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CRITICAL STUDY OF ABSORPTION TESTS BASED ON THE imSUHEMEHT OF
BREATH 14C02 AFTER ADMINISTRATION OF ̂ C-LABELLED FATS

J.F. Grenier, J. Dauchel, M.R. Eloy, C. Mendel, J.P. Privat

Abstract

Oral administration of '''C-labelled triolein is a useful technique for
studying absorption of fats if faecal excretion of the label is observed.
However, the difficulties of complete collection and reliable assay of faeces
discourage use of this technique, and suggestions have been made that quanti-
tation of absorption "by assay of CO exhalation rate might be simpler and
adequately reliable. We have compared in 25 subjects the exhalation of C02
with the blood activity levels and with the faecal excretion of unabsorbed fat.
Our results indicate that the exhalation rate of CO is so poorly correlated
with the other indices of absorption that the amount of C0p exhaled is not a
useful measure of G-triolein absorption. This fact is presumably explained
by the variability in the rate of metabolism of absorbed fat, a process that
intervenes between absorption and exhalation.

»«•#**

It has been previously shown that tests using C-labelled triolein and
oleic acid are of great value in assessing intestinal fat absorption. Their
effectiveness results from the fact that the chemical nature and physical,
properties of the test substances are not changed by the labels. However,
these tests are reliable only when the amount of activity excreted in the
faeces is considered. Thus, as in the method of chemical balances, these
investigations require careful control of the faecal collection and are of
limited clinical use.

In order to simplify the investigations, while causing minimum inconven-
ience to the patient, some authors have attempted to evaluate the absorption
of fat by determining only the activity of the CO exhaled after ingestion
of C-labelled fats" . Other authors do not use this method for1 assessing
the absorption of fat, but rather for studying the metabolism of fats in the
body ' „ Before adopting the breath method ourselves for studying fat absorp-
tion, we considered it necessary to compare its results with those of the

/
previously described techniques. We proposed to evaluate after oral administra-
tion of C-labelled triolein the amount of activity in the faeces, the plasma
and the exhaled CO .
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1. MATERIAL AHD METHODS

A total of twenty-five patients of either sex have been selected in the
following groupss

C o ntro 1 subj e c tss Twenty patients admitted to hospital for diseases tin-

related to the gastrointestinal tract constituted the control group*
Sub^ect s_ with gas;bro_intjg_t̂ naĵ ôĵ laints s Five patients were studied

who were suffering from various diseases, such as peptic ulcersior pancreatitis.
Some of them underwent two tests, at intervals of several weeks, to detect
possible differences in the results before and after various operations such
as gastrectomy or vagotomy.

The patients fasted for 12 hours before the test. Twenty |j,Ci of C-
labelled triolem diluted in 30 ml of olive oil were administered orally. 250
ml of coffee5 without milk or sugar, was drunk immediately after the radio-
active fat.

Every hour for the following 8 hours, a 10 ml sample of blood was collected
from a peripheral vein, and heparinized, for determination of the amount of
activity in plasma. The lipids and the lipoproteins were extracted from, plasma
by means of a mixture of methylal methanol. After evaporation of the extractive
liquid and purification of the extract by raethylal, the residue was added to a,
solution of PPO - POPOP which played the role of a scintillator. The activity,
measured in a liquid scintillation counter (Trl-Carb, Packard Instrument
Company), was expressed as a percentage, per litre of serum, of the total
amount administered orally.

During the test, the patient was in a reclining position, with his head
under a plastic tent specially devised for measuring the exhaled CO , The

apparatus used (PUT 50 A) was supplied by FRIESEKE and HOEPF!ERa. It consists
of a 2.5 1 chamber through which the breath flows, and adjacent to it on each
side a methane-flow beta counter. The wails of both the broath chamber and.

r^ 1/1
the counters are thin (l mg/cm ) so that ~ C beta particles may penetrate
these walls to reach the mothane gas and be counted. Each beta counter is in
turn ad3acent to another similar "screening counter41 whose counting rate is
continuously subtracted from that of the former. A source of activity is

FRIESEKE und HOEPFEER, G.m.b.H., Erlangen-Sruck (Germany)
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located near the "screening counter", and. by adjusting its position it is
possible to arrange that the counting rate of the "screening counter" cancels
out the background of the breath counter. Complete cancellation was established
before starting measurement of the subject.

The supply of fresh air to the plastic tent was provided by means of a
pump equipped with a filter. The flow rate of the air was fixed, at 1 nr
per hour. Three curves were obtained simultaneously on the air flowing out
of the tents

- the concentration of CO (measured by infra-red absorption spectrometry)
expressed as a percentage of the air supplied to the apparatus,

- the relative activity expressed as counts per minute,
- the relative specific activity expressed as the ratio of the second

curve to the first curve. ^
In order to simplify the explanation of the results, only the curves of

the relative specific activity are shown in the diagrams reported here (Figs.

2 - 5).
An integrator attached to the measuring devicepallowed registration of the

cumulative counts. Knowing the counting efficiency, it was possible to calculate
the total activity exhaled during the 8 hours of the test.

The rate of exhalation (a |j,Ci/min) of C activity is given by
I $

a = ~Y-

where I = net counting rate (counts/mm)
I = rate of air supplied (cm /min)
E = calibration coefficient of the apparatus (—7C"T~3—)

This, coefficient was determined by introducing a 5 nCi standard of COp
(supplied by Frieseke and Hoepfner) into the detecting chamber.

The total exhaled activity (A (o.Ci) can be converted into an absolute form,
such as percent of "''C ingested. The activity exhaled from the time 0 to the
time T (e.g. during t = 8 hours) IBS

/
I §a dt = --̂ — dt.

0

Finally, the stools passed during the 4 days following the ingestion of
C-triolein were collected. The activity of the faecal fats, extracted by the

Delsal method, was measured in a Tri-Carb liquid scintillation counter and
expressed as a percentage of the total dose administered.
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2. K3GULT3

Thirty investigations were carried out according to the method described
above. Analysis of the results enabled us to compare the amounts of radio-
activity in faeces, plasma and exhaled CO .

2.1 Time course of activity in faeces, plasma and CQp

This rtudy was based on the analysis of 20 tests. The residual activity
recovered and measured in the faeces by our procedures as applied to normal
nubjocts varied between 0.3 f/' and 1,5 % of the total dose ingested, with an
average value of 0,50 %• Doubtless these numbers do not exactly reflect the
percentages of ingested fats that arc excreted in the faeces under normal con-
ditions of nutrition, but rather the amount of activity in the fats extracted
from the faeces by the Delsal method during this test, i.e. after mgestion of
a given amount of triolein. However, those results always showed good correla-
tion vith the results of chemical balance measurements, although not identical
in magnitude? and were therefore considered to bo of value in the assessment of
the intestinal fat absorption. For example, Fig. 1 shows that these measurements
allowed us to distinguish between some patients (not included in this study)
with regard to their percentage absorption of fats after gastrectomy or gastro-
entcrostorny.

In apparently nornal subjects, radioactivity has been detected in plasma
i") the first hour following administration of C--tnolein. The highest con-

centration of activity was found in all the patients at around the fourth hour
and averaged about 1.3 /' of the to-cal dose per litre of plasma. /Thereafter,
the curve decreased until the end of the test (Fig, 2). However, many

individual variations from this average curve may be seen,
1AThe 'CO appeared in the exhaled air at about 2.5 hours after the admini-

stration of C-trioleln, and often later. The concentration of CO increased
slowly, reaching a peak between the fifth and sixth hour, or sometimes later.
The curve of exhaled CO differed widely from one subject to another so that
no general law could be established. Moreover, the total amount of C0?
exhaled in 8 hours was extremely variable; it ranged between 0,35 % and 8.90 %
of the total dose of C-triolein ingested.
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2.2 Compar^ativ;e stu_dy__p_f_ the activity in.plasmaL andL_Qjdial_e_d CO,-,
The curves of the activity measured, in plasma and in the exhaled air were

not similar; as just described, the second was delayed with respect to the
first (Fig. 2). Moreover, the curves often varied in opposite directions,
mainly "between the fourth and the fifth hour whore the concentration of activity
in plasma decreased and in the exhaled air increased (Fig. 2). Opposite trends
in the concentration of activity are frequently o"bserveds such as in the case of
a patient (AM 4) who, after a vagotomy associated with a gastroonterostomy5
showed curves of high activity in plasma and lowiin breathy <?lsos in the case
of another patient (AM 20) with a duodenal ulcer,(tho curve of plasma activity
was low, while the curve of CO activity was high., with a total amount of
exhaled C0? equal to 7.14 % of the administered dose (I'ig. 3).

2.3 Comparative study of the activity in exhaled C02 and in faeces

¥ith similar absorption, as shown by the amounts of residual activity in
the faeces, the amounts of exhaled CO could be quite different. They varied
from one subject to another; for example, in the case of two patients whose
residual faecal activity levels were respectively 0,14 f1 (AM 20) and 0.18 $
(AM 27)5 the amounts of CO exhaled in 8 hours were respectively 7.14 % and
0.35 % of the administered dose. The amounts of oxhaiked CO could also vary
greatly in the case of the same patient in the course of two successive tests.
For example, in another patient with a duodenal ulcer the residual faecal
activity was 1.63 % of tho ingested dose of C-tnolein and reached 1.69 % after
vagotomy associated with gastrocnterostomy„ Despite the fact that the absorption
thus remained practically unchanged, tho curves of CO activity wore differentc
before the operation., the total amount of CO reached 6.10 % whereas after tho
operation it did not exceed 1.35 % of the administered dose (Figs. 4 and 5).

Ill cases having vo.ry .different absorption, as revealed by the amounts of
14residual faecal activity., the "'CO exhalation could be very similar. For

example, two subjects showed faecal excretions of 1.69 % and 0,18 /£, respectively.,
of tho administered doses, but the curves of exhaled C0? appeared very
similar, the total amounts exhaled in 8 hours being respectivelyt1.35 % and
1»05 % of the administered doses. This example, taken from many, shows that no
correlation exists between the toi.al amount of exhaled CO and the residual
faecal activity.



Finally, in steatorrhea the total amount of ^CO exhaled could "be
normal. For example, in a patient with a pancreatic cancer whose stools
contained. 3*7 1' of the administered dose of triolems the curve of rCO

seemed normal.

3. COMMENTS

Because dietary fats are mostly in the form of triglyoerides that are
4

converted into CO and exhaled 211 the "breath, some authors have attempted to
evaluate their absorption "by labelling them with C and measuring the amount
of CO eliminated in the air. Thus Tolbert et al.'9°5 Zaihara and Wagner'

4 14and JBliatia considered monitoring of "breath CO to be of graat value in fat
absorption studies. However, analysis Of their reports shows that the curves
of exhaled CO registered in the case of normal absorption vary from one
author to another. Ho investigator has reported GO curves similar to those
obtained in our experiments. For examples in normal subjects Tolbert et al.
noted that the radioactivity always appears in the exhaled breath beyond the
first hour after oral administration of fats labelled with C. Moreover?

l /Kaihara and "Hagner reported that the highest concentration of HCO was
reached within 4 hours, whereas we have found this peak between the fifth and

sixth hourso Finally, Bhatia found the maximum level of exhaled C0? to
occur at different times and often after the sixth hour.

The reasons for such discrepancies remain obscure. Tl'e conditions in
which the tests were carried out wore practical^ identical. The fact that
Bhatia's patients ate a normal meal two hours after the administration of the
radioactive dose, whereas our patients did not5 does not explain these varia-

tions in the curves,, Perhaps they are due to the techniques for collecting

the CO at hourly intervals in the case of Kaihara's and Bhatia's patients
and continuously in our experiments. The continuoxis registration of the amount
of CO is undoubtedly more accurate. However, this procedure is not always
well tolerated and several of our patients/were unable to stand breathing in a
plexiglass tent for 8 hours. In this case, nervous perturbations could inter-
fere in the normal elimination of CO by changing the breathing rhythm. Thus
this procedure, although introduced in order to limit the discomfort of the
patient5 seems in fact extremely disagreeable.
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As a consequence of the differences in these curves of breath CO as
reported "by all the authors, the results of this test cannot be taken at their
face value in the assessment of fat absorption. In fact, Tolbert et al. and
Bhatia have already recognized that besides absorption, metabolic factors could
influence the conversion of tnglycerides into CO , and they have suggested
that the test is unreliable in the presence of lipid or general metabolic dis-
turbances such as thyrotoxicosis or obesity. Because various unknown metabolic
disorders might exist in the patients, the amounts of exhaled CO often do
not exactly reflect the conditions ofiabsorption. The inaccuracy of this test
is proved by the results of our stxidy, since no relationship has been noted
between the curves of CO and the amounts of residual faecal fats measured
either by chemical methods or by radioisotopic techniques. Thus, although a
low residual faecal activity should always be associated with a high amount of

COpj and conversely, such correlation has been noted only exceptionally in
tests carried out in our patients.

Indeed, the curve of exhaled
several phenomena of absorption, storage and use of fats. In accordance with
this view, Abt and von Schuching and Jacobsen and ¥ang have noted that
recovery of radioactivity in the exhaled air after ingestion of "C-labelled
fats reflects above all the catabolism of these substances in the organism.
However, this metabolism can be exactly evaluated only if the amount of fat in

7 '
plasma is known , and this implies that labelled fats must be administered
intravenously. Such a procedure permits a comparison between the amount of
activity in blood and the amount In the exhaled air, and thereby shows the
percentages of fats that are metabolized or stored.

Finally, the determination of the amount of CO exhaled after ingestion
14of C-labelled triolein does not offer valuable information either about the

absorption of the fats or about their use. The intestinal absorption is better
evaluated by the analysis of residual radioactivity in faeces. As for thp
metabolism of fats, it can be appraised from the amount of CO exhaled, but
only if the labelled fat is administered intravenously.

Indeed, the curve of exhaled CO must be considered the result of the
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4. SUMMA.RY

The authors have shown previously that C-labelled triolein may be
advantageously used for a routine test of intestinal absorption in patients.
Recently, several investigators have reported, that measurement of the specific
activity of expired CO after the oral administration of ^C-labelled fats is
of great value in estimating the extent of their absorption. Comparative
studies have therefore been carried out of the activity of plasma, faeces and
expired air after the ingestion of C-triolein.

The activity in blood increased rapidly but could be detected in the
exhaled air only beyond 2 hours after the ingestion of the tracer. Furthermore,
the pe-ak radioactivity in plasma appeared between the third and the fourth
hour after ingestion whilst maximal activity in the exhaled C0? was measured
only after the fifth or sixth hour. These activity patterns are in agreement
with the fact that curves of plasma activity will be influenced mainly by the
absorption and fixation of fats? while the activity in the exhaled air.is a
reflexion of the metabolic behaviour of fats after their absorption. Thus,
monitoring of breath CO after oral administratinn of C-labelled triolein
does not allow the intestinal absorption of fats to be evaluated.
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FOR FIGURFS

Fig. 1 Measurement of the residual activity in the faeces in rC-labelled
1 triolein absorption testa conducted 15 days and one year after gastric

surgery in three patients.
B II: Gastrectomy "Billroth II"r

(gastrojejunal anaEstomosis)
B I; Gastrectomy "Billroth I"

(simple gastroduodonal anastomosis)
Vagot, + Gast. ent. ; Vagotoray + Gastroenterostomy,

Fig. 2 Curves of the concentration of activity in plasma (left ordinate) and of
the relative concentration of activity in the C02 of exhaled air (right
ordinate) after ingest ion of l^C-labelled triolein by a normal subject.

)
Fig. 3 Curves of the concentration of activity in plasma (left ordinate) and of

the relative concentration of activity in the C02 of exhaled air (right
ordinate) after ingest ion of ̂ -C-labelled triolein by a patient with a
duodenal ulcer. Note the low amounts of activity in plasma and the high
amounts in exhaled air.
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Fig, 4 Curves of tht con central-ion of activity in plasma (left ordinate) and
of the relative concentration of activity in the C09 of exhaled air
(right ordinate) after ingestioii of -̂ G-] abelled triolein "by a patient
with, a duodenal ulcer.

Fig. 5 Curves as in 7ig. 4 for same duodenal-ulcer patient, but after vagotomy
associated 'with gastroenterostorny. Although the residual faecal activity
remained unchanged, the concentration of ^^GO^ exhaled was very different.
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