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Summary &horbar; Changes in the concentrations of cholecystokinin, gastric inhibitory peptide, gastrin,
motilin, pancreatic polypeptide, secretin, somatostatin, and vasoactive intestinal peptide in calf plasma and antral, duodenal and/or pancreatic tissues were assessed by radioimmunoassay during
postnatal development and after weaning in 50 male Holstein-Friesian calves (randomly distributed
into 10 groups of 5 animals each). The calves in the first group were killed at birth while those in 6
other groups were colostrum-fed for 2 days and then milk-fed until 7, 28, 56, 70 or 119 days of age.
Those in the remaining 3 groups were given the same diets until day 28, were then weaned between
day 29-56, and slaughtered on days 56, 70 or 119. In milk-fed animals, changes in plasma and tissue concentrations of almost all digestive regulatory peptides were observed during the 1 st month of
postnatal life, especially at day 2. Weaning was accompanied by variations in the plasma concentrations of somatostatin, secretin, gastrin, pancreatic polypeptide and gastric inhibitory peptide but not
by any apparent change in peptide tissue concentrations (except VIP in the duodenum). Thus, the
variations in tissue concentrations are primarily age-related, while plasma concentrations were modified by age and weaning.

digestive regulatory peptide / calf / development / milk feeding / weaning
Résumé &horbar; Taux plasmatiques et tissulaires de quelques peptides régulateurs digestifs au
du développement postnatal et du sevrage chez le veau. Les variations de concentrations
de cholécystokinine, peptide inhibiteur gastrique, gastrine, motiline, polypeptide pancréatique, sécrétine, somatostatine et peptide intestinal vaso-actif ont été étudiées aux niveaux plasmatique et
tissulaires (antrum, duodénum et/ou pancréas) au cours du développement postnatal et du sevrage
chez le veau (10 groupes de 5 veaux). Les veaux du premier groupe ont été abattus à la naissance
tandis que les animaux de 6 autres groupes ont reçu du colostrum pendant 2 j, puis du lait de
cours
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A preliminary report on some of this work was presented at the 4th International
VIP and Related Peptides, Stockholm, Sweden, September 1989

Symposium

on

remplacement jusqu’aux âges de 7, 28, 56, 70 ou 119j. Ceux des 3 derniers groupes ont été
e et le 5& j et abattus à 56, 70 ou
alimentés avec les mêmes régimes jusqu à 28 j, sevrés entre le 29
119j. Chez les veaux préruminants, des variations significatives des taux circulants et tissulaires de
la plupart des peptides étudiés ont été observées pendant le premier mois de vie postnatale, en
particulier à l’âge de 2j. Le sevrage s’est accompagné de modifications des concentrations plasmatiques de la somatostatine, de la sécrétine, de la gastrine, du polypeptide pancréatique et du peptide
inhibiteur gastrique. Au niveau des tissus, aucun peptide n’a présenté de variation significative, à
l’exception du VIP dans le duodénum. Ainsi, les concentrations tissulaires varient principalement
avec l’âge, tandis que les concentrations plasmatiques évoluent avec l’âge et lors du sevrage.
peptide régulateur digestif / développement / veau / allaitement / sevrage

INTRODUCTION

mental changes occurring when the calves
either maintained at the preruminant

were

Calves are usually given colostrum during
the first 2 days of life before going onto a
whole milk or a milk-substitute diet. Owing
to the closure of the oesophageal groove,
liquid food by-passes the forestomachs and
is digested as in monogastric animals. Preruminant calves are therefore exclusively
milk-fed and are then usually maintained at
this stage up to the age of 4-6 months for
veal production. When dairy breed calves
are reared for herd replacement or beef
production, they are rapidly offered solid
food ad libitum and decreasing amounts of
milk, and weaned at the age of 6-10
weeks. In the latter case, solid food enters
the rumen, and subsequent development of
the forestomachs is observed together with
an increasing amount of microbial digestion
(Thivend et al, 1980). At the end of the
weaning period, calves are no longer considered to be preruminants but ruminants.
Studies dealing with the biochemical and
physiological changes accompanying this
important anatomical modification of the gut
are rather scarce (Ruckebush et al, 1983).
Little information is available on the hormonal factors involved in the response of the
digestive tract to dietary manipulations in
the calf (Titchen, 1986). The present study
was undertaken to determine the plasma
and tissue levels of 8 gut regulatory peptides at birth, and to examine the develop-

stage or weaned.
MATERIALS AND METHODS

Animals and feeding

Fifty newborn Holstein-Friesian male calves obtained at birth from the herd at the Station de
Recherches sur la Vache Laiti6re (Institut National de la Recherche Agronomique, 35590
Saint-Gilles, France) were randomly distributed
into 10 groups of 5 animals each (table I). The
calves in the 1 st group were slaughtered at birth
prior to any food ingestion, while those in the
2nd group were given 2 colostrum meals (25 g/
kg liveweight/meal) during the first day of life
and killed the following day. The animals in the
remaining 8 groups were fed colostrum during
the first 2 days of life, and then a milk substitute
based on spray-dried skim milk and tallow (25%
crude protein, 22% fat, 43% lactose, 3% starch
and 7% ash on a dry matter (DM) basis) for various periods of time. Milk was given twice daily
at 8.30 am and 4.30 pm. The calves in the 3rd
and 4th groups were slaughtered at 7 and 28
days of age, respectively, while those in the 5th,
6th and 7th groups (ie preruminant calves) continued to be exclusively milk-fed until slaughter
on days 56, 70 and 119, respectively. The
amount of DM fed was progressively increased
on weight basis, from 370 to 2 680 g/day over
the feeding period (7-118 days). From day 29
onwards, the calves in the 8th, 9th and l0th
groups were given water, hay and a commercial

starter concentrate ad libitum. On a DM basis,
the hay contained 14% crude protein, 3% fat,
31% cellulose and 9% ash, while the concentrate
contained 23% crude protein, 2% fat, 60% starch,
5% cellulose and 10% ash. The amount of milksubstitute was gradually reduced to nil between
days 29 and 56, ie from 950 to 710, 475, 235 and
0 g DM/day between days 29-35, 36-42, 43-49,
50-56 and onwards, respectively. The ruminant
calves in the last 3 groups were killed at the end
of the weaning period, and 14 and 63 days later
(ie at 56, 70 and 119 days of age), respectively,
as were the preruminant calves in the 5th, 6th
and 7th groups. The final composition of the ingested rations is given in table II.

Sampling and analysis
Calves

were

slaughtered

16-17 h after their last

meal, except for those in the first group which
were killed during the first hour after birth,
before any milk

Blood

collected

ingestion.
heparin (500 IU/mi blood) and aprotinin
(10 000 IU/mi blood) from an external jugular
vein either the morning before slaughter, prior to
any food intake, or just before slaughter in the
case of the first group. Plasma samples were
stored at&horbar;45 °C. Immediately afterwards the animals were killed in the slaughterhouse, the
on

was

whole

digestive tract was rapidly removed and
placed in a plastic bag covered with ice. Within
1 h of death, tissue samples of about 1 cm
2
were stamped out from the greater curvature of
the antrum, the left lobe of the pancreas and the
duodenum 5 cm from the pylorus. Samples
were immediately frozen in liquid nitrogen and
stored at -45 °C.
Tissue samples maintained on dry ice were
cut out in small pieces and placed in tubes containing 0.8 or 1.6 ml of distilled water, depending
on the amount of fresh tissue (lower or higher
than 500 mg, respectively), at 90 °C for 10 min,
then homogenized with a glass tissue grinder

(Kontes) sequentially in 2.4 and 1.6 ml of 50 mM
potassium phosphate buffer (pH 6.0) containing
100 mM sodium chloride, 5% decomplemented
pig plasma and 50 U of aprotinin per ml, respectively. The suspension was transferred using a
rinsing volume of 2.4 ml of buffer, and centrifuged at 2 000 g for 10 min. The resulting pellet
was resuspended in 0.8 ml of 0.5 M acetic acid,
stirred at 4 °C for 2 h, neutralized with 0.4 ml of
2 M sodium hybroxide and recentrifuged. The
combined supernatants were stored at -20 °C in
3 equal volumes.
The immunoreactive somatostatin concentration levels were determined in antral, duodenal
and pancreatic tissue extracts, while gastrin was
assayed only in antral and duodenal extracts,
pancreatic polypeptide (PP) in pancreatic ex-

tracts, and secretin, motilin, cholecystokinin
(CCK), vasoactive intestinal peptide (VIP) and
gastric inhibitory polypeptide (GIP) in duodenal
extracts. The plasma concentrations of these 8
immunoreactive peptides were also determined.
The radioimmunoassays used throughout this
study have previously been described for gastrin (Chayvialle et al, 1978), CCK, GIP and PP
(Miazza et al, 1985), secretin (Pelletier et al,
1978), somatostatin and VIP (Chayvialle et al,
1980), and motilin (Cuber et al, 1985). Results
are expressed as pg equivalent standard preparation per ml of plasma, or as ng per g wet
weight. Standard peptides were human gastrin
I, bovine PP, porcine CCK 33, porcine secretin,
porcine GIP, porcine motilin, porcine VIP, and
ovine somatostatin.

Statistical analysis
Variance analysis was used to assess the effects of age in either preruminant or ruminant
group, and Newman-Keuls, test to classify the
means. The significance of the differences between preruminant and ruminant calves at 56,
70 and 119 days of age was determined using
Mann-Whitney’s test. Correlation coefficients
were calculated to determine the relationships

between regulatory peptide levels. Differences
taken to be significant at P <_ 0.05.

were

RESULTS

Growth and food intake

Liveweight gain was negative during the
first week of life but increased thereafter
up to mean cumulated values of 1 081 g/
and 766 g/day on day 119 in prerumiand ruminant calves, respectively
(table I). These results are similar to those
obtained under practical breeding conditions with intensively fed Holstein-Friesian

day

nant

calves (INRA, 1978).
Plasma peptide concentrations

The 0-119 day profiles in preruminant
calves appear to be segregated into 3 different types (fig 1The 1 st type was that

of PP,

GIP, secretin and motilin; they did
significantly vary from birth level. The
2nd subgroup included peptides with large
variations between day 0 and 7. Plasma
gastrin approximately doubled from day 2
not

7, then declined to values similar to
those found at birth, but only this last
change was significant. Plasma VIP increased between day 2 and 7 and decreased to the 2-day value thereafter. The
last type was that of CCK and somatostatin. Plasma CCK showed a significant increase above birth value at all times from
day 28 to 119 and plasma somatostatin
was transiently increased 5.4-fold between
day 7 and 70. Only CCK and PP bore a
to

significant positive correlation (r=0.46).
Weaning resulted in decreased values
for somatostatin and, to a lesser extent, for
secretin and VIP (fig 1). In contrast, the
plasma concentrations were higher for
gastrin, GIP and PP in weaned calves
than in milk-fed animals. CCK and motilin
exhibited no major alteration. Again, the
only significant correlation was between
CCK and PP (r= 0.57).

Tissue peptide concentrations
In preruminants, significant variations occurred for each of the 7 peptides tested in
the duodenum (fig 2). Gastrin, secretin
and somatostatin showed a 80-100% increase above birth value at day 2, followed
by a return to birth level at day 7. Concentrations did not change thereafter. An initial

increase, though less marked,

was

also observed in the case of GIP and
CCK. All 3 declined thereafter, abruptly for
GIP and motilin, more slowly for CCK.
Duodenal VIP concentration showed a
peak at day 70 (fig 2). In the antrum and
pancreas, no significant changes were evidenced. However, in the antrum, the pattern of tissue gastrin concentrations re-

sembled the duodenal pattern (fig 3); it increased by almost 200% at days 2 and 7,
then declined to values similar to those at
birth. Fairly similar profiles were recorded
for somatostatin in antrum and pancreas,
with a moderate increase above birth value
at day 2, a subsequent decrease until day
28, and the return to birth level thereafter
(fig 3). Pancreatic PP concentration was
maximal between birth and day 7, then
slowly decreased until day 119 (fig 3).
In contrast to the effect on plasma levno clear effect on tissue

els, weaning had

peptide concentrations
that it suppressed the
VIP concentration that

(figs 2, 3) except
peak of duodenal
was

observed in

preruminants at day 70.
DISCUSSION

Very few studies have been devoted

to di-

gestive regulatory peptides in the developing calf, although weaning is known to result in particularly striking changes in the
digestive processes (Guilloteau et al,
1985, 1986; Le Hu6rou et al, 1990, 1992)
that may be partly dependent on hormonal
factors. The present work was designed to
allow for distinct analysis of age- and
weaning-related variations of 8 peptides, ie
6 established or putative hormones, one
known

paracrine messenger (somatosone typical neuropeptide (VIP).
In addition to the gastric antrum and panas

tatin), and

creas, the duodenum

was

selected for

study because the density of peptideproducing structures is high (Bloom and
Polak, 1978; Sjblund ef al, 1983).
In agreement with our previous results
(Guilloteau et al, 1984, 1985), plasma peptide concentrations were easily measurable at birth. Similar observations were
made on gastrin and PP in the lamb (Lichtenberger et al, 1981; Shulkes and Hardy,
1982) and for gastrin, secretin, somatosta-

tin, motilin, PP and GIP in various species
including man (Rodgers et al, 1978; Cranwell and Hansky, 1980; Lucas et al, 1982;
Thompson et al, 1987). Caution is, however,

required in interpreting those

and the

present results, because immunoreactivity
is not synonymous with structural identity.
In particular, gastrin and CCK can be secreted as incompletely processed compounds, eg biologically inactive glycineextended forms. The contribution of such
forms to the plasma immunoreactivity has
not been assessed here.

There was no consistent pattern of agerelated variation in plasma concentrations
in preruminant calves, suggesting that the

nature of nutrient ingested is not the predominant tuning factor for basal release of
digestive peptides. Except for the steady
increase of plasma CCK, the most systematized variations were those of gastrin and
somatostatin, which mirrored each other.
This suggests some interaction between
somatostatin and G cells (Minaire, 1991).
Another intriguing observation was the
large rise of plasma VIP at day 7. Upon its
release from intestinal stores, VIP is
known to be cleared at first hepatic transit
(Khalil et al, 1975; Guilloteau et al, unpublished data).

The present profiles of tissue peptide
concentrations were fairly similar to those

reported for somatostatin in unweaned rats
(Koshimizu, 1983), and for secretin (Paquette et al, 1982; lchihara et al, 1983)
GIP (Gespach et al, 1979) and CCK (Noyer

et al, 1980; Brand, 1982; lchihara et al,

1983) in several non-ruminant species.
Our results on antral gastrin differed from
the steady concentrations recorded from
45 h postpartum in the lamb (Reynolds et
al, 1991) and in the milk-fed rat from 0-188
days (Lichtenberger and Johnson, 1974;
Takeuchi et al, 1981). Another discrepant
result here was the 70-day peak of duodenal VIP, while other groups reported either a steady increase in rat (Laburthe et
al, 1978; lchihara et al, 1983) or no change
in the guinea pig (Huang et al, 1986). To
our knowledge, the present results are the
first to be reported on the postnatal evolution of duodenal motilin and of pancreatic
&dquo;

PP.
Five of the 7 peptides tested in the duodenum showed an increase of tissue concentration on day 2, a variation that could
be recognized with the present sampling
schedule. This initial increase was followed
by an abrupt decrease by day 7. No explanation is available at the moment for these
variations. Possibly the synthesis and/or
processing of peptides was enhanced by
the first meals, a hypothesis to be tested
via parental nutrition in the newborn. An alternative explanation would be the decay
of some inhibitory factor(s) of maternal origin. Additional research is required to assess whether the increase of tissue concentration results from transcriptional or

postranscriptional events.
Weaning resulted in no clear variation of
tissue peptide concentrations, except for
the disappearance of the peak of duodenal
VIP concentration that was recorded at
70 in preruminants. Similar results
were obtained in rats for intestinal gastrin
(Lichtenberger and Johnson, 1974) and
pancreatic and duodenal somatostatin

day

(Ghirlanda et al, 1978). In contrast, several
groups reported that weaning exerted significant effects. Results gathered in rats included an increase in antral gastrin (Lichtenberger and Johnson, 1974; Takeuchi et
al, 1981), antral somatostatin (Koshimizu,
1983), duodenal VIP (Laburthe et al, 1978;
Ichihara et al, 1983; Huang et al, 1986),
and a decrease in duodenal GIP (Gespach
et al, 1979). On the other hand: i), duodenal CCK was reported to be stable (Brand,
1982; Huang et al, 1986) or to decrease
slightly (Noyer et al, 1980; lchihara et al,
1983) and ii), duodenal secretin concentration remained steady (Paquette et al,
1982; Huang et al, 1986), or increased
(Ichihara et al, 1983). These heterogenous
results cannot be reconciled with our data.
Altogether, they suggest some speciesrelated variability of the effects of weaning
on tissue peptide concentrations. Unless
they were too transient to be picked up
through our sampling schedule, these effects appear to be very limited in the calf.
In contrast, weaning definitely altered
the plasma concentration of several peptides. A gastrin rise was observed in 20-

25-day-old rats (Takeuchi et al, 1981but
not in 21-42-day-old piglets (Cranwell and
Hansky, 1980). The most likely explanation
for the postweaning rise of plasma gastrin
may be that the stomach was never empty
in weaned calves. Gastrin release is indeed triggered by the presence of (protein)
nutrients in the lumen, and by antrum
(Bergegardh and Olbe, 1975; Debas et al,
1975) and fundus (Grotzinger et al, 1977)
distension. Moreover, G cells may be more
responsive to solid than to liquid food
(Hirschowitz, 1983). In milk-fed calves, the
plasma concentrations were higher 1 h after the meal than during fasting for gastrin,
CCK, and GIP, and were lower for secretin; in contrast, no variation appeared for
VIP, somatostatin and PP (Guilloteau et al,
1986). Therefore, the persistent flow of nu-

trients in the lumen could similarly account
for the enhanced release of GIP and gastrin, and for the decreased release of secretin in weaned calves. However, their effects were more pronounced than those
reported with the meal in preruminant
calves for PP, somatostatin and VIP, but
less for CCK. The rise in PP was clearly
greater than that in gastrin and GIP, especially during the early postweaning period.
PP release is strongly dependent on parasympathetic control (Bloom et al, 1978).
Thus, chemical mucosal stimulation by nutrients may not be the sole factor for
changed peptide release in weaned animals.

On the whole, the present observations

provide distinct overviews of age- and
weaning-related changes in several digestive regulatory peptides. The variations in
tissue concentrations are primarily agerelated, since they were influenced by
weaning only for GIP and VIP; in contrast,
most plasma concentrations were modified
by age and weaning. Much remains to be
done before the potential links between
regulatory digestive peptide profiles and
the development of digestive functions can
be elucidated, especially with regard to
gastric and pancreatic secretions (Guilloteau et al, 1985, 1986; Le Hu6rou et al,

1990). Nevertheless, pancreatic receptors
family and regulathave
cAMP
recently been
generation
ing

to the VIP and secretin

evidenced in newborn calves, in 28 and
119 day-old preruminant calves and 119
day-old ruminant calves (Le Meuth et al,
1991).During the same period, the expression of the genes involved in the synthesis of many pancreatic enzymes appeared to be regulated by both
pretranslational and translational controls
in the preruminant calf, but mainly by pre-

translational controls in the ruminant
Hu6rou ef al, 1990).
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