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STUDIES OP FAT ABSORPTION USING RABIOIODINATED TRIOLEIN
W.B. Help

Abstract

Pat absorption has been classically measured by comparing the fat content of
the faeces with that of the diet, using chemical assay methods, and this procedure
is usually assumed to give the ''-'right" answer which the results of other methods
should approach. The care and expense associated with the balance method, however,
have led to the development of other methods, notably the use of I-triolein as
a tracer for fat. This technique has often given poor agreement with the chemical
method, and the possible reasons therefor include: errors in the balance method,
radiochemical impurity of the I-triolein preparation, and faulty technique
with I—triolein. This paper reviews these sources of error and their importance
in a series of tests on 44 subjects. It is concluded that the I-triolein test
does have diagnostic utility, and further studies may show this to be greatest when
faecal excretion of "'I activity is compared with that of a simultaneously ad-
ministered non-absorbable marker such as Ba.

1. HJTRODUCTION

In the practice of clinical or investigative medicine it is important to know

if a patient has fat malabsorption. If major fat malabsorption occurs it may be
detected easily by doing a history and physical examination and by direct inspection
of the stool. On the other hand, a minor degree of fat malabsorption is difficult
to recognize by simple tests. It is important to know if an individual excretes
even small amounts of excess fat in the stool since this may indicate a pathologic
process involving the gastrointestinal tract and its presence would warrant a more

thorough diagnostic investigation of the problem.
In both cases the degree of fat malabsorption can usually be correlated with

the extent of the disease process. In general, improvement in fat absorption in-
dicates improvement in the disease and is a guide to the effectiveness of therapy.

1.1 How fat, _is absorbed

Much of dietary fat consists of relatively long-chain triglycerides such as
triolein. In the digestive and absorptive process these fats mix with pancreatic
lipase and are hydrolyzed and mixed with bile salts. This results in the formation
of a micelle, a combination of free fatty acids and mono- and diglycerides. The
micelle is presented to the absorptive cell in the small intestine. Here the
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glycerides and fatty acids are meteJbolically insorbed and transported from the
outer to the inner coll surface. During this process of intraccllular transfer,
a, curious process of re-estenfication and recombination of the fats into the
triglyccride form occurs. Following- this the triglyceride is transferred from the
cell to the lymphatic vessels where it is carried to the blood for distribution
and metabolism,, Consecmently normal digestion and absorption of a triglyceride
require adequate amounts of enzymes and bile salts plus a physiologically normal
absorptive cello In addition gastrointestinal transit time must be reasonably
normal in order for the absorptive process to be completed:,

l_»JL__The diseases associated,with raalabsgrpjtjum of fat

This review will not dwell on the numerous diseases that can produce
steatorrhoea, A disease process affecting any of the above functions could lead
to significant fat malabsorption. Diseases commonly encountered are pancreatic
insufficiency, cirrhosis, coeliac or non-tropical sprue, Chron's disease, surgical
absence of the small intestine, or pathologic shunts from the small intestine to
the colon that bypass the primary absorptive cells,

1.3 How fat absorption can be mg.asured .-..the chemical jfat balance

The chemical fat balance study ha.s been considered the primary "gold stan-
dard" for quantitating fat absorption. The study consists of feeding a known
amount of fat in a, balanced diet for a sufficient period (3 or 5 days), followed
by a period, of similar length for complete faecal collection. The collected
faeces are chemically analyzed and the amount of fat excreted in the stool is
compared to the amount ingested as a coefficient of absorption or more simply
as the grams of fat ercreted per day. Most investigators suggest that 6 to 8 g
of fat per day is the upner limit of normal.

The amount of fat in the balanced diet should be 00 g/day or greater. In

normal individtials uo to 200 g/day can be ingested with greater than ^Qfo ab-
sorption. Of the fat normally present in the stool probably less than ? or yfo

is due to endogenous fat cycretion.
If one successfully controls the dietary intake and completely collects the

faeces, the validity of the test is then dependent on the ability to completely
extract fat from the homogenized stool specimens and to accurately measure it
chemically.

The major problems with the fat balance study remain the difficulty in comple-
tely collecting the stool specimens despite careful instruction and. surveillance
of the patients and the extended period of time and expense required to perform
a proper fat balance study.
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use_ jpf radiqi_odina-bed triolein jas_ _a substitu.̂  f ;gr ±heChem.ic,3.I fat

baLance .study

There has been great interest in providing a simpler yet accurate method
for measuring fat absorption. The use of fats such as lipiadol labelled with
non-radioactive iodine was reported in the 1930 's . Absorption was estimated
by measuring the subsequent excretion of stable iodine in the faeces or urine,
for example. In 1949 olive oil labelled with I was suggested as a method to

2
measure fat absorption . In initial studies attention was focused on monitoring

the appearance of radioactivity in the blood following ingestion of the I-

labelled test material. Major differences in blood radioactivity patterns were
noted between normal and diseased individuals.

Subsequently, a vast number of studies have been performed using I-
labelled triolein, a moderately long— chain triglyceride that is found in major

proportions in most dietary fats ' ' ' .
With I-triolein a variety of techniques have been used to identify

steatorrhoea. Much of the emphasis has been on providing a method that would be
as quick and simple as possible. Techniques used have included measuring the
appearance of radioactivity in the blood or plasma, measuring the excretion of

I in the urine following the test dose (usually blocking the thyroid uptake
with stable iodine), measuring the total faecal excretion of the ingested I
label, and more recently, determining the amount of I activity in all or part
of the faeces in relation to a non— absorbable radioactive marker ingested simul-
taneously with the I— triolein .

2. MAJOR CONSIDERATIONS OF 131I-JTRIOLEII AS A TEST SUBSTANCE

2̂ .1_ Bio chemical f eature_s

With radioiodination of triolein it is possible to add from 1 to 6 iodide atoms
to the fat molecule. Since the molecular weight of triolein is 896, a single
iodination would increase the molecular weight 14$; however, if total iodination
occurred the molecular weight of the molecule would be increased by Q6fo. Thus

the question is immediately raised as to the extent to which the new "fat" mole-
cule is biochemically similr.r to rion-iodinated triolein.

Several studies have been performed relating to this question. First, the
iodinated substance appears stable when exposed to gastric juice or during its

passage through the gastrointestinal tract. Second, studies done in animals with the
simultaneous administration of I- and C— labelled triglycerides indicated

that the behaviour of both the labelled fats was quantitatively similar throughout
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the gut lumen and that the same amounts of "' I and C label were recovered in
n

the faeces „ In addition, however, it was observed that major deiodination of

the fat had occurred, probably in the mucosal cell or as the "I-labelled

material entered the lymph0.
Following oral administration of J I -triolein,, radioactivity appearing in

the plasma is in part lipid-bound, but a large fra.ction is free iodide or in
non- lipid form. This is caused by deiodination at the time of absorption, as
well as later deiodination of the "lipid" as it is metabolized in the peripheral
tissues. Thus the biochemical differences between the iodinated and non-iodinated

1 ~]triolein appear substantial. When " I-triolein is given intravenously its dis-
appearance from the plasma in many respects resembles that of a, triglyceride
labelled with "C, and a certain fraction of the I -triolein does appear in-

corporated in adipose tissue"3.
How do the split iodinated monoglycerides or fatty acids react with bile

salts, form miceles and undergo re-esterification under conditions of abnormal
digestion? The differences in the metabolic digestion of I-triolein and natural

fat in patients with .gastrointestinal disease has not "been studied.

2.2 ^^^pp^^5^^^^^^^.~^^^.9.^^^,co^-. purity

Many commercial preparations of I -triolein, though relatively pure chemi-
cally and free of iodide ion, have variable and often large amounts of " I that
are not attached to trioleinc In this instance the I has -attached itself to
trace amounts of fatty acids and mono- 3nd diglycerid.es in the preparation. Often
no more than 60̂  of the "" I label is associated with the triglyceride fraction
of the fat mixture '" ' 0 Most studies reported in the literature using ~ I-
triolein have used materials that are known to be relatively impure radio chemically,
or materials that have not been specifically tested for radio chemical purity prior
to administration,

Radio-chemically pure " I~triolein can be prepared fairly simply in the
laboratory. Although studies with purified '" I -triolein suggest improved accuracy
in the diagnosis of steatorrhoea, there is still uncertainty whether purification
will alter many of the discrepant test results. This will be discussed in a sub-
sequent section.

1 ̂1In the vast majority of studies ~J I -triolein hay been given as a single
dose (10-100 iiCi)o The dose has been occasionally given with no added fat, but
most frequently is given with a variety of "test' meals containing additional
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fat in the form of corn oil or peanut oil, for example, with or without added
carbohydrate and protein, When the I-triolein is given without added fat
there appears to be more variability in the plasma radioactivity levels although
absence of added fat seems to have little effect on the results obtained by

& 1°measuring faecal excretion"' f",

Most studies of I-triolein focused on simplifying tests for steatorrhoea,
testing if I-triolein given as a single dose can provide diagnostic information
comparable to that from a chemical fat balance study, or correlating the I-
triolein test with the clinical diagnosis of patients who have a high probability
of steatorrhoea. Although many centres have indicated that the I-triolein
study can screen subjects for the presence or absence of steatorrhoea with fair
certainty, there is still sparse evidence to suggest that one can accurately
quantitate fat excretion in grams from the amount of " I activity excreted in

the stool o

3. CRITICAL ANALYSIS OP A PAT ABSORPTION STUDY USING 131I-TRIOLEIN
_

In an effort to review the I-triolein test as an indicator of fat ab-
sorption, I will report in some detail studies carried out by Dr. Leinbach in our
laboratories at the University of Washington . Within the framework of -these
results, specific comments and experiences of others will be examined,

In the University of Washington study, purified I-triolein was prepared
by silicic acid chromatographyu This material was given to 44 subjects whose
clinical end experimental data are listed in Table 1, The material (15 - 20 -p,Ci)
was administered in a test meal which contained 75 § °f carbohydrate, 25 g of
protein and 30 g of fat in the form of corn oil.

During the period of study the subjects were on a metabolic ward with close
supervision. They received a balanced diet containing 80 g of fat per day,
starting 5 days before administration of the I-triolein dose. They were
maintained on this diet for three or more days after receiving the radioactive
test dose as required for complete stool collection. Inert stool markers were

not used; however, a, daily stool diary was kept on each subject.
Total stool collections were pooled, homogenized, and analyzed for "" I and

for fat content by the method of van de Kamer . In our laboratory greater than
92% extraction of the fat ID expected by this method.
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Following- I-triolein administration, blood samples were taken hourly,
starting at 2 hours, for 6 or 7 hours in order to identify the peak concentration
level. Radioactivity was analyzed in the total "blood, the total plasma, and the
lipid-soluble fraction of the plasma (Table l). Details of the methodology are
listed in reference 11.

The 44 study subjects were separated into 3 different groups on the "basis
of their chemical fat balance results (Table l). Group I included 15 normal
volunteers (12 males, 3 females, ages 22 - 35) with no history of intestinal
disease and with normal-chemical fat- absorption.' Group II included 10 subjects
with previously documented gastrointestinal disease, but with normal cheî cal fat
absorption when we studied them. Group III consisted of 19 patients (13 males,
6 females) with fat malabsorption, as deduced by chemical analysis, of various
etiologies.

Comment: The commercial triolein was chemically quite pure as determined by
thin layer chromatography; however, auto radiography showed that only 50$ "t° 60$
of the I label was in the triglyceride fraction (Fig.l).- The remainder was
present in other fractions consisting of mono- and diglycerides, as well as some
fatty acids. This indicates that the efficiency for radioiodinating trace amounts
of impurities present in the triolein is considerably greater than that for
labelling the triglyceride. Inspection of Mg.l also indicates that several
iodinated combinations of triglyceride were apparent. This analysis of impuri-

9 i 10ties is quite similar to that of Tuna et al, and others .
With the chromatographic purification it was possible to use for the test

dose only triolein with a radiochemical purity of 98$ or greater. One purpose of
this study was to test subjects with the purified material and to make a careful
comparison of the faecal excretios of radioactivity with that of chemically de-
termined fat. It is of interest that this had not been done previously though the
methods for purification were readily available*

3.2 Blood levels of radioactivity

Considerable experience in measuring blood levels of I has been reported
3following the administration of I-triolein. Beres et al. emphasize the wide

range of activity seen in the plasma lipid fraction in their group of 30 normal
individuals. The peak value usually occurred in the fourth to sixth hour following

9 131ingestion. The work of Tuna et al. with purified I-triolein showed similar
patterns, but there was consistently less blood activity following administration
of the purified material when compared in the same subjects with a commercial
source of radiochemically impure material.
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In this study the same variability from subject to subject was experienced.
The final blood results were expressed as the percent of the administered radio-
activity per litre of whole blood at the peak of the blood activity curve (Fig. 2).

Results obtained using peak plasma-radioactivity levels were similar to those
using peak whole-blood radioactivity levels. Plasma always contained the higher
concentration of radioactivity. The percent of total plasma activity that was
lipid-soluble was extremely variable, ranging frdm Q% - 100$ (me'an 40%). There
were no significant differences between the three groups as to the percent of
plasma activity1 that was lipid-bound.

A diagnostic analysis of the results in Pig. 2 would indicate that 2 of the
patients with steatorrhoea were within the "normal" range and that 1 of the patients
in remission had a low value

Comment: ' A variety of things can be said about blood radioactivity curves
in this type of study. Probably the most important comment is that one must
realize that testing blood radioactivity is a very indirect and at best a cjuali-
tative method to measure fat absorption. In any individual the height and
appearance time of the "peak1' value ais related to the amount of fat accompanying
the test dose, the degree of radiochemical purity of the I-triolein, the rate
of gastric emptying, the rate and degree of absorption, the extent of deiodination
of the triolein as it passes through the cell and enters the lymph, the rate of
fat metabolism and the possible presence of abnormal lipid metabolism in the in-
dividual .

Moreover, the method of expressing the blood results is in question. It may
be preferable to relate the blood activity to the actual blood volume or body
weight of the test subject, rather than to express it as a percent of dose per
litre ' . Because of the variation of blood and plasma volume between individuals,
this may reduce the inter-patient variability, although it may not be of major
importance statistically .

3...3. Urinary ..xoreti^pjn levej-s

By inspecting Table 1 one can note the results of measuring the urinary
excretion of I in the 24 hours following the test dose. This again is an in-
direct assessment of intestinal absorption of the I label and is subject to
many of the variables listed above plus the presence or absence of renal disease.
These measurements were made while the thyroid uptake was blocked by Lugol's
solution. The extreme variability of the I urinary excretion measurement
renders this measurement of little value in assessing I-triolein absorption ' .
Probably the major importance of the urinary I excretion data is to remind the
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investigator that urine contamination of the stool collections can give falsely

f felevated results of faecal I excretion

3.4

The results from this study comparing the absorption of I-triolein and

dietary fat are seen in Fig. 3, In this figure I absorption is compared to the
coefficient of fat absorption, CPA.

g fat ingested

In the University of Washington laboratories a CPA of 9?$ ajid a I -trio-

lein absorption of 95$ are considered the lower limits of normalo As Fig. 3
shows, there was generally good success in recognizing patients ^\Tlth steatorrhoea.

One patient with steatorrhoea (CFA = 82$) had a normal triolein absorption (9990
and 3 patients in remission with normal CFA' s had slightly lowered triolein ab-

sorption (80$, 91$, 92$). Thus, the 131I-triolein faecal test identified all but

one patient with steatorrhoea; however, it showed a significantly decreased
I-triolein absorption (80$) in one subject in remission who had a normal

chemical CFA.

Comment; I know of no screening test in diagnostic medicine that is 100$
certain. The degree of certainty in screening "normal" from "'abnormal" fat ab-

sorbers in this group of patients by the I -triolein test was quite good.

Whether this is related to the purity of the test material or to the care with

which the balance studies were carried out is of course speculative. Others report
good correlation when using unpurified ' I-triolein provided data are taken only
from subjects for whom complete stool collection was fully documented . On the
other hand, less encouraging results have also been reported. A large experience
from various laboratories comparing J I-triolein excretion with faecal fat ex-

cretion was summarized by Ditchburn et al. . In 78? patients (351 with stea-
torrhoea documented by chemical fat balance), 32$ showed an I faecal excretion

value that was falsely low (false negative - i.e. individuals who would, have been

judged not to have st~£. , "rhoea). In the same group 11$ had values that were
falsely high (false positive - i.e. judged to h?ve steatorrhoea, but normal by
chemical fat balance) „ The investigations summarized did not use highly puri-

fied I -triolein, This frequency of discrepant results, particularly "false
negatives", is bothersome and explains in part why the I-triolein test is
used relatively seldom at the present time.



In general plasma tests have been even less reliable than those measuring
total stool radioactivity, although the combination of both may improve the

11 1 °accuracy of diagnosis ' ' (Fig,4).
Analysis of various results reveals another perplexing discrepancy with the

I~triolein test,, Even though there has been modest to good success in screening
for the presence or o.bsence of steatorrhoea, results indicate one cannot quanti-
tatively predict the extent of chemical fat malabsorption with any degree of

certainty from the I-tnolein study. For example, in our laboratory, in the
19 patients with steatcrrhoea. the correlation of the coefficient of fat absorption

and I absorption was so poor that using the I result one could not
predict the grams of fat excreted in the stool with any confidence (Fig.5)« This
poor correlation is similar to that seen in other data 'l ' , It was our hope
that the use of highly purified I-triolem would eliminate this problem.

4. OTHER VIEWS OR COUNTER VIEWS IN COMPARATIVE STUDIES (131I VS. CHEMICAL PAT)

One school, supporting the use of I-triolein, attacks the premise that the
faecal fat' balance study as usually performed is a bonafide "gold standard". It
would point out that the lack of correlation of one group of tests with the other

may be in fact due to difficulties both in collecting stool and in extracting and
accurately measuring the fat chemically

DitchburrT has recently published work viith 83 patients showing that with "the
usual hospital ward supervision adequate stool collections were obtained from
fewer than half. This finding was documented by giving orally the non-absorbable
radioactive markers Cr or ' 'Sc. It is the author's contention that the falsely
low (negative) result is likely even with small faecal loss, since a greater part
of the radioactivity can be lost in one or two stools. When he tested " I-
triolein absorption in 3? patients (12 patients with steatorrhoea) where the non-
absorbable radioactive marker indicated more than 90/S stool recovery, the faecal
fat balance and " I excretion provided identical segregation of the cases with
respect to the presence or absence of steatorrhoea. However, the quantitative

correlation between grams of fat and percent of " I dose excreted was rather poor.
Another point of concern in comparative studies is that sometimes chemical

fat balance has been measured in the absence of controlled fat intake. In some

instances 50 g or less of fat/day may have been ingested. It is quite likely that
certain patients with steatorrhoea can absorb these smaller amounts of dietary fat
without exceeding normal fat excretion (6 - 8 g/day) and that their true inability
to handle fat will be recognized only when their digestive and absorptive processes
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are stressed, by giving 00 - 100 or more grams of fat per day. Thus, in this

setting, a comparative analysis of 'false positives'7 and ''false negatives" between
chemical and " " I fat tests i- of little value.

Another point that deserves consideration when comparing the I-triolein
test with the chemical fat balance is the method of administering the test
materials. The patient receives 3 specified fat diet for several days preceding
and following a, single radioactive test dose,. Fat ercretion (chemical) is ex-
pressed as grams of fat per day determined from pooled stool samples collected
over an extended period (3 or more days). This "averaged'7 result is then compared
to that from the "one meal" radioactive test dose.

I do not think it unreasonable that discrepancies would exist. In making
this comparison one is assuming that the degree of absorption of fat from the
bowel is rather constant from moment to moment or from meal to meal. This in fact

may not be the case due to variation in the availability of bile salts, enzymes,
or cliaiiges in gut motility throughout the day. Thus, the absorption of a single
"meal" of I-triolein may not be expected to agree precisely with the quanti-
tative absorption of dietary fat representing an average value of absorption over
many meals. This consideration could, be explored by repetitive administration of

I-triolein with each meal over the period of the- fat balance study. Scienti-

fically, one would recommend, that this be tried since it might improve the accuracy
.of diagnosis and improve the confidence with which one could predict actual fat
excretion from the I excretion. Unfortunately, this type of testing complicates

rather than simplifies the already complicated radioactive testing procedures.

5. RESULTS WITH NON-ABSOHMBLE RADIOACTIVE MARKERS TO MONITOR 131I-TRIOLEIW
ABSORPTION

7 131A recent study by Seife et al. reported meauring I-triolein absorption
by comparing the faecal excretion of "" I with that of simultaneously administered
non-absorbable '"13a. The labelled fat and barium were prepared together in
capsule form and were administered three times per day with meals for four days
while the patients were on a simultaneous fat-balance measurement. The degree of

I-triolein absorption was determined by measuring the ratio of " Ba to J I
in the stool in comparison to the ratio of the two radionuclides in the dose
capsule. The degree to which the ratio changed provided the index of absorption.

This study is of interest because the test materials were continuously ad-
1^1ministered for four d.ays and it could, provide a measure of "'I absorption without

rewiring collection of total stool specimens. Individual aliquots of stool
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showed essentially the same ratio of I/ Ba as did the total stool homo-
g-enate,, Individual stools chocked ,from day to day in the same patient gave
reasonably consistent indexes of absorption,, In his 12 patients with steatorrhoea
the correlation between the two methods was reasonably good, although two of the
patients with modest steetorrhoea would have been considered normal by the isotope
ratio method.

1 f "1*7
Shafer and Onstad ''* have extended this work using' the same methodology

in a large grour; of normal and abnormal subjects. They show good evidence for

uniform mixing of the isotopes in random and poolod stool samples. In their
laboratory, however, the comparison between the quantitative faecal fat and the
isotope-ratios method, showed an error of 23% m predicting steatorrhoea. The
quantitative correlation betifeen percent I .absorption and fat excretion

•I OT

(chemical) was also low. However, the I test results did agree with the

basic clinical diagnosis.
In these studies the point is again stressed that using the chemical fat

balance study as the absolute standard of comparison may be hazardous due to the

high probability of incomplete stool collection or lack of complete chemical
extraction of fat0 A lack of total stool collection would not seriously influence
the results of the isotope-ratios method if complete and uniform mixing of the
two radionuclides is maintained as they transit through the bowel. One may esti-
mate absorption using only one or two single stool specimens. Since this approach
may simplify I--triolein absorption tests, this •orinciple of measurement

warrants further study and scrutiny.
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LEGENDS FOR FIGURES , ,

Fig. 1 Comparison of the charred "ohromatogram with, the autoradiograph of commercial
triolein. The developed chromato-plato drawn on the left shows spots of
triglyceride, fatty acid, and several unidentified spots closer to the
origin. Numerous radiochemicrl impurities may be seen 031 the autoradio-
graph on the right with the principal radioactive spot coinciding with the
tail of the chemical triglyceride spot. The percentages listed at the
far right represent the ranges of the percentages of total radioactivity
applied to the pistes which were found in the three -areas indicated. Only
the material from the principal radioactive spot (shown chemically to be
a triglyceride) was used in the University of Washington study.

Fig. 2 Peak whole-blood radioactivity levels in the 44 subjects studied. The
mean peak whole-blood radioactivity in the 15 normal subjects was 2.8$
dose per liter whole blood, and the two-standard-deviation lower limit
1.9/0 dose per liter.

Fig. 3 Percent of the total -1 "I label absorbed as determined by 72-hour faecal
radioactivity measurements after ingestion of radiochemically purified
radio-triolein. The shaded area indicates the normal range for faecal
radioactivity as determined in 15 normal volunteers.

Fig. 4 Use of the combination of whole blood and faecal radioactivity levels in
the diagnosis of steatorrhea. /
a) Normal peak blood radioactivity levels
b) Normal total faecal radioactivity (i.e. normal absorption of label)
c) Abnormal peak blood radioactivity (below normal range)
d) Abnormal total^faecal rndioactiviby
All 16 patients iclth a combination of c & d (AB-AF) had significant
chemical steatorrhea.

Fig. 5 Correlation of the absorption of fats as deduced from chemical balance
and the absorption of l^lj associated with the purified triolein in the
19 subjects with steatorrhea. Note the poor correlation (r = 0«54)>
indicating one cannot quantitatively predict fat absorption (chemical)
from the 131i-..triolein fcecal test.
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TABLE 1. FAT ABSORPTION IN 44 SUBJECTS: RESULTS FROM CHEMICAL BALANCE AMD PROM PURIFIED 131r-TRIOLEIW MEASUREMENTS

a)
Group

I

II

III

Patient
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
44

Diagnosis

Pancreatitis
Coeliac sprue
Coeliac sprue
Coeliac spme
Coeliac sprue
Coeliac sprue
Coeliac spine
Coeliac sprue
Coeliao spnie
Short bowel

Pancreatic insufficiency
CollagenouE sprue
Cirrhosis
Pancreatic insufficiency
Coeliac sprue
Short towel etc.
Coeliac sprue
Blind loop
Non-tropical sprue
Coeliac sprue
Pancreatic insufficiency
Qiardiasis &

hypogamniaglcrtjulinemi a
Pancreatic insufficiency
Dermatitis herpetiformis
11 co-col onic shunt
Pancreatic insufficiency
Non-tropical sprue
Pancreatic insufficiency
Pancreatic insufficiency

Chemical
Balance

CFAb)

97.9
98.5
95.6
97.8
94.2
98.4
97.8
98.0
97.1
97.9
98.2
97.9
98.6
98.7
97.6

97.3
95-0
96.6
96.3
96.7
93.5
96.7
95.3
95.4
94.7

27
39
05
90
80
42
57
81
90
56
86

88
82
73
40
54
89
67
48

Radioactivity

% Label
Absorbed

97.3
99.1
94.9
98.5
99.6
98.4
98.6
99.4
98.8
99.5
98.9
98.9
99.6
97.9
97.0

97.7
<?7.1
S.2

96.1
98.6
79.9
96.9
91.3
96.1
91.7

62
0

24
76
91.8
11
52
53
33
76
92.7

85.5
98.9
89.2
14.3
58.2
80.4
85
47

Peak Vfcole-
Blood
% dose/1

3.7
2,9
2.9
3.3
2.4
2.4
2.3
2.6
3.6
2.7
3.2
2.1
2.6
2.7
2.7

4.1
2,1
3.1
2.8
1.0
2.9
2.8
2.1
2.3
2.2

0.5
0.1
0.6
1.6
0.5
0.2
0.2
2.1
0.5
0.9
1.6

1.5ia
1.3
o.l
1.4
2.2
1.4
1.4

Peak Plasma

% dose/1

5.7
4.1
4.2
5.4
3.4
3.2
3.0
5.5
4.7
3.5
4.0
2.7
3.6
3.8
3.0

7.4
2.9
4.3
3.8
1.2
3.6
3.8
3.2
2.8
2.9

0.6
0.1
0.3
2.4
0.7
0.2
0.2
3-2
0.7
1.0
2.4

1.7
1.6
1.5
0.2
1.9
2.9
1.8
1.9

Peak "Lipid"

% dose/1

3.4
1.5
2.2
2.9
1.1
1.0
0.7
1.4
1.4
1.1
0.9
0.5
1.1
1.6
1.2

3.7
0.8
2.0
1.4
——
1.5
1.8
2.0
1.1
1.3

0.3
0.1
0.3
1.1
0.2
0.2
0.1
1.6
0.5
0.6
1.0

0,6
0.6
0.4
——
0.9
1.0
0.6
1.1

24-hr Urine

% dose/1

— _ .
——
——
——
——
——

55
55
61

—
59
68
63
66
44

^.J-B_

71
——
——
——
55
48
62
28
43

— . —
_—
——
——
——

26
——
16
35
54

56
24
48

2
33
53
34
23

Croup I :
II ;
III!

Normal volunteers
Disease in remission
Steatorrhoea O>

Coefficient of fat absorption
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