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ABSTRACT 

Mammalian milk has been shown to contain bombesin-like 

immunoreactivity. In order to assess these peptides' 

physiologic significance in the developing gastrointestinal 

tract, we initially characterized the in vitro degradation 

of radiolabeled bombesin by intestinal luminal flush. When 

these studies indicated survival of bombesin in the luminal 

flush, we performed in vivo studies to determine if enteral 

administration of bombesin affects the intestinal luminal 

content of trypsin and protein in 12-14 day old rats. Our 

results showed a significant elevation of total protein and 

luminal tryptic content in the bombesin treated group when 

compared to controls. These results indicate a possible 

physiologic role for bombesin-like peptides in the early 

development of the gastrointestinal tract. 
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INTRODUCTION 

Bombesin is a tetradecapeptide (MW=1620) first isolated 

from frog skin and is represented in mammals by its chemical 

and biological homolog, gastrin releasing peptide (GRP) 

(Anastasi, 1971). These peptides have been named "gastrin 

releasing peptides" or "GRP" because of their potent ability 

to stimulate release of antral gastrin into the circulation. 

As a group, they show a close homology in terms of 

biological effects, as well as a striking structural 

homology of their carboxy-terminal decapeptide region, which 

is responsible for the biological activity of all these 

peptides (Broccardo, 1975) . Two principal forms have been 

described: one contains 27 amino acids, and displays 

species variations of amino acid sequence in the amino 

terminal region, while the other is the carboxy terminal 

decapeptide and is not thought to vary among mammals. 

Intravenous, intraperitoneal, or intracisternal 

administration of these peptides has shown to have a wide 

variety of effects in a number of mammalian species 

(Erspamer, 1980). Bombesin and gastrin releasing peptide 

exert different biological actions, including effects on the 

respiratory system, nervous system, vascular system, and the 

gastrointestinal tract (Moody, 1979). Bombesin and 

bombesin-like peptides exert effects on the pancreas and 

other gastrointestinal tissues, and bombesin-like 



immunoreactivity is present in both bovine and human milk 

(Westrom, 1987). 

Because of the presence of . bombesin-like 

immunoreactivity in milk, we investigated the possible 

physiological significance on the developing 

gastrointestinal tract. Milk epidermal growth factor (EGF) 

has been shown to be absorbed intact in the gastrointestinal 

tract of neonatal rats when ingested orally (Thornburg, 

1984) . Additionally, milk EGF has been shown to exert 

biological effects on the liver when orally administered 

(Berseth, 1988). Initially, we wanted to see if orally 

administered bombesin could be absorbed, so the first 

experiment was designed to investigate in vitro degradation 

by intestinal luminal flush. To study the luminal stability 

of radiolabeled bombesin in intestinal fluid, radiolabeled 

bombesin was incubated in vitro. When the in vitro 

degradation studies showed sufficient stability for 

possibile absorption of intact bombesin, we carried out a 

series of in vivo studies to determine if enteral 

administration of bombesin affects the intestinal luminal 

content of trypsin and protein in 12-14 day old rats. 
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LITERATURE REVIEW 

Functional development of the rat gastrointestinal tract 

In rats and mice, the digestive tract is functionally 

immature at birth in comparison to other mammals. The 

development of digestive function occurs gradually during 

the suckling period, and maturation of digestive capacity 

coincides with spontaneous weaning during the third 

postnatal week. This review will briefly outline the 

changes in digestive and adaptive functions with respect to 

protein digestion in the rat in the suckling period. For a 

more comprehensive review, the reader is referred to 

Henning, 1987 and Britton, 1989. 

Prenatal gastric acid secretion in rats is minimal, and 

the swallowing of amniotic fluid in utero contributes to the 

high intragastric pH of the fetus (Britton, 1989). A high 

intragastric pH could provide a measure of protection from 

protealysis which would allow endogeneous milk peptides to 

function both within the developing gastrointestinal tract 

or be absorbed and exert actions at distant body sites. The 

ability of these peptides to exert a biological effect is 

directly related to the gastrointestinal luminal survival of 

the peptide. The ability of peptides to survive luminal 

digestion could be related to the intrinsic susceptibility 



of the peptide to digestion, or to the development of the 

mechanisms responsible for protein degradation. 

The pH optimum for gastric luminal protealysis ranges 

from 3.2 to 4.8 (Britton, 1989). As the pH of the suckling 

stomach is closer to neutral, these conditions are not 

optimal for protealysis to occur within the stomach. 

For protein digestion to take place in the small 

intestine, the most critical enzyme is enteropeptidase. 

Enteropeptidase is responsible for the activation of trypsin 

to trypsinogen. This activation process leads to the 

activation of chymotrypsinogen, proteolastase and 

procarboxypeptidases (Henning, 1985),. Bile acids and 

pancreatic proteases are limited in early development, and 

this absence may enhance the activity of enteropeptidase. 

Published studies on this phenomena are infrequent; however, 

they suggest that this enhancement is due to promotion of 

release of enteropeptidase from the enterocyte of the small 

intestine (Britton, 1989). These studies indicate that the 

capability for small intestinal luminal protein digestion is 

not fully developed in the early suckling period. 

The pH of the rat small intestine during the suckling 

period ranges from 6 to 7. Although this pH is not optimal 

for proteolytic activity, it does favor uptake of 

immunoglobulins via receptor-mediated endocytosis (Britton, 

1989). This process of pinocytosis appears in the rat 

intestine by day 19 or 20 prenatally. The ability to absorb 



intact macromolecules remains high during the first two 

weeks in the suckling, then decreases rapidly by the third 

week (Henning, 1987). Thus, the period of enhanced uptake 

of inteact macromolecules coincides with minimal secretions 

of gastric and pancreatic proteases. 

Molecular forms of mammalian bombesin-like peptides 

Bombesin is a member of a group of peptides originally 

isolated from the skin of the frog, Bombina bombina. Two of 

these peptides, bombesin and alytesin, have identical C-

terminal dipeptide sequence Leu-Met-NH2 which is similar to 

substance P, while the peptides belonging to the ranatensin-

litorin subfamily have a C-terminal Phe-Met-amide (Panula, 

1986). Bombesin-like immunoreactivity was identified in 

mammalian gut and central nervous tissue (Walsh, 1981) . A 

27 amino acid peptide, gastrin-releasing peptide (GRP), was 

isolated from porcine non-antral gastric mucosa and found to 

be structurally related to amphibian bombesin (McDonald, 

1979). Measurements of bombesin and gastrin releasing 

peptide-like immunoreactivity in gastrointestinal tissues of 

several species indicated that the mammalian forms may be 

closer to porcine GRP than amphibian bombesin (Yanaihara, 

1980, 1981). GRP contains 27 amino acid residues, compared 

to 14 amino acid residues contained in authentic amphibian 

peptide bombesin, but nine of the ten carboxyl terminal 



amino acids occupy identical positions in each peptide 

(Walsh, 1981). This portion of the peptide, the carboxyl 

terminus, is the region of the molecule necessary for its 

biological action. 

Yanaihara and co-workers (Yanaihara, 1981) reported the 

existence of two bombesin-like variants in extracts of rat 

gut using gel and ion-exchange chromatography separation 

techniques. Other earlier reports also indicate the 

heterogeneous nature of bombesin-like or GRP-like 

immunoreactivity in mammalian gut (Reeve, 1983). 

Cellular localization and tissue distribution 

Cellular localization of bombesin-like peptides as 

demonstrated by radioimmunoassay of gut and nerve tissue 

indicates that most, if not all bombesin-like 

immunoreactivity (BLI) is located in nerve fibers (Dockray, 

1979). In the rat gastrointestinal tract, these nerve 

fibers are especially abundant in the mucosa of the stomach, 

as well as in the myenteric plexus of the small intestine. 

Considerable BLI was detected in brain but not in control 

tissues such as liver, spleen and skeletal muscle. BLI is 

widely distributed in rat brain,' with highest concentrations 

in the hypothalamus and lowest in cerebellum (Moody, 1979). 

Receptors for bombesin in rat brain generally correlated 

with the distribution of extractable BLI (Moody,1978). 



These combined findings of preferential localization of 

bombesin in brain and muscle layers of the gut indicate that 

bombesin is a neuropeptide. 

Bombesin-like immunoreactivity has been found 

throughout the gastrointestinal tract of several species of 

mammals, including rat, rabbit, hawk, owl, dog, monkey, and 

human (Greeley, 1986). In rat, the highest concentrations 

are found in the fundus of the stomach and colon (Walsh, 

1979). Significant quantities of bombesin-like peptides are 

detectable in the rat stomach and colon as early as 1 day of 

age; measurable quantities of bombesin-like peptides are 

found through the gastrointestinal tract by 16 days 

postnatally (Walsh, 1979). In the rat brain, bombesin-like 

immunoreactivity is virtually nondetectable until birth; and 

the concentration increases rapidly after birth, first in 

the caudaj. and later in the rostal brain regions, so that 

the level of BLI reaches adult levels in the second 

(McGregor, 1982) or third (Gillati, 1984) postnatal week. 

In addition to endogenous cellular stores, an additional 

source of bombesin-like peptides for the developing organism 

has been suggested. Several investigators (Jahnke, 1984; 

Eckman, 1985; Westrom, 1987) have reported the presence of 

significant quantities (0.25-25.0 ng/ml) of BLI in bovine, 

human, and porcine milk. Concentrations of BLI were many 

times (5-100 fold) higher in milk than in maternal plasma. 

Bovine milk contained one molecular form of BLI which was 



larger (Mr=3200) than both amphibian bombesin or porcine GRP 

(Jahnke, 1984). This peptide was later shown to possess 

biologic activity characteristic of bombesin-like peptides 

(Lazarus, 1986). Human and porcine BLI separated by HPLC 

into 3 distinct immunoreactive peaks. One peak of human BLI 

co-eluted with amphibian bombesin, one with porcine GRP, and 

one had a shorter elution time than either standard (Ekman, 

1985). Thus, milk BLI exhibits molecular heterogeneity both 

within and among species as was clearly seen in tissue 

derived BLI. 

Biological action 

A considerable body of literature attests to the wide 

range of biologic effects of bombesin-like peptides (BLP) on 

the gastrointestinal tract. Major effects on the stomach 

include the release of antral gastrin, and a possible role 

regulating antral gastrin content. BLP also stimulate 

gastric acid secretion (Bunnett, 1985), inhibit gastric 

emptying, (Scarpignato, 1982), alter antral and intestinal 

motility, (Bertaccini, 1974) and stimulate gall bladder 

contraction (Corazziari, 1974). Bombesin is a potent 

pancreatic secretaogue in vitro (Deschodt-Lanckman, 1975), 

and in vivo (Basso, 1975). Specific receptors for bombesin 

have been demonstrated on pancreatic acinar cells of the rat 

(Jensen, 1978) and human (Scemama, 1986). 



Preincubation of isolated pancreatic acini with 

bombesin, as well as chronic administration of bombesin to 

rats, have been shown to diminish the subsequent secretory 

response to bombesin (Lee, 1980). Additionally, bombesin 

has been reported to have trophic effects on the stomach, 

pancreas, and colon of aduit rats (Johnson, 1983). It is 

not clear, however, if these changes are mediated directly, 

or through release of other hormones. Cholecystokinin (CCK) 

is known to have trophic effects on the exocrine pancreas 

(Solomon, 1983); and because bombesin has been shown to 

stimulate CCK release, the effect on the exocrine pancreas 

by chronic treatment with bombesin was investigated 

(Solomon, 1979). Results of that study reported increased 

pancreatic weight and DNA content after 7 day treatment, 

indicating hyperplasia. 

Effect of bombesin on the developing gastrointestinal tract 

Studies on the effect of bombesin in the developing 

organism have been limited, and those regarding the 

developing gastrointestinal tract are limited primarily to 

the rat. In 1987, Papp, et. al. administered bombesin at a 

dose of 10 ^g/kg body weight by subcutaneous injection 4 

times daily to rat pups for the first 7 days of life. This 

treatment course resulted in increased pancreatic weight, 

increase of total protein and DNA content, and stimulation 



of trypsin secretion when compared to control animals. 

These data demonstrate that bombesin, when administered by 

subcutaneous injection, promotes pancreatic growth in 

suckling rats. Later works done by Lehy and Puccio (1988) 

further .investigated the effects of peripheral 

administration of bombesin on the developing 

gastrointestinal tract. Again, bombesin was given by 

subcutaneous injection at a dose of 20 tig/kg body weight 

twice daily from 7-13 days postnatally. The result of this 

series of bombesin treatment showed that, although the body 

weights of the treated and control groups did not differ, 

the weights of the digestive organs was significantly 

increased when compared to controls. The increase in 

pancreatic weight indicates pancreatic hyperplasia, and the 

increased RNA/DNA ratio indicates hypertrophy of acinar 

cells. These results led the authors to conclude that 

peripheral bombesin administration in 7-14 day old rats 

results in parietal and gastrin cell growth in stomach, 

increased pancreatic cell proliferation and regulation of 

pancreatic enzyme activity. 

Subsequent research by the same investigators (Lehy, 

1990) sought to determine how a series of orally 

administered bombesin treatments administered during the 

first, second, third and fourth postnatal week would effect 

DNA and mitotic indices. Treatments consisted of oral 

administration of bombesin 3 times daily at a dose of 



20 /jg/kg body weight. Forty-five minutes prior to death, 

animals received a single injection of [3H]thymidine. In 

control rats, the labeling and mitotic indices dropped in a 

linear fashion from the first through fourth weeks. 

Orogastric administration significantly increased the DNA 

labeling and mitotic indices at the end of the first and 

second weeks of life, but did not effect these parameters in 

the third and fourth weeks. The authors concluded that 

their studies provide evidence that bombesin stimulates DNA 

synthesis and cell division in pancreatic endocrine cells 

during the early developmental period. 

Bombesin-like immunoreactivitv in milk 

The presence of hormones and growth factors in milk has 

been an area under intensive investigation. Which hormones 

and growth factors are present, where they come from, and 

their possible physiological functions form the basis of 

these investigations. The reader is referred to Koldovsky 

(1988) for a comprehensive review of these works. Only one 

of these identified growth factors contained in milk, 

bombesin, is considered here. 

Peptide hormones and growth factors retain their 

biological activities in milk (Carpenter, 1980; Gala, 1980), 

and, when ingested by the neonate, appear intact in plasma 

(Reppert, 1978; Grosvenor, 1976). These two factors, 



combined with the coincidence between the action of 

amphibian bombesin and milk on hormone and peptide levels, 

numerous investigators sought to determine whether milk 

could be a source of bombesin-like peptides. 

Immunoreactive bombesin-like peptides have been 

detected in bovine (Jahnke, 1984; Lazarus, 1986), human 

(Eckman, 1985), porcine (Westrom, 1987), and rat (Koldovsk^, 

unpublished) milk. Westrom (1987) reported high levels of 

insulin, neurotensin, and bombesin-like immunoreactivity in 

sow colostrum, as compared to the levels found in the blood 

serum of the sows during farrowing. This is indicative that 

there was an accumulation of the corresponding hormone-like 

peptides in mammary secretions. The high concentrations in 

milk suggest either an active concentration mechanism in the 

mammary gland or production of the peptides in the glandular 

epithelium. Like most other proteins in colostrum and milk, 

the levels of insulin and neurotensin-like 

immunoreactivities decreased during the early lactation 

period, that is, during the period the mammary secretions 

change from colostrum to mature milk. Contrary to this, the 

level of bombesin-like immunoreactivity is more or less 

constant during the same period (Westrom, 1987). The 

physiological significance of neurohormonal peptides in milk 

is unknown; however, it is reasonable to speculate that the 

biological functions of such peptides may be linked to the 

postnatal development of the digestive tract. 
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MATERIALS AND METHODS 

Experiment 41 

Prior to intestinal absorption, orally ingested 

peptides first come into contact and mix with the luminal 

fluid of the digestive tract. While in this milieu, 

peptides may undergo varying degrees of proteolysis, 

yielding biologically active and/or inactive products. In 

order to better understand the role of luminal digestion in 

the biologic actions of BLP, in vitro experiments evaluating 

the effect of incubation of I-125-Tyr-bombesin with 

intestinal luminal fluid from suckling rats were performed. 

Tyrosine substituted amphibian bombesin (Bachem, 

Torrence, CA) was radiolabelled with Nal125 by the method of 

Vigna et. al. (Vigna, 1988). Tyr-4-bombesin was iodinated 

by reacting 6.0 nmoles of peptide with 0.5 mCi of Nal125 

(Amersham, Arlington Heights, VA) in 50 /*1 of 200 mM 

phosphate buffer, pH 7.5, in the presence of 2.3 nmol 

Iodogen (Pierce, Rockford, IL) previously dried onto the 

surface of a borosilicate glass test tube with dry N2. The 

reaction time was 4 min at room temperature. The reaction 

was terminated by addition of 50 fil of 50% acetic acid. 

This solution was then removed from the iodogen coated tube, 



and placed in another tube containing an equal volume of 1M 

ammonium bicarbonate, pH 8.0, and the mixture brought to 

725 mM dithiothreitol (DTT) by addition of 0.1 volume of 

7.25 M DTT dissolved in distilled water. This mixture was 

heated at 80° C for one hour, cooled to room temperature, 

and acidified by addition of 200 /*1 of 50% acetic acid. 

This reduced, acidified solution was then injected onto a 

HPLC (Waters and Associates, Wayborne, MA) Vydac reverse-

phase C18 column equilibrated in 0.1% trifluoroacetate. The 

column was eluted by running a linear gradient of 

acetonitrile dissolved in 0.1% triflouroacetate from 30-4 0% 

acetonitrile over 2 hours. The column eluate was monitored 

by measuring the absorbance at 280nm and the radioactivity 

using a gamma counter. 

To obtain intestinal luminal flush, neonatal rats were 

killed on day 12 of life by decapitation between 0800 and 

1200 h. The small intestine was removed intact (pylorus to 

ileocecal valve), divided into three segments of equal 

length, and each segment flushed with 0.3 ml per gram body 

weight of cold PBS pH 7.0, followed by an equal volume of 

air. The fluid was centrifuged for 10 min at 800 x g, the 

resulting supernatant mixed, and stored in liquid nitrogen 

until use. Flush was used within 2 weeks of collection. 

Fifty fil undiluted intestinal flush was added to 90 n 1 

Tris-HCl buffer (30 mM, pH 7.4), mixed and preincubated in 

polystyrene tubes for two min at 37° C. The reaction was 



started with the addition of 10 pi [125-I-Tyr-4] -bombesin 

(approximately 40,000 cpm) followed by incubation at 37* C 

for 60 min. The reaction was stopped by the addition of 

0.35 ml of 6% BSA and 0.5 ml of 4% TFA (final concentration, 

2% TFA, and 0.2% BSA). The samples were then vortexed and 

left on ice for 5 min. The samples were counted to 

determine total radioactivity, then passed through a Sep-Pak 

cartridge (Waters and Associates, MA) previously charged 

with 100% acetonitrile. Next, the cartridge was washed with 

10 ml of 0.1% TFA and eluted with 1.5 ml of 60% 

acetonitrile/0.1% TFA. The 1.5 ml solution eluted from the 

Sep-Pak cartridge was evaporated to dryness using a stream 

of dry N2. The dried eluate was reconstituted to 1 ml in 

6 M urea. The sample was placed on a Biogel P-2 (Biorad, 

Farmington, CA) gel filtration column (1.0 x 46.0 cm) 

equilibrated with 6 M urea. These samples were eluted with 

6 M urea at a flow rate of 4-5 ml/hr. Fractions were 

collected, and each fraction counted in a gamma counter. 

Void volume of the column was determined by blue dextran. 

Experiment 2 

As discussed in the literature review, bombesin-like 

immunoreactivity and biological activity have been 

identified in mammalian milk. Since other substances 

contained in milk have been shown to exert biological 



activity in suckling animals when given orally (Koldovsky, 

1988), it is reasonable to hypothesize that the bombesin-

like peptides found in milk might also be capable of 

eliciting biological effects on the suckling animal. 

. We therefore conducted experiments to determine if 

bombesin, administered orogastrically, exerted effects on 

pancreatic exocrine secretions of suckling rats. 

Specifically, changes in the intestinal luminal content of 

trypsin and protein were evaluated. The goal of this study 

was to determine if orogastric administration of bombesin 

could influence the luminal contents of trypsin or protein 

in an absolute sense. We therefore chose a dose of bombesin 

that has been shown to produce maximal increases in 

pancreatic protein, trypsin, and DNA contents in the 

pancreas of suckling rats (Pollack, 1988) and maximal 

increases in serum gastrin concentration and antral gastrin 

content in adult rats (Johnson, 1983). 

Sprague Dawley rats raised in our own colony were used 

throughout these experiments. Animals were exposed to an 

alternating cycle of light and darkness for 12 hour periods. 

The date of birth was set as day 0, and litter size was 

corrected to 10 on day 2 of life in order to standardize 

growth and development. The mothers and their pups had free 

access to water and standard lab rat chow (Lab-Blox, Allied 

Mills, Chicago, IL). The pups were allowed to suckle 

normally until day 12-14 when they were fasted 12 hours and 



then studied. They were kept in cages with half of the 

floor placed on a heating pad to enable them to maintain 

their own normal body temperature. Experiments were 

conducted within litters; rats in each litter were divided 

into three groups of equal body weight. The control group, 

designated "SAL/BSA" received 0.1 ml of 0.9% NaCl with 0.2% 

bovine serum albumin (Sigma Chemical Co., St.Louis, MO) by 

subcutaneous injection as well as orogastrically through a 

3.5 French catheter. The second group was designated "OG" 

since rats in this group received 0.1 ml of a solution 

containing 40 nq/kg of bombesin tetradecapeptide (Bachem, 

Torrence, CA) dissolved in SAL/BSA orogastrically through a 

3.5 French catheter, and 0.1 ml of SAL/BSA by subcutaneous 

injection. The third group was designated "SQ" because rats 

in this group received 0.1 ml of a solution containing 490 

Aig/kg of bombesin tetradecapeptide dissolved in SAL/BSA by 

subcutaneous injection and 0.1 ml of SAL/BSA orogastrically 

through a 3.5 French catheter. All experiments were begun 

between 0800 and 0900 h. In one set of experiments, rats 

were killed by decapitation 15 or 30 min after bombesin 

administration. In another series of experiments, rats were 

killed by decapitation 1 h after injection. The small 

intestine was removed and divided into three segments of 

equal length, each of which was then flushed with ice-cold 

phosphate buffered saline at a volume of 1 ml/10 g body 

weight followed by an equal volume of air. Each sample was 



then centrifuged for 20 min at 2000 x g and the supernatant 

removed and frozen at -20° C. All samples of flush ware 

assayed for content of protein and trypsin activity within 

48 h of collection. Protein was measured by the method of 

Lowrey (Lowrey, 1951) using bovine serum albumin as the 

standard. Trypsin activity was measured by the release of 

p-nitroaniline from the substrate benzoyl-DL-arginine p-

nitroanilide (Sigma, St.Louis, MO) as described by Erlanger 

(Erlanger, 1961). Units were expressed as nmoles p-

nitroaniline produced per min. All chemicals used were of 

reagent grade. Values for the luminal flush content of 

protein and trypsin activity were determined for each of the 

three intestinal segments. These values for each animal 

were then added to yield the protein and trypsin activity 

per total intestine. 

Data were expressed as the mean ± SE and evaluated 

statistically by analysis of variance and unpaired t-test 

when the F-test showed significant group differences. 

Differences were considered significant when p<0.05. 
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RESULTS 

Experiment 1 

Incubation of radiolabeled bombesin with inactivated 

suckling and weanling luminal flush results in an elution 

profile of intact bombesin which results in a 

chromatographic profile as seen in Figure 1, entitled 

"Incubation with inactivated suckling flush." Incubation of 

radiolabeled bombesin with suckling luminal flush for 60 min 

resulted in a degradation pattern of bombesin which is 

illustrated in Figure 2. Intact bombesin is the first peak, 

and various smaller degradation products elute after the 

intact bombesin. As can be seen in the figure, after a 60 

min incubation with intestinal flush, there is significant 

degradation of the labeled bombesin. Despite the fact that 

the majority of the labeled bombesin is degraded, a small 

amount of intact bombesin remains after 60 min. A 

chromatographic profile of the degradation products produced 

after incubation with weanling flush is shown in Figure 3. 

In contrast to the chromatographic profile seen with the 

degradation products in the suckling, the weanling flush 

incubation resulted in entirely degraded bombesin. 
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Dexiran Bombesin 125 Iodine 
40 

30 

1 0 -

4 0 3 0 2 0 0 

Fraction Volume (ml) 

Figure 1. Incubation with inactivated suckling flush (Expt. 
1) 

Shown are three separate degradation experiments 
and column runs resulting in a single peak of 
intact, non-degraded bombesin. Flush was boiled 
prior to incubation to inactivate proteolytic 
activity. Void volume as determined by Blue 
Dextran, Potassium Ferrocyanide is indicated. 
Free iodine eluted as indicated. 
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KfaCN 125 Iodine 

10 2 0 3 0 

FRACTION VOLUME (ml) 

Figure 2. 60 minute incubation with suckling flush (Expt. 1) 

Shown are three separate degradation experiments 
and column runs resulting in three distinct peaks: 
intact bombesin, and two degradation products, 
respectively. Void volume was determined by Blue 
Dextran and Potassium Ferrocyanide as indicated. 
Free iodine eluted as indicated. 
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Figure 3. 60 minute incubation with weanling flush (Expt. l) 

Shown is a representative sample of degradation 
experiments showing near complete degradation of 
Bombesin ,in the presence of suckling flush. Void 
volume was determined as in Figures 1 and 2. 
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Experiment 2 

Total small intestinal flush content of protein and 

trypsin activity was measured at 15, 30, and 60 min after 

treatment and the results are shown in Table 1. There were 

no significant differences in protein content among groups 

at 15 min. The protein content of the intestinal flush was 

significantly elevated in the SQ group compared to the OG 

group at 3 0 min, as compared to both other groups at 60 min. 

Values for the control and OG groups did not differ at any 

time point studied. 

Fifteen minutes after bombesin administration, luminal 

trypsin activity was significantly increased in the SQ 

group. At 30 min, trypsin activity was significantly 

increased in both the OG and SQ group, while at 1 h after 

treatment, trypsin activity was significantly increased in 

the SQ group. 

The control values for both protein and trypsin 

activity at the 15 and 30 minute time periods did not differ 

significantly. Because the experiments using the 60-min 

time period were performed separately, no statistical 

comparisons were performed. Nonetheless, values for protein 

content did seem to fall with increasing time, although such 

a trend was not observed for trypsin activity. 

Both OG and SQ bombesin produced significant elevations 

of tryptic activity at 30 min, and this time point was 



Table 1 

Effect of bombesin (40 /xg/kg) administered orogastrically 
(OG) or subcutaneously (SQ) on the content of protein and 
trypsin activity in the intestinal luminal flush. Values 
from the proximal, middle and distal segments were summed to 
yield results per whole intestine, and are shown as the mean 
± SE of these summed values. 

Group Protein Trypsin 
(/tg/intestine) (Units/intestine) 

15 min 30 min 60 min 15 min 30 min 60 min 

Control 620.73 541.9 435.6 12.4 13.9 16.7 
±17.7 ±63.6 ±54.8 ±2.2 ±1.8 ±1.2 
(5) (8) (11) (5) (8) (11) 

OG 632.9 535.4 361.2 16.8 25.2a 18.9 
±36.0 ±37.1 ±34.7 ±1.5 ±3.5 ±1.0 
(7) (11) (12) (7) (11) (12) 

SQ 774.4 705.lb 640.2ab 38.6ab 39.1ab 79.2ab 

±77.9 ±49.1 ±30.3 ±6.2 ±5.5 ±5.4 
(6) (9) (11) (6) (9) (11) 

a= p<0.05 compared to control; b= p<0.05 compared to OG. 
Number of rats in each group is shown in parentheses. 



chosen for a more detailed analysis of the effects of the 

two routes of peptide delivery. In Figure 4, the content of 

trypsin activity is shown in the luminal flush from the 

proximal, middle, and distal segments 30 min after bombesin 

administration. Differences among experimental groups in 

each time period were evaluated- by analysis of variance and 

F-test for simple effects; differences among individual 

segments were evaluated using one-way analysis of variance 

and unpaired t-test when the F-value indicated significant 

differences. The pattern of changes in the content of 

trypsin activity in the intestinal flush of each segment 

observed in the OG and SQ groups were equalitatively 

similar. Values for the proximal and middle segments were 

significantly higher than those for the distal segments in 

both the SQ and OG groups, while no such gradient occurred 

in the control group. Trypsin activity in the proximal and 

middle segments was highest in the SQ group, did not differ 

significantly from corresponding values in the OG group, but 

were significantly greater than control. Trypsin activity 

in these two segments in the OG group was more than double 

the corresponding control values, but only values for the 

middle segment achieved statistical significance (p=0.0169) 

because of the large variation' in values for the proximal 

segment in the OG group. Values for trypsin activity in the 

distal segment for all experimental groups did not differ. 
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Figure 4 Effect of subcutaneously (SQ) or orogastrically 
(OG) administered bombesin on the content of 
trypsin activity in the flush from proximal, 
middle, and distal intestinal segments at 30 
minutes after bombesin administration. 

• = Control, o = OG, • = SQ. Values represent mean ± SEM of 
individual values. 

(*) = P < 0.05 when compared to control. Number of rats in 
each group is the same as shown in the Table. 
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DISCUSSION 

Experiment #1 

The succeptability of milk borne bombesin to enzymatic 

digestion is not presently known, but it could be of 

physiological significance. Several peptides, such as 

prolactin, TRF, in addition to milk and food derived 

morphinometic peptides may be absorbed from the stomach 

within minutes (Lazarus, 1986), permitting physiologically 

active forms to reach the blood stream with minimal 

proteolytic degradation. Other factors in milk may 

contribute to the stability of peptides as well. The 

chromatographic profile of bombesin incubated with suckling 

flush shows a mixture of bombesin degradation products as 

well as intact bombesin. This shows that bombesin 

administered orally in the absence of milk is degraded to 

some extent by proteolytic enzymes present in the suckling 

lumen; however, not entirely, and not to the extent as seen 

with weanling luminal contents. 

Reported chromatographic profiles of bombesin-like 

immunoreactivity in milk show three distinct peaks, none of 

which had the same elution time as the bombesin standard 

(Westrom, 1987). Other investigators have reported similar 

findings of multiple forms of bombesin in milk (Lazarus, 



1987; Eckman, 1984). The physiological purpose and 

significance of these different forms at present is unknown. 

Experiment 2 

We found that orogastric administration of bombesin to 

suckling rats is associated with significant increases in 

the content of trypsin activity in the intestinal luminal 

flush. To our knowledge, this is the first time that 

enterally-administered bombesin has been shown to produce 

acute biologic effects in the suckling rat, and that these 

effects are qualitatively similar to those seen with 

subcutaneously-administered bombesin. 

Naturally occurring compounds found in milk have been 

shown to produce biologic effects when administered orally 

(Koldovsky, 1988). Thus far, both bombesin (Lehy, 1988, 

1990) , and EGF (O'Laughlin, 1985) have been shown to have 

effects on the exocrine pancreas when given enterally. Lehy 

and colleagues conducted studies which showed a stimulation 

of several indices of pancreatic and intestinal 

proliferation by bombesin administered orogastrically over 

several days. The results of this study of chronic oral 

administration of bombesin and our own study of the acute 

effects of enteral bombesin, therefore, demonstrate that 

bombesin, as well as EGF, affects the growth of the exocrine 

pancreas and/or its secretions when administered enterally. 



They also suggest that the bombesin-like peptides present in 

milk may produce both acute and chronic effects on the 

developing pancreas. Based on previously reported 

concentrations in milk (Westrom,987), however, the doses of 

bombesin used in the study of Lehy and our own are probably 

much higher than those to which the suckling rat is normally 

exposed. Utilization of more physiological doses of 

bombesin will require direct measurement of bombesin-like 

immunoreactivity in rat milk. It also remains to be 

determined whether these effects are produced directly by 

bombesin, by degradative products of bombesin, or indirectly 

by the stimulated release of other hormones. It will also 

be necessary to study the effects of bombesin's mammalian 

counterparts, the gastrin-releasing peptides, as part of the 

evaluation of the physiologic significance of the effect 

described here. 

A likely explanation for the increase ' in intestinal 

luminal content of trypsin activity seen with enteral 

administration of bombesin is stimulation of pancreatic 

enzyme secretion. Certainly, the pattern of response with 

OG bombesin was similar to that seen with SQ bombesin 

(Figure 4), a known stimulant of pancreatic exocrine 

secretion (Jensen, 1978). Chronic parenteral administration 

of cholecystokinin (CCK) has also been shown to increase the 

trypsin content of the intestinal luminal fluid, albeit 

after chronic parenteral administration (Kai, 1984) . This 



effect was also presumed to be produced by chronic 

stimulation of pancreatic enzyme secretion. Other, less 

likely mechanisms include the inhibition of trypsin 

absorption (Udall, 1984) or decreased luminal trypsin 

degradation secondary to increased bile secretion (Green, 

1980). 

Regardless of the exact mechanism of the effect of OG 

bombesin observed in this study, the point to be emphasized 

is that we have clearly demonstrated that enteral bombesin 

is biologically active in the suckling rat. The acute 

biologic effects reported in this paper produced by enteral 

bombesin administration may have been induced directly by 

bombesin, by degradation products of bombesin or mediated 

via the stimulated endogenous release of other hormones. 

The fact that orally administered bombesin elicits a 

biologic as well as trophic response (Lehy, 1990) in the 

pancreas is of interest, especially as bombesin-like 

immunoreactivity has been demonstrated in milk. These 

physiological effects may have nutritional significance in 

terms of altering the degree of intraluminal protein 

digestion occurring in the intestine at this age. Further 

investigation into the exact nature, mechanism, processing, 

and actions of bombesin is needed to completely evaluate the 

importance of milk-borne bombesin in developmental 

gastrointestinal physiology. 



SUMMARY 

In an effort to determine the possible physiological 

significance of milk-borne bombesin on the early development 

of neonatal rats, initial studies were conducted in order to 

assess the possibility of intestinal absorption of intact 

bombesin. In vitro incubation of bombesin with suckling 

intestinal luminal flush showed survival of intact bombesin 

for as long as 1 hour. This indicates that bombesin may be 

absorbed intact by the neonatal rat. In vivo studies 

designed to evaluate the effects of orally administered 

bombesin demonstrated acute biological effects. Based upon 

our published report of this data (Pollack, 1989) subsequent 

research published by Lehy (1990) further supports the fact 

that orally administered bombesin elicits a biologic as well 

as trophic response in the pancreas. Further investigation 

as to the exact nature, mechanism, processing and actions of 

bombesin is needed to completely evaluate the importance of 

milk-borne bombesin in developmental gastrointestinal 

physiology. 
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APPENDIX A 

COMPOSITION OF WAYNE LAB BLOX 

CRUDE PROTEIN 
CRUDE FAT.... 
CRUDE FIBER.. 

(minimum)....24.0% 
(minimum).....4.0% 
(minimum) 4.5% 

INGREDIENTS: 

Corn and wheat flakes, ground corn, soyben meal, fish meal, 
wheat middlings, wheat red dog, dried whey, brewers dried 
yeast, soybean oil, animal liver meal, cane molasses, 
vitamin A supplement, D-activated animal sterol (source of 
vitamin D3), vitamin B12 supplement, vitamin E supplement 
menadione sodium bisulfite complex (source of vitamin K 
activity), riboflavin supplement, niacin supplement, calcium 
pantothenate, choline chloride, folic acid, thiamine, ground 
limestone, calcium phosphate, salt, manganous oxide, copper 
oxide, iron carbonate, ethylenediamine dihydroiodine, cobalt 
carbonate and zinc oxide. 

Source: Wayne Pet Food Division, Continental Grain Company, 
Chicago, IL. 



APPENDIX B 

Copy of Institutional Animal Care 

and Use Committee Approval Form (attached). 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  
TUCSON, ARIZONA 85721 

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE 

fr h L vi eA L .• 

VERIFICAflON OF REVIEW 
BY THE INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE 

PHS Assurance No. A-3248-01 - USDA No. 86-3 

IACUC Control # 89-0297 

Title: PROGRAM PROJECT; ANIMAL CORE 

"Role of Milk-Borne Hormones For the Suckling" 

Principal Investigator; Otakar Koldovskv. MP. PhD 

Department; Pediatrics 

Submission Date: October 10. 1989 

Agency: ; NIH 

The University of Arizona Institutional Animal Care and Use 
Committee reviews all sections of proposals relating to animal care 
and use. The above-named proposal: 

[ ] Has been reviewed and approval withheld. 

[XX] Has been reviewed and approved by IACUC on 1/9/90 • 
Revisions (if any), are listed below: 

NONE 

Approval valid through January 8. 1993 

• Michael A. Cusanovich, Ph.D. 
Vice President for Research 

Date: January 10. 1990 
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