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I N T R O D U C T I O N

The gastric antral hormone, gastrin, has a wide spectrum of 
activities on the gastrointestinal tract. Resides its stimulatory 
role on the secretion of gastric acid, gastrin also influences in
testinal tone and motility. This action on motility is thought 
to be mediated by the release of acetylcholine as gastrin and re

lated polypeptides have been shown to release acetylcholine from 
the Auerbach*s plexus of guinea pig ileum.

Conflicting reports exist as to the mechanism of action of 

gastrin in producing the acetylcholine-releasing effect. A possi
ble direct action of gastrin on intestinal smooth muscle cells has 
also been reported.

The purpose of this study was to determine the site and mech
anism by which gastrin acts to release acetylcholine.



R E V I E W  O F  L I T E R A T U R E

The existence of an antral hormone, present in extracts of 
the pyloric mucosa, was first postulated by J. S. Edkins (6) in 
1905. He observed that extracts of this region, when injected 
intravenously into anesthetized cats, stimulated gastric secre

tion. Edkins theorized that the active principle, which he 
termed "gastrin1*, was released following a meal and exercised 

a hormonal role in the stimulation of gastric secretion.

Early attempts at establishing the chemical identity of gas
trin failed. Tills was due largely to the constant presence of 

histamine in the tissue extracts. When Sacks, Ivy, Burgess and 
Vandolah (21) isolated histamine from the pyloric mucosa they 
concluded that "histamine is the gastric hormone, or if not, 
there is no gastric hormone, or the gastric hormone lias never 
been extracted from the pyloric mucosa".

A radical cliange in this view was necessitated when Komarov 
(12) recognized that the hormone might be proteinaceous. Pre

vious attempts at isolating gastrin employed deproteinization 

steps which spared histamine. Komarov proceeded to prepare a
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histamine-free extract which retained a specific secretory ef
fect on the fundic cells.

In 1961, a method of extraction developed by Gregory and 
Tracy (8) made available for the first time a preparation which 

was shown to be highly active in stimulating gastric acid secre

tion. The gastrin was extracted from hog antra and the effect 
on secretion was tested by subcutaneous injection into conscious 
dogs. Their important work culminated in the complete charact
erization and synthesis of gastrin in 1964 (9, 10, 18).

Gastrin was shown in these studies to be a polypeptide hor
mone arranged in a heptadecapeptide amide structure. Two closely 
related forms of the hormone, gastrin I and gastrin II, occur.
They differ only in the presence of a sulfate ester group on the 

tyrosine residue of gastrin II. Gastrin I lacks the tyrosyl sul

fate ester group. In one of the above studies (10), it was shown 
that the full range of properties displayed by gastrin is possessed 

by the C-terminal tetrapeptide. As might be expected, any increase 
in chain length gives a more potent compound.

The first indication that gastrin might have an effect on 
gastrointestinal motility was provided by Blair (3) in 1961.



4

Blair found that intravenous injection of an antral extract into 
anesthetized cats increased the tone of the stomach and small in
testine. Gregory and Tracy (9) found that gastrin contracted the 
stomach and jejunum in the dog.

Bennett (1) sought to describe these effects of gastrin on 
smooth muscle. One of the preparations he used was the isolated 
guinea pig ileum. Bennett utilized a series of pharmacologic 
agents to examine the effects of gastrin. Among these were: 

hyoscine, which blocks the muscarinic effects of acetylcholine; 
dimethylphenylpiperazinium iodide (DMPP), a ganglion stimulating 

agent; hexamethonium, a ganglionic blocking drug; physostigmine, 

an acetylcholinesterase inhibitor; and morphine, which prevents 
or decreases the release of acetylcholine. Bennett was able to 
offer indirect evidence that gastrin elicited the release of 
acetylcholine. Hyoscine and morphine prevented the action of 
gastrin while physostigmine augmented the response. He suggested 
that gastrin acted on non-nicotinic receptors since hexamethonium, 
a nicotine antagonist, failed to block the effects of gastrin.

Direct evidence that gastrin did, indeed, cause the release 

of acetylcholine was given by Vizi (24) in 1972. Vizi quantified 
the release of acetylcholine after exposing longitudinal muscle 

strips of guinea pig ileum, with attached nerve elements, to
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peptides structurally related to gastrin, lie collected the acetyl
choline in the presence of physostigmine sulfate. Vizi showed that 

tetrodotoxin, which inhibits propagation of action potentials by 
blocking sodium channels, prevented the release of acetylcholine. 

Vizi proposed that gastrin acted on non-nicotinic receptors for the 
same reasons as had Bennett.

Evidence that the acetylcholine released by gastrin and re
lated polypeptides contributed to their effect on gastrointestinal 
motility was provided by Vizi (25) in the following year. Vizi 

showed that the threshold concentrations of gastrin were the same 
both for producing contractions and releasing acetylcholine.

Later in 1973» Vizi (23) reported on the use of ganglionic 
stimulants, along with gastrin-like peptides, to determine more 
about the release of acetylcholine, tie stated that nicotine caused 

a transient inhibition, lasting 2-7 minutes, of peptide-induced 
contraction, however, he stated that this inhibition was due to 
nicotine's depolarizing ganglion cells, not competition between 
nicotine and the peptides for the same receptor. Vizi again ruled 
out competitive inhibition between nicotine and gastrin because 
hexamethonium blocked the effect of nicotine while the peptides 
were still effective in its presence.
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Morelock (17), working with isolated guinea pig ileum, showed 

as had Bennett previously, that physostigraine augmented the tissue 
response to pentagastrin. While Morelock confirmed the acetyl
choline releasing effect described by Vizi (24), he reported that 
pentagastrin may additionally act by a means which is independent 
of acetylcholine release. The evidence he cited for this was that 

atropine was twice as effective in reducing the response to 
acetylcholine as it was in reducing the response to pentagastrin. 
While a direct effect of pentagastrin on smooth muscle cells may 
very well be the explanation of his data, another interpretation 

is possible. If pentagastrin is acting indirectly through Auer
bach's plexus, his data may represent the fact that it is more 
difficult to antagonize the effects of neurally released transmit

ter than it is to antagonize the effects of exogenously adminis
tered acetylcholine. Mbrelock also stated that pentagastrin was 
competitively inhibited by nicotine. This is in direct conflict 

with the work of Vizi (23). Morelock based his conclusions on 
experiments with nicotine incubation times of 10 minutes. Whether 
this represents an extension of the non-specific depolarization 
block observed by Vizi or a specific antagonism between the two 
agents has not been decided. Morelock's experiments with gang
lionic blocking drugs were inconclusive, tie reported a variable 
response to hexamethonium, most often reflected by a drastic
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increase of tone in his preparation. Morelock found that pento- 
linium, 0.3mg/ml, failed to block the response to pentagastrin. 
This, however, led him to the use of nicotine, which, as mentioned 
previously, he stated was an effective pentagastrin blocker.

Whereas Morelock proposed that pentagastrin may have a direct 

action on intestinal smooth muscle cells, a direct action of gas
trin on gall bladder muscle has been verified. Yau (27) found 
that the response of gall bladder muscle to gastrin could not be 

altered by anticholinergic, anti-adrenergic and nicotinic agents 
or by tetrodotoxin. The argument against a direct action of 

gastrin-like peptides on intestinal smooth muscle stems from the 
fact that morphine, novocaine and tetrodotoxin, all of which pre
vent acetylcholine release, have been reported to block the ef
fects of these peptides on longitudinal muscle (1,4,11,24).

If gastrin acts to influence intestinal motility via the re

lease of acetylcholine by acting on non-nicotinic receptors, the 
possibility exists that gastrin acts on muscarinic ganglionic re
ceptors in Auerbach’s plexus. Atropine-sensitive (muscarinic) 

sites have been identified in sympathetic ganglia (26). Whereas 

no such sites have as yet been identified in the parasympathetic 
ganglia in the gastrointestinal tract, Morelock (17) considers an 

atropine block of ganglia in Auerbach’s plexus possible. Vizi (23)
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has also been Interested in the possibility of muscarinic gang
lionic transmission in the intestine. He tested the influence of 

cacrulin, a peptide similar to pentagastrin, on the superior cervi
cal ganglion of the cat. Vizi found that caerulin was devoid of 
any stimulatory actions on the ganglion. Whereas this was unexpected 
Vizi used this information to suggest that this represents the first 
known pharmacologic difference between sympathetic and parasympathe
tic ganglia.

Another problem in describing the effects of gastrin is that 

tachyphylaxis to its contractile effects has been observed (1,11, 
17,24). hennett (1), working with guinea pig ileum, was the first 

to note that a second dose of gastrin, added soon after the first 
dose had been washed out, produced a smaller effect. This led 
him to administer gastrin at intervals of approximately 15 minutes 
in order to prevent tachyphylaxis.

Vizi (23,24,25) reported that tachyphylaxis to the acetyl
choline-releasing effect of gastrin occurred whereas tachyphylaxis 
to the acetylcholine-releasing effect of caerulin and the octapep- 
tide amide of cholecystokinin (CCK) did not. This is somewliat sui>- 
prising in that caerulin and the octapeptide amide of CCK have 

many similarities to pentagastrin in their physiologic actions and 
also show striking resemblances in their chemical structures (7).
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All three peptides have identical C-terminal pentapeptides, tiedner 
and Rorsman (11) were able to evoke tachyphylaxis to the contrac
tile effects of CCK.

Mbrelock (17) reported that alternating doses of acetylcho
line with pentagastrin, at ten minute intervals, prevented the 
development of tachyphylaxis.

A decrease in responsiveness of a plexus-longitudinal muscle 
preparation to electrical stimulation lias also been observed (13). 

Responses returned to control levels if choline was added to the 
bath. This suggests that acetylcholine may be depleted from neu

rons in Auerbach's plexus. Therefore, it is possible that con
tinued stimulation with gastrin results in tachyphylaxis because 
of a depletion of acetylcholine from neuronal endings. However, 
it should be noted that it took 3-4 hours for choline depletion 

to occur whereas tachyphylaxis to gastrin can occur within minutes.

Tachyphylaxis to gastrin is also important in its actions on 

gastric secretion. Despite continued stimulation with gastrin, 
gastric secretion fades with time (15). This fade lias also been 
observed with pentagastrin and it has been suggested that this may 
well represent a "more prevalent aspect of the response to peptide 
hormones in general" (14).
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Understanding why tachyphylaxis occurs demands a complete 
knowledge of the drug-receptor interaction. Two major explana

tions exist. It may be that tachyphylaxis occurs in a manner 
analogous to that produced by an agent such as amphetamine.
This theory indicates that depletion of acetylcholine may occur 
(13,17). On the other hand tachyphylaxis may be due to the ef
fect of gastrin on ion movements across the membrane. Prolonged 

depolarization or hyperpolarization of the neuron could thus ac
count for the tachyphylaxis.

Hence, the actions of gastrin on intestinal motility could be 
complex. The summary that follows represents major areas where 

more information may provide the final pieces necessary for a com
plete understanding of how gastrin acts to enhance motility. Be
cause of this, these three areas are emphasized throughout the re
mainder of this thesis.

1. Involvement of nicotinic receptors

Many studies (1,4,11,16,23,24,25) indicate that 
nicotine is not a competitive inhibitor of gastrin in 

producing contractions of guinea pig ileum. The most 
recent study (17) suggests that the action of gastrin 
is on nicotinic receptors.



2. Involvement of muscarinic receptors

Two studies (17,23) suggest that gastrin may act, 
at least in part, via muscarinic ganglionic receptors 
in Auerbach*s plexus. However, the evidence is not 
complete and the existence of these receptors is spe
culative.

3. Mechanism of tachyphylaxis
Proposed explanations as to how tachyphylaxis 

occurs are at this point based largely on conjec

ture. The most widely held theory thus far sug
gested is that gastrin may cause a depletion of 

acetylcholine from the neuronal ending, thus causing 
decreased responsiveness with successive doses of 
gastrin. The evidence for this is slight but the 

fact that Morelock (17) was able to get uniform re
sponses to pentagastrin by alternating doses of 

acetylcholine with pentagastrin lends some support 
to this theory. Again, however, the data are not 
conclusive.

It is possible that tachyphylaxis to gastrin 
may be similar to the tachyphylaxis evoked by a



ganglion stimulating agent such as nicotine. Bentley 
(2), working with the perfused hypogastric ganglion of 
the guinea pig, performed studies on the tachyphylaxis 
that developed to nicotinic agents. He was usually 

able to establish complete tachyphylaxis, as measured 
by contraction of the vas deferens, to these agents.
Of the most likely explanations for the resultant 
tachyphylaxis: depletion of transmitter stores; 
prolonged ganglionic depolarization; and prolonged 
ganglionic hyperpolarization; Bentley concluded that 

a prolonged ganglionic hyperpolarization was the most 
likely cause, lie found that the tachyphylaxis was 

reversed by some, but not all, procedures that are 

known to prevent post-tetanic hyperpolarization, and 
that it is accentuated by other procedures that are 

known to increase hyperpolarization of the membrane.

The final postulated mechanism is that gastrin 
may interact with its receptor for a prolonged period 
of time, with its action occurring only as a result 

of the initial binding of gastrin to its receptor.
The rationale for this theory is based on the "rate 
of drug-receptor combination" theory of drug action



(20). In this theory the magnitude of a response is 
proportional to the rate at which drug molecules asso
ciate with the receptor sites. Hence, a prolonged 
binding of gastrin to its receptor could account for 

the tachyphylaxis seen.

Again, however, the data for describing the mech

anism of tachyphylaxis are not conclusive and raore 

work is needed before one of the proposed mechanisms, 

or possibly another one, can be verified as the true 
meclianism of tachyphylaxis that occurs to the contrac
tile effects of gastrin.



S T A T E M E N T  O F  T H E  P R O B L E M

In general terras, describing the action of gastrin on intes
tinal motility involves a description of the specific receptor and 
a description of the drug-receptor interaction. Whereas isolation 
of the gastrin receptor would be the ultimate goal of research in 
this area, it is not feasible at this tine. Therefore, it was 

hoped that more information about the mechanism of action of gas
trin could be derived from a pharmacologic study of the problem 

utilizing a longitudinally (see Methods) mounted segment of guinea 
pig ileum.

Acetylcholine receptors in the autonomic nervous system have 
been classically described as either muscarinic or nicotinic.
These descriptions are based upon the fact that muscarine mimicks 

the effects of acetylcholine liberated by postganglionic parasympa
thetic nerve impulses, and nicotine mimicks the effects of acetyl
choline at autonomic ganglia. The initial stimulation evoked by 
nicotine is followed by a blockade of the ganglion to further sti
mulation by nicotinic agents. This classical differentiation of 
muscarinic and nicotinic sites, however, does not appear to hold 
true in all cases. As mentioned in the review of the literature, 

atropine-sensitive muscarinic sites have been identified in the 

superior cervical ganglion of the cat. The existence of these
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sites in the gastrointestinal tract lias not been substantiated 

but again, as mentioned in the review, several investigators con
sider it possible that they may in fact occur.

Hence, we decided that the first aim of this research would 
be to determine if peutagastrin elicited the release of acetyl

choline via an action upon nicotinic or upon muscarinic ganglion 
sites, as a direct muscarinic action of pentagastrin on effector 
(smooth muscle) cells had been precluded by previous investigators 
(1,4,16,23).

To determine whether or not peutagastrin acted at nicotinic 

receptors we decided on the use of the ganglion stimulating agents 
nicotine and DMPP. We also decided to utilize non-depolarizing 

ganglionic blocking agents. These included pentolinium, mecamyl- 

amine and hexamethonium. The rationale behind the experiments was 

straightforward. If pentagastrin acts at nicotinic sites then the 
ganglionic blocking agents or nicotine (because blockade follows 
stimulation) should block the response of the tissue to pentagas
trin. To make sure that what we were seeing was not the non
specific depolarization block described by Vizi (23) for nicotine, 
incubation times were decided upon of 10 and 30 minutes. The 10 
minute period was the same as Morelock (17) used when he reported
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that nicotine was a competitive inhibitor of pentagastrin. As 
the non-specific depolarization block described by Vizi lasted 
only 2-7 minutes the 30 minute period assured us tliat if any inhi
bition was seen that it would not be due to a non-specific inter
ne tion.

Designing experiments to investigate the possible action of 

pentagastrin at muscarinic ganglion sites proved to be more diffi

cult. If pentagastrin acts at muscarinic ganglion sites it would 
be expected that the use of an antimuscarinic agent such as atro
pine would block this action. However, the use of atropine is 

precluded since it would also antagonize the effects of acetyl
choline on muscarinic sites in smooth muscle, thereby masking the 
effects at ganglion sites we hoped to observe. In studies on 
muscarinic ganglionic receptors of sympathetic ganglia several 

drugs have been identified which specifically stimulate these re
ceptors (26). It was hoped that one of these agents, AHIl-602, 
could be shown to stimulate Auerbach’s plexus, and upon repeated 
administration, that tachyphylaxis would develop to its effects.

As Daniel (5) states that "cross tachyphylaxis between two drugs 
suggests a common site of action even though it may be a conse

quence of a nonselective action of both drugs", it was hoped that
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experiments on whether or not cross-tachyphylaxis occurred between 

A1IR-602 and pentagastrin might provide us with new information as 
to the role of muscarinic ganglionic receptors in the action of 
gastrin.

We also sought to determine if muscarinic ganglionic recep
tors were involved by using several agents known to display anti

cholinergic properties at central synapses. These were used in 
the hope that they might possess a specific antimuscarinic action 
at ganglia in Auerbach’s plexus. If these agents could be shown 
to possess such an action their effects on the response of the 
tissue to pentagastrin would provide more evidence of the 
nature of the gastrin receptor in Auerbach’s plexus.

With regard to the mechanism of tachyphylaxis two of the 

postulated mechanisms, depletion of transmitter stores and pro

longed drug-receptor interaction, were fairly easy to investigate. 
Morelock (17) reported that he was able to achieve standard re

sponses to an administered dose of pentagastrin by alternating 
acetylcholine with pentagastrin at 10 minute intervals. In these 

experiments his tissue was washed twice between doses of penta- 
gastrin, once immediately after the response to the first dose of



18

pentagastrin and a second wash after the response to acetylcholine 
was recorded. If a standard response to pentagastrin could be 
achieved in a control run, duplicating the time intervals and 
washings, this would indicate that tachyphylaxis occurred by a 
means other than a depletion of acetylcholine. It was also de
cided that experiments would be performed to determine if a stan
dard response to pentagastrin could be maintained if the tissue 
was washed only once after a previous dose of pentagastrin. If 

not, this would imply that pentagastrin was not effectively re

moved from the bath by one washing and that tachyphylaxis might 
likely be due to a prolonged interaction of the drug with its 
receptor.

Our methods were not sophisticated enough to allow the micro
electrode studies that would have been necessary to determine if 
a prolonged hyperpolarization or depolarization played a role in 
the tachphylaxis that develops to the contractile effects of gas
trin and therefore was not within the scope of this investigation.



M A T E R I A L S  A N D  M E T H O D S

I. Preparation of Tissue

Experiments were performed on strips of guinea pig ileum. 

Guinea pigs, of either sex, weighing from 200-300 grains were 
stunned and exsanguinated. Terminal ileum was removed and stored 

iu Tyrotie’s solution of the following composition: 8.0gm/l NaCl, 
0.2gra/l KC1, 0.2gm/l CaCL,, 0.1gm/l MgCl26*H20, 0.05gm/l 
Nal^PO^’I^O, 1.0gm/l glucose and 1.0gm/l NaHC03. Tlie solu

tion had previously been bubbled to saturation with a 5% (X>2-95%
02 mixture. Ileum not in use was stored at 5 C.

Segments of terminal ileum, approximately 1cm in length, were 
mounted in a tissue bath of 100ml capacity filled with the above

Osolution at 38 C. The bath solution was bubbled with a slow 
stream of the 5% C02-95% 02 mixture. One end of the tissue seg
ment was tied to a wire tissue hook. The other end was tied to an 
isometric transducer (E and M Instruments Co., Houston, Texas) to 

enable recording of longitudinal muscle contractions. Both ties 
were made with 4-0 silk. Contractions were recorded by a Physio- 
graph Four (E and M Instruments Co., Houston, Texas). Recorder 
amplitude was adjusted prior to the experiment so that a 1 gram
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mass produced a 2cm deflection. Once the ileal segment was 
mounted tension on the muscle strip was increased until a 2cm de

flection was achieved, thus allowing standardization of tissue 
preparations. Once the tissue was mounted and the tension had 

been adjusted a one hour equilibration period was allowed.

II. Preparation of Drug Solutions

Solutions of drugs, except as specifically mentioned, were 

prepared in distilled water. Drug solutions were prepared so that 
the amount needed to give the desired final concentration in the 
bath was contained in a volume of lml.

Pentagastrin was prepared in 0.85% normal saline solution.
A stock solution of 100ml of 100ug/ml was treated with one drop 
of 15.3N ammonium hydroxide to ionize the peptide.

Other drugs used were: Acetylcholine Chloride (Sigma Chemi

cal Co., St. Louis, Mo.), AUR-602 (Robins Research Laboratories, 
Richmond, Virginia), Botulinum Toxin (Food Research Institute, 
Univ. of Wisconsin-Mad.) dibenzoazepine derivatives - Exl0-029 

(Elantrine), ExlO-149 and dihydromorphanthridine derivatine 

ExlO-542A (Merrell-Hational Laboratories, Cincinnati, Ohio, 1,1 -
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Dine thy 1-4 - pheny lpipe ra ziniuin iodide (DMPP) (Aldrich Chemical 
Co., Inc., Milwaukee, Wisconsin), Hexaraethonium Chloride di- 

Hydrate (Mann Research Laboratories, N.Y., H.Y.), Mecaiaylamine 
hydrochloride (Merck, Sharp and Dohme Research Laboratories, 

Rahway, N.J.), Nicotine Sulfate (40% solution, K and K Laborato
ries, Plainview, N.Y.), Pentavalon (Ayerst Laboratories), Pento- 
linium tartrate (Wyeth Laboratories, Philadelphia, Pa.) and Pro
caine hydrochloride (Novocain) (Wintlirop Laboratories, N.Y., 
N.Y.).

III. Standard Dose-Response Curves

After an equilibration period of 60 minutes a priming dose
of acetylcholine was added to give a concentration in the bath 

—9of 1.5 x 10 gm/ml. The tissue was then washed and an addi

tional 15 minutes allowed before the start of the experiment.

Concentrations used to determine standard response curves
were:

For acetylcholine: 6. JSxlO^^gm/ml

1.5xl0"*^°gm/ml
6.75xl0”10gm/ml 

-91.5x10 gm/ml
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6.75x10 ĝm/ial 

1.5x10 ^gm/ml

For pen ta gastrin! 1.0xl0”Sgm/ml

5.5x10 tigm/ml 
-71.0x10 gm/ral 

5.5x10 ĝm/tal 

1.0x10 ^gn/ml

IV. Nicotine Sulfate Administration

Nicotine gulfate (0.4 - 40ug/ml) was used in two sets of ex
periments differing in their incubation times. Responses to a 
control dose of pentagastrin (lug/ml) were recorded after 5-10 
minutes exposure to nicotine in one group and after 30 minutes in 
the other. In separate experiments the response to DMPP (lug/ml) 
was recorded after the same incubation times.

V. Administration of Ganglionic Blocking Agents

Hexaméthonium (100ug/ml), pentolinlum (100ug/ml) or roecamyla- 
nine (100ug/ml) was added to the tissue bath. A 20 minute incuba
tion period was allowed and the response to the control dose of 
either pentagastrin or DMPP was recorded.
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VI. Pentagastrin Tachyphylaxis

A. Establishment of Tachyphylaxis

The development of tachyphylaxis was observed using intervals 
of 3,5 and 10 minutes between doses of pentagastrin (lug/ml).
The drug remained in the bath between doses (no washing).

B. Effect of Tissue Washing on Tachyphylaxis

Pentagastrin (lug/ml) was given at intervals of 3, 5, 10 and 
20 minutes with the drug being removed from the bath after the 
response to each dose had been observed. In another set of ex

periments the effect of two washings between doses of pentagastrin 
was observed at intervals of 10 and 20 minutes. One wash was 
immediately after the maximal response to the first dose, the 
second was exactly halfway through the Interval.

C. Effect of Acetylcholine on Tachyphylaxis

After developing tachyphylaxis to pentagastrin by one of the 
methods described in section A, acetylcholine (1.5xl0~tigm/ud.) 
was added and after a 10-15 minute incubation period pentagastrin 
was added to see if the tachyphylaxis had been abolished.
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A single dose of pentagastrin was alternated with a dose of 
acetylcholine at 10 and 15 minute intervals, with and without 
washings, to determine if a uniform response to pentagastrin was 
maintained.

D. Effect of Calcium Concentration on Tachyphylaxis

The effect of both a high calcium and a low calcium concen
tration on the development of tachyphylaxis was observed.

Pentagastrin (lug/ml) was administered at 3 minute intervals 
until no further response was observed.

Solutions: The normal calcium content of Tyrode’s solution 
is 0.2gm/l. This was increased by 0.05 gm/1 in the high 
calcium solution and decreased by the same amount in the 
low calcium solution. Changes in the osmolality of the 
solutions were corrected by adding or removing the osmoti- 
cally equivalent amount of glucose in the solution.

VII. Cross-Tachyphylaxis Between Pentagastrin and the 
Muscarinic Ganglionic Stimulant AHR-602
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AIIR—602 (40ug/ml) was administered at 3—5 minute intervals 
until tachyphylaxis developed. Tissue was not washed between 
doses.

After establishment of tachyphylaxis to A1IR-602, pentagas
trin (lug/ml) was added.

The reciprocal of this experiment was also performed.

VIII. Effect of Procaine on Tissue Response

Standard responses were obtained to pentagastrin (lug/rnl)
-9and acetylcholine (1.5x10 gm/ial). Procaine (20ug/ml) was added 

to the bath. After a 20 minute incubation period the response to 

either pentagastrin or acetylcholine was observed. Separate ex
periments were performed for each of the drugs.

IX. Effect of Botulinum Toxin

Standard responses were obtained to pentagastrin (lug/nl) 
and acetylcholine (1.5xl0**9gm/ml). Botulinum toxin (5.0xl0"*10 
gm/ml) was added to the bath. After an incubation period 1, 2 
or 3 hours the response to either pentagastrin or acetylcholine
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was observed. Separate experiments were performed for each of 
the drugs.

X. Effect of Central Anticholinergic Agents

Standard responses were obtained to pentagastrin (lug/ml)
-9and acetylcholine (1.5x10 gm/ml). Either of the two diben- 

zoazepine derivatives, Exl0-029 or ExlO-149, or the dihydromor- 
phanthridine derivative ExlO-542A in concentrations of l.Oxlo”8 
gm/ml, 1.0x10 ^gm/ml and 1.0xl0**^gm/ml were added to the bath 

in separate experiments. After an incubation period of 20 min
utes the response to either pentagastrin or acetylcholine was
observed



R E S U L T S

I. Acetylcholine Dose-Response

The tissue preparation we used was capable of recording con
tractions of 0-óüiara. With the tension adjusted, as described in

Materials and Methods, acetylcholine in concentrations ranging 
—11 —7from 6.75x10 to 1.5x10 gra/ml usually elicited recordable 

contractions. Some segments of tissue showed a considerable 
difference from the others in their sensitivity to acetylcholine 

but nevertheless a good dose-response relationship was obtained.

In plotting the dose-response curve, contractions were ex
pressed as a percent of the maximal recordable response which was 
considered to be 60mm. Table 1 gives the raw and transformed data 
for these experiments and Figure 1 represents the dose-response 
curve.

II. Pentagastrin Dose-Response

The tissue segments were usually responsive to concentrations 

of pentagastrin ranging from 1.0xl0~° to 1.0xlo""6gm/ml. The
dose-response curve was determined in five control runs in which
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20 minutes were allowed between doses. The tissue was washed 
twice between doses. Table 2 gives the data from the experiments 
and Figure 2 represents the dose—response curve.

II. Effect of Nicotine Sulfate on the Tissue
Response to Pentagastrin

Nicotine sulfate was found not to be a competitive inhibitor 
of pentagastrin-induced contractions. While in four experiments 
it was found that after a short incubation period of 2 to 10 
minutes with nicotine sulfate (A.OxlO'^gm/ml) that the responsive
ness of the tissue to pentagastrin (1.0x10*" gm/ol) was reduced, 

it was reasoned that this was due to the non-selective depolariza
tion block described by Vizi (23). In five experiments with incu
bation periods of 30 to 60 minutes it was found that the responses 

to pentagastrin were equal to those of controls. That blockade of 
nicotinic receptors extended throughout the complete incubation 
period was verified with the use of DMPP (1.0xl0“6gra/ml) in 

three experiments and with the administration of another dose of 
nicotine sulfate in one other experiment. After the incubation 
period of 30 to 60 minutes with nicotine sulfate the responses 

to both DMPP and the additional dose of nicotine sulfate were 
abolished while the tissue retained its responsiveness to penta— 
gastrin.
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The data for these experiments are given in Tables 3 and 4. 
Figure 3 represents a typical tracing obtained from these experi
ments. A two-tailed student t test was performed for each set of 
experiments to determine if a significant difference existed be

tween the pre-incubation responses and the post-incubation re
sponses .

Ill, Effect of Ganglionic Blocking Agents on the 
Response of the Tissue to Pentagastrin

The use of the ganglionic blocking agents pentolinium, mecamy- 
lamine and hexamethonium supported the findings obtained with nico
tine sulfate in the preceeding section.

Pentolinium (lOOug/ml) in four experiments with an incubation 
period of 10 minutes did not reduce the response of the tissue to 
pentagastrin (lug/ml). In five experiments the same concentration 
of pentolinium was shown to decrease or abolish the response of the 

tissue to UMPP (lug/ral). (See Table 5 and Figure 4).

Two experiments with mecanylamlne (1 and 2ug/ml) corroborated 

the findings obtained with pentolinium. Mecamylaraine (lug/nl) had 

no effect on the response of the tissue to pentagastrin (lug/ml) 
whereas the response to DMPP (lug/ml) was reduced by 30%. ?iecany-
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lamine in a concentration of 2ug/ml decreased the response to DMPP 
by 69% while not affecting the response to pentagastrin. (See 
Table 6)

We were not able to establish ganglionic blockade in three 
experiments with hexaméthonium chloride (100ug/r.il). Administra
tion of the drug produced a marked increase in the tone of the 
preparation and wild contractions of the tissue which precluded 
any satisfactory result.

IV. Pentagastrin Tachyphylaxis

A. Establishment of Tachyphylaxis

Tachyphylaxis was effectively established to the contractile 
effects of pentagastrin when pentagastrin (lug/ml) was added to 
the bath at dosing Intervals of 5 and 10 minutes, the drug remain
ing in the bath between doses. The tachyphylaxis was usually 
complete after the administration of 4 to 6 doses of pentagas
trin.

The rate at which tachyphylaxis developed was found to depend 
primarily on the total amount of drug given rather than the length 
of exposure to the drug.
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The data for this set of experiments are given in Tables 7 and 

8 and a tracing showing the development of tachyphylaxis is shown 
in Figure 5.

B. Effect of Tissue Washing on Tachyphylaxis

In three experiments it was found that a constant response to 
a standard dose of pentagastrin could not be maintained, even with 
up to a 20 minute interval between doses, if the tissue was washed 
only once between doses. The responses varied and thus standard 
values for comparison were not obtained in this manner. When, 
however, the tissue was washed a second time before the adminis
tration of a second dose of pentagastrin it was found that a con
stant response to pentagastrin could be maintained.

The varied responses (most often decreased responses) that 

occur when the tissue lias been washed only once have been described 

as tachyphylaxis (1,17). The tachyphylaxis however is better 
seen, as in the proceeding section, if no washes occur between 
doses of pentagastrin.

The data for this set of experiments are given in Tables 9
and 10
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C. Effect of Acety1choline on Tachyphylaxis

«gIn six experiments acetylcholine (1.5x10 gm/ml or 
1.5x10 ĝm/ral) was added to the tissue bath after tachyphylaxis 
to the contractile effects of pentagastrin had been established. 
It was found tliat the tachyphylaxis was not reversed upon the 

administration of another dose of pentagastrin. The fact that 

acetylcholine did not reverse the tachyphylaxis was not surpris
ing in view of the results of the preceeding section where it 

was shown tliat two washes of the tissue assured maintenance of 
a standard response to pentagastrin. The reversal of tachyphy

laxis by acetylcholine reported by Morelock (17) is thus attri

butable to the tissue washing that occurred when the acetylcho
line was removed from the bath.

Die results for this set of experiments appear in Table 11. 
Figure 6 represents a tracing obtained from one of these experi
ments.

D. Effects of Calcium Concentration on

Tachyphylaxis

Die calcium content of the Tyrode’s solution was altered in 
four experiments. In two experiments the calcium content was in
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creased or decreased by 25%. In the remaining experiments the 
calcium content was increased or decreased by 6.25%.

The effect of these changes on the tone of the tissue was 

tremendous. Each increase or decrease in the calcium concentra
tion resulted in a complete loss in the tone of the tissue. Thus 

the responsiveness of the tissue was altered such that no signifi
cant results were obtained.

V. Cross-Tachyphylaxis Between Pentagastrin and the 
Muscarinic Ganglion Stimulant AtIR-602

Tachyphylaxis occurs to the contractile effects of both 

pentagastrin and AHIt—602. In six experiments it was shown that 
cross-tachyphylaxis between these two agents does not occur. In 
four experiments pentagastrin was still effective in eliciting 

contraction of the tissue after tachyphylaxis to AHR-602 had been 
established. In two experiments A1IR-602 was still effective in 
eliciting contraction of the tissue after tachyphylaxis to penta
gastrin had been established.

Table 12 gives the data for these experiments and Figure 7 
represents a typical tracing from the experiments.
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VI. Effect of Procaine on the Tissue Response
to Pentagastrin and Acetylcholine

In two experiments procaine (20ug/ml and 200ug/ial) proved to 
be an effective blocker of pentagastrin-induced contractions, sub
stantiating the work of Ghijikwa (4) who also reported this. 
Whereas Ghijikwa used this information to argue for the indirect 

action of pentagastrin, which was later proved by Vizi (24), our 
experiments with procaine itself allow no such conclusions. Pro
caine also reduced the response of the tissue to acetylcholine in 

two experiments. Tims it may be that the prevention of pentagas- 
trin-induced contractions is the result of a non-specific decrease 
in the responsiveness of the tissue caused by procaine.

The results from this set of experiments appear in Table 
13.

VII. Effect of Botulinum Toxin on the Tissue 
Response to Pentagastrin

The maximal attainable concentration of botulinum toxin in 

our preparation was 5.0x10 ^gm/ml. This was due to the snail 
quanity of toxin available to us and also to the large volume of
the tissue bath
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In two experiments this concentration of botulinum toxin had 
no effect on the responses of the tissue to pentagastrin, even 

after incubation periods of up to three hours. In three experi

ments botulinum toxin, in concentrations up to 5.OxlO""10gm/ml, 
had no effect on the tissue response to DifPP.

The expected action of botulinum toxin was that it xrould 
abolish the response of the tissue to both pentagastrin and DMPP 
by preventing the release of acetylcholine. Experiments with 

higher concentrations of botulinum toxin are needed to determine 
if this is, indeed, wliat occurs.

Table 14 gives the data for these experiments.

VIII. Effect of Central Anticholinergic Agents

The dibenzoazepine and dihydromorphanthridine derivatives 
used in these experiments were shown not to possess a specific 
antimuscarinic action at ganglion cells of Auerbach’s plexus. 
Concentrations that decreased the response of the tissue to pen- 
tagustrin also decreased the tissue response to acetylcholine. 
Because of this atropine-like action of these agents they were 
not useful in our attempt to determine if pentagastrin acts to
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release acetylcholine via an interaction with muscarinic receptors 
in Auerbachfs plexus.



T A B L E  1

Acetylcholine Dose-Response

Concentration (gm/ml) Responses (cm)

1) 1.5x10**11 None

2) 6.75x1O-11 0, 0, 2, 4, 0, 3, 5

3) 1.5x10 ^ 15, 4, 1, 8.1, 15, 13,
27, 0, 16, 4, 10, 0, 3,
5, 8

4) 1.5xl0**9 14.2, 6, 23, 20, 27, 24
42, 22, 27, 22, 21, 23

5) -81.5x10 26, 31.8, 34.5, 44, 37,
50, 38.2, 37

6) 1.5x10”7 54, 53, 55, 55, 48, 60

7) 3.58xl0™7 60, 51, 53.2, 60

3) 1.5xl0**6 All greater than 60
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T A B L E  1 (Cont.)

Concentration
(gm/ml)

Mean and S.D. % of Maximum

1) 1.5X10”11 0.0*0.0 0.0*0.0

2) 6.75x10**!L1 2.0*1.93 3.33*3.22

3) 1.5xl0~10 9.3*7.32 15.46*12.2

4) 1.5xlo“9 23.17-7.96 38.62*13.27

5) 1.5xl0”ti 36.17-7.21 60.28*12.02

6) 1.5xl0~7 54.17-3.53 90.23*5.88

7) 3.58xl0“7 56.05-4.03 93.42*6.72

8) 1.5xl0~6 Greater than 60 100.0
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T A B L E  2

Pentagastrin Uose-Response

Concentration
(gm/nil)

Responses Mean and S.D
(ran)

1) l.Oxlif8 13.0, 10.0, 8.2, 10.66-1.82
12.5, 9.6

2) j.5xl0**d 16.0, 21.0, 15.3, 18.58-2.73 
22.3, 18.4

-73) 1.0x10 23.0, 26.0, 20.7, 24.58-2.64 
28.5, 24.7

4) 5.5xl0”7 30.0, 24.8, 31.0, 30.0^2.84 
33.4, 30.8

5) l.OxlO-6 33.2, 33.0, 27.0, 32.68^3.03 
36.0, 34.234.2
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T A B L E  3

Effect of Nicotine Sulfate on the Tissue 
Response to Pentagastrin

Control Responses to Responses to Pentagastrin
Pentagastrin (lug/ml) After a 2-10 Minute Incu

bation with Nicotine Sulfate 
(40ug/ml)

n 20.0mm 0.0mm
Ü2 42.0mm 8.0mm
n 20.0mm 2. Oram
#4 17.0mm 0.0mm

Significant Beyond the 0.02 Level
t»5.44



T A B L E  3 (Cont.)

Control Responses to Responses to Pentagastrln
Pentagastrin (lug/ml) After a 30-60 Minute Incu

bation with Nicotine Sulfate 
(40ug/ml)

#1 60.0am 60.0mm
n 29.0mm 30.0mm
rs 19.0mm 17.0mm
M 24.0mm 24.0mm
#5 28.0mm 27.0mm

Not Significant at the 0.2 Level
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T A B L E  4

Effect of Nicotine Sulfate on the Tissue 
Response to DMPP

Control Responses to Responses to DMPP After

DMPP (lug/ml) a 30-60 Minute Incubation

with Nicotine Sulfate 
(40ug/ml)

#1 35.6nun 0. Omni
n 19.0mm 0.0mm
#3 23.6mm 0.0mm

Effect of a Second Dose of Nicotine Sulfate 

(40ug/ml) Added to the Bath After a 30 
Minute Exposure to the First Dose

First Dose Second Dose
it 1 60.0mm 0.0mm
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T A B L E  5

Effect of Pentolinium on the Tissue 
Response to Pentagastrin

Control Responses to Responses to Pentagastrin
Pentagastrin (lug/inl) After a 10 Minute Incu

bation with Pentolinium 
(lOOug/ml)

a 30. Oram 31.0mm
#2 20.Oram 20.Oram
#3 13.Oram 15.0mm
#4 10.Oram 10. Oram

Not Significant at the 0.2 Level
t=1.57

I
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Effect of Pentolinium on the Tissue 
Response to DMPP

Control Responses to Responses to DMPP After

T A B L E  5 (Cont.)

DMPP (lug/ml) a 10 Minute Incubation 
with Pentolinium (lOOug/ml)

jtl 24.0nun 0.0mm
#2 53.0mm 0.0mm
#3 48.0mm O.Omm
#4 58.5mm 11.0mm

Significant Beyond the 0.01 Level
t-6.64



I
<

(Figure 4. Effect of Pentolinium 
on Tissue Response to DMPP and Pentagastrin.)
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Effect of Mecamylamine on the Tissue 
Response to Pentagastrin

T A B L E  6

Control Responses to Responses to Pentagastrin
Pentagastrin (lug/ml) After a 10 Minute Incu

bation with Mecamylamine

#1 32.0mm 32.0ima (lug/ml Mecamylamine)
#2 32.0mm 32.0mm (2ug/ml Mecamylamine)

Control Responses to Response to DMPP After a
DHPP (lug/ml) 10 Minute Incubation with 

Mecamylamine

#1 50.Oram 35.0mm (lug/ml Mecamylamine)
#2 64,0mm 20.0mm (2ug/ml Mecamylamine)

Change in DHPP Response 

it 1 30% decrease
#2 62.5% decrease
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T A B L E  7

Doses of Pentagastrin (lug/ml) 
at Five Minute Intervals

Pentagastrin Tachyphylaxis

1) 1st 11.0mm 5) 1st
2nd 6.0mm 2nd
3rd 4.0mm 3rd

4 th
2) 1st 13.5mm 5 th

2nd 17.Oran
3rd 14.0mm 6) 1st
4 th 10.0mm 2nd

3rd

3) 1st 16.0mm 4th
2nd 10.0mm
3rd 4.0mm

4) 1st 16.Oram

2nd 13.0mm
3rd 10. Omni

4th 9.0mm

Responses

17.0mm
10.0mm
8.0mm
4.0mm
0.0mm

22.0ram
10.0mm

5.0mm
0.0mm
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T A B L E  B

Pentagastrin Tachyphylaxis

Doses of Pentagastrin (lug/ml) 
at Ten Minute Intervals

Responses

1) 1st 19.5mm 4) 1st 17,0mm
2nd 15.Oran 2nd lQ.Umm
3rd 7.0ram 3rd 7.Oram
4th 2.0mm

5) 1st 24. Orna
2) 1st 16.0mm 2nd 20.0mm

2nd 8.0mm 3rd 14.0mm
3rd 7.0mm 4th 10.0mm
4th 4.Oram

3) 1st 14.2mm
2nd 13.5mm
3rd 9.0mm

r, p 1K * ' ajL. rU ' A v
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T A B L E  9

Effect of Tissue Washing on Tachyphylaxis

Doses of Pentagastrin (lug/ml) Responses
at 10 Minute Intervals with 
the Drug Being Removed from 
the Bath Between Doses

4

1) 1st 17.0mm
2nd 13.0mm
3rd 12.5mm

2) 1st 36.Umm
2nd

3rd
39.0nun 

35. Own
4th 24.0mm

3) 1st 1*
47.0ram

2nd 42.0mm
3rd 40.7mm
4 th 46.0mn
5th 44. Siam
6 th 42.2ram
7 th 41.0mm
8 th 32.0mm

I
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T A B L E  9 (Cont.)

Effect of Tissue Washing on Tachyphylaxis

Doses of Pentagastrin (lug/ml) Responses
at 20 Minute Intervals with
the Drug Being Removed from
the Bath Between Doses

1) 1st 36.0iam
2nd 22 . Ormi
3rd 24.0mm
4 th 23.4mm

2) 1st 27.0mm
2nd 14. Orna
3rd 11.3mm
4th 10.0mm

3) 1st 16.0mm
2nd 11. Oraci
3rd 7.0mm
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T A B L E  10

Effect of Tissue Washing on Tachyphylaxis

Doses of Time Interval {1 Washes After Response
Pentagastrin Between Doses Each Dose
(lug/ml) (Minutes)

1) 1st 5 0 17.Oram
2nd 5 0 10.Oram
3rd 15 0 7. Oran
4 th 20 2 0.0mm
5 th 16.0ram

2) 1st 20 2 19.0mm
2nd 20 2 21.0mm
3rd 20.6mm

3) 1st 20 2 33.2mm
2nd 20 2 33.Oran
3rd
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T A B L E  11

Effect of Acetylcholine on Tachyphylaxis

; Time Interval t Washes After Response
Between Doses Each Dose

Pentagastrin
(lug/ml) 5rain. 0

15.0mm

Pentagastrin
(lug/ml) 5 min. 0

8. Oran

Pentagastrin
(lug/ml) 5min. 0

8. Oim

Pentagastrin
(lug/ml) 5 min. 0

0.0mm

Acetylcholine
(15ng/ml) 10min. 0

56.0mm

Pentagastrin
(lug/ml)

0.0mm

Pentagastrin
(lug/ml) 5min. 0

16.0nm

Pentagastrin
(lug/ml) 5 min. 0

13.0mm

Pentagastrin
(lug/ml) 5 min. 0

10.Oram

Pentagastrin
(lug/ml) 5min. 0

9.0mm

Acetylcholine
(1.5ng/ml) lOmin. 0

37.0mm

Pentagastrin 
(lug/ml)

0.0cm



T A B L E  11 (Cont.)

Drug Time Interval # Washes After Response
Between Doses Each Dose

Pentagastrin 
(lug/ml) 5min. 0

16.0mm

Pentagastrin
(lug/ml) 5 lain. 0

10.0mm

Pentagastrin
(lug/ml) 5 min. 0

4.0mm

Acetylcholine
(15ng/ml) lOmin. 0

47.0mm

Pentagastrin
(lug/ml)

0.0mm

Pentagastrin
(lug/ml) lOmln. 0

16.Oram

Pentagastrin
(lug/ml) lOmin. 0

8.0mm

Pentagastrin
(lug/ml) lOmin. 0

7.0mm

Pentagastrin
(lug/ml) lOmin. 0

4.0mm

Acetylcholine
(15ng/ral) 20min. 0

38.6mm

Pentagastrin
(lug/ml) 0.0mm



(Figure 6. Effect of Acetylcholine 

on Pentagastrin Tachyphylaxis.)
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T A B L E  12

Cross-Tachyphylaxia Between Pentagastrin and AHR-602

Drug Time Interval # Washes After Response

Between Doses Each Dose

Pentagastrin 
(lug/ml) 30min. 2

33.0mm

AHR-602
(40ug/nl) 3min. 0

65.Oram

AHR-602
(40ug/ml) 3min. 0

37.5tam

AHR-602
(40ug/ml) 3min. 0

8.0mm

AHR-602
(40ug/ml) 3min. 0

6.0mm

Pentagastrin 27.3nm
(lug/ml)

Pentagastrin 16.7mm
(lug/ml) 15min. 2

AHR-602 11.0mm
(2ug/ml) 3min. 0

AHR-602 23.0mm
(2ug/mL) 3min. 0

AHR-602 12.0mm
(2ug/ml) 3min. 0

AHR-602 11.0mm
(2ug/ml) 3min. 0

AHR-602 10.0mm
(2ug/ml) 3rain. 0



T A B L E  12 (Cont.)

AHR-602 7. Omis
(2ug/ml) 3min. 0

AHR-602 0.0mm
(2ug/ml) 3min. 0

Pentagastrin 19.0mm
(lug/ml)

Pentagastrin
(lug/ml) 30min. 2

11.0mm

AHR-602
(2ug/ml) 3min. 0

13.0mm

AHR-602
(2ug/ml) 3min. 0

7.0mm

AHR-602
(2ug/ral) 3min. 0

6.0mm

AHR-602
(2ug/ml) 3min. 0

4.0mm

AHR-602
(2ug/ml) 3min. 0

3.0mm

AHR-602
(2ug/ml) 3min. 0

O.Omn

AHR-602
(2ug/ml) 3min. 0

O.Üran

Pentagastrin 6.0mm
(lug/ml)

4) Pentagastrin 40.0mm
(lug/ml) 30min. 2

AHR-602 29.0mm
(2ug/ral) 7min. 0



T A B L E  12 (Cent.)

AI1R-602
(2ug/ml) 5mln. 0

28.Oma

AHR-602
(2ug/ml) 5 min. 0

22.0mm

AHR-602
(2ug/ml) 5ialn. 0

13.Oman

AHR-602
(2ug/ral) 5raln. 0

10.0mm

AHR-602
(2ug/ml) 5raln. 0

7.0mm

AHR-602
(2ug/ml) 5ialn. 0

6.0rara

Pentagastrln
(lug/ml)

16.0mm

AHR-602
(2ug/ml) 30mln. 2

18.5mm

Pentagastrln 
(lug/rol) 9iiiln. 0

17. Oran

Pentagastrln
(lug/ml) 5raln. 0

10.Omm

Pentagastrln
(lug/ml) 5mln. 0

8.0mm

Pentagastrln
(2ug/ml) 5mln. 0

7.0mm

Pentagastrln
(lug/ml) 5min. 0

0.0mm

AHR—602 18.Oram
(2ug/ml)



T A B L E  12 (Cont.)

AHR-602 16.9mm
(2ug/ml) 30mln. 2

Pentagastrln 22.0mm
(lug/ml) 3min. 0

Pentagastrln 10.0mm
(lug/ml) 3mln. 0

Pentagastrln 5. Oran
(lug/ml) 3mln. 0

Pentagastrln 0.0mm(lug/ml) 3mln. 0
AHR-602 24.5mm

(2ug/ml)



(Figure 7. Effect of AMR-602 
after establishment of pentagastrin tachyphylaxis.i

No cross-tachyphylaxis occurs.)
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T A B L E  13

Effect of Procaine on the Tiaeue Response to 
Pentagaatrin and Acetylcholine

Drug Interval # Washes Response

1) Pentagaatrin 
(lug/ml) 20min. 2

33.2nsa

Procaine
(200ug/ml) 11) min. 0

Pentagaatrin 
(lug/ml)

0.0mm

2) Pentagaatrin 
(lug/ml) 2Chuin. 2

16.0mm

Procaine
(20ug/ml) 20mln. 0

Pentagaatrin 
(lug/ml)

3.0mm

3) Pentagaatrin 
(lug/ml) 20min. 2

7.0nun

Procaine
(lOug/ml) 20min. 0

Pentagaatrin 8.0mm
(lug/ml)



T A B L E  13 (Cont.)

Drug Interval # Washes

4) Acetylcholine
(15ng/tal) lOmln.

Procaine
(40ug/ml) 20raln.

Acetylcholine
(15ng/ml)

5) Acetylcholine
(15ng/ial) lOraln.

Procaine
(20ug/ral) 20mln.

Ace tylcholine 
(límg/ml)

1

0

1

0

Response

26.8mm

6.0mm

35.0mm

11.8mm
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T A B L E  14

Drug Interval # Washes

1) Pentagastrln
(lug/ml) 15min. 2

Botulinum Toxin
(O.Olng/ml) 2hrs. 0

Pentagastrin
(lug/ml)

2) Pentagastrin
(lug/ml) 15min. 2

Botulinum Toxin
(0.5ng/ml) 3hrs. 0

Pentagastrin
(lug/ml)

3) DMPP
(lug/ml) 15nin. 1

Botulinum Toxin
(0.5ng/ml) 3hrs. 0

DMPP (lug/ml)

4) DMPP
(lug/ml) 15min. 1

Botulinum Toxin
(0.5ng/ml) 20min. 0

Response

23.0mm

2 7.Oram 

18.7mm

16.0ram 

24.7mm

27.5mm 

23. 3raa

DMPP (lug/ml) 26.Oram



T A B L E  14 (Cont.)

Drug Interval # Washes

5) DUPP
(lug/ml) 15min. 1

Botulinum Toxin
(0.2ng/ml) 2hrs. 0

DMPP (lug/ml)

Response

17.5mm

18.5mm



D I S C U S S I O N

The action of gastrin on the motility of the guinea pig intes
tine involves the release of acetylcholine from neurons of Auer

bach's plexus. Since Vizi (24,25) lias quantified the acetylcholine 
released by pentagastrin, and claimed that tetrodotoxin, morphine, 
and procaine block the effects of gastrin (1,4,11,24), a direct 
action of gastrin on intestinal smooth muscle cells has been ex
cluded. The aim of this research therefore was to determine how 

gastrin mediates the release of acetylcholine from the neurons of 
Auerbach's plexus.

As mentioned in the beginning of this thesis several possible 
mechanisms whereby gastrin could cause the release of acetylcholine 
exist. These include: 1) gastrin's acting like a classical gang- 
lion-stimulating agent, interacting with nicotinic receptors to 
depolarize the postganglionic neuron and causing the release of 

acetylcholine; 2) the existence of other receptors, possibly mus
carinic ganglion receptors, lias been postulated and thus gastrin 

may interact with these receptors to depolarize the postganglionic 
neuron; 3) gastrin may act at the neuron ending to release the 

stored acetylcholine; and 4) gastrin may influence ion movements 

via a non-specific membrane interaction and thus cause depolariza
tion of the postganglionic neuron.
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The experiments with nicotine sulfate and the ganglionic 
blocking agents enabled us to determine that nicotine is not a com

petitive inhibitor of pentagastrin-induced contractions. Ho relock 
(17), who reported that nicotine was a competitive inhibitor, used 
nicotine incubation times of 10 minutes. The inhibition he saw 

was shown in our experiments to be due to the non-specific depola
rization block described by Vizi (23). Whereas Vizi reported on 

the inhibition of acetylcholine release, saying that 2-7 minutes 
were needed to overcome the depolarization block caused by nico
tine, complete recovery, restoring pentagastrin-induced contrac
tions to control levels, requires a longer period of time. Since 

the ganglionic blocking agents, pentolinium and mecaraylataine, did 
not block the actions of pentagastrin this represents further 

evidence that pentagastrin does not interact with nicotinic receptors. 
Similar findings to ours have recently been reported by Stewart (22) 
who worked with isolated dog intestine.

The possibility that gastrin interacts with muscarinic recep
tors in Auerbach's plexus was looked at in two sets of experiments: 
Central anticholinergic agents (dibenzoazepine and dihydromorphan- 
thridine derivatives) were used in the hope that they would possess 

a specific antimuscarinic effect at the ganglion cells of Auer
bach's plexus. This, however, did not turn out to be the case as
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their actions were more similar to that of atropine. They not only 

decreased the responsiveness of the tissue to pentagastrin but also 
decreased the responsiveness of the tissue to acetylcholine.

AliK-602 has been shown to stimulate muscarinic receptors in 
the superior cervical ganglion of the cat. Whereas no muscarinic 

ganglion receptors have as yet been identified in parasympathetic 
ganglia we thought that by using this agent we might be able to 

demonstrate their existence in the intestine. A11R-602 proved to 
be an effective stimulant of intestinal contractions. Upon re

peated administration of AHR-602 tachyphylaxis to its contractile 
effects developed; as with pentagastrin, AHR-602 was still effective 
in eliciting contractions after the tissue had been exposed to 
nicotine. Unlike the central anticholinergic agents, AHR-602 did 
not reduce the responsiveness of the tissue to acetylcholine, 
even after tachyphylaxis had developed to its effects. Thus the 

general observations of the actions of both AHR-602 and pentagas
trin were identical. Because of this it was thought that AHR-602 
and pentagastrin might be acting at the same receptor. As cross

tachyphylaxis between two agents is indicative, but not conclusive 
evidence of a common site of action of two agents, cross-tachyphy

laxis between pentagastrin and AHR-602 was investigated. These 
experiments showed that no cross-tachyphylaxis between these two 

agents occurred. Thus pentagastrin probably does not mediate its
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effect via an interaction with muscarinic receptors in Auerbach’s 

plexus. Die fact that Vizi (23) was not able to demonstrate any 
stimulatory properties of caerulin (a peptide similar to pentagas- 
trin) on the superior cervical ganglion of the cat, where muscar
inic ganglion receptors have been identified, is also supportive 
of this.

It is not likely either that pentagastrin causes acetylcholine 
release by an action on nerve terminals. Osman (19) lias shown 
that cobra venoms do possess such an action on nerve terminals of 

guinea pig ileum, however, the action of cobra venoms is not 

blocked by tetrodotoxin whereas the acetylcholine release caused 
by pentagastrin is.

The final possible mechanism by which pentagastrin may act 
to release acetylcholine is by a non-specific action on the neu
ronal membrane thereby causing depolarization and the release of 
acetylcholine. To investigate this possibility microelectrode 
studies, which were not within the scope of this investigation, 
would be required.

The experiments regarding the tachyphylaxis that develops to 
the contractile effects of pentagastrin do, however, provide fur
ther information about the action of pentagastrin.
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Acetylcholine does not reverse the tachyphylaxis that develops 
to pentagastrln. This, along with the experiments on maintaining 
the pentagastrln response with two washings of the tissue, indicates 

that acetylcholine depletion does not occur. Thus the tachyphylaxis 
must be attributed to some other phenomenon. The tissue is still 
responsive to ganglion stimulants, such as after tachyphylaxis
to pentagastrln has been established. Thus a depolarization or 
hyperpolarization block is also not a likely explanation of the 
tachyphylaxis.

The most likely explanation of the tachyphylaxis is that the 

pentagastrln receptors are desensitized to further stimulation by 
pentagastrln. Whereas this is difficult to explain on a molecular 
level it is by no means unique. The blockade that follows stimu
lation by nicotinic agents is another example of receptor desensi
tization. 5-iiydroxytryptamine desensitization procedures are also 
well described, however, in these cases too, the phenomenon has 
not been adequately explained.

Two major theories of drug action are described. The first, 
the receptor occupation theory of drug action, holds that it is 

the number of drug receptors occupied that determines the magni
tude of the drug effect. The second theory holds that it is the
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rate of drug-receptor combinations which determines the magnitude 
of drug action.

To explain tachyphylaxis in terms of the first theory is im
possible. Given the continued presence of the drug, the number of 

drug receptors occupied should stay constant, and thus the fall- 
off in drug response is not expected.

The tachyphylaxis can be better explained in terras of the rate 
theory of drug action. If pentagastrin remains bound to its recep
tor for a prolonged period of time (remember two washings and 20 
minutes between doses are needed between doses to maintain the re
sponse) then given the continuous presence of drug in the bath, all 

receptors eventually become occupied and stay occupied. Supportive 
of this is the fact that Bennett (1) reported tachyphylaxis even 
if the tissue was washed once between doses, and tills was sub

stantiated in our work. Thus no new drug-receptor combinations, 
and therefore responses, occur.

In summary several things about the action of pentagastrin 

on intestinal motility have been determined.

1) Pentagastrin does not mediate the release of acetylcho
line via an action on nicotinic receptors.
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2) It is unlikely that pentagastrin mediates the release of 
acetylcholine via an interaction tilth muscarinic ganglion recep
tors in Auerbach's plexus.

3) Tachyphylaxis to pentagastrin is not caused by a deple
tion of acetylcholine.

4) The rate of drug-receptor combination theory of drug 
action is most easily used to explain the occurrence of tachyphy
laxis.

5) The true nature of the pentagastrin receptor remains 

unknown. We do, however, have a better idea of what the 
pentagastrin receptor is not.
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