822

Experientia 42 (1986), Birkhduser Verlag, CH-4010 Basel/Switzerland

An immunoreactive peptide in milk contains bombesin-like bioactivity

L.H. Lazarus', G. Gaudino®, W. E. Wilson and V. Erspamer’

Peptide Neurochemistry Group, Laboratory of Behavioral and Neurological Toxicology, National Institute of Environmental Health
Sciences, Research Triangle Park (North Carolina 27709, USA), 10 September 1985

Summary. Parallel in vitro bioassays using rat uterus and guinea pig large intestine tissues specific for the bombesin family of
peptides, demonstrated that the bombesin-like peptides present in bovine milk can produce a dose-related response similar to
bombesin and litorin. The bioactivity of this type of milk peptide appeared to be approximately 20-50% as active as the amphibian
peptides. These data support the proposal that a bombesin immunoreactive peptide in milk contains bombesin bioactivity.
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Recently, evidence has indicated the existence of bombesin-
related peptides in bovine*® and human®’ milk by the use of
selective immunoassays. It is known that serum levels of many
gastrointestinal hormones increase after ingestion of milk by the
human neonate® and that similar effects may be elicited by intra-
venous infusion of bombesin in adults®!®, Furthermore, such
physiological phenomena as satiety, blood sugar levels, serum
levels of many gastrointestinal hormones, and stomach acidity
may be effected by intravenous or intracerebraventricular ad-
ministration of amphibian bombesin or its mammalian counter-
part®*'2. Bombesin-like peptides have also been suggested to play
a role as a growth factor®, in addition to their involvement in
releasing other peptide hormones, neurotransmitters or prosta-
glandins™. Since the absorption of prolactin® and thyrotropin-
releasing factor (TRF)' into plasma occurs with retention of
their hormonal, biological properties, it is conceivable that a
milk bourne peptide(s) containing bombesin determinants [milk
bombesin (MB)] may be absorbed intact and function in a
modulator capacity. This possibility could be of particular im-
portance in the case of the developmental processes in the neo-
nate. In order to supplement our previous RIA evidence®, an
effort was undertaken to determine whether the biological activ-
ity of MB mimics that of amphibian bombesin. This involved
subjecting MB to in vitro bioassays which are especially useful
for testing bombesin activities'” 5.

Methods. Milk bombesin was recognized using a rabbit antibody
that cross-reacts with the bombesin tetrapeptide sequence -Gly-
Asn-Gln-Trp- (residues 5-8) which is partially included in the
bioactive domain of amphibian bombesin'-®°. MB was pu-
rified from 500 g lots of commercial dry skim bovine milk®.
Synthetic amphibian bombesin and litorin were obtained from
Farmitalia Carlo Erba Res. Labs., Milan, Italy. Bioassays were
performed according to methods described by Erspamer et al.'’.
A preparation of guinea pig large intestine or rat uterus was
bathed in 10 ml Tyrode’s solution, at 32°C, in a glass chamber
and aerated with an oxygen (95%)-carbon dioxide (5%) mix-
ture. Contractile responsiveness, recorded with an isometric
transducer coupled to a Unirecord (U. Basile, Milan), was al-
lowed to stabilize prior to introduction of the various peptides.
The amplitude and frequency of the contractile response of the
preparations were compared against a dose-response curve us-
ing the amphibian peptides. Quantitative estimates of MB,
based on immuno-cross-reactivity with our antibody to amphi-
bian bombesin (BM-XII-165-4)* are in dimensions of bombe-
sin-equivalents.

Results. Contractile responsiveness of guinea pig large intestine
to MB was qualitatively indistinguishable from that to bombesin
or litorin (fig.); quantitative estimates suggested that MB bioac-
tivity was 25-50% that of the amphibian peptides. Each peptide
effected rapid initiation of contractility of the large intestine;
removal of the peptides resulted in a return to baseline condi-
tions. The large intestine was unresponsive to 400 ng of oxyto-
cin, nor did oxytocin influence intestinal responsiveness to MB.
MB also appeared to have a progressive effect on the rhythmic
movement of guinea pig large intestine. With rat uterus, the rate
of onset of the contractions was similar to that for litorin and
MB; however, the persistence of the contractions after exposure
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Bioassay of MB on guinea pig large intestine and rat uterus. The contrac-
tility of guinea pig large intestine (top) or rat uterus (bottom), was
recorded as given in the text. Time of addition of peptides is indicated by a
dot (.); washout is indicated with an asterisk (*). The MB tested was the
peak of immunoreactivity that eluted from a Bio-Gel P-10 column® >, The
bar represents 5 min. The abbreviations are: LIT, litorin; BOM, bombe-
sin; MB, milk bombesin immunoreactivity.

to and washing out of litorin may indicate that MB differs
structurally from that peptide.

Discussion. These pharmacological data show that the response
characteristics of these two tissues to MB is very similar to that
which would be expected from a bombesin-like peptide. These
results, coupled with the cross-reactivity of MB to a bombesin-
specific antibody*, support the contention that MB has the po-
tential for being a physiologically important peptide in the nutri-
tion of the neonate. The amount of immunoreactive bombesin
ingested during breast feeding varies from 0.1-1 ng equivalents/
ml®7, a quantity sufficient to affect blood levels of several gastro-
intestinal hormones® > as well as gastric acid production®. If
the neonate consumes approximately 50 ml milk at each nursing,
the quantity of MB consumed would be well within the range of
the minimum effective dose (circa 5 ng/kg) of amphibian bombe-
sin required to elicit a response during i.v. infusion in adult
humans’. Formula fed (supplemented with cow’s milk) of
‘bolus-fed” neonates®"?? would obtain considerably more MB*.
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The susceptibility of MB to enzymatic digestion is not presently
known, but could be an important concern. Several peptides,
such as prolactin'®, TRF'®, in addition to milk- and food-derived
morphinomimetic peptides®, may be absorbed from the stom-
ach within minutes, 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.

In view of the known pharmacological and physiological effects
of amphibian bombesin in mammals®'%'%18, MB may also func-
tion as a ‘nutrient hormone’’* and, by analogy with amphibian
bombesin, may be capable of influencing smooth muscle con-
tractility, release of gastrointestinal hormones and prostaglan-
dins'*?* and regulation of tissue growth. It may also be capable
of acting synergistically to potentiate the effects of other hor-
mones such as the GRP-stimulated release of ACTH by CRF?.
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The potent tremorgenic neurotoxins lolitrem B and aflatrem: A comparison of the tremor response in mice
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Summary. Tremor dose-response curves were determined for mice dosed with the ryegrass neurotoxin lolitrem B, and the tremor-
genic mycotoxin aflatrem. A family of characteristic curves was revealed for each tremorgen, with lolitrem B eliciting a sustained

tremor response persisting for over 24 h.
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The lolitrems are remarkable tremorgenic neurotoxins which
have recently been isolated from perennial ryegrass (Lolium
perenne L.) and ryegrass seed'>. When injected i.p. into labora-
tory mice, these lipophilic neurotoxins induce a neurotoxic syn-
drome characterized by sustained pronounced tremors'-*. The
structure of the major lolitrem neurotoxin, lolitrem B, of mol.wt
685 and formula C,,H;NO;, has been determined and shown to
be a complex substituted indole (1)°. The lolitrem neurotoxins
are the prime suspect causative agents of ryegrass staggers, a
dramatic nervous disorder of sheep, cattle, horses and deer graz-
ing ryegrass-dominant pastures®'®. Animals affected by this dis-
order exhibit tremors, severe incoordination and hypersensitiv-
ity to external stimuli, yet there is a consistent lack of observable
specific lesions in even severely affected animals, and such intox-
icated animals usually show eventual complete recovery and
return to normality>®*!!. Since ryegrass staggers occurs fre-
quently in New Zealand, Australia and the United Kingdom,
there is considerable interest in the causative neurotoxins®'*. A
mouse bioassay':*, based on the sustained tremorgenic response

induced in mice by the neurotoxins, was originally used to screen
and estimate the relative neurotoxicity of pasture samples taken
from pastures on which livestock had developed ryegrass
staggers. The bioassay was also utilized in the initial isolation
and purification work on the lolitrems!. Very recently a rapid,
sensitive and quantitative method based on high performance
liquid chromatography (HPLC) with fluorescence detection’,
has been developed for lolitrem B estimation in pasture samples
and ryegrass plant components.

The unique neurotoxicology of the lolitrems (viz. sustained tre-
mor, absence of primary lesions, rapid return to normality of
severely intoxicated animals) warrants investigation. The pur-
pose of the present investigation is to provide some quantitative
data on the potency of pure lolitrem B by establishing a dose-re-
sponse relationship in mice and comparing its action with a
well-known tremorgenic neurotoxin, aflatrem (2)>¥, produced
by the ubiquitous fungus Aspergiilus flavus.

Materials and methods. An appropriate volume of a stock solu-
tion of lolitrem B or aflatrem (available from the authors’ re-



