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ABSTRACT
Objective: The aim of the present study was to evaluate the changes caused by intravenous administration 

of regulatory peptides, bombesin (BBS) and neurotensin (NT), on gastric secretion, serum gastrin, and 
plasma levels of bombesin-1ike immunoreactivity (BLI) and neurotensin.

Materials and methods: Fourteen dogs underwent an upper gastrointestinal tract operation and a 
Pavlov pouch for the concentration of gastric fluids was formed. The experimental animals were divided 
into two groups. Peptides were given one month after the second operation and after fasting for 12 hours. 
In group A, the effects of BBS were studied after a rapid 1 µg/kg body weight dose and a slow 30΄ 0.5 µg/kg 
body weight dose administration intravenously. Correspondingly to group B the effects of NT were studied 
in the same way.

Results: The rapid intravenous infusion of BBS caused a very significant increase in gastrin levels, BLI 
in plasma, volume and HCl of the gastric fluids. The same results, plus a significant decrease in gastric 
pH, were observed following slow intravenous infusion of BBS. Concerning the NT, rapid administration 
caused a significant decrease in the volume of gastric fluids. Slow NT administration of caused a significant 
reduction in gastric fluid volume and in HCl. On the contrary, pH was significantly increased.

Conclusion: Bombesin increases plasma gastrin levels and HCl secretion. Neurotensin administration 
causes a decrease in HCl secretion without affecting gastrin levels in plasma. 

Keywords: gastrin, gastric fluid, gastric pH, gastric acid, HCl,  
neurotensin, bombesin.
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INTRODUCTION

A large variety of biological actions on 
gastrointestinal tissues which affect 
intestinal development and adjust-
ment, blood flow, secretion, intesti-
nal motility, absorption of nutrients 

and immune response are exerted by the neuro-
peptides bombesin (BBS) and neurotensin (NT) 
(1).

More precisely, in 1971, Anastasi et al (2) iso-
lated two peptides, BBS and alytensin, from the 
skin of the European frogs Bombina and Alytes. 
The only difference between these two peptides 
was regarding two out of their 14 amino acids. 
From then on, at least six more peptides with 
similar structures were isolated from the skin of 
these frogs. These peptides made the family of 
bombesin-like peptides. 

Bombesin has an important mitogenic influ-
ence on grown up gastrointestinal tissue, which 
implies that it is of some importance when it 
comes to the maturation of the gastrointestinal 
system. By precise action on the target cells or by 
promoting the secretion of other relevant trophic 
hormones, BBS may have growth enhancing re-
sults (3). Interest upon BBS was quickly caught 
when it was found to be a strong stimulant of 
gastric secretion in dogs. At the same time, in-
creases in secretion of hydrochloric acid (HCl) 
were found to be accompanied with increases in 
plasma gastrin levels (4, 5). Later, a structurally 
similar peptide was isolated from the stomach 
and gut of pigs. Bombesin was observed to have 
a mammalian equivalent (6); it was named gas-
trin-releasing peptide (GRP) and its sequence of 
amino acids was determined (7, 8). On the other 
hand, BBS has only 14 amino acids. However, 
nine out of ten amino acids towards the carboxyl 
end have matching positions between those 
two peptides. This exact carboxyl end of BBS is 
the necessary part of the peptide for its biological 
functions (9) such as gastrin release, pancreatic 
enzyme secretion and smooth muscle fiber con-
traction. Gastrin-releasing peptide has been also 
discovered to have similar effects, including gas-
trin release stimulation, as well as even further 
effects at the level of the central nervous system 
(CNS) (7, 10). Bombesin-like immunoreactivity 
(BLI) was discovered at the level of the human 
gut, mammals’ lungs and brain, especially the 
hypothalamus (11-13). Dockray et al (14) found 

out that BLI in mouse gut is located at the region 
of the nerves excluding the endocrine type cell. 
High affinity receptors for BBS were recognized 
inside the brain and exocrine pancreatic cells of 
mice as well (15, 16). In mammals, these findings 
strongly recommend the existence of a peptide 
or peptides like BBS. Due to their presence in 
brain and gut, these peptides were registered as 
parts of the group of brain-gut axis regulating 
peptides. Gastrin-releasing peptide from pigs 
seems to correlate with BLI. It is possible, how-
ever, that essential differences exist in the amino 
acid sequence between different mammals. 
Strong stimulation of gastric secretion in dogs 
with Heidenhain pouch was observed after in-
travenous (iv) or subcutaneous administration. 
Fast intravenous injection was less efficient (4).

When trying to isolate P substance from hy-
pothalamic extracts of boas, Carraway and Lee-
man (17) discovered the presence of a substance 
that caused hypotension and skin vasodilatation 
in mice when administered intravenously. That 
new substance was called neurotensin and it was 
found to consist of 13 amino acids. Neurotensin-
like immunoreactivity (NTLI) concentration in 
several mammal’s brain is similar to that disco-
vered in humans. High NTLI concentrations 
were found in the hypothalamus and lower con-
centrations in other parts of the brain such as the 
hippocampus (18-22). The higher amount of NT 
contained inside the body of different mammals 
and humans is found inside the gastrointestinal 
wall (21-23); most of it is contained inside some 
endocrinal cells of mucosa (24) called N-cells. 
They are numerous in the ileum, fewer in jeju-
num, and rare in the duodenum, and absent in 
the stomach, colon, and pancreas and contain 
specific neural enolase (21, 24); NTLI was ob-
served in a few neural fibers inside the intestinal 
wall (25).

Except from tissues, NTLI was found in plas-
ma of laboratory animals and humans (26). Plas-
ma NT has a half-life lower than two minutes 
and is quickly decomposed in smaller peptides 
such as NT1-12, NT1-11 and mostly NT1-8, 
which have a longer half-life; NT1-8 is the most 
stable and has a half-life of 30 minutes (27-30). 
Bombesin or GRP iv administration in mice 
causes a fast dose-dependent increase in plasma 
NTLI. Increase in NTLI is not observed after BBS 
topical effect inside the ileum (31, 32). Soma-
tostatin iv infusion causes a decrease in plasma 
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NTLI basal levels in rats. In addition, somatosta-
tin iv administration causes a significant and 
dose-dependent decrease in NTLI response after 
CaCl2 or BBS iv administration and endojeju-
num lipid administration. The somatostatin in-
hibitory mechanism to NT release is not known. 
It is also not known if either NT release is inhibi-
ted by endogenous somatostatin or somatostatin 
inhibitory action is clearly pharmacological. It 
should be noted that patients with jejuno-ileum 
bypass as well as those with gastrectomy show a 
significantly higher increase in plasma NTLI post-
prandially (33, 34). q

MATERIAL AND METHODS

Laboratory animals
Fourteen heathy adult mixed breed dogs 

weighting 16-25 kg were used for the present 
study. All laboratory animals were given the same 
food and were constantly under medical super-
vision. All procedures were in accordance with 
the criteria of the relevant clinical research ethics 
committee and in line with all regulations de-
fined by the “Guide for the Care and Use of La-
boratory Animals” by the National Academy of 
Sciences. The School of Medicine, Faculty of 
Health Sciences of the Aristotle University of 
Thessaloniki, Greece, approved the study (regis-
tration number: 404/1986-7).

Pavlovs’s pouch formation 
Approximately one month before conducting 
the main experiments, all dogs underwent a sur-
gical procedure to create Pavlov’s pouch. 
One day before surgery, dogs had only liquid 
food intake. After 12-hour fasting under general 
endotracheal anesthesia and sterile conditions, 
middle line incision from xiphoid process to the 
middle of hypogastrium was performed. After 
surgical ligature of the right gastroepiploic vessels 
at the borders of gastric antrum and body, a 
pouch 12 cm long and 3-4 cm in diameter from 
body to the fundus and across the greater curva-
ture was created. The pouch cavity was fully iso-
lated from the rest of the stomach cavity. Pouch 
innervation and vascularization were conserved 
through left gastrepiploic vessels. The peripheral 
pouch opening was sutured inside the lower 
edge of abdominal trauma and the pouch stoma 
sutured on the skin. Pavlov’s pouch basic charac-
teristic is its connection to the rest of the stomach 

with a seromuscular isthmus, containing vessels 
and nerves and its cavity separation from the rest 
of the stomach; in this way, pouch’s function re-
flects the stomach function.

Experiment protocol
After fasting for 12 hours, each dog was placed on 
a Pavlov table with a loose tie around the cervical 
spinal region. Two venous catheters made of Te-
flon 18G diameter (Abbocath –T 18G X 51 mm), 
with a three-way stopcock, were placed in the 
frontal limb veins. One of these catheters was 
used for taking blood samples and the other one 
for several infusions. Pavlov’s pouch was cathete-
rized with small plastic catheter (Nelaton), which 
was used to collect the gastric fluid.

After this preparation, the animal was left to 
get calm for 30’ before the beginning of the ex-
periment. Special attention was paid throughout 
the whole procedure to prevent any kind of ex-
ternal stimulation, which could influence gastric 
secretion. The dogs were divided into two groups 
(A and B) consisting in seven animals each. 

Intravenous BBS effect in gastric secretion, 
gastrin, BLI and NT blood levels were studied in 
group A dogs, while IV NT effect in gastric secre-
tion, gastrin, BLI, and NT blood levels were stu-
died in group B dogs. Before infusion of pep-
tides, 30 mL of normal saline was given iv bolus 
and in slow flow over 30 minutes. The results 
from these infusions were used as control.

Group A: Administration of BBS was done in 
the following ways:

1) rapid intravenous injection (bolus) in dose 
of 1 μg/kg dissolved in 30 mL of saline; and 
2) slow iv infusion at a rate of 1 μg/kg/h dissolved 
in 30 mL of saline. Total administration time was 
30 minutes, so the total dose was 0.5 μg/kg body 
weight. A continuous infusion pump was used 
(B. Braun Perfusor VI).  

Group B: Administration of NT was done in 
the following ways: 1) rapid iv injection (bolus) at 
a dose of 1 μg/kg body weight dissolved in 30 mL 
of saline; and 2) slow iv infusion at a rate of 
1 μg/kg/h dissolved in 30 mL of saline. Total ad-
ministration time was 30 minutes, so the total 
dose was 0.5 μg/kg body weight. A continuous 
infusion pump was used (B. Braun Perfusor VI).  

In all experiments, blood samples (8 mL) 
were taken at -15, 0, 5, 10, 15, 20, 30, 60, 90, 
120 and 180 minutes relatively to initiation of 
peptide administration. The blood of all speci-
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mens was immediately transported into two 
groups of tubes which were placed in pieces of 
ice. In the first group of tubes, after blood clot-
ting and centrifugation at 3000 rpm for 10 mi-
nutes, the serum was used for gastrin measure-
ment. EDTA was added to the tubes of the 
second group as an anticoagulant and 
400 kIU aprotinin/mL blood (Trasylol, Bayer, 
Leverkusen, West Germany). After centrifugation 
at 3000 rpm for 10 minutes, plasma was sepa-
rated into two groups of tubes to determine BBS 
and NT, respectively. Serum and plasma were 
maintained at -20°C until the day of measure-
ments. The gastric fluid was collected from the 
Pavlov’s pouch at 30 minutes intervals from -30 
(30 minutes before the peptide infusion) to 
180 mi nutes post infusion. 

Peptides
A) BBS: Synthetic BBS 1-14 (MB 1620) from 
SIGMA Chemical Company was used.

B) NT: Synthetic NT  1-13 (MB 1853.1) from 
SIGMA Chemical Company was used.

Measurements
a. Gastric fluid measurements: In the gastric fluid 
samples that were collected, the volume, pH 
and titratable acidity were determined by neu-
tralizing the HCl content of the sample by adding 
0.1 N NaOH solution until it reached pH 7.0 
(PHM 62 Radiometer, Copenhagen).

b. Peptide measurement: 
I. Gastrin: Serum gastrin levels were mea-

sured using a purified antibody developed in 
rabbits against synthetic gastrin-17 (Research 
Product International Corp.). The antibody 
was diluted to the extent that it allowed 47% 
binding of the added labeled antigen. The la-
beled antigen used was 125I-Gastrin-17 
(New England nuclear), after diluting it with a 
buffer to allow a measurement rate of 
4000 cpm (impact/minute). The bound and 
free fraction of serum immunoreactive gastrin 
was separated by the use of polyethylene gly-
col 8000 diluted in 21% with boric acid buf-
fer. The lower sensitivity limits of the method 
allow for the measurement of 10 pg/mL gas-
trin.

II. Bombesin: Levels of this peptide were 
measured by the simultaneous addition of 
plasma sample, rabbit purified antibody Anti-
BBS (Immunonuclear corp. Stillwater Mini 

55082, USA), and 125I-BBS. Following over-
night incubation was at 4°C, the addition of a 
preprecipitated carrier, a secondary goat anti-
rabbit antibody (GAR-PPT) and polyethylene 
glycol (PEG) was performed in one phase. 
After a 15-minute incubation at 20-25°C, the 
solution was centrifuged and separated fol-
lowed by measurement of the radioactivity of 
the precipitate. The antibody was diluted to 
the extent that it allowed 53% binding of the 
added labeled antigen. The labeled antigen 
used was 125I-BBS, after diluting it with a 
buffer to allow a measurement rate of 
5500 cpm (impact/minute). The lower sensi-
tivity limits of the method allow for the mea-
surement of 8 pg/mL BBS.

III. Neurotensin: Levels of NT were mea-
sured by the simultaneous addition of plasma 
sample, rabbit purified antibody Anti-NT (Im-
munonuclear corp. Stillwater, USA), and 
125I-NT. Following overnight incubation was 
at 4°C, the addition of a preprecipitated carri-
er, a secondary goat anti-rabbit antibody and 
polyethylene glycol (PEG) was performed in 
one phase. After a 30-minute incubation at 
20-25°C, the solution was centrifuged and se-
parated, followed by measurement of the pre-
cipitate radioactivity. The buffer used for the 
dilutions was 0.1 M BSA-borate-merthiolate. 
The final dilution of the antibody was 1:50000. 
The lower sensitivity limits of the method al-
low for the measurement of 15 pg/mL NT.

Statistical analysis
Extracted data were summarized using statistical 
descriptive indices of central tendency and dis-
persion. Data appear as mean value +/- stan-
dard deviation or median and range, whenever 
more appropriate. Data were evaluated depen-
ding on the presentation of normal distribution 
or not using a normality test. Continuous values 
were expressed in means and standard devia-
tions when normally distributed while in medi-
ans and interquartile ranges when not normally 
distributed. For the values following normal dis-
tributions, paired and unpaired t-tests were used 
and for values that did not follow a normal distri-
bution, the Mann-Whitney test was used. The 
level of statistical significance was set at p value 
<0.05 for the comparisons between the groups. 
All statistical analyses were performed using the 
IBM SPSS Statistics (V.22). q 
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RESULTS

Rapid intravenous administration of 
BBS 1 μg/kg body weight

Following rapid iv administration of BBS, plasma 
levels of bombesin-type immunoreactivity (BLI) 
showed a rapid and very significant increase at 
five minutes post-infusion (p <0.001) and re-
turned to baseline levels approximately 15 min-
utes after infusion (Figure 1). Plasma gastrin le-
vels also showed a rapid and extremely significant 
biphasic increase (p <0.001) five minutes after 
infusion and maintained at significantly high le-
vels until 60 minutes after peptide infusion (Fi-
gure 2). There was a significant positive correla-

tion between BLI and plasma gastrin changes 
(r = 0.6, p <0.05). Plasma neurotensin levels 
did not show any significant changes (Figure 3). 
The gastric fluid volume increased significantly 
immediately after infusion (p <0.001), remained 
significantly elevated until 90 minutes, and then 
returned to the baseline and markedly decreased 
(p <0.05) at 150–180 minutes (Figure 4). The 
pH of the gastric juice gradually decreased, but 
not significantly, in the first 60 minutes post-infu-
sion and then returned to previous levels (Fi - 
gure 5). Hydrogen ion secretion increased sig-
nificantly immediately after the peptide injection 
(p <0.01) and remained significantly elevated 
until 90 'post infusion (Figure 6).

FIGURE 1. Plasma BLI (pg/mL) 
level changes after bolus intravenous 
administration of bombesin (BBS)  
1 μg/kg and after 30 minutes of 
intravenous infusion of BBS at a rate 
of 1 μg/kg/h compared to respective 
administration of normal saline (N.S.) 
(* p<0.05)

FIGURE 2. Plasma Gastrin (pg/mL) 
level changes after bolus intravenous 
administration of bombesin (BBS)  
1 μg/kg and after 30 minutes of 
intravenous infusion of BBS at a rate 
of 1 μg/kg/h compared to respective 
administration of normal saline (N.S.) 
(*p<0.05)

FIGURE 3. Plasma NT (pg/mL) 
level changes after bolus intravenous 
administration of bombesin (BBS)  
1 μg/kg and after 30 minutes of 
intravenous infusion of BBS at a rate 
of 1 μg/kg/h compared to respective 
administration of normal saline (N.S.) 
(*p<0.05)
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Slow intravenous infusion of BBS 1 μg/kg/h 
body weight in 30 minutes
Plasma BLI levels showed a progressive increase 
which was very significant five minutes after the 
start of injection (p <0.001) and returned to 
baseline levels in 60 minutes (Figure 1). Plasma 
gastrin levels increased significantly from 10 mi-
nutes after the start of the infusion (p <0.001) to 
90 minutes, whereas plasma NT levels showed 
no significant change (Figures 2-3). There was a 
significant positive correlation between BLI and 
plasma gastrin changes (r = 0.89, p <0.001). 
Gastric fluid volume increased significantly im-

mediately after the initiation of peptide infusion 
(p <0.001) and returned to approximately initial 
levels over the period 90-120 minutes. Signifi-
cant decrease in gastric fluid volume (p <0.05) 
was observed during the intervals 120–150 mi-
nutes and 150–180 minutes (Figure 4). The pH 
of the gastric fluid decreased significantly 30–60 mi-
nutes after infusion (p <0.05) and remained sig-
nificantly low until 120 minutes after the start of 
the infusion (Figure 5). Hydrogen ion secretion 
increased significantly the 30–90-minute-inter-
val after injection (p <0.001) and gradually re-
turned to baseline (Figure 6).

FIGURE 4. Gastric fluid volume 
(mL) changes after bolus intravenous 
administration of bombesin (BBS)  
1 μg/kg and after 30 minutes of 
intravenous infusion of BBS at a rate 
of 1 μg/kg/h compared to respective 
administration of normal saline (N.S.) 
(*p<0.05)

FIGURE 5. Gastric fluid pH 
changes after bolus intravenous 
administration of bombesin (BBS)  
1 μg/kg and after 30 minutes of 
intravenous infusion of BBS at a rate 
of 1 μg/kg/h compared to respective 
administration of normal saline (N.S.) 
(*p<0.05)

FIGURE 6. Gastric fluid HCL 
(mEq) changes after bolus 
intravenous administration of 
bombesin (BBS) 1 μg/kg and after  
30 minutes of intravenous infusion of 
BBS at a rate of 1 μg/kg/h compared 
to respective administration of 
normal saline (N.S.) (*p<0.05)
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Rapid intravenous administration of NT 1 μg/kg 
body weight
After rapid iv administration of NT, plasma 
NT levels as expected reached very high levels in 

the five-minute sample (p <0.001), but rapidly 
returned to pre-infusion levels in the 10-minute 
sample (Figure 7). Plasma gastrin and BLI levels 
showed no significant change (Figures 8–9), al-

FIGURE 7. Plasma neurotensin  
(pg/mL) levels changes after bolus 
intravenous administration of 
neurotensin (NT) 1 μg/kg and after  
30 minutes of intravenous infusion of 
NT at a rate of 1 μg/kg/h compared to 
respective administration of normal 
saline (N.S.) (*p<0.05)

FIGURE 8. Plasma gastrin (pg/mL) 
levels changes after bolus intravenous 
administration of neurotensin (NT)  
1 μg/kg and after 30 minutes of 
intravenous infusion of NT at a rate 
of 1 μg/kg/h compared to respective 
administration of normal saline (N.S.) 
(*p<0.05)

FIGURE 9. Plasma BLI (pg/mL) 
levels changes after bolus intravenous 
administration of neurotensin (NT)  
1 μg/kg body weight and after  
30 minutes of intravenous infusion of 
NT at a rate of 1 μg/kg/h compared to 
respective administration of normal 
saline (N.S.) (*p<0.05)

FIGURE 10. Gastric fluid volume 
(mL) changes after bolus intravenous 
administration of neurotensin (NT)  
1 μg/kg body weight and after  
30 minutes of intravenous infusion of 
NT at a rate of 1 μg/kg/h compared to 
respective administration of normal 
saline (N.S.) (*p<0.05)
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though there was a significant positive correla-
tion between changes in NT and plasma gastrin 
(r = 0.80, p <0.01). Gastric fluid volume gradu-
ally decreased, and this change became statisti-
cally significant over the 60–120-minute period 
(p <0.05) (Figure 10). The pH of the gastric fluid 
did not change significantly (Figure 11). Finally, 
hydrogen ion secretion of the gastric fluid de-
creased without the change being statistically sig-
nificant (Figure 12).

Slow intravenous infusion of NT 1 μg/kg/h body 
weight in 30 minutes
Plasma NT levels showed a very significant five-mi-
nute increase after initiation of injection 
(p <0.001) and remained elevated to 30 mi-
nutes (end of infusion). In the next sample, 
60 mi nutes after the start of the NT infusion, the 
plasma peptide value had already returned to 
pre-infusion levels (Figure 7). Gastrin and 
BLI plasma levels did not change significantly (Fi-
gures 8–9), despite the significant negative cor-
relation between NT and gastrin levels (r = -0.73, 
p <0.01). The volume of gastric fluid signifi cantly 
decreased over time during the interval of 
0–150 mi nutes (p <0.01), whereas it increased 
significantly (p <0.05) in the last half hour (Fig-

ure 10). The gastric fluid pH increased progres-
sively, which became statistically significant over 
the 90–150-minute period (p <0.05) and re-
turned to pre-infusion levels in the last sample 
(Fi gure 11). Hydrogen ion secretion of the gastric 
fluid showed a gradual decrease, which became 
statistically significant only in the 90–120-minute 
time interval (p <0.05) (Figure 12). q

DISCUSSION

Progressive knowledge of the physiology of the 
gastrointestinal tract has clearly shown that 

there was a great deal of interdependence be-
tween the autonomic neuron and its endocrine 
cells in regulating the gastric secretion. These 
neuro-hormonal mechanisms are separated in 
central and peripheral. The former is activated in 
the CNS and serves the known cephalic secre-
tory phase of the gastric secretion, while the lat-
ter develops within the gastrointestinal tract wall, 
where local neural and hormonal mechanisms 
are activated during the gastric and enteric phase 
(35). According to the above mechanisms, the 
same active substances ("regulatory peptides") 
may be produced and released by nerve and en-
docrine cells and act as hormones, local regula-

Gastric secretion chanGes with BomBesin/neurotensin

FIGURE 11. Gastric fluid pH 
changes after bolus intravenous 
administration of neurotensin (NT)  
1 μg/kg body weight and after  
30 minutes of intravenous infusion of 
NT at a rate of 1 μg/kg/h compared to 
respective administration of normal 
saline (N.S.) (*p<0.05)

FIGURE 12. Gastric fluid HCl 
(mEq) changes after bolus 
intravenous administration of 
neurotensin (NT) 1 μg/kg and after  
30 minutes of intravenous infusion of 
NT at a rate of 1 μg/kg/h compared to 
respective administration of normal 
saline (N.S.) (* p<0.05).
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tors (paracrine action) or neurotransmitters (neu-
rocrine action) or in all the above-mentioned 
ways (36). Central and peripheral administration 
of these peptides has been used by many to de-
termine their regulatory role in both the endo-
crine and nervous systems (4, 37, 38). The gastric 
acid secretion stimulation in humans, dogs and 
rats, are due to BBS and GRP, which enhance 
gastrin release, despite the fact that they also 
cause the production of a gastric acid secretion 
inhibitor. For humans and dogs, administration 
of either of the peptides in low or medium doses 
causes a parallel increase in gastric acid secretion 
and plasma gastrin levels. However, peptides ad-
ministration at higher doses, despite the further 
increase in gastrin release, does not cause an in-
crease in gastric acid secretion (39).

In the current study, BBS causing an increased 
HCl secretion seems to be due to gastrin release 
from the G cells of the antrum (5, 40). This as-
sumption is concluded from the following obser-
vations that, through iv infusion, BBS causes a 
rapid increase in dog plasma gastrin and simulta-
neous stimulation of HCl secretion. Maximum 
value of gastrin is observed at approximately 
30 mi nutes from the beginning of infusion. If the 
gastric fluid accumulated in the stomach is being 
drained out, gastrin levels are kept stable 
throughout the whole experiment. After stop-
ping the infusion, gastrin levels return to baseline 
in less than an hour. Gastrin plasma value is pro-
portional to the dose of BBS for a dose range of 
0.05-1 μg/kg/h (5, 40); BBS stimulating secretion 
of gastrin and HCl is decreased by 85-90% after 
antrectomy. Mucosal antrum extraction produ-
ces the same result, although mucosal mem-
brane regeneration steadily restores the response 
to BBS. Blood samples from the gastroduodenal 
venous 30 minutes after beginning of BBS iv in-
fusion (0,6 μg/kg/h) contain three times more 
gastrin than blood samples from the femoral ar-
tery (5, 40).

The review of Hirschowitz and Molina (41) in 
dogs with gastric fistula and Komarov eosopha-
gostomy showed that BBS 1 μg/kg/h iv adminis-
tration caused a maximum HCl secretion equal 
to 62% of maximum HCl secretion induced by 
gastrin–17 (G-17). Higher dose of BBS caused 
higher increase in plasma gastrin, but HCl secre-
tion decreased.

This paradox is probably because of other 
peptides released from BBS, including soma-

tostatin from the stomach, cholocystokinine and 
NT from the gut and glucagon from the pancre-
as. Similarly, experiments in cats with gastric fis-
tula showed that iv infusion of BBS (0,3 μg/kg/h) 
causes maximum HCl secretion equal to 65% of 
maximum secretion induced by pentagastrin 
(42). Bombesin induced gastrin secretion results 
from direct effects at G cells, as shown by ex-
periments (43), where human and mice isolated 
antrum glands without neural fibers were stu-
died. After long lasting BBS administration in 
mice, a significant increase of the number of an-
trum G cells, without a concomitant increase of 
size, was observed in mice (44). 

BBS is the only peptide known as a strong 
stimulant in gastrin secretion from gastric antrum 
(45, 46). Intravenous BBS infusion (0,6 μg/kg/h 
for 30 minutes) in healthy volunteers causes sig-
nificantly higher plasma gastrin increase than a 
protein meal. Plasma gastrin increase is rapid 
and reaches maximum levels 20 minutes after 
the onset of iv infusion. Plasma gastrin value re-
duces gradually and reverts to basic levels 
60 minutes after the termination of infusion. Pro-
tein meal causes a smaller but more prolonged 
increase in gastrin. HCl secretion after BBS infu-
sion reaches maximum 25 minutes after maxi-
mum gastrin value is achieved. Gastric secretion 
returns to basic value 90 minutes after the end of 
BBS infusion. Comparatively to pentagastrin 
(6 μg/kg SC), BBS has a significantly smaller effect 
in HCl secretion. Atropine administration 
(1 mg SC) 30 minutes before the beginning of 
BBS infusion causes gastric secretion decrease by 
approximately 63%, but gastrin increase does 
not get affected (46).

A comparative study of the iv BBS infusion 
effect between healthy human and patients with 
duodenal ulcer showed no significant difference 
in gastrin increase between the two groups. 
However, taking a protein meal caused a more 
significant gastrin increase in patients with duo-
denal ulcer. In healthy human, iv BBS infusion 
causes a significantly higher increase in gastrin. 
On the contrary, in patients with duodenal ulcer, 
no significant difference was observed in gastrin 
secretion after BBS administration or protein 
meal. As far as HCl secretion is concerned, in 
both groups, BBS administration (10 ng/kg/min) 
causes smaller secretion than pentagastrin ad-
ministration (6 μg/kg SC). In patients with duode-
nal ulcer, BBS, as well as pentagastrin, causes 
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significantly higher maximum HCl secretion than 
healthy individuals. The ratio of HCl secretion 
after BBS administration to HCl secretion after 
pentagastrin administration is the same between 
healthy individuals and patients with duodenal 
ulcer (47). Jansen and Lamers (48) showed in 
healthy volunteers that after simultaneous iv BBS 
infusion (90 pmol/kg/h) and calcitonin (0,5 IU/kg/h) 
or BBS and secretin (1 CU/kg/h), plasma gastrin 
levels and gastric secretion are significantly lower 
compared to BBS infusion alone. Hence, calcito-
nin and secretin decrease gastrin and HCl in-
crease caused by BBS iv infusion. Bombesin 
stimulates G cells of the antrum and gastrinoma 
without a significant effect on gastrin-producing 
cells of the duodenum and jejununum (49).

In patients with previous gastrectomy and 
party preservation of the antrum, a higher in-
crease in plasma gastrin is observed after iv BBS 
infusion than after administration of gluconic cal-
cium (4 mg calcium/kg/h) (50).

Bombesin iv infusion causes an increase in 
cholecystokinin (51) in lab rats and humans. 
Plasma NT increases after iv administration of 
BBS or GRP in humans (52, 53). The effect of 
BBS at glucagon, insulin and vasoactive intestinal 
polypeptide (VIP) levels is questioned (127) (54). 
Bombesin or GRP infusion in laboratory animals 
increases somatostatin (55, 56).

Peripheral administration of BBS had a stimu-
latory effect on gastric secretion. The effect was 
more profound with the slow iv infusion despite 
the double dose of peptide administration in the 
bolus infusion. This difference is probably due to 
the rapid removal of the peptide from the circu-
lation after rapid iv administration because it has 
a short half-life (57). Our findings are in line with 
those of Bertaccini et al (4, 5). Along with the 
increase in gastric secretion, plasma gastrin in-
creased both after rapid and slow iv administra-
tion of BBS and was in line with the increase ob-
served by other authors (5, 58, 59). In cases 
where all gastric fluid is drained out through a 
gastric fistula, there is a lack of inhibitory action 
of HCl on the antrum and duodenum, and thus 
the plasma gastrin and the gastric secretion in-
crease even more (5, 58, 59). In addition to in-
tragastric pH, the secretory response to gastrin 
and HCl also depends on the dose of BBS for a 
dose range of 0.05-1 μg/kg/h (5, 40). A higher 
dose of BBS causes a greater increase in plasma 
gastrin, but the secretion of HCl decreases (41). 

This paradoxical phenomenon may be due to 
the contemporary release of peptides with an in-
hibitory effect on gastric secretion, such as soma-
tostatin (55, 56).

Bombesin increases gastric secretion after pe-
ripheral administration, apparently because it 
acts directly on G cells and increases gastrin se-
cretion (43, 44). However, the fact that secretion 
of gastrin after dog vagotomy increases even fur-
ther with BBS administration without affecting 
the secretory response to HCl means that BBS 
can stimulate the secretory cells through an un-
known substance other than gastrin (59, 60).

It is very likely that the mammalian bombe-
sin-like peptide, GRP, is released by the gastric 
intramuscular neurons following stimulation of 
the vagus nerve. This is illustrated by the fact that 
the electrical stimulation of the vagus nerve in an 
isolated mouse stomach irrigated through its ves-
sels resulted in an increase in BLI and gastrin and 
a decrease in somatostatin in the portal circula-
tion (61). Because the entire GRP found in the 
stomach is located in the nerves (14), it is likely 
that GRP-containing neurons innervate the G cells 
and thus directly affect their secretion of gastrin. 
It is also possible that the GRP released from the 
fundus and corpus of the stomach can reach the 
antrum through circulation. Gastrin release pep-
tide, which is composed of 27 amino acids and 
was initially discovered in the porcine stomach 
(9), the gastrin-releasing peptide receptor 
(GRPR), its endogenous ligand, which is located 
only in the gastrointestinal tract, pancreas, cen-
tral nervous system, and adrenal cortex influen-
ces cell proliferation, hormonal secretion, nutri-
tion, smooth muscle contraction (62).

The view that mammalian GRP is released 
following vagus stimulation and induces gastrin 
secretion is also supported by the notion that 
BBS antiserum inhibits gastrin secretion induced 
by stimulation of the intrinsic neurons by either 
the electric field or 1,1-dimethyl-4-phenylpipe-
razine (DMPP), a substance with none agonist 
nicotinic effect (63). The combination of atro-
pine and BBS antiserum causes an almost com-
plete inhibition of gastrin secretion. Therefore, 
acetylcholine and GRP endogenous substances 
must be responsible for the secretion of gastrin 
after nerve stimulation. 

Finally, iv administration of BBS did not affect 
plasma NT in our experiments, contrary to the 
observations of other researchers, who found an 
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increase in NT following iv administration of BBS 
to humans (52).

Many studies of the NT structure relatively to 
its activity showed that C-terminus –Arg-Pro-Tyr-
Ile-Leu (64-68) is the biological reactive peptide 
part (69). The mechanism of NT function is not 
completely known. One possible mechanism is 
that of paracrine regulation, while another one is 
that of cross reaction with other substances’ re-
ceptors which are the real normal mediators of 
these actions. The presence of NT in circulation 
could mean that either it has a hormonal func-
tion or it is removed from the tissue, where it has 
already acted paracrinically, to the blood (69). 
Neurotensin is found in the digestive tract and 
brain (70). In particular, NT is released from the 
neuroendocrine cells and neuronal synaptic ves-
icles in a calcium-dependent manner. Neuroten-
sin is initially released as part of an inactive pep-
tide containing 169 amino acids, and it is 
activated after division of this precursor complex. 
Neurotensin inactivation takes place extracellu-
larly by endopeptidases, when its C-terminal se-
quence is proteolytically degraded (71). The two 
types of NT receptors (NT low- and high-affinity 
receptors) are distributed in the mammalian di-
gestive tract and brain (72). They show similar 
structure-function in relationship to NT and re-
cognize the same C-terminal side (71).

By the end of the 19th century it was known 
that gastric secretion and mobility were inhibited 
when fat from a meal arrived to the small intes-
tine (73). These data in combination with many 
studies in humans indicate that mostly the small 
intestine, and basically its peripheral part, play 
an inhibitory role in postprandial gastric secre-
tion (73, 74). This inhibitory action was consi-
dered to be accomplished by an intestinal muco-
sal hormone, which Kosaka and Lim (73) named 
enterogastrone. From then on, many gastrointes-
tinal hormones such as secretin, cholecystokinin 
(CCK) and gastric inhibitory peptide (GIP) were 
found to have a similar action (75).

In a recent study, Kihl et al (76) observed that 
fat administration inside the jejunum of healthy 
people or people with duodenal ulcer decreased 
the gastric secretion and simultaneously in-
creased plasma NTLI. This observation is accor-
ding to Rosell and Rokaeus hypothesis (73) for 
NT action as enterogastrone. However, fatty or 
mixed meal releases other peptides such as en-
teroglucagon, which causes a decrease of HCl 

secretion as well (77). Additionally, iv administra-
tion of fatty acid emulsion, without increasing 
plasma NT, decreases HCl secretion induced by 
pentagastrin, to a lower degree though than en-
dojeunum lipid administration (78). This indi-
cates that lipid’s inhibitory action to HCl secre-
tion continues even after absorption with an 
unknown mechanism that seems to operate in-
dependently from NT.

The effect of NT in gastric secretion was stud-
ied after iv and CNS administration. Intravenous 
infusion of small doses (4-30 pmol/kg/min) of 
synthetic NT in dogs with Pavlov’s pouch signifi-
cantly decreases gastric secretion caused by ad-
ministration of pentagastrin, test meal or insulin 
administration. However, it does not affect the 
gastric secretion induced by histamine (79). In-
travenous infusion of synthetic NT in healthy 
volun teers and in a dose that causes plasma NTLI 
increase similarly to that caused by mixed meal 
results in the decrease in HCl and pepsin secre-
tion after pentagastrin administration (38, 80). 
The inhibitory action of NT in the gastric secre-
tion is not observed in dennervated dogs’ gastric 
pouches (81). In experiments with healthy volun-
teers, Olsen et al (82) observed that synthetic 
NT iv infusion decreased HCl secretion, caused 
by 300 mL solution peptone 10% through sto-
mach with a stable pH of 5.5, without any effect 
on gastrin secretion. These findings represent a 
strong indication that NT participates in the regu-
lation of gastric secretion. Vagus mediation in NT 
inhibitory action upon gastric secretion was stud-
ied in patients with duodenal ulcer before and 
after hyperselective vagotomy. Preoperationally, 
iv NT infusion decreases HCl secretion caused 
by pentagastrin, while postoperationally secre-
tion is not affected (83).

The mechanism by which NT decreases gas-
tric secretion is not clarified yet. It is known it 
does not affect plasma gastrin and HCl secretion 
caused by histamine stimulation. It is also known 
that NT inhibitory action is dependent on vagus 
nerve integrity (79, 81-83). Data show that pep-
tide does not act directly upon the parietal cells. 
Discovering the presence of nerves containing 
NT inside the stomach (84) suggests that the sub-
stance could act presynaptically, although a de-
creased sensation of parietal cells after vagotomy 
cannot be excluded.

Administration of NT to animals also caused 
alterations in the gastric secretion. Intravenous 
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administration of NT reduced the gastric secre-
tion. Rapid iv administration has been shown to 
have an insignificant effect, apparently because 
the peptide is very unstable and rapidly metabo-
lized, as shown by our measurements. However, 
slow iv infusion reduced gastric secretion for 
2.5 hours and increased the pH. Our findings are 
consistent with those of Andersson et al (79, 81), 
who observed that intravenous administration of 
NT at a dose of 3-6 μg/kg/h reduced the gastric 
secretion induced by pentagastrin 1 μg/kg/h in 
dogs with Pavlov’s pouch. A similar decrease in 
gastric secretion, caused by administration of 
pentagastrin or normal meal, was also observed 
in humans after intravenous administration of 
NT (0.5 μg/kg/body weight/h) (38, 82, 83).

Plasma gastrin did not change significantly in 
our experiments after iv administration of NT. 
The same was observed by Olsen et al (106). The 
mechanism with which NT acts on the parietal 
cells to reduce HCl secretion is not known. It is 

certain that iv administration of NT after vagoto-
my does not affect gastric secretion and neither 
inhibits the gastric secretion induced by hista-
mine administration (79, 81, 83). These data, 
together with the finding that there are NT-con-
taining stomach nerves (84), indicate that the 
peptide does not act directly on the parietal cells 
but before the final synapses. q

CONCLUSION

Intravenous infusion of BBS causes an increase 
in plasma gastrin and gastric secretion. Rapid 

intravenous administration of the peptide is less 
effective. Intravenous infusion of NT decreases 
the gastric secretion without affecting gastrin se-
cretion. Rapid intravenous administration of the 
peptide has a minimal effect. q
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