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Adult dogs were previously prepared by cholecystectomy, ligation
of the lesser pancreatic duct, and insertion of cannulae into the
duodenum and stomach. After a 2-week period of postoperative
recovery and an overnight fast, bile ducts were cannulated, gastric
cannulae placed to open drainage and sodium taurocholate 500
mg hr-' was administered to replace bile acids lost from the
interrupted enterohepatic circuit. Bombesin was infused IV for
1 hour over the dose range, 0.625-10 ng kg-l min-'. In control
experiments 0.15 N NaCl was infused. Bombesin caused a sig-
nificant increase in fasting bile flow, 3.0 ± 0.2 ml/15 min to 4.2
± 03 ml/15 min (40%). Bile acid and phospholipid outputs were
unchanged during bombesin. Bile cholesterol output decreased
significantly during bombesin, 1029 ± 142 ;tg/15 min to 856
± 109 itg/15 min (17%). The increase in bile flow was linearly
related to the logarithm of the bombesin dose. In dogs with pyloric
occlusion, to prevent acid from reaching the duodenum, bombesin
increased bile flow and bicarbonate output but had no effect on
'4C erythritol biliary clearance. Bombesin stimulated ductular
bile acid independent bile formation in a dose-dependent manner.
Bombesin also inhibited bile cholesterol output.

B5 OMBESIN, a tetradecapeptide initially isolated from
the skin of the discoglossidae frog Bombina bom-
bina,' has profound effects on gastrointestinal

function. Bombesin is a potent stimulator of gastrin re-
lease.2'3 The increase in gastric acid secretion following
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bombesin is thought secondary to this gastrin release but
may be secondary to a direct effect ofbombesin on gastric
mucosa.4 Bombesin causes increased plasma levels of
cholecystokinin (CCK),5 and the stimulatory effects of
bombesin on gallbladder contractility and pancreatic
protein secretion may be via this CCK release6 but again
may occur via a direct effect ofbombesin on target organs.7
Bombesin also stimulates the release of a variety of other
gastrointestinal peptides: GIP, pancreatic polypeptide,
somatostatin, insulin, glucagon, enteroglucagon, motilin,
and neurotensin.8-13

There is evidence that bombesin-like peptides with
similar structure and effects are important in mammalian
gastrointestinal function. A 27-amino acid peptide has
been isolated from porcine intestinal mucosa, gastrin-re-
leasing-peptide (GRP), which has a carboxy-terminal se-
quence similar to bombesin.'4 Bombesin-like immuno-
reactivity is present in the human gastrointestinal tract.'5
Recently, two bombesin-like peptides have been isolated
from the canine intestinal tract; one peptide is 27 amino
acids in length and similar to porcine GRP, and the other
peptide, 10 amino acids in size, is similar to frog bom-
besin. 16
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FIG. 1. Diagram of the pyloric occlusion model, showing bile and gastric
drainage.

Previously observed effects of bombesin on biliary
function are thought secondary to gallbladder contraction
mediated through CCK release. The one study examining
the effect of bombesin on hepatic bile formation in cho-
lecystectomized dogs revealed no changes in fasting, un-

stimulated bile secretion.'7 We have further studied the
effects of bombesin on fasting canine hepatic bile for-
mation.

Methods

Adult mongrel dogs (15-22 kg) were anesthetized with
sodium pentobarbital (30 mg/kg) and underwent chole-
cystectomy, ligation ofthe lesser pancreatic duct, insertion
of modified Thomas cannulae into the stomach and duo-
denum,'8 and placement ofa circumferential 0.5 cm band
of Dacron® graft sewn loosely around the pylorus. After
operation, the animals recovered for 2 weeks prior to
study.
The animals were fasted except for water 18 hours prior

to study. After gently restraining the animals in slings,
0.15 N NaCl was administered intravenously at 50 ml
hr-' using a Harvard peristaltic pump. The common bile
duct was cannulated with a #6 F ureteral catheter placed
through a cork used to occlude the duodenal cannula.
Gastric cannulae were opened and gastric secretions col-
lected. After one hour of saline, sodium taurocholate
(CalBiochem) 500 mg hr-' was infused I.V. to replace bile
acids lost to the interrupted enterohepatic circuit. At the
end of the third hour, either bombesin (Sigma Chemical

Co., St. Louis, MO) or 0.15 N NaCl was infused for 1
hour with a Harvard peristaltic pump. Five animals were
studied twice with each dose of bombesin, 0.625, 1.25,
2.5, 5.0, and 10.0 ng kg-' min-', or saline. In addition,
five animals were studied twice with CCK-8 (sincalide),
2 ng kg-' min-', for 1 hour using the same protocol de-
scribed above. Animals were studied no more frequently
than twice per week.

Bile was collected every 15 minutes, measured to the
nearest 0.1 ml and frozen for later analysis. Bile acid con-
centrations were measured using a steroid dehydrogenase
method.'9 Bile cholesterol was estimated using the method
of Abel20 and bile phospholipid content measured ac-
cording to Fiske.2' Gastric secretions were collected every
30 minutes and measured to the nearest 1.0 ml. One-half
ml of gastric secretion was titrated to a pH of 7.0 using
0.2 N NaOH and a radiometer automatic titrator. Gastric
acid output was calculated by multiplying the 30 minute
volume times the H+ concentration (mEq/ml).

Blood samples were drawn from a peripheral vein, cen-
trifuged and plasma glucose determined with a glucose-
oxidase method (Beckman). In addition, plasma was fro-
zen with Trasylol® (Sigma) for future analysis ofglucagon
and insulin concentrations using standard radioimmu-
noassay techniques.

Pyloric Occlusion

Since bombesin stimulated gastric acid output, addi-
tional studies were performed with pyloric occlusion (Fig.
1). These experiments were performed to exclude the pos-
sibility that hormonal release secondary to duodenal
acidification despite open gastric drainage was responsible
for the changes in bile production detected during bom-
besin infusion. A #12 F Foley was introduced through
the gastric cannula and placed through the pylorus. The
Foley balloon was inflated and traction placed on the
catheter to occlude the pylorus against the buttress created
by the previously placed external Dacron® cuff. Pyloric
occlusion was confirmed by radiographic barium exam-
ination. The Foley catheter was secured to the gastric can-
nula and collection of gastric secretion was identical to
that described above. Five animals were studied twice each
with bombesin, 5 ng kg-' min-', or 0.15 N NaCl in a
manner similar to above experiments. In addition, 14C
erythritol, 3 ,uCi, was given as an I.V. bolus and then
infused intravenously 3 gCi hr- for the duration of the
experiment. "4C activity was measured in bile and serum
and 14C erythritol biliary clearance determined, as pre-
viously described.22 Bile bicarbonate and bile chloride
concentrations of fresh bile samples were measured using
an Astra 8, Beckman Instrument.

Data is expressed as the mean ± standard error of the
mean. Statistical analysis was performed using the Stu-
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dent's t-test for paired data. Differences were considered
significant ifp < 0.05. In addition, we performed a linear
regression analysis to determine whether the value of bile
flow obtained at the end of test substance infusion, 15-
minute period 16 (PI 6), was dose related using the prein-
fusion period 12 (P12) as baseline. The serial dilutions of
dosage were first converted to a logarithmic scale by setting
the control experiment at zero and letting higher bombesin
doses (0.625, 1.25, . . . 10.0) correspond to higher con-
verted doses ( 1, 2,. . . 5). To account for repeated mea-

surements on individual dogs, a random dog effect was
included in the model. Nonhomogeneity of slopes over
dogs and nonlinearity of the response as a function of
converted dose level were tested in the model and found
to be insignificant. The analysis modeled the P16 value
for bile flow as a function of the baseline value and the
converted dose level, with a different intercept term for
each dog. Scatterplots of residuals indicated no departures
from the assumptions of the model.

Results

As shown in Figure 2, bombesin 5 ng kg-' min-' for
hour caused a significant increase in bile flow, comparing
baseline period 12, 3.0 ± 0.2 ml/15 min, to period 15,
4.2 ± 0.3 ml/ 15 min, and period 16, 4.1 ± 0.3 ml/ 15 min.
The increase in bile flow remained significantly greater
than baseline for 15 minutes after cessation ofbombesin,
but by 30 minutes postinfusion bile flow was no longer
elevated. Bile flow during control experiments was stable.

Table demonstrates the effects on bile acid, bile cho-
lesterol, and bile phospholipid during bombesin, 5 ng kg'
min-' and control 0.15 N NaCl. Bile acid, cholesterol,
and phospholipid concentrations decreased significantly
during bombesin. These measurements were unchanged
during control experiments. The decreases in bile and
phospholipid concentration were offset by the simulta-
neous increase in bile production during bombesin, so
that bile acid and bile phospholipid outputs were un-

changed. However, cholesterol output decreased signifi-
cantly during bombesin when compared to baseline period
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FIG. 2. Effects ofbombesin or saline on fasting bile flow. Asterisk denotes
a significant (p < 0.001) increase in bile flow compared to baseline period
12.

12, while the same measurement was unchanged in con-
trol experiments. The effects on bile cholesterol are shown
in more detail in Figure 3. The decrease in cholesterol
output was still evident 30 minutes after termination of
bombesin, but, by hour postinfusion, cholesterol output
had returned to baseline values. Significant decreases in
cholesterol output were also observed for bombesin 1.25
and 2.5 ng kg-' min-' (Table 2). Since bombesin stim-
ulates the release of cholecystokinin, studies were per-
formed to examine the effects ofCCK-8 on bile cholesterol
output. CCK-8 produced a significant increase in bile flow
during period 16, 3.8 ± 0.2 ml/15 min, when compared
to baseline period 12, 3.1 ± 0.2 ml/ 15 min. Bile cholesterol
output in these experiments was not affected significantly
(937 ± 83 Ag/15 min to 883 ± 86 ,g/15 min).

Bombesin 5 ng kg- ' min-' caused a significant increase
in gastric acid output that was maximal during the 30
minutes postinfusion, 2.20 ± 0.87 mEq/30 min (p < 0.05),

TABLE 1. EJJects oJ Bombesin on Bile Composition

Bombesin
(5 ng kg-' min-') 0.15 N NaCl

Bile Analysis
(N = 10) Per 12 Per 16 Per 12 Per 16

Bile acid conc. (mg/ml) 42.6 ± 2.1 34.6 ± 1.7* 50.7 ± 8.7 55.7 ± 7.2
Bileacid output (mg/15 min) 131 ± 10 139 ± 8 120 ± 19 146 ± 14
Cholesterol conc. (,tg/ml) 346 ± 52 213 ± 24* 364 ± 39 412 ± 75
Cholesterol output (,ug/15 min) 1029 ± 142 856 ± 109* 958 ± 102 981 ± 94
Phospholipid conc. (mg/ml) 10.8 ± 1.3 8.1 ± 0.7* 10.0 ± 1.0 9.7 ± 1.3
Phospholipid output (mg/15 min) 31.8 ± 3.1 31.9 ± 2.4 27.7 ± 3.7 25.2 ± 3.6

* p < 0.025 compared to baseline period 12.
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FIG. 3. Effects of bombesin or saline on bile cholesterol output. Asterisk
denotes a significant (p < 0.05) decrease in bile cholesterol output com-
pared to baseline period 12.

when compared to baseline gastric acid output, 0.14
+ 0.07 mEq/30 min. Gastric acid output during control
experiments was unchanged.

Table 3 lists the values for plasma glucose, glucagon,
and insulin during bombesin 5 ng kg-' min-' or 0.15 N
NaCl. Plasma glucagon increased significantly during
bombesin, while plasma insulin and glucose were un-

changed. Plasma glucose, glucagon, and insulin were sta-
ble during control experiments.

Figure 4 demonstrates that a significant increase in bile
flow during bombesin also occurred in the setting of py-
loric occlusion and gastric drainage. Again, this stimu-
lation was short-lived, for bile flow returned to baseline
values within 30 minutes postinfusion. Since secretin
produces increases in bile bicarbonate output and small
changes in 14C erythritol biliary clearance, these param-
eters were measured in the pyloric occluded model to
minimize the effect of duodenal acidification induced se-

cretin release. Table 4 shows that bombesin 5 ng kg-'
min-' for 1 hour caused a significant increase in bile bi-

TABLE 2. EJfcts of Lower Dose Bombesin on Cholesterol Output

Cholesterol Output
(,gg/15 min)

Period 12 Period 16

0.9% NaCI 958 ± 102 981 ± 94
Bombesin
2.5 ng kg-' min-' 817 ± 101 692 ± 96*
1.25 ng kg-' min-' 1131 ± 167 873 ± 95*

* p < 0.025 compared to period 12.

carbonate output and bile chloride output. The small in-
crease in '4C erythritol biliary clearance was not statisti-
cally significant. Values measured during control exper-

iments with pyloric occlusion showed no significant
changes.

The regression analysis performed to detect a relation
between the bombesin dose infused and the change in bile
flow yielded a statistically significant (p < 0.001) linear
relation between P16 and the converted dose level, after
adjusting for baseline value. The equation can be ex-

pressed as:

P16 - 0.885(P12) = INTdog + 0.259(CDL),

where INTdog is an intercept that is dog specific, and CDL
is the converted dose level (0.625, 1.25,. . . 10.0 ng kg-'
min-' = 1, 2,. . . 5). The dog effect in the intercept term
was not significant (p = 0.07). Therefore, although the
equations for different dogs are characterized by equations
with different intercepts, the relation between P16 and
the logarithm ofdose level after adjusting for P12 remains
linear with the same slope for all dogs. The R2 for this
model was 0.65. Figure 5 shows the data used to derive
the above equation and the mean function of all dogs at
all doses.

Discussion

Bombesin is one of the newer polypeptides shown to
have a variety of effects on gastrointestinal function. Am-

TABLE 3. Effects ofBombesin on Plasma Glucose, Glucagon, and Insulin (N = 10)

Bombesin
(5 ng kg-' min-') 0.15 N NaCI

15 Minute
Periods 12 14 16 18 12 14 16 18

Plasma glucose
(mg%) 88 ± 3 88 ± 4 90 ± 4 89 ± 2 91 ± 3 87 ± 3 89 ± 3 87 ± 3

Plasma glucagon
(pg/ml) 57 ± 9 127 ± 20* 173 ± 18* 120 ± 17* 101 ± 18 97 ± 13 113 ± 25 93 ± 16

Plasma insulin
(,uU/ml) 20 ± 5 27 ± 8 15 ± 2 25 ± 6 19 ± 5 17 ± 4 23 ± 9 17 ± 4

* p < 0.001 compared to period 12.
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phibian bombesin is a releaser of many other gastroin-
testinal peptides in various mammalian species. Gastrin,
cholecystokinin, pancreatic polypeptide, glucagon, insu-
lin, GIP, enteroglucagon, motilin, neurotensin, and so-
matostatin all increase with bombesin.8'3 Bombesin also
causes increased gastric acid output, pancreatic protein
output, and gallbladder contractility. These effects may
occur indirectly via hormone release or via direct actions
on target organs. We investigated the effects ofbombesin
on bile secretion and have demonstrated a stimulatory
effect on hepatic bile production and an inhibition of bil-
iary cholesterol output.

Since bile acid output was stable, bombesin increased
the bile acid independent fraction of bile production.
Bombesin increased gastric acid output in these studies,
so it was possible that bombesin choleresis occurred as a

result of secretin release secondary to duodenal acidifi-
cation. A previous study demonstrated that dependent
gastric cannula drainge did not totally prevent histamine
stimulated gastric acid from entering the duodenum.23
We, therefore, repeated our studies during pyloric occlu-
sion as documented by radiographic barium examination
and have demonstrated that bombesin choleresis still oc-
curred. Therefore, bombesin choleresis does not occur

via the mechanism of duodenal acidification.
Bile bicarbonate output increased during bombesin.

Secretion of biliary bicarbonate is a property of ductular
epithelium, suggesting that bombesin affects the ductular
portion of bile acid independent bile formation.24'25 This
is confirmed by the observation that significant changes
in 14C erythritol clearance, primarily a canalicular event,
were not detected during bombesin. Small increases in
'4C erythritol clearance have been detected during infusion
of the ductular stimulant secretin.26'27 Experimental ob-
servations greater than the number used in our experi-
ments with bombesin might reveal a similar significant
increase in '4C erythritol clearance.
The mechanism by which bombesin stimulates ductular

bile formation is unknown. Bombesin stimulates the re-

lease of cholecystokinin, a known ductular stimulant
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FIG. 4. Effects ofbombesin or saline on bile flow in the setting ofcomplete
pyloric occlusion. Asterisk denotes a significant (p < 0.025) increase in
bile flow compared to baseline period 12.

raising the possibility that bombesin increases hepatic bile
production indirectly via CCK release. Bombesin could
also affect bile formation via the release of other known
ductular choleretics, i.e., secretin; but one study showed
no effect on secretin levels with bombesin.28 Additional
studies in isolated perfused systems will help to determine
whether bombesin affects bile secretion via a direct mech-
anism.

Kaminski and Deshpande found no effects ofbombesin
on fasting bile formation using a similar chronic bile fistula
model.'7 Their smallest dose of 83 ng kg-' min-' was

eight times the largest dose used in the present studies.
At larger doses, bombesin may produce offsetting chole-
retic and cholestatic effects or have no effect at all.

Bile cholesterol output was inhibited during bombesin.
This effect occurred in the absence ofthanges in bile acid
secretion or phospholipid output. We have shown pre-
viously that physiologic levels of glucagon lower biliary

TABLE 4. Effects ofBombesin on Bile Bicarbonate, Chloride, and "C Erythritol Clearance

Bombesin Infusion
(5 ng kg-' min-') 0.15 N NaCl Infusion

Pre Per 12 Post Per 16 Pre Per 12 Post Per 16

Bile HCO- output
(gmol/15 min, N = 8) 59.4 ± 18.5 135.3 ± 14.7* 59.8 ± 20.8 74.3 ± 17.8

Bile C1- output
(Mmol/15 min, N = 8) 169.8 ± 36.6 303.7 ± 45.9* 188.7 ± 45.5 190.8 ± 43.7

14C erythritol clearance
(ml/15 min, N = 10) 2.13 ± 0.14 2.81 ± 0.46 2.37 ± 0.16 2.1 ± 0.21

* p < 0.005 compared to period 12.
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FIG. 5. The relation between log bombesin dose and bile flow demon-
strated by the equation: P16 - 0.885 P12 = INTdg + 0.259 (CDL).

cholesterol secretion.29 Bombesin 5 ng kg-' min-' caused
physiologic increases in plasma glucagon, suggesting that
bombesin affects bile cholesterol output indirectly via
glucagon release. Another mechanism, such as a direct
inhibitory effect ofbombesin on cholesterol secretion, was
not excluded.

Plasma insulin and glucose were not significantly al-
tered by bombesin. Others have shown stimulation of in-
sulin release with bombesin.30'3' In those studies, insulin
increased within 10 minutes after bombesin infusion and
then returned quickly to baseline levels. We drew samples
every 30 minutes, past the time frame of these reported
increases in insulin.
The relation between the bombesin dose and the re-

sponse in bile flow was linear when the dose was corrected
in a logarithmic fashion. The lowest bombesin dose that
significantly increased bile flow was 1.25 ng kg-' min-'.
Plasma bombesin levels were not measured in these ex-
periments. It is not clear what levels of bombesin can be
termed physiologic, since there were no increases in
plasma bombesin detected in healthy volunteers after a
standard meal.32 There was one report of increased bom-
besin levels following a meal in human subjects, but little
data were presented.33 Bombesin is present in cells con-
tained within the intestinal mucosa34 and also within
nerves of the myenteric plexus and submucosa.35 It is
possible that bombesin affects gastrointestinal physiology
in a paracrine fashion or through neural influences totally
independent of changes in circulating plasma levels of
bombesin.

In summary, bombesin stimulates bile acid indepen-
dent bile secretion at the ductular level. This stimulation
may occur indirectly via CCK release or via a direct
mechanism, but does not occur via duodenal acidification.
Bombesin also decreases cholesterol output, perhaps via
physiologic increases in glucagon. The observed choleretic
effects of bombesin occur in a dose-dependent manner,
but a physiologic role for bombesin in hepatic bile for-
mation has not been pfoven.
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