
Gut, 1977, 18, 615-622

Calcitonin and exocrine pancreatic secretion in man:
inhibition of enzymes stimulated by
CCK-pancreozymin, caerulein, or calcium-no
response to vagal stimulation1'2
J. HOTZ,3 H. GOEBELL, AND R. ZIEGLER

From the Medical Clinic, Division of Gastroenterology, University of Essen, Essen, and from the
Department of Internal Medicine, University of Ulm, Ulm, West-Germany

SUMMARY The effect of calcitonin on human pancreatic secretion was studied under various con-
ditions of stimulation. During administration of both secretin plus cholecystokinin-pancreozymin
(CCK-PZ) or secretin plus caerulein, enzyme secretion was promptly reduced by an infusion of
calcitonin of more than 50%. In contrast, vagally stimulated enzyme secretion induced by insulin-
hypoglycaemia or carbamyl-choline was not altered against a background infusion of calcitonin in
comparison with control experiments. Calcium-induced enzyme secretion was abolished by addi-
tional calcitonin infusion which also prevented an increase in serum calcium. On the other hand,
additional high grade calcium infusion did not modify the inhibitory action of calcitonin on enzyme
output stimulated by secretin and CCK-PZ. Secretion of fluids and bicarbonate remained un-
affected by calcitonin in all experimental conditions, whereas the outputs of calcium and magnesium
paralleled generally the changes in enzymes. It is suggested that calcitonin interferes with hormone-
mediated stimulation of the acinar cells without influencing cholinergic mechanisms. The inhibitory
action of calcitonin on enzyme secretion does not appear to be mediated by a depletion of extra-
cellular calcium in the pancreatic tissue by calcitonin.

Calcitonin is known to inhibit human pancreatic
enzyme secretion without affecting volume and
bicarbonate output during stimulation with simul-
taneous intravenous infusions of secretin and cho-
lecystokinin-pancreozymin (CCK-PZ) (Schmidt et
al., 1971; Hotz et al., 1973). Though in these studies
no relevant changes in serum calcium were seen, it
has been suggested that this inhibitory effect of
pharmacological doses of calcitonin could be re-
lated to an extracellular depletion of calcium in the
pancreatic tissue. This possibility was discussed be-
cause, in man, acute lowering of serum calcium by
infusion of EDTA led to a striking reduction in
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enzyme secretion stimulated by CCK-PZ, while
acutely induced hypercalcaemia increased enzyme
secretion during continuous infusion of secretin
(Hotz et al., 1973; Goebell et al., 1973b).

In order to gain more information about the
nature of the inhibitory action of calcitonin on the
human pancreas, in the present study two major
approaches were performed:

1. The effects of calcitonin on exocrine pan-
creatic secretion stimulated by CCK-PZ or by the
decapeptide caerulein were compared with the
effects when the organ was challenged by insulin
hypoglycaemia, carbamylcholine, or calcium.

2. The effect of calcitonin was examined in the
presence of additional calcium infusions, using
varying doses of calcitonin and calcium.

Methods

Studies were made on 37 volunteers (28 men, nine
women, between 22 and 48 years, average 29) who
gave informed consent.
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EXPERIMENTAL DESIGN

After an overnight fast, a radio-opaque double
lumen Lagerlof tube was placed into the duodenum
under x-ray control, the tip of the tube ending in the
region of the ligament of Treitz. During the tests the
subjects were lying on their backs. Gastric and duo-
denal juices were separately aspirated by con-
tinuous suction, using a negative pressure of about
20 cm H20. In order to prevent obstruction of the
lumina, some millilitres of air were insufflated by
hand every three to five minutes into both open-
ings of the tube. Duodenal samples were collected in
ice-cooled flasks in 15- and 20-minute intervals for
determination of volume, bicarbonate, trypsin,
chymotrypsin, amylase, calcium, and magnesium;
the gastric juice was discarded. Serum calcium levels
were controlled periodically throughout the experi-
ments.

Altogether four different types of experiments were

carried out, dividing the total of 37 test persons into
four major groups (Table 1).

1. In group Ia (n = 5) pure natural secretin4
(1 clinical unit (CU) per kg body weight per hour)
and CCK-PZ4 (1 Crick-Ivy-Harper unit (U) per kg
per hour) were given by a constant intravenous in-
fusion for a total of 150 minutes. From the begin-
ning of the second hour until the end of the experi-
ment, synthetic salmon calcitonin5 was additionally
infused, using a dose of 60 Medical Research Council
units (MRC-U) per subject per hour.

4GIH Research Unit, Karolinska Institute, Stockholm,
Sweden.
5Kindly supplied by Dr A. Petrin, Sandoz Company, Basel,
Switzerland.

This dose of synthetic salmon calcitonin was

chosen after having shown elsewhere that it causes

maximal inhibition of enzyme secretion stimulated
by secretin and CCK-PZ (Hotz et al., 1973). It can

be assumed that these doses are pharmacological
and induce serum calcitonin levels above the physio-
logical range. However, since the biological activity
of synthetic salmon calcitonin is 30- to 40-fold that of
human calcitonin, an exact comparison with endo-
genous physiological concentrations is impossible.

In group lb (n = 5) the same dose schedule was

applied but synthetic decapeptide caerulein6 was

used (75 mg per kg body weight an hour) instead of
CCK-PZ.

2. In group Ila (n = 4) secretin (0-25 CU/kg per

h) and synthetic salmon calcitonin (60 MRC U/h)
were infused throughout the experiment lasting
210 minutes. Sixty minutes from the beginning,
insulin (0-2 IU per kg body weight, Altinsulin7) was

given by single intravenous injection. In these ex-

periments blood sugar values were measured in 30-
minute intervals by routine methods.

In group Ilb (n = 4) the same dose schedule was

applied but carbamylcholine was administered sub-
cutaneously (0-25 mg per subject, Doryl8) instead of
insulin.

3. In group III (n = 4) secretin (0-5 CU/kg.h)
was infused together with synthetic salmon calci-
tonin (40 MRC U/h) for the entire test period of
120 minutes. A constant intravenous infusion of
calcium-gluco-lactobionate was superimposed 30

6Farmitalia, Milan, Italy.
7Hoechst, Frankfurt/M, West-Germany.
8Merck, Darmstadt, West-Germany.

Table I Experimental design of different tests

Group n Background stimulation Duration Modification of Duration Vagal At
(min) calcium-homeostasis (min) stimulation (min)

Ta 5 Sk (1 CU/kg.h) 0-150 S-CT (60 MRCU/h) 60-150
+ CCK-PZ (1 U/kg.h)

lb 5 Sk (1 CU/kg.h) 0-150 S-CT (60 MRCU/h) 60-150
+ Caer. (75 pg/kg.h)

Ila 4 Sk (0-25 CU/kg.h) 0-210 S-CT (60 MRCU/h) 0-210 Insulin 60
(0-2 IU/kg)

Ilb 4 Sk (0-25 CU/kg.h) 0-210 S-CT (60 MRCU/h) 0-210 Carbamylcholine 60
(0-25 mg)

III 4 Sk (0 5 CU/kg.h) 0-210 S-CT (40 MRCU/h) 0-120
Ca++ (0-25 mM/kg.h) 30-120

IVa 7 Sk (1 CU/kg.h) 0-120 Ca++ (0-063 mM/kg.h) 40-100
+ CCK-PZ (I U/kg.h) P-CT (50 MRCU) 60-90

lVb 4 Sk (1 CU!kg.h) 0-120 Ca++ (0-063 mM/kg.h) 40-100
+ CCK-PZ (I U/kg.h) P-CT (15 MRCU) 60-90

IVc 4 Sk (1 CU/kg.h) 0-120 Ca++ (0-25 mM/kg.h) 40-100
± CCK-PZ (1 U/kg.h) P-CT (15 MRCU) 60-90

Controls in groups I, II, and III: saline in place of S-CT dissolved in saline.

All doses were intravenous with the exception of carbamylcholine, which was subcutaneously administered.

Salmon (S-CT)- or porcine (P-CT) calcitonin were infused in the presence of different modes of background stimulation (secretin = Sk. chole-
cystokinin-pancreozymin = CCK-PZ, caerulein = caer., insulin hypoglycaemia, carbamylcholine or calcium).
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Calcitonin and exocrine pancreatic secretion in man

minutes after the beginning of the test, using a dose
of 0 25 mmol calcium ions per kg body weight an
hour (Calcium-Sandoz9).

4. In group IV pancreatic secretion was stimu-
lated by a constant infusion of secretin and CCK-PZ
(1 CU/kg per h, intravenously, each hormone)
throughout the test period of 120 minutes. Forty
minutes after beginning the test, a calcium infu-
sion was added for one hour, and, 20 minutes after
starting the calcium infusion, an additional infusion
of purified porcine calcitonin'0 was superimposed
for 30 minutes, using different doses of calcium
and purified porcine calcitonin in three different
test series.
Group IVa (n = 7) received 0-063 mmol Ca++

per kg body weight an hour together with 50 MRC
U purified porcine calcitonin per subject and 30
minutes, group IVb (n = 4) correspondingly 0-063
mmol Ca++ per kg an hour and 15 MRC U per 30
minutes purified porcine calcitonin, while in group
IVc (n = 4) 0-25 mmol Ca++ per kg an hour were
combined with 15 MRC U per 30 minutes purified
porcine calcitonin.

CONTROL STUDIES
All hormones and calcium salts were dissolved in
saline (100 ml per hour). In groups I, II, and III,
control studies were performed in the same subjects
on separate days, using saline alone in place of
calcitonin dissolved in saline. The sequences of the
test and control studies were randomly alternated.

ANALYTICAL METHODS
Volumes of all duodenal samples were measured in
millilitres, and aliquots centrifuged at 4°C at 5000 g
for 15 minutes (Sorvall RC-2). The bicarbonate con-
centration of the supernatant was analysed in 1 ml
samples by adding 2 ml 0-01 M HCl and backtitrat-
ing with 0-01 M NaOH to pH 7-0 after boiling
(Titrigraph, Herisau, Switzerland).

All enzyme measurements were made after
storage at 4°C less than four hours thereafter.
Activities of trypsin were determined in a Beckman
spectrophotometer, using benzoyl-arginine-ethyl-
ester (BAEE) (Schwert and Takenaka, 1955), and
those of chymotrypsin, using toluol-arginine-
methyl-ester (TAME) (Hummel, 1955). Activities of
amylase were estimated using starch-buffer solu-
tion and dinitrosalicylic acid according to Bernfeld
(1955). All enzyme determinations were made at
25°C. BAEE and TAME were purchased from Serva
Laboratories, Heidelberg, West-Germany, and all

9Sandoz Company, Nurnberg, West-Germany.
'0Kindly supplied by Dr J. W. Bastian, Armour Pharmaceu-
tical Co. Ltd., Kankakee, 111. (USA).

other chemicals from Merck, Darmstadt, West-
Germany.

In duodenal juice as well as in peripheral serum
samples, concentrations of calcium and magnesium
were analysed by atomic absorption spectrophoto-
metry.

Statistical significance was evaluated by applica-
tion of Student's t test for paired samples (Olivetti
computer P 101). The zero hypothesis was rejected
at the 5% level.

Results

EFFECTS OF CALCITONIN UNDER HORMONAL
STIMULATION (CCK-PZ, CAERULEIN)
Figure 1 illustrates the effect of a continuous infusion
of salmon calcitonin in a dose of 60 MRC-U per
hour on the secretion of trypsin as stimulated by
background infusions either of secretin plus CCK-
PZ (group Ia) or of secretin plus caerulein (group
Ib), respectively. Under both stimulatory conditions,
salmon calcitonin infusion was accompanied by a
prompt reduction in trypsin secretion by about 50%
in comparison with both the output in the first hour
without calcitonin as well as with the control values
obtained on another day, the latter remaining un-
changed during the entire test period of 150 minutes.
Serum calcium and magnesium values did not

alter during any of the conditions.

CT CCK-PZ CONTROL

ISICCK (1UIkgIh) | S/CrK (U/kg/h?|
[CT 60U/h IL Sali ne

E~~ ~ ~~201

CAERULEIN
co

ISICAER. 1 /75Y/ Is CCAER.
Z CT 60 Ih I Saline

p>4 20- n.5 n-5

01
x. P 0,05

0 60 150 0 60 e150min
,-+SE Time

Fig. 1 Effect of synthetic salmon calcitonin (CT,
60 MRC-U per hour) on human trypsin secretion
stimulated by continuous intravenous infusion of
secretin (S) and cholecystokinin-pancreozymin (CCK-PZ,
1 U/kg per h, each hormone) (group Ia, left above) or
of secretin (I U/kg per h) and caerulein (75 pg/kg per
h) (group Ib, left below) in comparison with the control
values obtained in the same subject using saline in place
of calcitonin dissolved in saline (right above and below)
(ni = 5).
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Table 2 Effects of infusion of60 MRC-U of synthetic salmon calcitonin per hour on duodenal volumes,
bicarbonate, chymotrypsin, amylase, calcium, and magnesium under continuous stimulation with secretin (1 U/kg per h)
and caerulein (75 pg/kg per h) compared with control values under secretin and caerulein without calcitonin
(group Ib)

30 minute periods

Secretin (I CU/kg/h) and caerulein (75 gamma/kg/h)

Calcitonin (60 MRC-U/h) or saline alone (control)

Parameters (mean ± SE, n = 5) 1 2 3 4 5

Duodenal volume CT 205 + 33 240 + 51 182 t 51 184 ± 44 205 ± 54
(ml/30min) Control 189 ± 112 226 ± 120 237 ± 123 205 ± 95 199 i 76

Bicarbonate CT 13-4 ± 52 14-5 + 53 13-5 5-1 12-4 ± 49 13-9 4-3
(mEq/30 min) Control 12-3 4-8 15-8 + 59 17-5 6-2 17-7 5-6 16-9 6-9

Chymotrypsin CT 64 ± 30 63 ± 29 33*± 18 31*± 19 30*± 14
(102 x U/30 min) Control 49 ± 31 54 ± 38 49 ± 32 51 ± 32 52 ± 29

Amylase CT 19 ± 12 26 ± 13 17 ± 10 12*± 9 13*± 8
(10'U/30 min) Control 16 ± 12 18 ± 17 20 ± 13 16 ± 14 15 ± 12

Calcium CT 102 45 112 84 86 66 76 42 82 30
(Amol/30min) Control 135 ± 112 198 ± 145 210 i 140 195 ± 123 175 ± 121

Magnesium CT 99 67 82 62 86 67 83 67 95 69
(gAmol/30min) Control 120 ± 104 116 i 89 159 ± 95 182 ± 129 180 ± 132

*Statistically significant versus control (p < 0-05).

In Table 2, the effects of salmon calcitonin on the
different secretory values measured in the duodenal
juice under stimulation with secretin and caerulein
are summarised. These values were not significantly
different from those obtained under stimulation with
secretin plus CCK-PZ.
Chymotrypsin and amylase activities showed a

pattern similar to trypsin-that is, reduction of
more than 50% in response to salmon calcitonin. In
terms of volumes and bicarbonate, no change was
observed under salmon calcitonin. The output of
magnesium did not alter under these conditions. The
decrease of less than 30% in the duodenal content
of calcium during salmon calcitonin was not statisti-
cally significant.

EFFECTS OF CALCITONIN UNDER VAGAL
STIMULATION (INSULIN, CARBAMYLCHOLINE)
Figure 2 illustrates the effects both of a single intra-
venous injection of 0-2 IU per kg body weight of
insulin (group Ha) and of a single subcutaneous in-
jection of 0-25 mg carbamylcholine (group Ilb) on
trypsin secretion during constant background in-
fusions of secretin and salmon calcitonin in com-
parison with the effects during secretin alone.

After injection of insulin, blood sugar reached
values below 40 mg/100 ml in each case. This was
accompanied by a four- to fivefold increase in
trypsin secretion in the second 30-minute period
after insulin followed by a gradual fall in the sub-
sequent periods, not only under test conditions using
calcitonin, but also in the control studies. Similarly,
there were no significant differences in trypsin
responses to carbamylcholine in the calcitonin
treated state, as compared with controls. Under

CT INSULIN CONTROL

SkA25 *CT HUh I k + Saline

INS O,2UWkg INS

n.4 n.3

0

Peo CC ,,25mg #cc

so
nm4~~~~~

"+ SE 0 60 120 1s0 0 60 go0 .1
Time

Fig. 2 Effect of synthetic salmon calcitonin (CT)
on vagally stimulated human trypsin secretion (group
IIa and lIb): the enzyme resporse during background
infusion of calcitonin (60 MRC-U/h) plus secretin
(S, 0-25 U/kg per h) (left) did not differ significantly
from the control values obtained without calcitonin
(right), either after insulin hypoglycaemia (above), or
after carbamylcholine (below).

both control and test conditions, the increase in
trypsin secretion was less pronounced after carbamyl-
choline than after insulin.

In Table 3, details of the duodenal parameters are
given. The output of chymotrypsin and amylase
paralleled those of trypsin secretion in all experi-
ments. Increases in volumes and bicarbonate output
were much more pronounced after insulin than after
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Calcitonin and exocrine pancreatic secretion in man

Table 3 Responses ofduodenal volumes, bicarbonate, chymotrypsin, amylase, calcium and magnesium to an injection of insulin (I)
or carbamylcholine (CC) under continuous infusion ofsecretin plus synthetic salmon calcitonin (ICT = group Ila, CCCT = group
IIb)t

30 minute periods

Secretin (0 25 CU/kg/h) + calcitonin (60 MRC-U/h) or secretin alone (control)

Insulin (I) (0-2 U/kg iv) or carbamylcholine (HCC) (0-25 mg sc)

Parametersmean ± SE n =41 2 3 4 5 6 7

Volume ICT 64 ±19 65 ±36 81 ±48 145* ±48 143* ±42 131* ±33 136* ±55
(ml/30min) Icontrol 77 ±25 86 ±43 101 ±31 150* ±47 156* ±33 161* ±27 142* ±24

CCCT 91 ±32 101 ±42 115 ±42 89 ±44 87 ±32 85 ±25 96 ±26
CCcontroi 80 ±28 89 ±27 104 ±76 120 ±70 128 ±28 128 ±28 137 ±21

Bicarbonate ICT 3 5 2-9 4-9 2-8 5 9 3-2 6-4 4-7 8-0 4 5 11-4* 3-3 11-8* ± 3.9
(mEq/30min) Icontrol 3-9 35 6-2 5-4 8-1 6-2 8-1 7-8 8-4 ± 5 3 11-0* 5-6 14-5* 3-7

CCCT 6-2 2-8 9-1 ± 3.9 10-4 ± 5-4 8-6 55.7 7-7 ± 4.5 7-7 3-1 9.3 ± 3-7
CCc 5-1 2-5 8-2 2-1 8-8 ± 50 10-4 7-8 12-9 ± 3-4 13-3 2-4 14-1 1-4

Chymotryspin ICT 11 ± 5 6 ± 5 14 ± 5 60* ±25 42* ±21 36* ±18 37* ±21
(102 x U/30 Icontrol 8 ± 6 14 ± 8 23 ± 9 56* ± 23 51* ±19 42* ±16 39* ±21
min) CCCT 9 4 8 4 20* 6 22* ± 7 19* 8 18* 11 18* 9

CCControl 8 6 5 3 16* ±9 22* ±13 22* ±12 16* ±10 19* ±9
Amylase ICT 6-7 ± 3-5 4-9 ± 2-8 11.1* 6-2 31-2* 9 0 26-3* ± 11 0 19-2* ± 8-5 17-4* ± 9.7

(103 x U/30 IControl 10 1 7 0 7-5 ± 4 9 19.5* ± 11 2 30.0* ± 18-5 25.3* ± 14 5 22-8* 8-3 18-2* ± 5-3
min) CCCT 56 3-6 4-1 ± 3-3 14.7* 7-2 6-8 ± 3-4 5.9 ± 4-2 4-1 2-9 5 0 ± 2-9

CCcontroi 7-4 3-3 4-4 1-2 12-9 6-8 9 0 ± 54 6-4 2-2 7-2 ±- 4-8 4-3 ± 1-4
Calcium ICT 21 ±15 16 ±10 26 ±15 47* ± 37 46* ±33 48* ± 32 30 ± 22

(Mmol/30min)Icontroi 29 ± 13 20 ± 9 27 ± 18 45* ± 24 40* ± 27 39* ± 31 33 ± 26
CCCT 31 25 26 15 33 ± 24 49 ± 26 50 ±35 41 ± 7 30 ± 19
CCControl 12 ± 8 19 ±12 36 ± 22 39 ± 23 43 ±30 50 ± 37 40 ± 29

Magnesium ICT 7 ± 2 11 ± 7 12 ± 9 31* ± 19 33* ±20 12 ± 7 13 ± 8
(i,mol/30 min) Icontrol 6 ± 3 6 ± 2 24 ± 21 51* ± 41 57* ±36 13 ± 6 24 ± 16

CCCT 21 ±16 28 ±21 37 ± 29 43 ±32 32 ±22 29 ± 21 25 ± 15
CCcontrol 29 ±17 22 ±16 44 ± 35 40 ±18 40 ±26 32 ± 30 21 ± 15

*Significant versus period 2 (p < 0 05, paired samples).
tThese values are compared with control data obtained under continuous infusion of secretin alone (Icontrol and CCcontrol).

carbamylcholine, but this was found during in-
fusion of calcitonin as well as in the control tests.
The maximal increases in calcium and magnesium

secretion amounted to about 200 to 300% of the
inital values in response to both stimulants during
calcitonin as well as in the controls.

EFFECTS OF CALCITONIN UNDER
STIMULATION WITH CALCIUM
The intravenous infusion of calcium (0-375 mmol/
kg per 90 min) resulted in an increase in serum
calcium of about 1 mmol/l during secretin infusion
alone. Hypercalcaemia induced a peak secretion of
trypsin, chymotrypsin, and amylase of about 250 to
400%, as compared with the initial range before
calcium. In contrast, in the presence of constant in-
fusion of calcitonin, neither serum calcium nor
enzyme secretion responded to the superimposed
calcium infusion of the same dose (group III) (Fig.
3). Volumes and bicarbonate remained unaffected
by calcium infusion with or without calcitonin, and
they did not differ significantly, as compared in test
and control studies.
Calcium and magnesium secretion showed be-

haviour similar to enzyme output: under control con-
ditions, calcium infusion brought about maximal in-
creases in total calcium output from 15 ± 11 ,umol/
15 min to 54 ± 37, and for magnesium from 19 +
5 1tmol/15 min to 40 + 24, whereas only slight and
non-significant increases were observed in the pre-
sence of the calcitonin background infusion-that is,
calcium from 10 ± 6 to 17 + 12, and magnesium
from 6 ± 3 to 15 ± 9 ,umol/15 min. These changes
in total outputs were exclusively caused by increases
in concentrations.

EFFECTS OF CALCITONIN ON HORMONAL
STIMULATION UNDER SIMULTANEOUS
CALCIUM INFUSION
The calcitonin-induced reduction in enzyme secre-
tion, stimulated by constant infusion of secretin and
CCK-PZ was not altered in the presence of simul-
taneous calcium infusion. This was observed under
all the different dose schedules used: against low
grade calcium infusion (0-063 mmol/kg per h) the
mean maximal decrease in trypsin secretion in re-
sponse to 50 MRC-U per 30 min of porcine calci-
tonin (group IVa), as well as to 15 MRC-U per 30
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Fig. 3 Effect of calcium infusion (0 375 mmol/90
min) on serum calcium and pancreatic secretion in four
normal subjects in the presence ofsimultaneous infusions
of secretin plus synthetic salmon calcitonin (S-CT,
40 MRC-U/h, group III) or secretin alone without
S-CT (Sk, 0OS U/kg per h, controls) values of
pancreatic secretion: volumes, bicarbonate, and trypsin
content of duodenal juice samples. In contrast with the
controls showing an increase in enzyme secretion after
calcium, there were no increases in serum calcium as

well as in enzymes in the S-CT-treated state (n = 4).

min of porcine calcitonin (group lVb),! amounted
to 62% and 54%, respectively, the serum calcium
showing only a slight increase of less than 0 5
mmol/l. When the low grade infusion of 15MRC-U
of porcine calcitonin over 30 minutes was given
against a high grade calcium infusion of 0-25 mmol
per kg an hour (group IVc), the decrease in trypsin
output was 69 %, though in these studies the average
serum calcium level rose by more than I mmol/l
(Fig. 4).
Amylase paralleled trypsin, whereas fluid and

bicarbonate outputs were not found to be altered
under different conditions. Secretion of calcium and
magnesium corresponded significantly to enzyme
values in these studies and did not show dependence
on the differently graded infusions of calcium and
calcitonin.

J. Hotz, H. Goebell, and R. Ziegler
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Fig. 4 Effect ofa low dose infusion ofporcine
calcitonin (CT, 15 MRC-U/30 min) during simultaneous
administration ofa high dose infusion of calcium
(0-25 mmol/kg per h) on serum calcium andpancreatic
secretion stimulated continuously by secretin and
cholecystokinin-pancreozymin (S-CCK, I U/kg per h,
each hormone) (group IVc, n = 4). Values: volumes,
bicarbonate and trypsin content of duodenal juice
samples.

Discussion

ENZYME SECRETION
The results presented here confirm previous reports
that intravenous infusion of calcitonin causes a
distinct reduction of human pancreatic enzyme
secretion stimulated by CCK-PZ (Schmidt et al.,
1971; Hotz et al., 1973). In addition, a similar
degree of inhibition was found when the pancreas
was stimulated by the analogue decapeptide caeru-
lein. In contrast, no inhibitory effect of calcitonin on
vagally stimulated enzyme secretion could be shown
when evoked by insulin-mediated hypoglycaemia or
by the cholinergic drug carbamylcholine.
Both types of vagal excitation are supposed to be

mediated by different pathways: insulin possibly via
atropine-resistant vagal fibres (Wolfert et al., 1974),
and carbamylcholine via atropine-sensitive cho-
linergic mechanisms (Hickson, 1970). It may be con-
cluded from the present results that, in man, calci-
tonin does not interfere with either vagal stimulatory
mechanisms.
The calcium-induced hypersecretion of enzymes
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Calcitonin and exocrine pancreatic secretion in man 621

against a background infusion of secretin appeared
to be completely abolished by simultaneous infusion
of calcitonin. But from these studies it cannot be
decided whether this was the result of the simultane-
ous prevention of acute hypercalcaemia by calci-
tonin or of the direct interaction of acute hyper-
calcaemia on the secretory cells, or both. The hypo-
thesis of a direct interaction is supported by observa-
tions from Becker et al. (1973) who found an in-
hibition of calcium-induced gastric secretion by
calcitonin in the cat, a species in which the raised
serum calcium remains unaffected by calcitonin.
The possibility that calcitonin acts on the acinar

cell via local diminuation of the extracellular calcium
pool seems improbable in the light of the present
data; even a high grade calcium infusion, though it-
self stimulating enzyme secretion, did not modify
the calcitonin-induced suppression of enzyme out-
put. However, this does not exclude a possible in-
fluence of calcitonin on intracellular calcium stor-
ages, which are thought to be relevant for triggering
enzyme secretion within the acinar cell (Case, 1973).

FLUID AND BICARBONATE
In general, fluid and bicarbonate secretion remained
unaffected in all experimental conditions. In the
caerulein experiments the mean values of bicarbo-
nate secretion were not reduced in response to the in-
fusion of calcitonin during the test, but they were
distinctly lower than corresponding control values
obtained in the same subjects on a separate day.
Similarly, in the carbamylcholine experiments in the
periods 5, 6, and 7, bicarbonate outputs were re-
duced compared with corresponding control values.
But these differences were not statistically signifi-
cant, and might be the result of the considerable
scattering of the secretory values from one test to
another in one subject rather than a reflection of
real inhibition of bicarbonate secretion by calcitonin.

In the presence of a constant infusion of secretin,
using a submaximal dose of 0-25 clinical units per kg
an hour, the relatively small output of fluids and
bicarbonate increased in response to insulin hypo-
glycaemia, but not to carbamylcholine. Since insulin-
mediated pancreatic stimulation without secretin
does not significantly influence hydrokinetic func-
tion in man (Lagerlof and Welin, 1937), the present
data suggest a potentiating effect of insulin hypo-
glycaemia on secretin. This is in agreement with pre-
vious findings of Brown et al. (1967) who observed a
potentiation of submaximal doses of secretin by
electrical stimulation of the vagus in the anaesthe-
tised cat.

DUODENAL CALCIUM AND MAGNESIUM
Calcium has been shown to be secreted in close rela-

tion to enzyme proteins after stimulation with CCK-
PZ or calcium in man (Goebell et al., 1973a). A posi-
tive correlation between calcium and enzyme con-
tent in the duodenal juice was observed under all
conditions used in the present investigations both in
the test and control studies. Thus, it can be concluded
that calcitonin as well as induced hypercalcaemia
influences the secretion of calcium by the pancreas
mainly because of their effects on enzyme secretion.
However, an additional possible alteration of re-
latively small enzyme-independent calcium secre-
tion (Goebell et al., 1973a) could be masked by the
higher enzyme-associated calcium portion in the
juice.
The excretion mechanism of magnesium into the

pancreatic juice is not yet clear. Parallel excretion of
calcium and magnesium was previously described in
normal subjects and pancreatic insufficiency in re-
sponse to secretin and CCK-PZ (Baltzer et al.,
1974). The present observation that changes in
magnesium output in each case resembled but did
not strictly parallel changes in calcium excretion
suggest that there are probably different secretory
sites for both divalent cations in the human pancreas,
as has been assumed also from experiments on dogs
(Nakajima, 1973).

Thanks are due to Ms L. Cherian for skilful tech-
nical assistance.
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