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ABSTRACT

Cholecystokinin (CCK) has been shown to stimulate the growth of both
normal pancreas and azaserine-induced putative preneoplastic pancreatic

lesions in the rat. The present study was performed to determine whether
these effects are mediated by way of CCK-A receptors, CCK-B receptors,
or both. Sixteen-day-old male Lewis rats were given i.p. injections of

azaserine at 30 mg/kg body weight. Starting on day 21, rats were given s.c.
injections, 5 days/week for 16 consecutive weeks, of either (a) CCK oc-
tapeptide (nonselective CCK agonist) (2.50 /ug/kg body weight, n = 17), (b)
<ert-butyloxycarbonyl-Trp-Lys(e-A'-2-methylphenylaminocarbonyl)-Asp-
(A'-methyD-Phe-NHj (highly selective CCK-A agonist) (1.84 /tg/kg body
weight, n = 18), (c) |(2R,3S)-ÃŸ-MePhe2iVV-MeNle31]CCK26.j, (highly se

lective CCK-B agonist) (2.40 /ig/kg body weight, n = 18), or (</) normal
saline solution (control, n = 17). Rats were subsequently sacrificed, pan
creatic weights were determined, and quantitative morphometric analysis
of atypical acinar cell foci and nodules was performed. Both CCK oc-
tapeptide and the selective CCK-A agonist /erf-butyloxycarbonyl-Trp-
Lys(e-iV-2-methylphenylaminocarbonyl)-Asp-(iV-methyl)-Phe-NH2 stimu

lated pancreatic growth and the development of acidophilic atypical aci
nar cell foci and nodules. Furthermore, the effect produced by the selective
CCK-A agonist /Â«rt-butyloxycarbonyl-Trp-Lys(â‚¬-Ar-2-methylphenylami-

nocarbonyD-Asp-dY-methyD-Phe-NHj was greater than that produced by
CCK octapeptide. In contrast, the selective CCK-B agonist [i2K..VV>-/i-
MePhe2!Vv-MeNle"]CCK2<,..,.i had no effect. These findings suggest that

the growth of putative preneoplastic lesions (acidophilic atypical acinar
cell foci and nodules) in the rat pancreas during the early stages of
azaserine-induced pancreatic carcinogenesis is mediated specifically by
way of CCK-A receptors.

INTRODUCTION

Carcinoma of the exocrine pancreas is currently the fifth leading
cause of cancer death in the United States, accounting for more than
25,000 cancer deaths annually (1). It remains one of the least curable
malignant human neoplasms, having a mean survival of 4 months
from the time of diagnosis (2). In this regard, considerable interest has
developed in attempting to identify those factors which may influence
its pathogenesis or regulate its growth. In the past 20 years, several
experimental models of chemically induced carcinoma of the exocrine
pancreas have been developed in rodents for studying carcinogenesis
(3-5). This study focuses on the azaserine-induced model of pancre
atic carcinogenesis in the Lewis rat (6-8). In this model, a single i.p.

injection of the carcinogen azaserine at a dose of 30 mg/kg body
weight, administered at 2 weeks of age, induces acinar cell adenocar-

cinoma of the pancreas in approximately 50% of male Lewis rats by
18 months of age. As early as 1-2 months after azaserine injection,
multiple microscopic atypical acinar cell foci develop. By 4-6 months

following azaserine exposure, these foci develop into grossly visible
nodules. The acronym AACN3 has been used to designate both foci
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(small lesions) and nodules (large lesions). Two phenotypic popula
tions of AACN, acidophilic and basophilic, have been described and
appear to have differing growth potentials (9). Most of the acidophilic
and basophilic AACN display a benign growth pattern, but a small
subset with the acidophilic phenotype develop dysplasia and are re
garded as precursor lesions of overt pancreatic carcinoma.

The structurally related peptide hormones CCK and gastrin, which
share an identical carboxyl-terminal pentapeptide region (10) believed

to be important for their biological activities (11), have been impli
cated in the regulation of cellular proliferation and growth of the
pancreas. Numerous in vivo studies have well documented a positive
growth-promoting effect of both exogenously administered CCK an
alogues (12-24) and endogenously elevated CCK levels on normal
rodent pancreas (25-29). Likewise, in vivo studies have also demon

strated a trophic effect of exogenously administered gastrin analogues
on normal rodent pancreas (18, 20, 22, 30-33); however, the effect of
altering endogenous gastrin levels is not uniformly clear (34-41).

Over the past several years, an increasing body of experimental
evidence has developed which implicates CCK as a pancreati-
cotrophic factor involved in the early stages of azaserine-induced
pancreatic carcinogenesis in the rat (42-50). Daily injections of cae-
rulein (42) and CCK-8 (44-46) have both been shown to stimulate the

growth of acidophilic AACN. Likewise, elevation of endogenous
CCK levels by the administration of synthetic trypsin inhibitor (camo-
state) (43, 45), by pancreatobiliary diversion (47^19), and by partial
gastrectomy (distal gastrectomy with Roux-en-Y anastomosis) (50),

have been shown to promote acidophilic AACN growth. In those
instances in which the CCK antagonist CR-1409 was administered

concurrently with the exogenous CCK analogues or during the period
of endogenously elevated CCK, the resultant growth effects on aci
dophilic AACN were partially blocked to varying degrees (44-46, 48).

In contrast to CCK, limited information is currently available with
regard to the growth effects of gastrin on the early stages of azaserine-

induced pancreatic carcinogenesis in the rat (49, 51, 52). Chronic
administration of the gastrin analogue tetragastrin (carboxyl-terminal

tetrapeptide amide sequence shared by gastrin and CCK) has been
shown to exert little or no influence on acidophilic AACN growth
(51). However, endogenous hypergastrinemia, induced by gastric fun-

dectomy (49) or by split gastrojejunostomy (complete duodenogastric
reflux) (52), has recently been reported to enhance acidophilic AACN
growth to some degree.

Since it is known that CCK-8 interacts with approximately equal
affinity with both CCK-A and CCK-B (gastrin) receptors, while gas
trin-17-1 binds only to the CCK-B (gastrin) receptor subtype (53), the
question arises as to which CCK binding sites (CCK-A receptors
and/or CCK-B receptors) specifically mediate these hormonally in

duced effects on AACN growth. Thus, the purpose of the present study
was to characterize the effects of a highly selective CCK-A agonist, a
highly selective CCK-B agonist, and a nonselective CCK agonist on

the development of AACN, to determine which CCK receptor sub
types mediate growth of such lesions during the early stages of aza
serine-induced pancreatic carcinogenesis.

Cholecystokinin; CCK-8, cholecystokinin octapeptide; A-71623, /t'ri-butyloxycarbonyl-
Trp-Lys(e-Ar-2-methylphenylaminocarbonyl)-Asp-(Ar-methyl)-Phe-NHs SNF-8815,
[(2Ã„,35)-ÃŸ-MePhe2">'-MeNle-"]CCK2^M; DMSO, dimethyl sulfoxide.
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MATERIALS AND METHODS

Chemicals. CCK-8 (sulfated fragment 26-33) was from BACHEM, Inc.
(Terranee, CA). A-71623, a highly selective (1220-fold), high affinity CCK-A

agonist, was kindly provided by Dr. Alex M. Nadzan (Neuroscience Research
Division, Abbott Laboratories, Abbott Park, IL) (54). SNF-8815. a highly
selective (8000-fold), high affinity CCK-B agonist, was kindly provided by Dr.

Victor J. Hruby (Department of Chemistry, University of Arizona, Tucson. AZ)
(55). Azaserine was from Calbiochem-Behring (La Jolla, CA). Bacteriostatic

0.9% NaCl injectable solution was from Abbott Laboratories (North Chicago,
IL). Gelatin was from Fisher Scientific (Fair Lawn, NJ). DMSO was from
Sigma Chemical Co. (St. Louis, MO).

Animals. Seventy inbred male Lewis rat suckling pups were obtained along
with their respective nursing dams from Harlan-Sprague-Dawley (Indianapo

lis, IN). The suckling pups were 14 days old upon arrival and were allowed to
become acclimated to the animal laboratory, along with their nursing dams, for
48 h before the study was started. The nursing dams were maintained on
American Institute of Nutrition-7f>A purified control diet (HarÃan Teklad,

Madison, WI) and water aÃ¼libitum.
Carcinogen. At 16 days of age. each suckling pup received a single i.p.

injection of azaserine (30 mg/kg body weight) dissolved in 0.9% NaCl solution
to a final concentration of 3 mg/ml. The pups were then returned to their
respective darns and allowed to continue suckling until 21 days of age.

Peptide Preparation. Stock solutions (1 ng/u,l) of CCK-8, A-71623, and
SNF-8815 were each prepared by initially dissolving the desired amount of

each peptide in a 0.9% NaCl solution containing 1.5% DMSO (by volume).
The stock solutions were then aliquotcd into equal portions, each sufficient for
a single injection for all animals in each treatment group, and were immedi
ately transferred to a -80Â°C freezer for storage until use. Additionally, a stock

solution containing only 0.9% NaCl solution and 1.5% DMSO was aliquoted
and stored as described above, for use in the control group. All peptides were
administered in isomolar concentrations (2.187 nM) relative to CCK-8, based
upon previous determination of CCK-8 dosing by Douglas et al. (44).

Experimental Design. On day 21 of life, the rat pups were weaned and
randomized to one of four treatment groups. Starting at that time, rats were
given s.c. injections once daily, 5 days/week for 16 consecutive weeks (80
injection doses/animal during the study period), of either (a) CCK-8 (2.5
Hg/kg body weight) in a 5% hydrolyzed gelatin vehicle, (b) A-71623 (1.84
Hg/kg body weight) in a 5% hydrolyzed gelatin vehicle, (c) SNF-8815 (2.4

Hg/kg body weight) in a 5% hydrolyzed gelatin vehicle, or (d) 0.9% NaCl
solution in a 5% hydrolyzed gelatin vehicle (control group).

During the 16 weeks of injections, the rats were maintained on American
Institute of Nutrition-76A purified control diet and water ail libitum and were

housed in plexiglass cages with wire tops under standard laboratory conditions
of 70â€”72Â°F,with a 12-h light/dark cycle. Rats were weighed weekly and their

weekly body weights were used to calculate the daily dose of agonist to be
administered during that particular week. Additionally, daily food consumption
was recorded for each group during weeks 8 and 14 of the study.

Tissue Sampling and Histology. After completing 16 weeks of injections,
the rats were sacrificed by decapitation under CO2 anesthesia. The entire
pancreas of each animal was carefully removed via a midline laparotomy,
trimmed free of fat and lymph nodes, and weighed. Each pancreas was then
divided into two portions, head and tail, by a transection near the superior
mesenteric artery and was immediately fixed in 10% neutral buffered formalin
for approximately 8â€”18h. The two portions of each pancreas were then

separately embedded in paraffin. Sections were then cut at 5 jum on a micro
tome and stained with hematoxylin and eosin by conventional methods. From
each rat pancreas, two representative sections (one from the head and one from
the tail) were examined. The head sections were screened for adenomas and
carcinomas m .vim. The tail sections were examined by quantitative morpho-

metric techniques. Azaserine-induced AACN in the pancreas were identified

and classified as acidophilic or basophilic according to the criteria of Rao et al.
(56) and Roebuck et al. (9). All slides were examined by two separate observ
ers without knowledge of the treatment. From 86 to 213 mm: of pancreatic

tissue from each rat pancreatic tail section were screened for AACN transec-

tions. The area of the AACN transections was measured with a semiautomatic
image analysis system (57). From the observed transectional data (number of
AACN/cm2 and mean area of the AACN transections), three-dimensional
volumetric parameters (number of AACN/cm'. number of AACN/pancreas,

mean diameter/AACN, and the AACN volume as percentage of pancreas) were

calculated by the quantitative stereological methods of Campbell et al. (58) and
Pugh et al. (59), as applied to the pancreas (9). The AACN volume as per
centage of pancreas for acidophilic lesions is analogous to tumor burden and
represents the most reliable data with regard to the growth of AACN (9, 59).
The volume of the whole pancreas was approximated from its weight by
assuming that l g of pancreas was equal to 1 cm3 of pancreas (9).

Statistical Analysis. Results were expressed as means Â±SD. Analysis of
body weight, food consumption, and pancreatic weight was performed using
one-way analysis of variance followed by a Bonferroni multiple-comparison
test. For AACN, the calculated volumetric data were evaluated by one-way
analysis of variance followed by a Bonferroni multiple-comparison test.
Statistical significance was assumed for /' < 0.05.

RESULTS

The effects of the CCK agonists on body weight and pancreatic
weight are shown in Table 1. During the 16-week study period, no

significant difference in mean body weight was observed between the
treatment groups. Additionally, no significant difference in food con
sumption, as measured during weeks 8 and 14 of the study period, was
noted between the treatment groups (data not shown). Pancreatic
weight was significantly increased in the CCK-8 treatment group
(P < 0.001) and the A-71623 treatment group (P < 0.001), compared

to the control group. Likewise, pancreatic weight was significantly
increased in the CCK-8 treatment group (P < 0.001 ) and the A-71623
treatment group (P < 0.001), compared to the SNF-8815 treatment

group. Additionally, the increase in pancreatic weight seen in the
A-71623 treatment group was significantly greater (P < 0.001) than
that seen in the CCK-8 treatment group. No significant difference in
pancreatic weight was seen between the SNF-8815 treatment group

and the control group.
The results of quantitative stereological analysis for acidophilic and

basophilic AACN from pancreatic tissue sections are shown in Tables
2 and 3. The observed transectional data (number of AACN/cm2 and

mean area of the AACN transections) are presented to document the
type of data collected. However, it is inappropriate to use observed
transectional (two-dimensional) data for statistical analysis, since the

observed transectional data represent random transections through
AACN (and not the actual size of the AACN) and the number of
transections observed is influenced by AACN size. Therefore, all
statistical analyses and interpretation of the AACN results are based
upon the calculated three-dimensional volumetric data.

Data for acidophilic AACN after treatment with CCK-8, A-71623,
and SNF-8815 are shown in Table 2. The number of AACN/cm3,

number of AACN/pancreas, mean diameter/AACN, and AACN vol
ume as percentage of pancreas were significantly increased in the
CCK-8 treatment group (P < 0.001), compared to the control group.

Likewise, all volumetric parameters were significantly increased in
the CCK-8 treatment group (P < 0.001), compared to the SNF-8815

treatment group. The number of AACN/pancreas, mean diameter/
AACN, and AACN volume as percentage of pancreas were signifi
cantly increased in the A-71623 treatment group (P < 0.001), com

pared to the control group. Likewise, these volumetric parameters

Table 1 Effect of CCK agonists on both and Â¡lancmitic weights

Values arc means Â±SD.

TreatmentCCK-8A-71623

(CCK-Aagonist)SNF-8815

(CCK-Bagonist)ControlNo.

of
rats17181817Initial

hodv

(g)33

Â±434
Â±632

Â±432

Â±5Final

hodv

(g)421

Â±18423
Â±19422

Â±21424

Â±20Pancreatic

(g)1.578
Â±0.136"-''1.978
Â±0.138Â°-i>'c1.283

Â±0.1801.299

Â±0.128
a P < 0.001 versus control, by analysis of variance/Bonferroni.
bP < 0.001 versus SNF-8815, by analysis of variancc/Bonfcrroni.
c P < 0.001 versus CCK-8, by analysis of variance/Bonterroni.
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Table 2 Effect of CCK agonists on acidophilic AACN in azaserine-treated rats

Values are means Â±SD. It is not appropriate to subject the observed transectional (two-dimensional) data to statistical analysis, because they may not accurately reflect the actual
number and size of the AACN. Therefore, all statistical analyses are based upon the calculated volumetric (three dimensional) data.

Observed transectional data forAACNTreatmentCCK-8

A-71623 (CCK-A agonist)
SNF-8815 (CCK-B agonist)

ControlTotal

no./cm222.35

Â±5.97
23.47 Â±3.94
11. 19 Â±3.92
12.10 Â±2.82Mean

area
(mm2 x100)17.58

Â±4.28
27.83 Â±7.79

9.30 Â±3.36
9.20 Â±1.44Total

no./cm3436Â±97"-fc

373 Â±77
305 Â±109
324 Â±76Calculated

volumetric data forAACNTotal

no./pancreas690

Â±m"'b
742 Â±186 "â€¢*

401 Â±196
420 Â±107Mean

diameter
(lim)510Â£89o.Ã.643

Â±83Â°-*â€¢'

376 Â±53
381 Â±31Volume

as
% ofpancreas4.027

Â±1.556"'"
6.535 Â±2.035 "â€¢h-c

1.068 Â±0.577
1.114 Â±0.352

" P < 0.001 versus control, by analysis of variance/Bonferroni.
bP < 0.001 versus SNF-8815, by analysis of variance/Bonferroni.
c P < 0.001 versus CCK-8, by analysis of variance/Bonferroni.

Table 3 Effect of CCK agonists on basophilic AACN in azaxerine-treated rats

Values are means Â±SD. It is not appropriate to subject the observed transectional (two-dimensional) data to statistical analysis, because they may not accurately reflect the actual
number and size of the AACN. Therefore, all statistical analyses are based upon the calculated volumetric (three dimensional) data.

Observed transectional data forAACNTreatmentCCK-8A-71623

(CCK-A agonist)
SNF-8815 (CCK-B agonist)

ControlTotal

no./cm22.85

Â±1.27
0.97 Â±0.81
2.96 Â±1.75
4.04 Â±1.90Mean

area
(mm2 X100)1.60

Â±0.43
1.26 Â±0.33
1.77 Â±1.03
1.61 Â±0.51Total

no./cm3215

Â±120
76 Â±59"- b-c

215 Â±111
300 Â±128Calculated

volumetric data forAACNTotal

no./pancreas342

Â±202
147 Â±115Â°'c

277 Â±156382
Â±152Mean

diameter
(firn)143

Â±33
133 Â±30
147 Â±52
140 Â±26Volume

as % ofpancreas0.047

Â±0.025
0.013 Â±0.013Â°-h-d

0.052 Â±0.040
0.067 Â±0.039

a P < 0.01 versus control, by analysis of variance/Bonferroni.
b P < 0.01 versus SNF-8815, by analysis of variance/Bonferroni.
*"P < 0.01 versus CCK-8, by analysis of variance/Bonferroni.

d P < 0.05 ver.vu.vCCK-8. by analysis of variance/Bonferroni.

were significantly increased in the A-71623 treatment group (P <
0.001), compared to the SNF-8815 treatment group. Furthermore, the

increases in mean diameter/AACN and AACN volume as percentage
of pancreas seen in the A-71623 treatment group were significantly
greater (P < 0.001 ) than those seen in the CCK-8 treatment group. No
significant difference in volumetric data was seen between the SNF-

8815 treatment group and the control group.
Data for basophilic AACN after treatment with CCK-8, A-71623, or

SNF-8815 are shown in Table 3. The number of AACN/cm3, number

of AACN/pancreas, and AACN volume as percentage of pancreas
were significantly decreased in the A-71623 treatment group (P <

0.01), compared to the control group. Likewise, the number of AACN/
cm1, number of AACN/pancreas, and AACN volume as percentage of

pancreas were significantly decreased in the A-71623 treatment group
(P < 0.01, P < 0.01, and P < 0.05, respectively), compared to the
CCK-8 treatment group. Finally, the number of AACN/cm3 and

AACN volume as percentage of pancreas were significantly decreased
in the A-71623 treatment group (P < 0.01), compared to the SNF-

8815 treatment group. No significant difference in any volumetric
parameter was seen for the CCK-8 treatment group or SNF-8815

treatment group, compared to the control group. However, it should be
noted that, since only a small number of basophilic lesions were
observed, the results generated by quantitative stereological transfor
mation of observed transectional data to three-dimensional volumetric

data cannot generally be interpreted with reliability (9, 59).
It should be noted that all of the rats in this experiment histologi-

cally displayed focal chronic pancreatitis. The degree of involvement
varied widely within each of the experimental groups. Based on six
randomly chosen animals/group, the focal chronic pancreatitis volume
as percentage of pancreas was 2.332 Â±1.387% for the CCK-8 treat
ment group, 4.002 Â±2.844% for the A-71623 treatment group. 4.350
Â±3.264% for the SNF-8815 treatment group, and 2.210 Â±2.108% for

the control group. These values were not statistically different. Thus,
the incidence and degree of involvement of focal chronic pancreatitis
did not appear to be related to treatment with the CCK agonists.

Finally, since the selective CCK-B agonist SNF-8815 was found to

have no effect on pancreatic weight or AACN growth, the biological
activity of SNF-8815 was assessed and compared to that of gastrin-

17-1, by measuring their effects on production of [3H]inositol phos

phates in AR42J rat pancreatic carcinoma cells in the presence of a 0.1
JAMconcentration of the selective CCK-A antagonist L364,718. In this
regard, SNF-8815 was found to have efficacy and potency equal to
those of gastrin-17-I in increasing [3H]inositol phosphate production
in AR42J cells.4

DISCUSSION

The present investigation was performed to determine which CCK
receptor subtypes mediate the growth of putative preneoplastic lesions
in the rat pancreas during the early stages of azaserine-induced pan
creatic carcinogenesis. We report that CCK-8 (nonselective CCK ag
onist) and A-71623 (selective CCK-A agonist) stimulated pancreatic
growth and the development of acidophilic AACN, while SNF-8815
(selective CCK-B agonist) had no effect. Thus, our study indicates

that the growth of acidophilic AACN is mediated specifically by way
of CCK-A receptors.

The stimulatory effect of CCK-8 on acidophilic AACN that we

observed is consistent with previous reports by Douglas et al. (44, 45)
in which they showed that CCK-8, administered s.c. (once each day,

on 3 consecutive days each week for 16 consecutive weeks), stimu
lated the growth of acidophilic AACN and concurrent administration
of the CCK antagonist CR-1409 partially blocked the effect of CCK-8.

However, from those previous studies it is unclear which CCK recep
tor subtypes were specifically involved in acidophilic AACN growth
promotion. Thus, in the present study, the demonstration of a stimu
latory effect of A-71623 (selective CCK-A agonist) on acidophilic
AACN growth but the absence of an effect of SNF-8815 (selective
CCK-B agonist) suggests that the growth of acidophilic AACN is
mediated specifically by way of receptors of the CCK-A subtype. This
finding of CCK-A receptor subtype mediation of growth of acido

philic AACN is consistent with recent observations in our laboratory
(60-63). Using I25l-labeled ligand receptor binding studies, we have

recently demonstrated the expression of CCK receptors in normal rat
pancreas and the sequential overexpression of CCK receptors in

4 S. P. Povoski. unpublished observations.
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pooled AACN and in the transplantable azaserine-induced pancreatic
carcinoma DSL-6 (60, 61). Furthermore, we have demonstrated the
neo-expression of CCK-B (gastrin) receptors in DSL-6 pancreatic
carcinoma but an absence of CCK-B (gastrin) receptors in normal rat

pancreas and pooled AACN (61, 62). Taken together, these results
suggest that CCK receptors in normal rat pancreas and pooled AACN
are exclusively of the CCK-A subtype. This finding in the normal rat

pancreas has been further confirmed by Northern blot analysis of
pancreatic RNA (63, 64).

The stimulatory effect of A-71623 (selective CCK-A agonist) on

acidophilic AACN was significantly greater than the stimulatory ef
fect induced by CCK-8 (nonselective CCK agonist). There are several

possible explanations for this phenomenon. First, since the CCK ag
onists were administered in isomolar concentrations, it could be sug
gested that the differential growth effects of A-71623 and CCK-8 are
a function of the affinities of A-71623 and CCK-8 for the CCK-A

receptor. However, this does not appear to be the case, since Lin et al.
(54) and Shiosaki et al. (65) have clearly shown that A-71623 is
approximately 10 times less potent than CCK-8 at the CCK-A receptor

site but 60 times more selective. A second possible explanation for the
greater growth effect of A-71623, compared to CCK-8, is related to
the CCK receptor subtype selectivities of A-71623 and CCK-8. Since
A-71623 is approximately 60 times more selective for CCK-A recep
tors than is CCK-8 (54, 65), CCK-8 is thus more likely to occupy
CCK-B (gastrin) receptor sites located throughout the body, and the
resultant amount of CCK-8 available to interact with pancreatic
CCK-A receptors would be theoretically less. A third and most prob
able explanation for the greater effect of A-71623, compared to
CCK-8, on the pancreas is related to the differential metabolic circu

latory stabilities of these compounds. Based on radioimmunoassays of
plasma CCK-8 in dogs and humans, it is well established that exog
enous CCK-8 administered i.v. is rapidly inactivated in the circulation
by the liver, with a disappearance half-life of approximately 1-2 min
(66-68). In contrast, Asin et al. (69) have shown in the rat that the
disappearance half-life of A-71623 administered i.v. is approximately
7-25 min. Furthermore, in vitro studies utilizing rat liver and kidney

tissue homogenates have demonstrated prolonged metabolic activity
of A-71623, compared to CCK-8.5 Thus, the use of isomolar doses of

CCK-8 and A-71623 would lead to higher and more prolonged cir
culatory levels of A-71623 and a greater resultant growth effect in
duced by A-71623 in the rat pancreas.

The decreased number of basophilic AACN seen in the A-71623

treatment group is similar to previous reports by Lhoste et al. (43) and
Douglas et al. (45) in which camostate, a synthetic trypsin inhibitor
which increases endogenous CCK levels, reduced the number of ba
sophilic lesions. The finding of reduced basophilic AACN number in
response to A-71623, as with camostate, may suggest either that

basophilic AACN were transformed into an acidophilic phenotype,
that A-71623 shifted the phenotype of initiated cells to more acido

philic than basophilic lesions, or that there was regression of baso
philic AACN by a change to a normal phenotype or by cell death and
loss (43). While the mechanism of the effect of the CCK agonists on
the development of basophilic AACN is of interest, the small observed
number and limited growth potential of these basophilic lesions sug
gest that this finding is of minor importance, relative to the major
focus of this study.

To date, experimental evidence with regard to the effects of gastrin
on AACN in azaserine-treated rats is very limited (49, 51, 52). Our
present study clearly demonstrates a lack of induction of acidophilic
AACN growth by the CCK-B-selective agonist SNF-8815, despite its
proven biological CCK-B agonist activity in AR42J cells. This sug

gests that the growth of acidophilic AACN is not mediated by way of

5 A. M. Nad/an, personal communication.

CCK-B (gastrin) receptors. This finding is supported by a previous

report in which exogenously administered tetragastrin was found to
have no effect on acidophilic AACN growth (51). However, two
recent studies in the literature reported growth enhancement of aci
dophilic AACN in azaserine-treated rats when hypergastrinemia was
operatively induced by gastric fundectomy (49) or by split gastroje-

junostomy (52). In one of these studies (49), the marked elevation of
endogenous gastrin (7-8-fold increase in the plasma gastrin concen

tration) produced acidophilic AACN growth enhancement; however,
this growth effect was significantly less (5-6-fold less) than that
produced by endogenously elevated CCK secondary to pancreatobil-
iary diversion. Since it is apparent from '"^I-labeled ligand receptor

binding studies (60-62) and from Northern blot analysis (63, 64) that
CCK-B (gastrin) receptors are not expressed in normal rat pancreas or

pooled AACN, and since endogenous forms of gastrin (70) are less
selective for CCK-B (gastrin) receptors than is the highly selective
CCK-B agonist SNF-8815 (53, 55), the mechanism of enhancement of
acidophilic AACN growth in azaserine-treated rats under conditions

of operatively induced hypergastrinemia remains unclear.
In summary, the data presented indicate that the growth of putative

preneoplastic lesions (acidophilic AACN) in the rat pancreas during
the early stages of azaserine-induced pancreatic carcinogenesis is
mediated specifically by way of CCK-A receptors. The inability of the
highly selective and biologically active CCK-B agonist SNF-8815 to

produce a growth effect on acidophilic AACN is consistent with our
recent finding of an absence of CCK-B (gastrin) receptors in normal
rat pancreas (61-63) and in pooled AACN (61).
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