - POPOP, and the activity of the C-labclled components was measured in
a liquid scintillation counter (Tri-Carb, Packard Instrument Company).

Each jejunal, ileal or colonic isolated, segment was tested five times

with oleic acid, and triolein. The activities were expressed as percentages
of the administered doses per liter of plasma or ly.rnph. Except for a few
individual variations, the results obtained in all experiments were similar;
they were displayed as curves traced on semi-logarithmic graph paper.

The results obtained at the different levels of the intestine will "be
presented in succession.

Jejunum: After introduction of triolein into the lumen of the jejunum, the
total I activity was higher than the lipid-bound ~" I activity
in the portal and cava veins, whereas no trace of the fat marked
with ''C was found, in either vein. Moreover, in lymph the percen-

tage of the administered ~ C found as ^ '"C—labelled fats was only

one half to one third of the percentage of administered " I
activity present (Fig. 3). Thus, it appeared, that triolein was
not absorbed into the portal blood, as had been suggested by the
tests using labelled, fats. In fact, triolein seems to be absorbed
only via the lymphatic vessels. Similar results were obtained with
oleic acid. However, it must be noted, that C was detected in

the portal vein, but its amount, as a percentage of the administered
dose, was only half of that of organic-bound I activity.

Ileum: Tests using "I-labelled fata suggested that triolein is absorbed
from the ileum into the portal system. This hypothesis was in-
validated, by the use of fats labelled with C. In fact, no trace
of this label was detected- in the portal blood, showing that trio—
lein is absorbed only into the lymphatic vessels, Moreover, even
here the amounts of C (relative to ad.rninistered. dose) were only
25/o - 5($ of those of 131I (Fig. 4).

Colon: After introduction of lodinated fats into a segment of the colon,
mineral I was detected in the portal vein. On the contrary, no
traces of C-labelled fats were found in the portal vein, and the

hypothesis of fat absorption in the colon could be clearly disproved.
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A-JL.
A comparative study of the absorption tests using triolein labelled with

1^1 14.I or C was carried out on 15 subjects, among whom 10 showed digestive
diseases. Fifty rj,Gi of one of the iodinated fats and 20 lJ£i of the same fat
labelled with ''C v/ero ad .mini stored orally. Every hour for the eight hours
following the administration of these doses 10 ml samples of blood were taken

from a peripheral vein. The concentrations of the iodinated fats in blood
1Awere immediately determined and those of the ''C-labelled fats were established

three months later, according to the same techniques as used in animals.
Moreover, stools from the four days following the test were collected and

homogenized. Their " I and C activities were also measured immediately

and at 3 months, respectively.

No analogy was observed between the curves of I activity and those of
C activity in the blood. Relative to the activities administered, the total
I was higher and the lipid bound I was lower than the C, Furthermore,

the peak concentrations revealed by the three curvos were not observed at the

same time. Finally, in the faeces the amounts of " I were lower than the

amounts of C (Fig. 5)*

-3/A r Gpmiei-ns

The results of these experimental and clinical studies gave further proof
of the dehalogenation of fats in the intestine. In fact, the hypothesis of
dehalogenation of fats at the intestinal level had already been raised by some

authors, but rejected by them on the basis of arguments which now can be dis-
2

cussed. Ruffin et al. in 1956 denied the possibility of dehalogenation at
the level of the intestine, giving as proof the absence of mineral I in the
stools. But it has been demonstrated that mineral iodine, once freed from its
lipid support, promptly crosses the intestinal wall at the level of the small

bowel and at the level of the colon, and that its absence in the faeces is
therefore not a valid argument.

12Lamberg et al. in I960 showed that dehalogenation did not occur in blood,
since 30 minutes after intravenous injection of I-triolein only Q*Q% i-jas
dehalogenated. In fact, most of the mineral I that we detected in plasma
some minutes after the introduction of iodinated fats into an isolated intesti-

nal loop did not result from the occurrence of dehalogenation in the organism

after absorption (Fig. 2). Thus the observations of Lamberg et al., far from

proving the validity of tests using I, already raised suspicions that the
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dehalogenation occurred in the intestine.
Moreover, this deiodination has also been demonstrated by Sandweiss

and by van Handel and Zilversmit , who used simultaneously and in the same
conditions two radioactive tracers. Van Handel and Zilversmit shox̂ d that
after ingestion of I-triolein and C-triolein, the ratio of I/ C
activities, relative to the amounts administered, was-about 0.005 for thoracic-
duct lipids as a result of a loss of mineral I during the transfer of fats
from the intestinal lumen into the lymphatics.

It thus became apparent that the results of the I-triolein absorption
Q

test VIQTQ often misleading. However, Correia and Houra Wunes , and more
recently Leinbach et al. , Sanders and Smith and Hayter , suggested that
the impurities of commercial I-triolein might be responsible for the in-

accuracy of this absorption test. Thus, according to these authors, the use
of iodinated triolein to measure fat absorption should not be abandoned. In
fact, however, the practice of washing iodinated fats several times with
potassium iodide, as carried out by Sie et 8,1. and ourselves, allows the
conclusions of Correia and Moura Nunes to be disproved.

4. PRACTICAL USE OF 14C-LABELLED TRIOLEIN IN FAT-ABSORPTION STUDIES

Fats labelled with carbon isotopes have been employed in tests on animals
since 1937- But the use of the initially available isotopes, C and C,

appeared difficult since assay of the first recpiired a complex mass spectro—
graph, and the second had a very short half life.

The labelling of fats with C was more practical for metabolic studies.
However, the lack of sensitivity of the first beta counters required the
administration of high doses of radioactivity and did not allow the use of

these fats in clinical studies. Today, the new apparatus, such as that used
in our previous experiments, allows the C-fats to be administered to man in
lower doses.

4.1_. Teohnique_ _of ̂ absorption testt usin£ T Gj-JL̂ abelled _fatj3

The technique of the test is similar to that used in studies reported
above: 20 uCi are administered orally to tho patient, who has fasted for

12 hours before the test. The radioactive compound is diluted in 30 ml of
olive oil. The subject, in a reclining position, may then drink a cup of
coffee without milk or sugar, but may consume nothing more until the end of
the test. A 10 ml sample of blood is taken from a peripheral vein before
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administration of the test meal, and every hour for the 8 hours following ad-

ministration. The stools of the four days following administration are

collected and homogenized. The fats of olood and faecal samples are extracted

by the Delsal method and their radioactivity is measured in a liquid scin-

tillation counter.

In normal subjects, the curve of the radioactivity detected in plasma

rises rapidly at about the third hour, reaches the maximum level at the fourth

hour, and decreases after the fifth hour (Fig. 6). In the case of a deficiency

in the pancreatic or bile secretions, and in the case of gastric or intestinal
diseases, the shape and the 'maximum level of the absorption curves are modified.
Both are typical of the existing disorders.

However, if only the radioactivity in plasma is taken into account, the
1Asignificance of the '"C -label led fat tests is debatable because variations from

one person to another are quite important. Thus, no comparison can be made

between the results of tests carried out on different subjects. On the con~
trary, these investigations are of particular interest when they are carried
out repeatedly on the same patient; they allow, for example, an evaluation of

the changes in absorption of fats before and after an operation on the gastro-

intestinal tract.

Moreover, the area covered by the absorption curve is very significant.

It is possible to determine an "absorption area:; in normal subjects, and to
express the ''absorption areas" obtained for patients as a percentage of the
values for normals (Fig. 6).

Finally, the measurement of residual radioactivity in faeces is of great

value since it reflects the final result of the fat absorption process. In

normal subjects, O.jfo to 1.5$ of the dose of the radioactive compound is found

in the faeces. Higher values should be considered pathological,
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LEGENDS FOR FIGURES

Pig. 1 Experimental procedure: various intestinal segments of the dog are
isolated and the portal vein, the inferior vena cava and the thoracic
duct are catheterized.

Fig. 2 Amounts of radioactivity in the thoracic duct, the portal vein and the
inferior vena cava after introduction of 131i_triolein into the lumen
of a jejunal segment.

Fig. 3 Comparative amounts of total 1^1I, lipid-bound 1^1I and ̂ radioactivity
in the thoracic duct, portal vein and inferior vena cava after introduction
of 131i_-triolein and ^^C-triolein into the lumen of a jejunal segment.

Fig. 4 Comparative amounts of total 1, lipid-bound -->I and C in thoracic
duct, portal vein and inferior vena, cava, after introduction of 131i_
triolein and ^-4c-triolein into the lumen of an ileal segment.

Fig. 5 Comparative study in a patient after gastrectomy: amounts of total
^ lipid-bound i an(i_ Q ±n plasma after simultaneous ingestion

of 1-)1I~triolein and 14c-triolein.

Fig. 6 Radioactivity in plasma, of normal subject after ingestion of triolein
labelled with 14c .
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