
Review

Endocrine regulation of gut maturation in early life in pigs

Q6 T. Thymann*

Comparative Pediatrics and Nutrition, Faculty of Health and Medical Sciences, Department of Clinical Veterinary and Animal
Sciences, University of Copenhagen, Frederiksberg C, DK-1870, Denmark

a r t i c l e i n f o

Article history:
Received 27 September 2015
Received in revised form 21 March 2016
Accepted 29 March 2016

Keywords:
GLP-2
Pig
Weaning
Birth
Enteritis
Enteroendocrine

a b s t r a c t

After birth, the newborn must adapt to the acute challenges of circulatory changes, active
respiration, thermoregulation, microbial colonization, and enteral nutrition. Whereas
these processes normally occur without clinical complications in neonates born at term,
birth at a preterm state of gestation is associated with high morbidity and mortality. In
commercial pig production, perinatal mortality is higher than in any other mammalian
species. Asphyxia, hypothermia, hypoglycemia, sepsis, and gut dysmotility, represent some
of the most common findings. The intestine is a particularly sensitive organ after birth, as it
must adapt acutely to enteral nutrition and microbial colonization. Likewise, during the
weaning phase, the intestine must adapt to new diet types. Both critical phases are
associated with high morbidity. This review focuses on the endocrine changes occurring
around birth and weaning. There are a number of endocrine adaptations in late gestation
and early postnatal life that are under influence of development stage and environmental
factors such as diet. The review discusses general endocrine changes in perinatal life but
specifically focuses on the role of glucagon-like peptide-2. This gut-derived hormone plays
a key role in development and function of the intestine in early life.

� 2016 Elsevier Inc. All rights reserved.

1. Introduction

The porcine gestational length is relatively short
(115–118 d), and the number of offspring is relatively large
compared with humans, cows, and horses. On the other
hand, porcine gestational length is relatively long
compared with more altricial species such as rodents and
carnivores. However, the intermediate nature of porcine
gestational length cannot be taken directly as an indicator
of degree of maturity at birth. Newborn pigs are able to
stand and walk and have a well-developed neuromuscular
system at the time of birth, compared with, for example,
human infants. In contrast, human infants may have amore
developed gastrointestinal system and are more immuno-
logically protected, partly due to transplacental transfer of
maternal immunoglobulins. From this notion, cross-species
comparisons need to be organ-specific and must be done

with some caution as there will be both similarities and
discrepancies in any such comparison.

Specifically for the intestine, surprisingly, little is known
about what regulates adaptation prenatally and post-
natally. Numerous hormones are known to influence in-
testinal adaptation, of which glucocorticoids are key
regulators [1,2]. Intestinal maturation in rats primarily
takes place postnatally, whereas farm animals such as the
porcine are more mature at birth [3]. The maturity at birth
is associated with a gradual increase in fetal plasma corti-
costeroids, followed by a peak on the day of parturition [4].
Corticosteroids play a pivotal role in maturation of the gut,
lungs, and brain and are commonly used to treat pregnant
women with anticipated preterm delivery to accelerate
fetal organ maturation.

After birth, the endocrine system continues to develop.
Ingestion of the first milk, that is, colostrum, provides many
hormones and regulatory peptides that support the
neonate in the early days. Although the intestine absorbs
intact proteins and peptides via endocytosis during the first
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1 to 2 postpartum days, it is not clear whether plasma
hormone levels in the newborn pig, are the result of
absorbed colostrum components or own endogenous pro-
duction [5]. One study demonstrated an increase in plasma
levels of anabolic hormones with increasing intake of
colostrum [6], but whether this association reflects
increased absorption of non-nutritive factors or increased
endogenous responsiveness to nutritive factors in colos-
trum remains largely undetermined. Approximately 40
gut-derived peptides have been identified so far [7],
providing effects on both the gut and other organs. Some of
the important actions of regulatory peptides that relate to
the gastrointestinal tract, include regulation of gastric
emptying (motilin, gastrin, cholecystokinin [CCK]), regula-
tion of digestion and transit time (CCK, secretin, gastric
inhibitory polypeptide [GIP], motilin, GLP-1, and neuro-
tensin), and intestinotrophic effect (GLP-2). The list is much
longer but suffice it to say that these and other factors are
released in response to ingestion of a meal and provide a
coordinated regulation of the digestive process that fol-
lows. The fat-responsive hormone motilin is secreted from
enteroendocrineM-cells in the duodenum and jejunum [8].
As the name indicates, this hormone has its main effect on
gut motility and plays a key role in the initiation of the
intestinal migrating motor complex. Other regulatory
peptidesQ3 , CCK, secretin, and gastrin, are simultaneously
secreted from the same anatomical location (distal stom-
ach, duodenum, and jejunum) and have supplemental ef-
fects on motilin [9]. Gastrin is released in response to
luminal nutrients and stimulates gastric acid secretion as
well as having trophic effects on the gastrointestinal mu-
cosa. The primary actions of CCK and secretin are to stim-
ulate enzyme and bicarbonate secretion from the pancreas,
whereas their secondary actions are to inhibit gastric
emptying (CCK) and stimulate biliary bicarbonate secretion
(secretin). GIP and GLP-1 both inhibit gastric secretion and
emptying although they are secreted from different
anatomical sites in the gut, that is, GIP is released from
enteroendocrine cells in the duodenum and jejunum,
whereas GLP-1 and its sister-compound GLP-2 are pri-
marily secreted from more distal parts of the small intes-
tine. These peptides are both derived from the proglucagon
gene andQ4 are discussed in more detail in the following
sections.

2. Proglucagon and its peptide derivatives

The proglucagon gene is expressed in pancreatic a-cells,
and enteroendocrine L-cells are primarily localized in the
distal small intestine. Whereas posttranslational process-
ing in the pancreas results in several fragments including
glucagon, posttranslational processing in the intestine re-
sults in a different set of peptide fragments. These include
GLP-1, GLPQ5 -2, intervening peptide-2, glicentin, glicentin-
related pancreatic polypeptide, and oxyntomodulin.
Although it follows that GLP-1 and GLP-2 are derived in an
equimolar ratio, it is unclear whether the coordinated na-
ture of their release from enteric L-cells has an important
physiological rationale. This should be addressed in future
studies with co-infusion of GLP-1 and GLP-2. The best-
known effects of GLP-1 include delayed gastric emptying,

trophic effects on pancreatic b-cell mass, and higher
insulin-sensitivity in peripheral tissues [10]. In contrast,
GLP-2 effects have mainly been demonstrated on the in-
testinal mucosa, although some effects on bone [11] and
neuronal tissue [12,13] have also been shown. Although the
effects of these 2 peptides may seem distinct, recent data
indicate that GLP-1 can also exert some intestinotrophic
effects [14] although this peptide was largely thought to
stimulate pancreas function and control glucose
homeostasis.

Presence of luminal nutrients, in particular, fat and
carbohydrate and to a lesser extent protein, in the distal
small intestine, stimulates enteroendocrine L-cells in the
gut epithelial layer to release GLP-1 and GLP-2 [15].
Enteroendocrine cells in the gut express G-protein–coupled
receptors that are activated by luminal nutrients, as
reviewed in detail by Raybould [16]. Although this mech-
anism is partly thought of as an ileal break to signal satiety,
L-cells are also under influence of compounds not directly
related to satiation. In this context, the stimulatory effect of
luminal bile acids on GLP-2 secretion, has received some
attention (discussed later) [17].

3. GLP-2 effects during perinatal gut development

The intestine grows rapidly during the last 3 wk of
gestation, which coincides with a gradual increase in fetal
plasma GLP-2 [18]. During the first 24 h after birth, there is
a very large increase in gut weight, which also coincides
with a transient increase in plasma GLP-2 [18]. It is likely
that this rapid increase in gut weight in pigs in the im-
mediate postnatal period is driven by ingestion of milk and
GLP-2 release. It has further been shown that postnatal
GLP-2 release and gut growth is lower during total paren-
teral nutrition where nutrients are supplied intravenously
and therefore bypass the gut mucosal surface where GLP-2
secreting cells are located [19]. Although some hormone
levels peak as a result of the birth process per se, the
aforementioned study indicates that the postnatal peak in
GLP-2 is mainly driven by ingestion of enteral food. As a
further substantiation of this point, it has been shown that
fetal secretion of GLP-2 and gut growth during late gesta-
tion is responsive to enteral nutrition [20]. In their study,
fetuses were surgically equippedwith esophageal catheters
allowing in utero enteral nutrition from an ex utero source.
Enteral nutrition of fetuses resulted in elevated plasma
GLP-2 levels and had a trophic effect on the intestine [20].
However, despite the nutrient responsiveness and its as-
sociation with GLP-2, the fetal intestine is largely unre-
sponsive to supraphysiological treatments with exogenous
GLP-2 [21]. This is in contrast to studies with both prema-
ture andmature neonatal pigs that show positive effects on
gut growth in response to pharmacologic doses of GLP-2
[22–25]. Expression levels of the GLP-2 receptor are not
lower in fetal pigs compared with neonatal pigs [18], but
given their continuous intravenous nutrition via the um-
bilical cord, they may be more prone to respond to
continuous release of endogenous GLP-2 rather than the
more pulsatile GLP-2 release that occurs after ingestion of a
meal after birth. Collectively, these observations suggest
that GLP-2 induces intestinal growth from the last 3 wk of

T. Thymann / Domestic Animal Endocrinology xxx (2016) 1–42

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

REV 5.4.0 DTD � DAE6204_proof � 21 April 2016 � 6:47 pm � ce



Download	English	Version:

https://daneshyari.com/en/article/10961146

Download	Persian	Version:

https://daneshyari.com/article/10961146

Daneshyari.com

https://daneshyari.com/en/article/10961146
https://daneshyari.com/article/10961146
https://daneshyari.com/

