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SUMMARY

1. Peptic secretion was studied in fasting anaesthetized cats in which
the pylorus and common bile duct had been occluded to prevent the
release of duodenal hormones which might stimulate or inhibit gastric
secretion. Dilute acid was instilled into the stomach at intervals to aid
recovery of gastric secretion and to preserve peptic activity.

2. Caerulein, histamine and N-methyl histamine did not increase the
output of pepsin when given on their own. Desulphated caerulein was a
weak peptic stimulant.

3. Two C.H.R. u./kg per hour secretin initiated pancreatic secretion,
the volume of which increased progressively as the dose was increased by
stages to 32 C.H.R. u./kg per hour.

4. Four C.H.R. u./kg per hour secretin did not increase the output of
pepsin. Peptic secretion was stimulated by 8 C.H.R. u./kg per hour.
A maximal output of approximately 2000 u. pepsin/15 min was obtained
when 16 C.H.R. u./kg per hour was infused.

5. When each acid stimulant was infused along with 4 C.H.R. u./kg
per hour secretin the output of pepsin increased significantly. The peak
output, which usually occurred between 15 and 30 min after stimulation, did
not exceed 1000 u. pepsin/15 min.

6. The proposed explanation for the potentiation of the peptic response
when an acid stimulant is infused along with a dose of secretin, in itself
below the threshold of peptic stimulation, is that each acid stimulant
increases gastric mucosal blood flow, approximately doubling the effective
concentration of secretin delivered to the peptic cell.
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INTRODUCTION

While studying the effects of caerulein and desuiphated caerulein on the
stomach and pancreas (Braganza, Beswick, Howat, Kay & Morley, 1969)
it became apparent that although caerulein was an effective acid stimulant
it produced little pepsin. When a small dose of secretin was infused to
facilitate simultaneous observation of the pancreatic responses, caerulein
invariably increased peptic secretion. Experiments were therefore de-
signed to elucidate this observation. Histamine and N-methyl histamine
were also given to stimulate acid secretion.

METHODS

Cats of 3 kg average weight were fasted for 24 hr, anaesthetized with chioralose
and prepared according to the technique of Howat & Schofield (1954). In all the
experiments the splanchnic nerves were sectioned. A soft rubber tube was introduced
into the stomach through an opening in the oesophagus in the neck and secured by a
ligature. The pylorus and common bile duct were occluded. At the start of each
collection period 25 ml. 5 mN-HCI (125 /4aequiv), warmed to 370 C, was instilled into
the stomach and siphoned off 15 min later. The volume of each specimen was
recorded to the nearest 0-5 ml.; free and total acid was titrated with 50 mN-NaOH.
Peptic activity was measured by the method of Hunt (1948).

In some experiments the pancreatic duct was cannulated. The volume of pan-
creatic juice was measured to the nearest 0-05 ml., the concentration of bicarbonate
estimated by back titration after treatment with 100 mN-HCI, and lipase activity
measured by the pH stat method of Marchis-Mouren, Sarda & Desnuelle (1959).
The doses of the acid stimulants employed are indicated in Table 1. Forty-eight

test infusions were given alone; a further thirty-six infusions were given simul-
taneously with 4 C.H.R. (Crick, Harper, Raper) u./kg per hour secretin (Boots Co.
Ltd, Nottingham). All the test substances were made up in a sterile isotonic
solution of sodium chloride and delivered by constant infusion into a catheter
introduced into the femoral vein. Each infusion lasted 45 min. An interval of 90 min
was generally allowed between infusions to permit the stomach and pancreas to
return to basal conditions.
For each test substance the total output of pepsin was derived by subtracting

twice the sum of the three 15 min outputs preceding the infusion from the sum of
peptic outputs of the three 15 min periods of the infusion and three subsequent
periods. The significance of the differences in mean post-stimulation outputs and the
respective basal outputs of pepsin were computed by a paired t test. The mean post-
stimulation outputs of pepsin in response to the four stimulants, both with and
without secretin, were compared by applying to each group a t test for uncorrelated.
means, after it had been ascertained that the variances did not differ significantly.
Correlation coefficients were determined to examine the relationship between doses
of the stimulants and the outputs of pepsin and the significance of r was tested for
each group. A result was considered significant when P < 0-05.
The hepatic artery was cannulated retrogradely in two experiments according to

the technique of Harper, Reed & Siny (1968). Isopropylnoradrenaline (I.P.N.A.)
was infused into the artery in a dosage 5 #tg/min for 45 min to increase gastric
mucosal blood flow. Blood pressure was monitored in these experiments.
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RESULTS

Peptic responses to four acid stimulants. Caerulein, histamine and N-
methyl histamine did not stimulate peptic secretion when infused on their
own (Table 1). However, 100 ng/kg per minute desulphated caerulein
increased peptic output significantly (Table 1).

Peptic responses to secretin. Two C.H.R. u./kg per hour secretin induced
a flow of pancreatic juice the volume of which increased as the dose was
increased to 32 C.H.R. u./kg per hour (Fig. 1). Eight C.H.R. u./kg per
hour secretin initiated peptic secretion. A maximal peptic output of
1935 + 240 u./15 min (mean + S.E. of mean of two experiments) was
obtained in response to 16 C.H.R. u./kg per hour (Fig. 1). Acid output
increased by 265 + 85 lzequiv/15 min (mean + S.E. of mean of two experi-
ments) when the highest doses of secretin were infused. In two experi-
ments atropine did not reduce the peptic response to secretin.

Peptic responses to combinations of the acid stimulants and secretin.
The basal output of pepsin did not differ in experiments with or without
secretin. When each acid stimulant was infused in the presence of 4
C.H.R. u./kg per hour secretin the concentration of pepsin increased and
the total output increased significantly at each dose (Table 1). These pep-
tic responses varied widely, and the correlation and linear regression
coefficients relating doses and outputs of pepsin were not significant.
The maximal response observed was approximately 1000 u. pepsin/15 min
for any combination of stimulants. The mean total peptic outputs in
experiments with secretin were all significantly greater than the corre-
sponding mean total outputs of pepsin in experiments without secretin
(Table 1). When two identical infusions of an acid stimulant were given
during the course of a single experiment peptic secretion occurred only
when the stimulant was infused together with secretin (Fig. 2).

The effects of increasing gastric mucosal blood flow on the peptic responses
to secretin. In two experiments (Figs. 3 and 4) infusions of isopropylnor-
adrenaline were given retrogradely into the hepatic artery at 5 jtg/min
to increase gastric mucosal blood flow (Harper et al. 1968). Acid and peptic
outputs varied.little when the infusions of isopropylnoradrenaline were
given on their own; when infused along with 2 or 4 C.H.R. u./kg per hour
secretin, however, the output of pepsin increased (Figs. 3 and 4).

DISCUSSION

The difficulties encountered in studying peptic secretion are incomplete
recovery of a viscid, enzyme laden juice and escape of acid from the
stomach into the duodenum, which may release duodenal hormones
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Fig. 1. Gastric and pancreatic responses to a continuous infusion of secretin.
The dose of secretin was doubled each hour.
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N-Me H. 15pg/kg per minute ,N-Me H. 1-5yg/kg N-Me H. 1.5 per minute

Secretin 4 C.H.R. u./kg per hour

Fig. 2. Gastric and pancreatic secretion in response to two 45 min infusions
of N-methyl histamine, N-MeH. Secretin was infused simultaneously
during the second half of the experiment.

which might either stimulate or inhibit peptic secretion. These drawbacks
were obviated in our experiments on anaesthetized cats by occluding the
pylorus and instilling dilute acid into the stomach each 15 min to aid the
collection of gastric secretions and to preserve peptic activity. The com-
mon bile-duct was occluded to prevent the release of duodenal hormones
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by bile salts (Mellanby, 1926 a, b; Forell, Otte, Kohl, Lehnert & Stahiheber,
1971, Forell, 1973). Since single injections of acid stimulants may increase
the pepsin content of gastric samples transiently by washing pre-formed

C 72
So I.P.N.A. I.P.N.A.
C~

0
I.P.N.A. I.P.N.A.

Et~F

Secretin 2 C.H.R. u./kg per hour

Fig. 3. Gastric acid and peptic responses to two 45 min infusions of iso-
propylnoradrenaline, I.P.N.A. In each experiment 5 #ggmin isopropylnor-
adrenaline was given retrogradely into the hepatic artery. Two C.H.R. u.fkg
per hour secretin was infused for the first half of the experiment.

C 68 I.P.N.A. I.P.N.A.

1.0 1000

> M~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

'S 0-5 500c
0r
E

- - - - - - - - - - --,- ---

Secretin 4 C.H.R. u./kg per hour

Fig. 4. Gastric acid and peptic responses to two 45 min infusions of iso-
propylnoradrenaline, I.P.N.A. Four C.H.R. u./kg per hour secretin was
infused during the second half of the experiment.

pepsin from the glands, continuous infusions of acid stimulants were em-
ployed to detect a sustained increase of peptic output which would dis-
tinguish stimulation of the peptic cells from a 'wash-out' phenomenon.

Caerulein, histamine and N-methyl histamine did not stimulate peptic
secretion in the anaesthetized cat, while desulphated caerulein was a weak
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peptic stimulant. Previous studies in dogs have indicated that caerulein
was a strong peptic stimulant both in the Heidenhain pouch preparation
(Bertaccini, Endean, Erspamer & Impicciatore, 1968) and in gastric fistula
animals (Stening & Grossman, 1969). Caerulein was twice as potent
(Johnson, Stening & Grossman, 1969) and later five times as potent
(Johnson, Stening & Grossman, 1970) as desulphated caerulein in stimu-
lating peptic secretion, although Way (1971) concluded that desulphated
caerulein was the stronger peptic stimulant.
There has been little agreement on the status of histamine as a peptic

stimulant despite the conclusion of Hirschowitz (1967) that this contro-
versy has been settled with the recognition of species differences. In cats-
our findings agree with those of Linde (1950) and Bj6rkman, Norden &
Uvnhs (1943) who used an experimental technique very similar to our
own. In dogs most physiologists agree that histamine does not cause a
sustained increase in peptic secretion (Babkin, 1930; Linde, 1950; Gilman
& Cowgill, 1931) and may indeed inhibit peptic responses (Linde, 1950;
Alley, 1935; Hirschowitz, 1966; Hirschowitz & Sachs, 1965). Johnson
(1972 b) believed however that histamine stimulates pepsin in dogs with a
vagally denervated pouch.

Since Pratt (1940) showed that intestinal extracts containing secretin
increased the output of pepsin in cats, it has been said that secretin itself
possesses peptic stimulating activity (Magee & Nakajima, 1968; Berstad,
1969; Brooks, Isenberg & Grossman, 1969; Berstad & Petersen, 1969,
1970). The outputs of pepsin obtained in response to combinations of
secretin and gastrin in dogs and cats (Stening, Johnson & Grossman, 1969),
secretin and histamine or pentagastrin in dogs (Nakajima, Nakamura &
Magee, 1969) and secretin and pentagastrin in man (Berstad & Petersen,
1970) were reported to be significantly greater than the respective outputs
of pepsin when the acid stimulants were infused independently. Our
data for peptic secretion in response to combinations of acid stimulants
and secretin fulfils the definition of potentiation promulgated by Gross-
man (1967), in that the response to the two agents given together exceeded
the response to twice the dose of each agent given singly. The results do
not, however, fulfil the additional requirements that the response to the com-
bination must be greater than the observed maximal response to each agent
given separately (Gillespie & Grossman, 1964) or that it should exceed
the individual calculated maximal responses (Dinbar & Grossman, 1972).

Three possible mechanisms could account for the enhanced peptic
responses when an acid stimulant is infused along with a dose of secretin
in itself subthreshold for peptic stimulation: (a) interaction at the receptor
site in the parietal cell; (b) an acid sensitive reflex within the gastric
mucosa (Johnson, 1972a); (c) changes in musosal blood flow.

797
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The correlation and regression coefficients relating the doses of each acid
stimulant and the peptic responses were not significant, for the individual
peptic outputs varied widely. Therefore simple interaction between acid
stimulant and secretin at receptor level is an unlikely explanation for our
observations.
Johnson (1972a) showed that in Heidenhain pouch dogs when the

gastric mucosal barrier is broken by instilling 250-300 mN-HCl, fluid
with sodium and potassium moves into the lumen and H+ pass from the
lumen of the pouch. He postulated that in traversing the mucosa, the H+
stimulated a local cholinergic reflex which resulted in a three- or fourfold
increase in the output of pepsin from the pouch. A 100 mN-HC1 solution
increased peptic secretion threefold over basal conditions. A similar level
of peptic secretion was attained when 2 c.u./kg per hour GIH* secretin was
infused (Johnson, 1972 b). The combination of secretin and pouch acidifica-
tion with 50 ml. 100 mN-HCI resulted in a twelvefold increase in the
output of pepsin. The maximal acid secreted in 15 min in response to
caerulein resulted in an output of 0-8 m-equiv HCl in approximately
30 ml. gastric contents (25 ml. introduced + approx. 5 ml. secreted).
This dilution ensured that the gastric mucosa was bathed by a weak solu-
tion of 26 mN-HCl. In Johnson's experiments a solution of 25 mN-HCI
produced but little pepsin and would not explain the vastly greater
peptic responses obtained in our experiments. Moreover, we did not ob-
serve any fall off in total acid output when secretin was given such as
accompanies disruption of the mucosal barrier.
Each acid stimulant is considered to have increased mucosal blood

flow within the stomach and consequently increased the concentration of
secretin delivered to the peptic cells. Such a mechanism explains the
similarity of the peptic responses to agents so structurally different as
caerulein and histamine. Though caerulein has been shown to increase
pancreatic blood flow in anaesthetized dogs (Dorigotti & Glasser, 1968)
the effects on gastric blood flow have not been studied. Jacobson, Eisen-
berg & Swan (1966) showed in conscious dogs that histamine increased
gastric mucosal blood flow measured by the amidopyrine clearance
technique. Harper et al. (1968) using the same method in anaesthetized cats
also found that histamine and gastrin increased gastric mucosal blood
flow with increase in H+ secretion. When Reed & Smy (1968) injected
isopropylnoradrenaline retrogradely into the hepatic artery they found an
increase in mucosal blood flow in the stomach. The maximal increase in
mucosal blood flow which occurred during the 30-40 min collection
period following the infusion of isopropylnoradrenaline was two to four

* GIH = Gastrointestinal Hormone fromGIH Research Unit, Karolinska Institute
Stockholm.
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times greater than the basal level of flow (Reed & Sanders, 1971; Reed,
Smy, Venables & Harris, 1973). In the unstimulated stomach, the in-
crease in mucosal blood flow of approx. 30 ml./10 min was associated with
a negligible increase in acid of approx. 27 ,uequiv/10 min (Reed & Sanders
1971). Although actual blood flow measurements were not made in our two
experiments in which isopropylnoradrenaline was given the technique
employed was exactly as described by these workers, and blood pressure
was continuously monitored and maintained constant by appropriate
adjustments in the flow rate of isopropylnoradrenaline. In both experi-
ments the blood pressure remained steady after an early tendency to
diminish and the flow rate of isopropylnoradrenaline was continued at
5 #ug/min at which dose a fourfold increase in mu cosal blood flow can be
expected (Reed et al. 1973). In experiment C 72 (Fig. 3) peptic secretion
increased when a small dose of secretin of 2 C.H.R. u./kg per hour was
infused simultaneously with isopropylnoradrenaline equivalent to a four-
'fold increase in the concentration of secretin at the peptic cell, for the
threshold dose of secretin for p3ptic stimulation was usually 8 C.H.R.
u./kg per hour (Fig. 1). In experiment C 68 (Fig. 4) 50 ,gequiv HCl/15 min
was secreted in the control periods. In this cat when gastric mucosal
hyperaemia was induced by isopropylnoradrenaline the output of acid
increased. We attributed this acid response to an increase in the mucosal
delivery of a naturally circulating secretagogue. The early increase in
peptic output soon after the start of the secretin infusion may be due to a
residual effect of the previous infusion of isopropylnoradrenaline for the
acid output was still minimally increased at this time. It has been calcu-
lated that the additional 150 /uequiv HCl/15 min would be associated
with an increase of about 12 ml./15 min blood flow, sufficient to increase
the concentration of secretin above threshold amounts (J. R. Smy, per-
sonal communication). The alternative explanation that 4 C.H.R. u./
kg per hour was above threshold for that cat seems unlikely for the de-
cline in pepsin followed the decline in acid and presumably in blood
flow, which supports our surmise that some isopropylnoradrenaline was
still present in the circulation an hour after the first infusion. The peak
increase in peptic output to approximately 1000 u./15 min (Fig. 4) was
similar to the mean peak peptic responses to combinations of 4 C.H.R.
u./kg per hour of secretin and the acid stimulants.
We have concluded that in these experiments acid stimulants which

produce little or no pepsin enhance the peptic response to a dose of
secretin, itself below the threshold of peptic stimulation, by increasing
gastric mucosal blood flow and approximately doubling the delivery of
secretin to the peptic cell.
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