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Monitoring enzyme replacement treatment in
exocrine pancreatic insufficiency using the
cholesteryl octanoate breath test

S Mundlos, P Kuhnelt, G Adler

Abstract
The cholesteryl-"C-octanoate breath test was
used to monitor the intraluminal enzymatic
activity of pancreatin preparations in six
patients with severe pancreatic insufficiency.
Conventional enzyme replacement, with
cimetidine as an adjunct, was compared to
supplementation with enteric coated micro-
spheres. In healthy control subjects, '4CO2
excretion rose rapidly and peaked at 90-120
minutes; mean (SD) cumulative recovery at
four hours was 51 (8)%. In patients with
pancreatic insufficiency on no treatment mean
(SD) cumulative recovery was only 6 (4)%.
After pancreatin, with previous administration
of cimetidine, it increased to 27 (11)% with a
time course resembling that in controls. With
2 mm enteric coated microspheres, '4CO2
excretion did not rise significantly before 120
minutes and cumulative recovery after four
hours was 15 (11)%. In a control study, 2 mm
radio-opaque microspheres did not empty
from the stomach until two hours after inges-
tion. The results suggest that the cholesteryl
octanoate breath test can be successfully used
to monitor the intraluminal enzymatic activity
after treatment with different forms of enzyme
replacement in pancreatic insufficiency. In
contrast to treatment with conventional pan-
creatin and cimetidine as an adjunct, 2 mm
enteric coated microspheres did not show in
vivo enzymatic activity until two hours after
administration.

oral administration.56 Clinical trials comparing
adjunctive cimetidine with enteric coated micro-
spheres have given conflicting results due to
difficulties in measuring the clinical efficacy of
enzyme substitution. Enteric coated micro-
spheres were found to be superior to cimetidine
as an adjunct to conventional (uncoated) enzyme
supplementation,478 or vice versa569 or of equal
efficiency.3

Recently, a new breath test with cholesteryl-
'4C-octanoate as the substrate has been success-
fully used to diagnose pancreatic insufficiency in
rats'0 and humans." The test is based on the
intraluminal hydrolysis of cholesteryl-'4C-
octanoate by pancreatic cholesterol esterase
and the subsequent absorption and rapid
metabolism of '4C-octanoic acid to "4CO2.
Measurement of "4CO2 in breath allows an in-
direct estimation of intraluminal hydrolytic
activity and its time course. Only pancreas
specific enzyme activity is measured since intra-
luminal activity of cholesterol esterase is of
pancreatic origin. 12

In this study, the cholesteryl octanoate breath
test was used to monitor the release and activity
of cholesterol esterase from different prepara-
tions of pancreatin in patients with severe pan-
creatic exocrine insufficiency. We compared
treatment with acid resistant enteric coated
microspheres (Panzytrat 20.000, Nordmark,
FRG) to treatment with identical uncoated
enzyme supplements with and without adjunc-
tive cimetidine.
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Medical treatment of steatorrhoea in pancreatic
exocrine insufficiency is based on oral adminis-
tration of porcine pancreatic enzymes. Despite
large doses of pancreatin, persistent steatorrhoea
is common. This has been attributed to the
fragile characteristics of lipase and other pan-
creatic esterases which are irreversibly inacti-
vated below pH 4.' Efforts have therefore been
made to improve the efficacy of treatment by
protecting the enzyme's activity from acidic
inactivation by the use of cimetidine and pH
sensitive enteric coating. The latter maintains
enzyme integrity at low pH but liberates the
contained pancreatin as the pH increases above
5 *5. In the commercially available enteric coated
preparations (Kreon, Panzytrat in Europe;
Pancrease, Cotazym-S in the United States),
pancreatin is formulated into microspheres
ranging from 1 mm to 2 8 mm in diameter.2
The effectiveness of pancreatic enzyme

replacement is commonly assessed by measuring
the reduction in the degree of steatorrhoea34 or
the duodenal recovery of enzyme activity after

Methods

SUBJECTS
Eleven healthy volunteers without a history of
pancreatic, pulmonary, or hepatic disease served
as controls for the breath test with cholesteryl-
'4C-octanoate. Of these, five subjects were also
tested with '4C-octanoic acid. In addition, gastric
emptying of 2 mm microspheres was studied in
five healthy volunteers. We studied six patients
with severe exocrine pancreatic insufficiency but
no hepatic or respiratory disease. All patients
had steatorrhoea with a fat excretion of 8-46 g
per day, an abnormal para-aminobenzoic acid
(PABA) test (less than 40% PABA recovery in
urine over six hours), and decreased chymotryp-
sin activity (less than 4 U/g) in stools. In patients
1 to 4 a secretin-cholecystokinin test was per-
formed and showed intraduodenal lipase
activity ranging from 0-24% to 7-24% of control
values. The study protocol was approved by
the ethics committee of the University of
Marburg.

1324



Monitoring enzyme replacement treatment in exocrine pancreatic insufficiency using the cholesteryl octanoate breath test

TEST MEAL AND BREATH COLLECTION
Cholesteryl octanoate and octanoic acid were
obtained from Sigma, Munchen, FRG. The
substrate, cholesteryl-'4C-octanoate, was kindly
provided by Dr Gantz, Hoechst AG, Frankfurt.
The material was 99% pure by thin layer
chromatography zonal scanning and had a
specific activity of 20-7 mCi/g. '4C-octanoic acid
was obtained from Amersham, Braunschweig,
FRG. The substrate was administered in a 300
ml liquid test meal. For preparation of the test
meal, cholesteryl octanoate (1 5 g) was dissolved
in 20 ml cholesterol free triglyceride at 90°C.
Cholesteryl-'4C-octanoate (4 [tCi) in heptane was
then added. For emulsification of the substrate,
3 ml glycerol (Merck) and 5 g lecithin (Epikuron
170, Lucas-Meyer, Hamburg, FRG) was dis-
solved in 300 ml ofwater. The oil was then added
by drops to the aqueous phase and emulsified by
stirring with a high speed Ultra-Turrax for 10
minutes. For the study with '4C-octanoic acid,
the emulsion was prepared in an identical way
using equimolar amounts of cholesterol,
octanoic acid, and '4C-octanoic acid.

All subjects were studied after a 12 hour
overnight fast. Patients with pancreatic disease
stopped their enzyme supplementation three
days before the test. A fasting breath sample was
obtained and the test meal was then drunk over a
five minute period. A 1 mmol sample of expired
CO2 was collected every 15 minutes for four
hours as described elsewhere.'0 It was assumed
that patients and control subjects expired
9 mmol CO2/kg/h and that expiration was linear
at each 15 minute interval. Cumulative "C02
recovery was determined by summation of the
calculated "C02 expired for each 15 minute
period.
The healthy control subjects had two breath

tests (ester and hydrolysate) on no treatment.
The patients performed the following breath
tests with ester in random order: (a) no treatment
(n=6); (b) enteric coated microspheres (n=6);
(c) unprotected pancreatin (crushed micro-
spheres) plus 400 mg cimetidine (n=5);
(d) unprotected pancreatin without cimetidine
(n=2).

All enzyme substitution was carried out with
Panzytrat 20.000 (Nordmark, FRG). This
preparation contains 50 enteric coated pH sensi-
tive microspheres of 2 mm diameter with an
activity of20 000 U lipase, 18 000 U amylase, and
1000 U protease per capsule (manufacturer's
data). Each patient took five capsules with the
test meal. For unprotected pancreatin, the
contents of five capsules were crushed and
suspended in the test meal immediately before
administration. The cimetidine was taken 30
minutes before drinking the test meal.'3

GASTRIC EMPTYING
Gastric emptying of microspheres was studied in
five healthy volunteers using 2 mm radio-opaque
plastic beads. 1" Each subject took 20 beads,
which were administered in pancreatin capsules
by replacing four of the 50 microspheres in each
of the five capsules. These were then given with
the non-radioactive test meal. 25 g of xylose was
added to the test meal to assess simultaneously

the emptying of the meal. After administration,
x rays of the abdomen were obtained hourly for
four hours and blood samples were collected
every 30 minutes for xylose measurements.

ANALYTICAL PROCEDURES
The in vitro release of lipase and cholesterol
esterase activity from the enteric coated micro-
spheres (Panzytrat 20.000) was studied by
incubation in phosphate buffered saline (25-7
mmol Na2HPO4, 34 2 mmol NaCl) at pH 6 with
agitation, as described by Dudder and Spener."
Lipase activity was measured as described by
Ziegenhorn et al,'6 and cholesterol esterase
activity according to Tarbutton and Gunter'7
using cholesteryl octanoate as the substrate.
Activity of cholesterol esterase was expressed as
units/l with 1 unit hydrolysing 2-6 [tmol of
substrate per minute.

Xylose in serum was determined using the
bromoaniline method.'8

STATISTICAL ANALYSIS
Statistical analysis was performed using the
Kruskal-Wallis test. Values are expressed as
means (SD).

Results
CONTROL SUBJECTS
Figure 1 shows '4CO2 recovery over 240 minutes
after administration of the test meal containing
cholesteryl-"C-octanoate, expressed as per cent
ofdose administered. The appearance of "4CO2 in
breath was rapid, leading to a steep increase over
the first 60 minutes and then continuing at a
more constant rate for another 120 minutes
before it slowly declined. There was no well
defined peak.
A similar recovery and time course was seen

after administration of the test meal with hydro-
lysed substrate ('4C-octanoate and cholesterol)
(Fig 1). This indicates that ester hydrolysis was
not rate limiting in control subjects.
The values for cumulative recovery are sum-

marised in Figure 2.

PATIENTS
Without enzyme supplementation, "CO2
recovery was markedly reduced throughout the

Time (min)
Figure 1: Time course of "4C02 recovery in healthy volunteers
after ingestion ofthe test meal containing cholesteryl-1-'4C-
octanoate v the test meal containing cholesterol and '4C-
octanoate (mean (SD)).
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Figure 2: Cumulative '4CO2 recovery 120 min and 240 minutes after ingestion ofthe test meal.

240 minutes of the study in all patients (Fig 3A).
The enteric coated microspheres had a different
effect on '4C02 recovery in each patient (Fig 3B).
Two patients (3 and 6) showed no increase,
whereas patients 1, 2, 4, and 5 showed a sudden
increase in '4CO2 excretion between 120 and 180
minutes. Only in patient 4 did this increase,
however, lead to control values at this time.
Cumulative recovery at 120 minutes was no
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Figure 3: Time course of
'4C02 recovery in patients
(numbers) with pancreatic
insuffictency after ingestion
ofthe test meal containing
cholesteryl-'4C-octanoate
without enzyme substitution
(A), after enzyme
substitution with enteric
coated microspheres (B), and
after substitution with
pancreatin and previous
administration ofcimetidine
(C).
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greater than without enzyme substitution (Fig
2). Even though most patients showed an

increase thereafter, the 240 minute cumulative
recovery did not reach control values and was not
statistically different from recovery without
enzyme substitution (Fig 2).
Uncoated pancreatin and cimetidine produced

a time course of '4C02 recovery in patients
comparable to that in control subjects (Fig 3C).
The 120 and 240 minute cumulative recovery
was significantly higher (p<0O01) than without
enzyme substitution (Fig 2). The '4CO2 recovery
in each patient was always higher with treatment
with pancreatin plus cimetidine than with
enteric coated microspheres. The two patients
who received uncoated pancreatin without
cimetidine showed an initial rise in "4CO2
excretion comparable to the test meal with
cimetidine, but this was followed by a rapid
decline leading to much lower cumulative
recoveries at 240 minutes (19% in patient 1, 14%
in patient 2, not shown).

RELEASE OF ENZYME ACTIVITY IN VITRO
Figure 4 shows the release of lipase and
cholesterol esterase activity from enteric coated
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Figure 4: Release ofactivity oflipase and cholesterol esterase
from enteric coated microspheres contained in one capsule
during incubation in phosphate buffer atpH 6; mean of 10
measurements.
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Figure 5: Time course of
gastric emptying of2 mm
microspheres in five healthy
volunteers expressed as per
cent microspheres emptied
from stomach. Gastric
emptying ofthe test meal was
monitored by measurement of
xylose recovery in blood
(mean (SD)).
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microspheres during incubation in phosphate
buffer at pH 6. Both enzymes were released
rapidly and simultaneously, their activities peak-
ing at 15 minutes. The maximum activity was

19 500 units per capsule for lipase and 23 units
per capsule for cholesterol esterase. The activity
of lipase is in agreement with the manufacturer's
data.

GASTRIC EMPTYING OF 2 MM MICROSPHERES
Figure 5 shows the time course of gastric empty-
ing of 2 mm radio-opaque microspheres in
healthy control subjects. The rapid increase of
xylose concentration in blood indicates that
gastric emptying of the test meal was not
delayed. In all five subjects studied gastric
emptying of the 2 mm microspheres did not
begin until two hours after ingestion of the test
meal. This resembles the time course of '4CO2
excretion after enzyme supplementation with
enteric coated microspheres in patients with
pancreatic insufficiency (Fig 3B).

Discussion
This study clearly suggests that the cholesteryl
octanoate breath test is of value in the indirect
assessment of the intraluminal enzymatic
activity of cholesterol esterase from orally
administered pancreatic enzymes in patients
with exocrine pancreatic insufficiency. Enteric
coated microspheres of 2 mm diameter did not
show enzymatic activity until two hours after
ingestion. Studies in healthy control subjects
suggested that this delay was due to a selective
retention of spheres in the stomach.
As pointed out by Cole et al," cholesteryl

octanoate is a very hydrophobic molecule and
might therefore be located predominantly in the
core of the emulsified triglyceride droplets.
Accordingly, its hydrolysis is likely to require
the concerted action of lipase, phospholipase,
and cholesterol esterase. '9 Since cholesterol
esterase requires bile salts to be present at
micellar concentration for full enzyme activity,'9
no digestion of substrate will take place before
the test meal has reached the duodenum and
sufficient emulsification has taken place. When
liberated, octanoate is rapidly absorbed, trans-
ported without prior esterification via the portal
vein to the liver, and oxidised to '4CO2.-"2' No
difference was observed in the time course and
cumulative recovery of '4C02 after administra-
tion of cholesteryl-'4C-octanoate compared to
'4C-octanoate. This indicates that hydrolysis of

the substrate was not rate limiting in control
subjects.

All patients with pancreatic insufficiency had a
very low '4CO2 output after administration of the
test meal containing cholesteryl octanoate. This
was only partially restored when powdered pan-
creatin was given with cimetidine. Then, the
time course resembled the control curve, indicat-
ing that the enzyme was released at the same rate
as it was secreted in control subjects but was
present in insufficient concentration or activity.
With a similar substrate, Cole et al found '4CO2
recovery after pancreatin administration to
approach control values." Our failure to achieve
such correction might be explained by a lower
activity of cholesterol esterase in the enzyme
preparation we used.

Earlier studies have described a significant
reduction of steatorrhoea with adjunct cimeti-
dine.622 Cimetidine is believed to improve the
efficacy of pancreatin in two ways.'323 Firstly,
it raises gastric pH above 4, protecting the
enzymes from acidic degradation. In addition,
the increased duodenal pH prevents precipita-
tion of glycine conjugated bile salts which are
necessary for lipase and cholesterol esterase
activity and micellar solubilisation. Secondly, it
reduces the volume of gastric secretion, thus
increasing enzyme concentration in the duo-
denum. Our results support the proposed effects
of cimetidine. Without previous administration
of cimetidine, cumulative recovery was reduced
to 50% compared to that after treatment with
cimetidine.

Administration ofenteric coated microspheres
resulted in a delayed rise in '4CO2 recovery in
four patients and no rise in two patients. The
cumulative recovery at 240 minutes seemed
higher than with no treatment, but was not
statistically significant.
A recent study by Meyer et al suggested that

only particles smaller than 1-4 mm pass through
the pylorus simultaneously with food.2 The
delayed effect of the microspheres in our study
may therefore be due to retention of spheres in
the stomach until most ofthe liquid test meal had
been emptied, as suggested by our subsidiary
study with radio-opaque 2 mm spheres. There-
fore, the size of the pancreatin microspheres is
the most likely cause of their limited efficacy.5
Even though our test meal obviously does not
have the characteristics ofa normal meal in terms
of the content of liquid and solid particles, we
believe that the results can be extrapolated. It has
been proposed by many workers that once solids
have been reduced to a size small enough to pass
through the pylorus, both the liquids and solids
will be emptied in the same rate.'42425 Accord-
ingly, no difference is to be expected in the
effectiveness of enzyme supplementation with
microspheres with regard to the composition of
the meal if the sphere size is larger than the
particle size carried simultaneously with food.

Provided that the duodenal pH is above 6, the
delayed rise in '4CO2 seems not to be caused by a
slow release of enzyme activity from the micro-
spheres since in vitro experiments showed a
rapid dissolution of microspheres at pH 6 with
peak activity of lipase and cholesterol esterase
within 15 minutes. In patients with severe pan-
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creatic insufficiency, however, duodenal pH is
known to be low. 6923 26 In the late postprandial
period - that is, 120 to 180 minutes after a meal -
duodenal pH may decrease to less than 4. Under
these circumstances pancreatin will not be
liberated from its enteric coat until the spheres
have reached distal areas of the small bowel with
a more alkaline pH. In a recent study, Guarna et
al reported that there was higher enzyme activity
in the ileum than in the duodenum in patients
with pancreatic insufficiency taking enzyme
replacement treatment.26
Many problems have to be solved before a

sufficient form of enzyme substitution in
patients with pancreatic insufficiency is estab-
lished. In the present study the cholesteryl
octanoate breath test was not used to analyse the
overall efficacy of pancreatin supplementation
in patients with pancreatic insufficiency. This
test, however, offers the unique possibility of
monitoring the in vivo release of enzymatic
activity and comparison of different forms of
enzyme preparations.

We thank C Beglinger, University of Basel, Department of
Medicine, for the preparation of radio-opaque microspheres.
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