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Saloniemi, H.,T. V. Kalima and T. Rahko: Pancreatic enzyme supplementation in
normal and exocrine pancreatic insufficient pigs. Acta vet. scand. 1989, 30,
367-370. — The effect of pancreatic enzyme preparation (Combizyme Forte granu-
late® ) on the growth rate of normal, sham-operated and pancreatic duct ligated
growing pigs was studied in 2 trials. In the first trial 6 normal Yorkshire pigs were
fed a pancreatic enzyme supplement and 6 other pigs from the same litter were fed
without supplementation. The growth rate over a period of 4 weeks was not sign-
ificantly greater in the supplemented group. In a second trial exocrine pancreatic
insufficiency, without diabetic symptoms, was produced in. 12 pigs (aged 1.5
months and weighing 14 kgs) by ligation of the main pancreatic duct. The growth
rates over a period of 20 days after surgery were 240 g, 454 g and 483 g/day in
ligated pigs, in ligated pigs supplemented with pancreatic enzyme and in sham-
operated control pigs, respectively. The difference between the ligated groups was

significant (p < 0.01) indicating the efficiency of the pancreatic enzyme therapy.

pancreatic enzyme therapy; experimental pancreatic insufficiency.

Introduction

Oral enzyme therapy has been used in the
treatment of various types of exocrine pan-
creatic insufficiency in man. However, the
levels of nutrient absorption by these pati-
ents generally remain below normal. The
need to develop a more effective pancreatic
enzyme preparation is therefore evident.
The development of enzyme preparations
requires a suitable animal model, and the
digestive system of the pig closely resembles
that of man (Mount & Ingram 1971). Liga-
tion of the pancreatic duct causes an exo-
crine pancreatic insufficiency, but this tech-
nique is not very often used in pigs (Pekas et
al. 1964, Imondi et al. 1972). Nevertheless,
the pig model seems to be the best animal
model in pancreatic enzyme studies (Rahko
et al. 1985).

The aim of the first trial in this study was to

determine the effect of a new oral pancreatic
enzyme preparation on the weight gain of
normally reared pigs. In a second trial chro-
nic pancreatitis and exocrine pancreatic in-
sufficiency were produced in pigs by pancre-
atic duct ligation and the effect of the pan-
creatic enzyme preparation was tested.

Materials and methods

In the feeding experiment 12 Yorkshire pigs
aged 33 days from the same litter were used.
The pigs were divided into 2 treatment
groups. The mean weights of the pigs were
9.5 + 1.9 (s.d.) kg and 9.6 = 2.3 kg and
both groups included 4 gilts and 2 castrated
pigs. In the pancreatic duct ligation experi-
ment a total of 22 Yorkshire pigs aged
40-47 days were used. The mean weight of
the pigs before surgery was 13.6 + 2.5 kg.
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Two pigs were lost after surgery and 5 were
removed due to incomplete duct ligation.
The pigs were fed ad libitum with a com-
mercial pig feed containing 17 % protein and
3 % fat. The feeding experiment was carried
out over two 14-day periods. One group re-
ceived feed supplemented with 10 g of the
pancreatic enzyme preparation (Combizyme
Forte granulate®, 300 000 FIP-units lipase,
15 000 FIP-units protease and 200 000 FIP-
units amylase) per day per animal for 14
days. For the next 14 days the group was fed
the same feed without enzyme supplementa-
tion. A second group first received feed
without enzyme supplementation for 14
days and then feed supplemented with the
enzyme preparation (10 g/day per animal)
for 14 days. All pigs were weighed 5 times a
week.

In the ligation experiment, exocrine pancre-
atic insufficiency was produced by ligation
of the main pancreatic duct and dissection of
the other parts of the head of the pancreas
from the duodenum. All excess manipula-
tion of the pancreas was avoided. Three
control pigs were sham-operated being sub-
jected only to laparotomy. After the opera-
tion 10 g of the pancreatic enzyme prepara-
tion was added onto the diets of 7 ligated
pigs. Five ligated pigs and 3 control pigs

were fed without enzyme supplementation.
The fat content of diets was gradually in-
creased to 20 % by using a commercial mink
feed. The pigs were weighed daily for 20
days. At the end of the experiment the pigs
were necropsied (Rahko et al. 1987) and the
protease activity of the duodenal content
and, in some ligated animals, also that of the
dilated pancreatic ducts were determined by
the radial enzyme diffusion method (Wester-
marck 1982). Serum calcium, magnesium
and glucose were also determined.

Results

In the feeding experiment weight gain over
the first 14-day period was 360 + 111 g/day
in the enzyme supplemented group and in
the control group 332 + 42 g/day. Follow-
ing change of treatment the weight gain of
the enzyme supplemented group was 636 +
100 g/day as compared to 596 = 67 g/day
in the control group. The differences be-
tween the groups are not statistically sign-
ificant.

Weight and weight gains of the pigs in the
ligation experiment are reported in Table 1.
The gain of the ligated pigs without enzyme
supplementation was significantly lower (p
< 0.01) than the gain of the sham-operated
or enzyme sypplemented pigs. At the end of

Table 1. Weight gain of pigs during 20 days after ligation of the pancreatic duct
(s.d. = standard deviation).

Treatment Number Weight (kg) Weight gamn
of pigs at the time
of operation g/day %/day

mean sd mean sd mean sd
Sham-operation 3 13.5 3.5 4832 104 362 0.3
Ligation + enzyme
supplementation 7 134 1.5 4542 126 342 09
Ligation 5 13.8 24 240b 95 1.7 0.8

a, b Means with different superscripts in a column are significantly different at
p < 0.01.
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the experiment, serum glucose, calcium and
magnesium levels were normal and glucose
tests in urine were negative.

The protease activity in the duodenal con-
tent of the ligated pigs was low, the diameter
of the cleared zone in the radial enzyme dif-
fusion test being < 10 mm compared to that
of the sham-operated pigs (> 15 mm). No
difference between enzyme-treated groups
was detected.

Discussion

In pigs the activities of digestive enzymes
increase condiserably during the first weeks
of life (Mount & Ingram 1971). It seems
possible that pancreatic enzyme supplemen-
ta tion increases digestive capacity as well as
retention of nutrients in the normal pig in-
testine. In our feeding trial the increase in
daily gain was so small as to preclude any
economic basis for the use of pancreatic en-
zyme supplementation in normal feeding.
However, enzyme treatments in feed proces-
sing are still very useful.

By using a method of pancreatic duct liga-
tion to exclude exocrine pancreatic secre-
tion, it is possible to measure the effect of
oral pancreatic enzyme supplementation.
The ligation produces typical chronic pan-
creatitis (Rahko et al. 1987, 1988), which
sharply reduces both fat and protein absorp-
tion (Imondi et al. 1972). In the study of
Imondi et al. the pancreatic supplementa-
tion employed resulted in a marked increase
in fat absorption but not as good as an in-
crease in protein absorption. The weight
gain of ligated pigs supplemented with pan-
creatic enzyme was also significantly less
than that of controls (Imondi et al. 1972). In
our study, pancreatic enzyme supplementa-
tion increased weight gain to almost the
same level as controls. The pancreatic en-
zyme preparation employed seems to be

very usefull in the therapy of exocrine pan-
creas insufficiency.

Determinations of protease activity in the
duodenal contents of the ligated pigs gave
significantly lower values as compared to
those of controls. Failure to produce and
secrete exocrine enzymes is explained by the
fact that almost all glandibular acini were
destroyed due to ligation (Rahko et al
1987). Morphological studies revealed that
acinar tissues were replaced by prolifera-
tions of immature epithelial ducts and adi-
pose and connective tissues. On the other
hand, the number and size of the endocrine
islets appeared to have increased and their
cells were normally functioning. This is in
accordance with the findings of normal glu-
cose metabolism in the present study. Ultra-
structural studies of Langerhans islets (Rah-
ko et al 1988) also confirmed undisturbed
endocrine function of the pancreas in liga-
ted pigs. The epithelial cells of the endocrine
ducts, on the contrary, were immature with
respect to the production and secretion of
enzymes (Rahko et al. 1987, 1988).
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Sammanfattning

Pankreasenzymuillskott hos normala svin och hos
svin med exokrin pankreasinsufficiens

Effekten av ett pankreasenzympreparat (Combi-
zyme Forte granulate® ) pi tillviixten av normala,
skenopererade och bukspottskortelging-ligerade

svin stuerades i tva forsok. I det forsta forsoket
utfodrades sex normala Yorkshire svin med pan-
kreasenzymtillskott och sex andra frin samma
kull utfodrades utan tillskot. Tillvdxten under en
fyra veckors period var inte signifikant storre 1 till-
skottsgruppen. I det andra forsoket fororsakedes
exokrin pankreasinsuffisiens (inga diabetessymp-
tom) at tolv svin (dlder 1,5 ménad, levande vikt 14
kg) genom at ligera bukspottskortelgidngen. Till-
vixten under 20 dagar efter operationen var 240 g,
454 och 483 g/day i den ligerade gruppen, i den
ligerade gruppen med enzymtillskott och i den
skenopererade kontrolgruppen. Skillnaden mellan
de ligerade grupperna var signifikant (p < 0.01),
vilket visar den positiva effekten av enzymterapin.
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