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VIP, secretin, glucagon and GIP (Gastric 
Inhibitory Peptide), in this order, constitute 
a series of peptides characterized by increas- 
ing structural homology with GIP (1). The 
first pair, VIP and secretin, exhibit consider- 
able functional homology: they share effects 
on fat (2), liver (3), exocrine pancreas (4), and 
colonic mucosa (5) which appear to be me- 
diated by the same set of receptor sites. Glu- 
cagon and GIP share few effects with VIP 
and secretin; even where the effects are 
shared they appear to be mediated by sepa- 
rate sets of receptor sites or intermediary 
mechanisms (6, 7). All four peptides inhibit 
gastric acid secretion (1) but have different 
effects on pepsin secretion; the mechanism( s) 
of inhibition remain unknown. Barbezat and 
Grossman (8) were first to report that natural 
porcine VIP inhibited histamine-stimulated 
acid secretion in dog Heidenhain pouches. 

In the present study, we show that synthetic 
porcine VIP inhibits pentagastrin-stimulated 
acid and pepsin secretion in the dog. The 
inhibition differs in some respects from that 
produced by synthetic porcine secretin. Since 
these results were first reported (9), Konturek 
et al. (10) have shown that natural VIP in- 
hibits histamine-stimulated acid and pepsin 
secretion in the dog and Villar et al. (1 1) have 
shown that natural VIP inhibits food-stimu- 
lated acid as well as gastrin secretion. 

Materials and methods. Gastric secretion 
was measured in three dogs (15-20 kg body 
weight) equipped with gastric fistulae. Fol- 
lowing an overnight fast, basal secretion was 
collected for a period of 30 min. Pentagastrin 
was then infused in a dose of 0.25, 1 or 4 pg 
kg-' hr-' for 3 hr. Sixty to seventy-five min 
after the start of pentagastrin infusion, syn- 
thetic porcine VIP (0.5 pg kg-' min-') or 

Supported by NIH Grant No. AM-15564 and HL- 
14187. 

synthetic porcine secretin (0.05 pg kg-' 
min-') was infused for 7.5 min. VIP was 
given once and secretin twice to each dog 
with each dose of pentagastrin. In control 
studies, pentagastrin was given alone without 
VIP or secretin (nine experiments). 

The effect of carboxyl-terminal partial se- 
quences of VIP (VIP14-28, VIP15-28 and VIP18- 
28) was examined on a background of 1 pg 
kg-' hr-' of pentagastrin. The three frag- 
ments were infused sequentially for 7.5 min 
at 45-min intervals one hour after the start of 
pentagastrin infusion (three experiments). 
The dose of each was 1.8 pg kg-' min-' 
corresponding to about 8 times the molar 
dose of VIP used in this study. 

The effect of carboxyl-terminal partial se- 
quences of secretin was also examined on a 
background of 1 pg kg-' hr-' of pentagastrin. 
All secretin fragments were given once per 
session one hour after the start of pentagastrin 
infusion. Secretins-27 was given twice to each 
dog as a prompt intravenous injection of 5 
pg kg-'. A substituted analogue of secretins-27 
in which the glutamic acid in position 9 is 
substituted by glutamine (9 -Gln -~e~re t in~-~~)  
was infused twice in each dog in a dose of 0.5 
pg kg.-' min-' for 7.5 min. Finally, 9-Gln- 
secretin5-27 was infused twice in each dog in 
a dose of 0.5 pg kg-l min-' in combination 
with secretin 0.05 pg kg-' min-' for 7.5 min- 
utes. The doses of secretin fragments were 
about 12 times the molar dose of secretin 
used in this study. 

Secretion was collected at 15-minute inter- 
vals throughout the experiments. Acid con- 
centration was measured by electrometric ti- 
tration to pH 7.5 and pepsin was measured 
by the method of Hunt (1 2) and expressed in 
mg of pepsin standard. 

Synthetic porcine VIP and partial se- 
quences of VIP and secretin were kind gifts 
of Dr. Miklos Bodanszky, Department of 
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Chemistry, Case Western Reserve University. 
Synthetic porcine secretin was a kind gift of 
Dr. Miguel Ondetti, Squibb Institute for 
Medical Research, New Jersey. 

Results. Effect of synthetic VIP and partial 
sequences of VIP. Infusion of synthetic VIP 
in a dose of 0.5 pg kg-' min-' for 7.5 minutes 
produced a prompt inhibition of acid secre- 
tion which reached a nadir in the first 30 min 
(Fig. 1). The extent of inhibition was deter- 
mined by comparing the rate of acid secretion 
in the 30-min periods before and after the 
start of infusion of VIP (Fig. 2). Inhibition at 
the lowest dose of pentagastrin (57 f 7%) was 
significantly greater than inhibition at the 
highest dose (23 f 7%) ( P  < 0.01). Dose- 
response analysis (response versus 
response/dose) indicated that inhibition was 
of the competitive type: the maximal acid 
responses for the period before (15.6 f 0.8 
meq/30 min) and after VIP (13.8 f 2.2 
meq/30 min) were not significantly different 
but the DM for pentagastrin increased twofold 
from 0.47 f 0.05 to 1.02 f 0.22 pg kg-' hr-' 
(P < 0.05) in the presence of VIP. An appar- 
ent inhibitor dissociation constant for VIP 
was calculated to be 0.43 pg kg-' min-'. 

VIP inhibited also the maximal pepsin re- 
sponse by 65 k 10% ( P  < 0.01) but it had no 
effect on the reversed pepsin response ob- 
served at higher doses of pentagastrin (Fig. 
3\ 

None of the carboxyl-terminal partial se- 
quences of VIP had any detectable effect on 
pentagastrin-stimulated acid or pepsin secre- 
tion. 

MINUTES 

FIG. 1 .  Effect of infusion of 0.5 pg kg-I min-' of 
synthetic porcine VIP for 7.5 min on pentagastrin-stim- 
ulated acid and pepsin secretion (mean of three experi- 
ments). B = basal secretion. 
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FIG. 2. Dose-response curves for the effect of pen- 
tagastrin infusion alone and in combination with VIP 
(0.5 pg kg-' min-' for 7.5 minutes) on acid and pepsin 
secretion. Each point is the mean of three experiments. 
The highest pepsin response was attained at the lowest 
dose of pentagastrin (0.25 pg kg-I hr-'). B = basal 
respnse. 

Effect of synthetic secretin and partial se- 
quences of secretin. Infusion of synthetic se- 
cretin in a dose of 0.05 pg kg-' min-' also 
produced a prompt inhibition of acid secre- 
tion which reached a nadir in the first 30 min 
(Fig. 3). Percent inhibition was the same at 
all dose levels of pentagastrin: 66 f 3%, 60 
f 4% and 60 f 8% at 0.25, 1 and 4 pg kg-' 
hr-' of pentagastrin respectively. Accord- 
ingly, a linear relationship characteristic of 
inhibition of the non-competitive type pre- 
vailed between the responses before and after 
secretin (Fig. 4). From the slope in Fig. 4, an 
apparent inhibitor dissociation constant for 
secretin was calculated to be 0.03 pg kg-' 
min-'. 

Neither ~ e c r e t i n ~ . ~ ~  given by prompt intra- 
venous injection nor 9-Gln-~ecretin~-~~ given 
by intravenous infusion had any detectable 
effect on pentagastrin-stimulated acid secre- 
tion (Fig. 3). 9-Gln-secretins-27 infused in a 
dose twelve times the dose of secretin failed 
to block the inhibitory effect of secretin. 

Discussion. VIP and secretin share a num- 
ber of secretory (lo), metabolic (13), motor 
( 14) and hormone-releasing ( 13) or inhibiting 
(1 1) properties. These are thought to reflect 
similarities in the structure of the two pep- 
tides which in turn determine binding to com- 
mon regulatory sites and activation of com- 
mon intracellular effector (messenger) sys- 
tems. Inhibition of gastric acid secretion in 
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FIG. 3. Effect of infusion of 0.05 pg kg-’ min-’ of 
synthetic porcine secretin (closed circles) or 0.5 pg kg-’ 
min-’ of 9-Gln-~ecretin~-~~ (open squares) for 7.5 min on 
pentagastrin-stimulated acid secretion. Control secretion 
(open circles). Each point is the mean of six experiments. 
Responses expressed in percent of the response imme- 
diately preceding (i.e. 45-60 min) the infusion (S) of 
secretin of its analogue. 
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FIG. 4. Linear relation between the response to pen- 
tagastrin alone (horizontal axis) and the corresponding 
response to pentagastrin plus secretin (vertical axis). 
Each point is the mean of six experiments. A slope of 0.4 
indicates 6Wo inhibition at all doses of pentagastrin. 
Slope = 1/(1 + i/Ki) where i = dose of secretin and Ki 
= inhibitor dissociation constant. 

the dog appears to conform in some respects 
to this pattern; however, several differences 
emerge. First, as shown here for synthetic 
porcine VIP and secretin and elsewhere for 
the natural forms (8, 10, ll), both peptides 
inhibit stimulated acid secretion in the inner- 
vated stomach but only VIP inhibits hista- 
mine-stimulated acid secretion in a dener- 
vated pouch (8). Secondly, inhibition of acid 
secretion by VIP appears to be of the com- 
petitive type, whereas inhibition by secretin 
is of the noncompetitive type (15) (Fig. 4). 
Thirdly, inhibition by VIP extends to hista- 

mine- and pentagastrin-stimulated pepsin se- 
cretion. 

In the present study, synthetic VIP ap- 
peared to be less effective than synthetic se- 
cretin, at least in terms of the doses required 
for an equivalent degree of inhibition. The 
difference is unlikely to be due to an artefact 
in the synthesis of either peptide. Konturek 
et al. (10) found a similar difference in po- 
tency between the natural forms of VIP and 
secretin. Furthermore, the inhibitor dissocia- 
tion constant for synthetic VIP (0.4 pg kg-’ 
min-l) was similar to that reported by Bar- 
bezat and Grossman (8) for natural VIP. 
Finally, the batch of synthetic VIP used in 
this study was tested against several target 
tissues and found to possess the spectrum of 
properties displayed by natural VIP (13). In 
particular, it was shown to be an effective 
intestinal secretory stimulant in the dog equi- 
potent in this respect to natural porcine VIP 

A low potency in vivo precludes a role for 
VIP as an endocrine inhibitor of gastric acid 
secretion. The presence of VIP-secreting cells 
or nerves in the fundus and the antrum of the 
mammalian stomach (16, 17) argues in favor 
of a paracrine or neurocrine role for VIP in 
the control of gastric secretion, either directly 
by inhibition of gastric acid and pepsin secre- 
tion or indirectly by inhibition of antral gas- 
trin secretion. 

The decrease in gastric secretion which is 
a common feature of the “watery diarrhea” 
syndrome has been attributed to high levels 
of circulating VIP (18, 19). This attribution 
remains to be validated by simultaneous im- 
munometric and secretory measurements and 
by the exclusion of other causes, such as 
dehydration and hypokalemia, for the de- 
crease in gastric acid secretion. 

The synthetic partial sequences of VIP and 
secretin used in this study are known to be 
active on or to retain binding to some tissues 
such as the exocrine pancreas (20) and the 
colonic mucosa (5) in some species. However, 
at the relatively small doses used, none 
showed an inhibitory effect on gastric acid 
secretion. 

Summary. The effects of synthetic porcine 
VIP and secretin on pentagastrin-stimulated 
gastric secretion were compared in dogs 
equipped with gastric fistulae. VIP inhibited 
both acid and pepsin secretion. Percent inhi- 

(13). 
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bition of acid secretion by VIP varied with 
the dose of pentagastrin: dose-response anal- 
ysis showed inhibition to be of the competi- 
tive type. Percent inhibition of acid secretion 
by secretin did not vary with the dose of 
pentagastrin and was consistent with inhibi- 
tion of the noncompetitive type. Carboxyl- 
terminal partial sequences of VIP and secre- 
tin, at approximately 10 times the molar doses 
of the parent peptides, had no detectable 
inhibitory effect. 
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