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Indirect Examination of Exocrine Pancreatic Function In Vivo
by Determination of Chymotrypsin Activity in Animal Intestine
Using a Synthetic Substrate
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Summary: Using the substrate N-acetyl-Z,-tyrosyl-/?-aminobenzoic acid, we determined chymotrypsin activity in
the small intestine of calf, pig, and poultry. Orally administered N-acetyl-Z,-tyrosyl-/?-aminobenzoic acid is enzymat-
ically cleaved in vivo, and the released /?-aminobenzoic acid is determined by HPLC. We found that thep-aminoben-
zoic acid concentration in plasma and urine was significantly influenced by the feeding of soya flour. After soybean
flour feeding, the j9-aminobenzoic acid concentration significantly increased in the plasma of calves and hens, in
contrast to pigs, where the /?-aminobenzoic acid concentration significantly decreased. This shows that the oral
administration of N-acetyl-L-tyrosyl-p-aminobenzoic acid with subsequent determination of /?-aminobenzoic acid is
suitable for the estimation of exocrine pancreatic function and for determination of changes in intestinal proteolytic
activity caused by antinutritive substances.

Introduction

Exocrine pancreatic insufficiency results in digestion
failure, and failure of the small intestine to utilise nour-
ishment, as well as other unfavorable consequences. Hu-
man exocrine pancreatic insufficiency is common and
well described, but it is also common among dogs and
cats. In other animal species it has been less investi-
gated, largely due to the lack of suitable diagnostic
methods (1). Exocrine pancreatic insufficiency is usually
caused by chronic or acute diseases of the pancreas (2).
Digestion failure and nourishment utilization failure can
also be caused by the presence of antinutritive sub-
stances, and enzyme inhibitors in animal forage, which
act largely by causing changes of proteolytic activity in
small intestine.

None of these malfunctions, including diseases of the
pancreas, are recognisable from specific signs. Since
physical examination of the pancreas cannot be used to
diagnose these malfunctions, it is necessary to rely on
biochemical tests. The biochemical tests usually per-
formed for this purpose include:

(a) blood examination: the determination of pancreatic
enzyme1) activity (amylase, lipase, trypsin) and fat ab-
sorption;

!) Enzymes:
α-Amylase, l,4-a-Z)-glucan glucosohydrolase, EC 3.2.1.1;
a-Chymotrypsin, EC 3.4.21.1;
Lipase, triacylglycerol acylhydrolase, EC 3.1.1.3;
Trypsin, EC 3.4.21.4.

(b) faecal examination: the determination of total pro-
teolytic activity or chymotrypsin activity in faeces.

This work aims to:

(a) investigate whether an in vivo indirect method using
N-acetyl-Z,-tyrosyl-/?-aminobenzoic acid can be used for
the determination of chymotrypsin activity in calves,
pigs and poultry; and

(b) provided this method is suitable, to determine the
influence of inhibitors, present in crude soybean flour,
on chymotrypsin activity in the small intestine of the
above-mentioned animals.

The orally administered substrate, N-acetyl-L-tyrosyl-/?-
aminobenzoic acid, proposed by Malis et al. (3) for hu-
man exocrine pancreatic insufficiency evaluation, was
used for the in vivo determination of enzyme activity. A
similar procedure has been used in dog (4). In this
earlier work (3, 4), the />-aminobenzoic acid produced
by chymotrypsin activity was determined spectrophoto-
metrically. In the present study, however, we used a
HPLC method, which has been described elsewhere (5).

Materials and Methods
Reagents
p-Aminobenzoic acid and w-hydroxybenzoic acid (internal stan-
dard), both of analytical grade, were obtained from Loba Chemie
(Vienna, Austria). The synthetic substrate N-acetyl-L-tyrosyl-p-
aminobenzoic acid was obtained from Leciva (Prague, Czech Re-
public). Other reagents of analytical grade were from Lachema
(Brno, Czech Republic).
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Tab. 1 Rations before and during the experiment

Feeding

Hens

Calves

Pigs

before
the experiment

commercial
mixture

commercial
milk mixture

commercial
mixture

during
the experiment

commercial mixture and raw
soybean flour

commercial milk mixture and
raw soybean flour

com, raw soybean flour,
supplement of minerals (Cu, Fe,
Zn, Mn, I, Co), and biofactors
(vitamins A, E, D2, B2, B12,
niacin, and lysine)

High performance l iquid chromatography

HPLC SP 8700, model 770, Spectra Physics (Santa Clara, CA,
USA) was used to determine p-aminobenzoic acid in blood, urine,
and faeces. Analysis was performed on a Separon-Six Cig (150
X 3.2 mm) reversed-phase column, with 5 μηι particles (Labora-
tory Equipment, Prague, Czech Republic). For isocratic elution, the
mobile phase consisted of methanol and 0.02 mol/1 ammonium
acetate (20 + 80, by vol.), pH 4.0, at a flow rate of 0.5 ml · min""1

(pressure 13.5 MPa). The peaks were detected at 280 nm.

Sample preparation

Blood plasma (1 ml) was deproteinised by the addition of 0.5 ml
100 g/1 trichloroacetic acid containing a known amount of internal
standard, and centrifuged at 900 g. The supernatant was then hy-
drolysed with 6 mol/1 HC1 at 104 °C for 24 hours. After cooling,
0.1 ml of the hydrolysate was neutralised by adding 0.9 ml of 0.2
mol/1 NaOH. Fifty microltres of the sample (containing internal
standard. 25 mg/1) were injected into the column.

The urine of calves and pigs was filtered and centrifuged at 900 g.
Filtered urine samples (0.5 ml) were hydrolysed by adding 1.0 ml
of 4 mol/1 sodium hydroxide (containing 0.2715 mmol internal
standard) and heating at 120 °C for 1 hour in a screw-caped tube.
Alkaline hydrolysis of urine appeared to be more efficient, because
of the high content of /?-aminobenzoic acid metabolites. After cool-
ing, 0.1 ml of the hydrolysate was neutralised by adding 0.9 ml of
0.5 mmol acetic acid. Fifty microlitres of the sample were injected
into the column (25 mg/1 internal standard).

Hen faeces (1 g), mixed with distilled water (5 ml), were left for
2 hours at laboratory temperature, then centrifuged at 1500g for
10 min. To 0.1 ml of the supernatant (extract of faeces in distilled
water) 0.1 ml of a solution of w-hydroxybenzoic acid was added
as the internal standard, followed by 0.8 ml distilled water. The
final concentration of the internal standard was 25 mg/1. Fifty mi-
crolitres of the sample were injected into the column without hy-
drolysis. Total /7-aminobenzoic acid concentrations were deter-
mined in blood, urine and faeces by HPLC chromatography (5).

Animals and feeding
Eight clinically healthy 16-month-old hens of Shaver breed, weigh-
ing 1.5-2.0 kg; 7 clinically healthy 10-day-old male calves,
weighing 35-44 kg; 6 clinically healthy 3-5-month-oldLandrace
X Slovak white breed pigs, weighing 35-40 kg were used in the
experiment. Animals were kept singly in metabolic cages.
During the preparatory period calves were fed with the commercial
milk mixture Laktavit B (Milk Plant, Kosice). In experimental
feeding (see tab. 1) we added 100g of soybean flour (Agrocass,
Kosice) for 7 days per calf and day. The standard commercial mix-
ture NV-RM (Agrocass, Kosice) was fed to hens in the preparatory
feed. During the 7-day experiment, this mixture also contained
fresh soybean flour (15 g per 75 g of feeding mixture), which
increased the content of N-compounds in the diet from 157 to 183
g/kg. Hens received 120 g of mixture per day on average. Pigs
were fed with the COS commercial mixture (Agrocass, Kosice) in
the preparatory period. During the 7-day experiment corn (1330 g),
fresh soya (570 g), and supplements of biofactors and minerals
were fed; see table 1.

Design of the experiment

During the 14-day preparatory period, the animals were fed
without the addition of soya flour (see tab. 2). After starvation
for 24 h, N-acetyl-jL-tyrosyl-/7-aminobenzoic acid was given
orally by the use of a sond. The substrate was solubilized in an
appropriate amount of physiological salt solution and always
administered in the quantity of 250 mg N-acetyl-L-iyrasy/-p-
aminobenzoic acid per kg of body weight. Three hours after
administration of the substrate, a blood sample was taken. Faeces
and urine were collected in metabolic cages for 24 hours for
the determination of /7-aminobenzoic acid. This was then fol-
lowed by a seven-day experimental feeding period, during which
crude soya flour (containing protease inhibitors) was added to
the animal forage. After this period, the same quantity of N-
acetyl-I-tyrosyl-p-aminobenzoic acid was given orally to the ani-
mals after a 24-hour period of starvation. The p-ammobenzoic
acid concentration was determined in blood, faeces and urine at
the same time intervals as described above.

Statistics

The results are shown as mean ± standard error. Statistics were
calculated by Student's t-test; values less than 0.05 were taken as
significant. Coefficients of variation (CV) of the method were 1.1%
for blood samples and 1.9% for urine samples.

Results and Discussion

The concentration of/?-aminobenzoic acid, produced by
chymotryptic cleavage of fed N-acetyl-L-tyrosyl-p-ami-
nobenzoic acid, was determined in the blood plasma and
urine of calves and pigs, and in the blood plasma and
faeces of hens. The results are given as a mean ± SE
of p-aminobenzoic acid (in μπιοΐ/ΐ). The quantity of p-
aminobenzoic acid was determined before and after the

Tab. 2 Study design

Commercial Starvation
feeding
before the
experiment

flA Λο\/οΛ f\ A™,\

N-Acetyl-L-tyrosyl-/?-
aminobenzoic acid
administration and sampling:
blood sample (3 h after
N-acetyl-L-tyrosyl-p-amino-
benzoic acid administration),
collecting of urine, faeces

Feeding
during the
experiment

X*·? t ·\

Starvation N-Acetyl-L-tyrosyl-/?-
aminobenzoic acid
administration and sampling:
blood sample (3 h after
N-acetyl-L-tyrosyl-/7-amino-
benzoic acid administration),
collecting of urine, faeces

(7 days) (1 day)



Kastei et al.: Indirect examination of exocrine pancreatic function in vivo 313

400 l·

p-
A

m
in

ob
en

zo
ic

 a
ci

d 
co

nc
en

tra
tio

n 
[/

zm
ol

·!"
1]

-»
 

K>
 

OJ
0

0
0

0
0

0

h

ifl

* * *

% r%\ I
— ̂ —

Pigs Calves Hens

Fig. 1 Concentration of p-aminobenzoic acid in μιηοΐ/ΐ (mean ±
standard error) in pig (n = 6), calf (n = 7) and hen (n = 6) plasma.
D - before supplementary feeding of raw soya.
E3 — after supplementary feeding of raw soya.
p-Aminobenzoic acid was evaluated by HPLC 3 hours after admin-
istration of 250 mg N-acetyl-Z-tyrosyl-/?-aminobenzoic acid per kg
of body weight.
* ρ < 0.05, ** ρ < 0.01

addition of crude soya flour, containing protease inhibi-
tors, to the forage. In all the animal species studied, the
average p-aminobenzoic acid concentration in the blood
plasma was significantly different before and after feed-
ing soya flour (fig. 1).

In calf plasma, the /?-aminobenzoic acid concentration
increased after soya flour feeding from 16 μιηοΐ/ΐ before
administration to 27 μπιοΙ/1 after (p < 0.05, n = 7). As

shown in table 3, calf urine contains more /?-aminoben-
zoic acid during the 24 h after feeding soybean flour
than before the feeding. Expressed in fractions, approxi-
mately 19% of the /7-aminobenzoic acid was eliminated
in calves' urine within the 24 h before supplementary
soybean feeding, whereas 26% was eliminated during
the 24 h after the soybean supplement.

In hen plasma, the concentration of p-aminobenzoic acid
increased after soya flour feeding from 203 μιηοΐ/ΐ to
349 μιηοΐ/l (ρ < 0.05, η = 6). Approximately 11% of p-
aminobenzoic acid was eliminated in hens' faeces
within the 24 hours before supplementary soybean feed-
ing, whereas 26% of the total amount administered was
eliminated after soybean feeding.

The average concentration of plasma /?-aminobenzoic
acid before the experiment was 174 μπιοΐ/ΐ in pigs.
In contrast to calves and hens, the 7-day feeding of
soya flour extract to pigs significantly decreased the
concentration of jp-aminobenzoic acid in the plasma to
33 μπιοΐ/ΐ (ρ < 0.01, η = 6). Pigs fed supplementary
soybeans flour excreted less p-aminobenzoic acid
(42%) than animals not fed the supplement (63%).

The results in poultry and pigs are in accordance with
data obtained by several authors. It was found that feed-
ing protease inhibitors to pullets and hens causes an en-
largement of the pancreas (6—11) and an increase in
intestinal proteolytic activity (6, 7). The presence of
soya inhibitors in chicken-feed increases the release of
the tissue hormone pancreozymin/cholecystokinin from
the intestinal wall into the circulation (12) following
pancreas stimulation. Yen et al. (13) affirm that pancreas
enlargement was not found in slaughtered soybean-fed
pigs, although trypsin and chymotrypsin activities were
inhibited. The weight of pig pancreas is not increased
during feeding with crude soybean fodder or with soya
trypsin inhibitors (8, 11, 14, 15). After crude soya feed-
ing we found, using indirect in vivo measurements, an
increase (in poultry) or a decrease (in pigs) of proteo-
lytic activity. This is not a new observation. The contri-
bution of our work is the demonstration that information

Tab. 3 Concentration of /?-aminobenzoic acid (mean ± SE) in blood, urine and faeces of animals
before and after supplementary feeding of soya. * p < 0.05, ** p < 0.01

Animal Material Before soya feeding
μπιοΙΛ

After soya feeding
μηιοΙ/1

Calves
n = 7

Pigs
n = 6

Hens
n = 6

Plasma
Urine

Plasma
Urine

Plasma
Faeces*)

16 ± 1.3
2077 ± 478

174.8 ± 18.2
10611 ±698

203.8 ± 31.6
0.14 ± 0.04

27.5 ± 3.3*
2820 ± 438*

33.0 ± 3.1**
7091 ±1124*

349.2 ± 18.3*
0.335 ± 0,06*

a) /^aminobenzoic acid concentration in non-hydroiysed faeces in μηιοΐ/g
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on chymotrypsin activity in the intestine and therefore
the exocrine function of the pancreas can be obtained by
a procedure which until now had not been used in pigs,
calves or poultry. The advantage of this method is that
it does not require the introduction of a fistula or the
sacrifice of animals.

There is little information on the influence of inhibitors
of proteolytic enzymes on the physiological and bio-
chemical processes of digestion in vivo, and on the exo-
crine function of the pancreas and its morphological
changes in calves. Experiments with calves have been
concerned mainly with the possibility of using soya pro-
tein in calf nutrition (16-18). In addition to presenting
an alternative method for examining the pancreas, our
results for calves also provide new information on the
effects of protease inhibitors on exocrine pancreatic
function. We found that calf and pig pancreas responded
to the soya inhibitors in the diet in different ways.
Calves, in contrast to pigs, responded to the increased
concentration of soybean inhibitors with increased exo-

crine pancreatic activity. This appears to contradict the
data of the above-mentioned authors which shows the
same reaction to added protease inhibitors in pig, calf
and dog. However, this difference can be accounted for
by various factors. The effect of protease inhibitors de-
pends on their form (raw, purified), on feeding, on the
protein status of the animal and on the different amount
and types of dietary proteins used in various experi-
ments (11).

We believe that oral administration of the chymotrypsin
substrate, N-acetyl-£-tyrosyl-/7-aminobenzoic acid, fol-
lowed by /7-aminobenzoic acid determination can be
used in the diagnosis of pancreas diseases in animals.
Moreover our results show that fluctuations of proteo-
lytic activity in the small intestine, whatever their cause,
can be detected by this method. Hence the method can
also be used to determine protein digestion malfunctions
and to investigate plant-protein-protease inhibitors and
their influence on animals.
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