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Abstract
Intrauterine growth restriction (IUGR) compromises fetal development, leading to low birth weight, and
predisposes to gastrointestinal disorders. Pigs that suffered IUGR present poor postnatal development,
resulting in great economic losses to the industry. The small intestine may be involved with their growth
commitment, but studies investigating this issue are still limited. Thus, the present study aimed to
investigate small intestine morphofunctional alterations in IUGR pigs throughout the production phases
(birth to 150 days). IUGR pigs presented lower body weight from birth to the �nishing phase (P<0.05).
Although histomorphometrical parameters were not affected during the pre-weaning period, their
commitment was observed speci�cally in the duodenum of the IUGR group at older ages (P<0.05). The
most detrimental effects on the small intestine, such as highest duodenum crypts’ depth, lowest villus
height:crypt depth ratio and absorptive area, increased apoptosis and lower proliferation of the
duodenum epithelium were noticed at 70 days of age (P<0.05). Additionally, IUGR pigs presented the
lowest chymotrypsin and amylase activities at 70 and 150 days of age, respectively (P<0.05). These
�ndings showed intestinal disturbances in IUGR pigs throughout the different production phases,
demonstrating that poor performance is a consequence of intestinal damage mainly at the grower period.

Introduction
Genetic and nutritional strategies have been used to improve growth and reproductive performance in
pigs. However, there are still some challenges that prevent animals to fully express their growth potential
[1]. Among them, intrauterine growth restriction (IUGR) stands out as the main cause of low birth weight
and postnatal growth commitment, affecting up to 20% of piglets within a litter in modern hyperproli�c
sows [2, 3]. It has been reported that IUGR has harmful impacts on neonatal survival, postnatal growth,
nutrition utilization e�ciency, health, and performance [2, 4–5]. Thus, growth restriction in utero has
major implications for animal science [6].

Animal physiology, metabolism and growth are strictly related to the small intestine integrity and
function, a key organ involved not only in the processes of digestion and absorption, but also in local and
systemic immune responses [2, 7]. There is increasing evidence that the uterine environment modulates
intestinal development, so that insults at this stage can compromise its function, which might not be
reversed throughout postnatal life [8]. For instance, previous studies have reported villus atrophy and
villus-crypt hyperplasia, delayed maturation of intestinal mucosa, decreased intestinal motility as well as
decreased digestion and absorption of colostrum and milk in newborn and weaned IUGR pigs [9, 10].
Although information on intestinal commitment has been previously reported, it involved mainly the
weaning period [11], with a lack of information on other production phases.

Morphometrical and biochemical approaches are the most used techniques in animal science to evaluate
small intestine structure and function, as they provide reliable results [12, 13]. For example, intestinal
maturity is extensively assessed by studying the size and number of villi, mucosal height, crypts depth,
and epithelium height [4, 14, 15]. In addition, as the activity of the brush border enzymes is considered an
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important indicator of maturation and digestive capacity in pigs [5, 11] its investigation in IUGR
individuals also becomes essential.

An adequate development of the gastrointestinal tract is a prerequisite to ensure the individual’s health. In
this sense, an integrated and comprehensive understanding of growth, development and maturation of
the intestine, and its dynamics throughout life, would contribute to the establishment of nutritional
strategies to improve growth performance, thus providing signi�cant contribution to the increase of
productivity and pro�tability [16]. Hence, the aim of the present study was to investigate the
morphofunctional aspects of the small intestine in IUGR pigs along their development, from birth up to
150 days of age, and establish the critical production phase in which growth restriction in utero would
have the most detrimental effects for subsequent growth performance.

Methods

Animals and experimental design
One hundred twenty pairs of male littermate piglets (Landrace x Large White x Duroc multiple cross -
Agroceres PIC), born to sows of parity 4th –6th in litters of 15–22 total born and mean litter birthweight
variation of 1.25–1.65 kg, were selected immediately after birth, before colostrum intake, and were
divided into two birthweight categories: normal birthweight (NW), birthweight ranging from 1.6 to 1.9 kg
(n=120); and intrauterine growth restricted (IUGR), birthweight ranging from 0.7 to 1.0 kg (n=120). The
NW–IUGR pair selected corresponded to the highest and the lowest birthweight males from each litter.
The criteria used at selection were based on the concept of uterine crowding, according to previous
studies [4, 17]. To de�ne birthweight ranges, 1,000 piglets of the same genotype were previously weighed,
and the average and standard deviation calculated (µ = 1.3;  = 0.3). Birthweight ranges were set as µ + 
to µ + 2  for NW and µ -  a µ - 2  for IUGR [4, 17–19]. Two sub-groups of 16 animals each (8 NW and 8
IUGR) were euthanized at either birth or 48 hours after weaning (26 days of age), and two other sub-
groups of 20 animals each (10 NW and 10 IUGR) were euthanized at either 70 or 150 days of age, to
obtain biometrical data and tissue collection.

These ages were chosen based on the characterization of postnatal gastrointestinal maturation during
the main stages of the production cycle: birth (re�ects placental function); after weaning (transition from
milk to solid food); 70 days (grower phase) and 150 days (�nisher phase).

The experimental protocol was approved by the Animal Experimentation Ethics Committee (CEUA) from
the Federal University of Minas Gerais (protocol nº 2016/342). All experiments were performed in
accordance with the CEUA relevant guidelines and regulations. Reporting of all experimental procedures
complied with recommendations in ARRIVE guidelines.

Biometrical measures
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Individual body weights were recorded at birth, 26 days, 70 days, and 150 days of age, without feed and
water restriction. Immediately after euthanasia by electric stunning, the small intestine was removed from
the abdominal cavity, weighed and the length was recorded. Additionally, to con�rm the occurrence of
IUGR, brain and liver were weighed in the newborn subgroup to obtain the brain to liver weight ratio, as
performed by Alvarenga et al. [4].

Sample collection and processing
Fragments from the duodenum and jejunum were collected from the cranial and duodenum-jejunal
�exures, respectively, and submitted to different processing protocols. For histological analyzes,
fragments (1-2 cm length) were washed in saline and stretched on �lter paper, �xed in 4%
paraformaldehyde for 24 h, stored at 4oC in 0.05M phosphate buffer (pH 7.4) for 24 h and embedded in
Paraplast (Sigma Aldrich, São Paulo, Brazil). Histological sections (5 µm thickness) were then
depara�nized in xylene and rehydrated with graded dilutions of ethanol. Slides were stained with
hematoxylin and eosin (HE) and Periodic Acid Schiff (PAS) for morphological observations and goblet
cell counting, respectively.

Histomorphometrical evaluation
Histological sections were evaluated through a light microscope (Olympus BX51), and measurements
performed using a ruler �tted in a 10x eyepiece, calibrated with a micrometer ruler. A total of 10 intact,
well-oriented crypt-villus units from the duodenum and jejunum were randomly selected for
measurements of the following parameters, as previously described [4]: (a) mucosal height (MH): from
the muscularis mucosae up to the apex of the villus; (b) villus height (VH), from the base up to the apex
of the villus; (c) depth of the intestinal crypt (DC), from the muscularis mucosa to the base of the villus
and (d) villus (WV) and (e) crypt width (CW). Additionally, it was determined the ratio between villus
height and intestinal crypt depth (VH/CD), villus surface area (S) and   intestinal absorption area (AA),
using the formulas described by Dong et al. [5] and Kisielinski et al. [20], as follows:
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Duodenum and jejunum histological sections were stained with Periodic Acid Schiff (PAS) to detect
neutral mucins (stained in purple) present in goblet cells. The number of goblet cells was determined
using the protocol standardized by Gomes et al. [21]. For each animal, 10 random �elds of the intestinal
crypts were selected, and the images obtained using a light photomicroscope (BX-51 Olympus)
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connected to a Q-Color 3 digital camera (Olympus), at 400x magni�cation. All goblet cells were quanti�ed
in the crypt areas of each image using the Image-Pro Express software (Media Cybernetics, Rockville, MD,
USA), and further equalized to squared millimeter (mm2).

Expression of proliferation and apoptosis markers through
Immuno�uorescence (IF)
To determine whether IUGR can have effects on proliferative activity and apoptosis of the duodenal
epithelium, immuno�uorescence assays for Ki67, a marker of cell proliferation, and Caspase-3, a marker
of apoptosis, were performed. Five animals from the IUGR and control groups were randomly selected. As
the histomorphometrical parameters in the jejunum were similar in both experimental groups, proliferative
and apoptotic assays were not performed. Brie�y, the duodenum histological sections were dewaxed,
rehydrated, and microwaved for 3 x 5 minutes in 0.1M sodium citrate buffer (pH 6) for epitope antigen
retrieval, cooled down to room temperature, and rinsed with phosphate-buffered saline pH7.4 (PBS). To
reduce non-speci�c binding, sections were incubated with 3% bovine serum albumin (Sigma-Aldrich, São
Paulo, Brazil) in Tris-HCl buffer solution (PBS, pH 7.3) for 90 min at 4°C. All samples were incubated
separately overnight at 4°C with either primary antibody anti-Ki67 (IgG; 1: 200; Thermo Fisher Scienti�c,
São Paulo, Brazil) or anti-Caspase 3 (IgG; 1: 600; Thermo Fisher Scienti�c, São Paulo, Brazil), respectively.
Staining of all slides for each assay was carried out simultaneously in a single session. After washing,
secondary antibody Alexa Fluor 555 (goat antirabbit, IgG, A-21422, Thermo Fisher Scienti�c, São Paulo,
Brazil), diluted in 1: 200 (antibody: PBS), was added to the sections and incubated for 90 min at 4°C.
Finally, nuclei were stained using DAPI (Sigma-Aldrich, São Paulo, Brazil), in the proportion 1: 1,000 (DAPI:
PBS) and the slides were mounted with 50% glycerol (v/v in PBS). Negative controls were obtained by
omitting the primary antibody. Human testes samples were used as the positive control for Ki-67, and
canine breast tumor tissue was used for Caspase-3. Immunolocalization images were acquired using a
Zeiss Apotome microscope (Carl Zeiss Microscopy, São Paulo, Brazil) equipped with �lters suitable for
detecting Alexa Fluor 555 signals.

For the study of cell proliferation, 10 randomly selected �eld of intestinal gland (crypts) for each animal
were photographed with a magni�cation of 200x. All positive cells in the epithelium of the intestinal
gland were quanti�ed using the Image-Pro Express software (Media Cybernetics, Rockville, USA) and the
values   expressed as number of immunostained cells per mm2 of intestinal gland.

On the other hand, Caspase-3 analysis was performed through the determination of �uorescence
intensity. Photomicrographs were obtained at 200x magni�cation for each animal and 10 randomly
selected intestinal villi delineated using the Image J software (NIH). Before analysis, the
photomicrographs were converted to black and white images and the Image J software was equalized
considering white as 100% (positive areas) and black as 0% of �uorescence intensity. Values were
expressed as average % of �uorescence intensity.

Determination of enzyme activity in the small intestine
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For the determination of the enzymatic activities of lactase, amylase, lipase, chymotrypsin and trypsin, 2-
cm samples of duodenum and jejunum were frozen in liquid nitrogen. For the preparation of the crude
extract, 100 mg samples were homogenized in a Turrax type homogenizer, using 0.01 M phosphate
buffered saline (NaCl 0.138 M; KCl - 0.0027 M; pH 7.4) in a 1:10 ratio (weight:volume). After
centrifugation at 15.000g for 15 minutes at 4ºC, the supernatant was collected and stored at -20ºC for
further analysis.

The enzymes activities were measured in the duodenum and jejunum tissue extract samples. For all of
them, the quantities of proteins in the enzyme extracts were determined according to Bradford [22], using
bovine serum albumin as the standard protein.

Lactase activity was determined using O-nitrophenyl B-D-galactopyranoside (ONPG, Sigma-Aldrich, São
Paulo, Brazil) as an arti�cial substrate [23]. In the colorimetric assay, conducted at pH 7.4 and 37°C, the
ONPG was cleaved by lactase releasing ortho-nitrophenol that was measured at 420 nm. The
chymotrypsin activity was measured according to the Hummel method [24] based in the hydrolysis rate
of the substrate N-Benzoyl-L-tyrosine ethyl ester (BTEE, Sigma-Aldrich, São Paulo, Brazil). The trypsin
activity was determined using Nα Benzoyl-DL-arginine 4-nitroanilide hydrochloride (BAPNA, Sigma-
Aldrich, São Paulo, Brazil) as a substrate according to the method of Erlanger et al. [25]. Finally, lipase
activity was determined according to the protocol described in the Lipase assay kit (Analisa Gold, Belo
Horizonte, Brazil) based on an improved dimercaptopropanol tributyrate (BALB) method, in which SH
groups were formed from the lipase cleavage of BALB reaction with 5,5'-dithiobis (2-nitrobenzoic acid)
(DTNB) to originate a yellow-colored product. The color intensity, measured at 412 nm, was proportional
to the enzyme activity in the sample. For the determination of amylase activity, the Amylase assay kit
was used (Analisa Gold, Belo Horizonte, Brazil) based on the modi�ed Caraway method: the amylase
contained in the sample hydrolyzed the starch by releasing sugar and dextrin molecules. After the
addition of the iodine solution, the blue color was formed by complexation with the non-hydrolyzed
starch. Thus, the amylase activity was inversely proportional to the intensity of the blue color formed and
was calculated in comparison to the substrate control.

The speci�c activity of all enzymes was expressed in U/mg protein, being U de�ned as the amount of
enzyme that hydrolyzes 1 mol of substrate per minute of reaction. All samples were analyzed in duplicate
and the absorbance values were measured using the Power WaveTM XS Microplate Scaring
Spectrophotometer (Bio-Tek Instruments, Potton, United Kingdom).

Statistical analyses
All variables were tested for normality prior to analysis, using the univariate procedure of the Statistical
Analysis System [26]. Data were analyzed as a randomized complete block design, with littermate pairs
as block, and pig as the experimental unit. Data were submitted to analysis of variance (ANOVA) and
means were compared by the Student-T test, with P < 0.05 considered signi�cant. Important associations
between performance and small intestine parameters were evaluated across birthweight groups by
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correlation analysis (INSIGHT procedure of SAS). In the tables and �gures, data are reported as least
square means ± pooled s.e.m.

Results

Growth performance and biometrical parameters
Body weight and average daily gain from birth to 150 days of age are presented in Fig. 1. Intrauterine
growth-restricted piglets showed lower body weights and average daily gains during all stages of
development compared to their NW littermates (P < 0.001). In addition to poor performance, IUGR pigs
also showed higher mortality rate throughout the production phases (18% vs 8%).

Furthermore, newborn IUGR piglets presented lower liver and small intestine weights, and shorter small
intestine length, which persisted up to 70 days of age (P < 0.05). However, brain:liver weight ratio was
higher in the IUGR experimental group, providing strong evidence of intrauterine growth restriction in this
experimental group (P < 0.05). Although the small intestine weight and size was affected by birth weight
up to 70 days of age, its relative weight and size were similar in both experimental groups at all ages
evaluated except at 70 days, when those parameters were higher in IUGR animals (P < 0.05; Table 1).

Table 1 Body weight and intestinal biometrical parameters from normal (NW) and intra-uterine growth
restricted (IUGR) male littermate pigs throughout the production phases

ab Within the same age, least square means with different superscripts within a row differ (P < 0.05). SI:
small intestine.

Small intestine histomorphometry and kinetics
The small intestine histomorphometrical data are summarized in Table 2.

Table 2 Small intestine histomorphometrical parameters from normal (NW) and intra-uterine growth
restricted (IUGR) male littermate pigs throughout the production phases
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ab Within the same age, least square means with different superscripts within a row differ (P < 0.05).

From birth to weaning, the duodenum was not structurally affected by IUGR. However, the negative
effects of IUGR became evident at the grower (70 days) and �nishing (150 days) stages, with a
signi�cant reduction in villus height, absorptive area, and villus surface area (P < 0.01). IUGR effects on
the intestinal mucosa were more severe at 70 days since an increase in crypt depth and a decrease in the
villus / crypt ratio were observed (P < 0.05).

Figure 2 shows aspects of the duodenal mucosa developmental kinetics (from birth to 150 days of age).
Interestingly, in the NW group, villus height was relatively stable from birth to �nishing. On the other hand,
in IUGR pigs, duodenal villi height decreased after weaning and persisted low until 150 days of age, with
the lowest height observed at 70 days.

Moreover, histomorphometrical parameters in the jejunum were similar in both experimental groups at all
ages evaluated, suggesting that the duodenum is the segment of the small intestine that is more
sensitive to IUGR effects on the mucosa.

Evaluation of cellular proliferation and apoptosis in the
duodenum epithelium
The results of cellular proliferation and apoptosis are shown in Fig. 3. Growth restriction in utero
negatively affected cellular proliferation of the duodenum epithelium, which was lower in IUGR piglets at
birth (Fig. 3A; P < 0.05). However, this parameter was similar throughout the production phases (from
weaning to 150 days of age).

Similar comparison performed with Caspase-3 expression showed that it also increased overtime,
reaching the highest value at 70 days of age (P < 0.05) and coming down to similar values observed at
birth, during the �nisher phase (150 days of age - Fig. 3D).

Regarding apoptosis of the duodenum epithelium, it was shown a different pattern of expression.
Although it was similar between the experimental groups at birth, Caspase-3 expression was higher at
weaning, 70 and 150 days of age in IUGR pigs (Fig. 3B; P < 0.05).
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When comparing the proliferative activity overtime within the same experimental group, a markedly
increase in cellular proliferation was observed in the IUGR group, as Ki-67 expression was about 3 folds
higher at 150 days compared to the other ages (Fig. 3C; P < 0.05). On the other hand, the expression of
both markers remained relatively constant overtime in the NW experimental group (P > 0.05; Figs. 3C-D).

Body Weight and intestinal parameters correlations
The correlations between body weight and histomorphometrical parameters of the duodenum are
presented in Table 3.

Table 3 Correlations between small intestine morphofunctional parameters and body weight at birth, 26
days, 70 days, and 150 days of age

Intestinal weight and length, as well as villus height, villus height:crypth depth ration, absorptive area and
Ki-67 expression were positively correlated with body weight at all ages. Conversely, Caspase-3
expression was negatively correlated to body weight, as it was higher when body weight was lower (P <
0.05). Interestingly, these associations seemed more evident particularly at 70 days of age, re�ecting late
IUGR effects on the small intestine.

A positive correlation was observed between body weight and cell proliferation at all ages evaluated. On
the other hand, for the apoptosis marker, a negative correlation with body weight from weaning to 150
days was observed, indicating that, in this period, the lower the body weight, the higher the apoptosis
index in the duodenal epithelium.

Digestive enzymes activity assays
Table 4 presents the results of speci�c enzymes activity in the duodenum and jejunum. In the duodenum,
a decrease in amylase activity was observed in IUGR pigs at 150 days of age (P < 0.05), whereas the
activities of lactase, lipase, trypsin and chymotrypsin were not affected by birthweight at the other ages
evaluated. In the jejunum, there was a decrease in the activity of chymotrypsin in the IUGR group at 70
days of age (P < 0.05), while the other enzymes (lactase, lipase, amylase and trypsin) activities were
similar between both experimental groups. No changes in enzymes activities were observed at birth or at
weaning (P > 0.05).
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Table 4 Concentrations of the small intestine enzymes from normal (NW) and intra-uterine growth
restricted (IUGR) male littermate pigs throughout the production phases

ab Within the same age, least square means with different superscripts within a row differ (P < 0.05).

Discussion
There is evidence that intestinal integrity is a key factor for intestinal health in humans and pigs [7, 27]. In
the present study, we focused on the changes in the small intestine mucosa and enzymes activities,
which led to growth development commitment in IUGR pigs throughout the production phases (from birth
to the �nishing period). In general, studies performed to investigate the functionality of the small intestine
are limited to the weaning phase [11]. To the best of our knowledge, this is the �rst study to demonstrate
intestinal morphofunctional alterations in growth restricted pigs from birth to 150 days of age, showing
evidence that the most detrimental effects on the small intestine occur at the grower period (70 days of
age) and not at weaning.

We found that weight and length of the small intestine in IUGR animals remained lower up to 70 days.
This �nding may indicate lower use of nutrients and provide the physiological basis for impaired
postnatal growth in those animals [28]. In addition, intestinal length in relation to body weight was greater
in IUGR pigs, probably due to the compensatory hypertrophy of this organ, suggesting a potential
metabolic priority in relation to body growth [27].

Interesting, our data show that IUGR did not affect the duodenal morphology of piglets during the
preweaning period. However, villus height and surface area, absorption area and villus / crypt ratio
decreased during the postweaning period. Such commitment was evident when villus height was
compared overtime within the same experimental group (kinetics), as a signi�cant drop was observed, in
particular, at 70 days of age. This difference may be due to a higher rate of apoptosis, and is extremely
relevant, since intestinal commitment during that production phase may compromise the proper digestion
of feed ingredients, thus altering nutrient availability [1].

As the immune and digestive systems of the newly weaned pig are still immature, IUGR piglets are more
susceptible to enteric antigenic challenges that can also cause a reduction in body weight. It is worth
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mentioning that both experimental groups shared the same environmental conditions and received the
same diets. The greater crypt depth in the IUGR group at 70 days suggests that the proliferative activity of
stem cells occurs, but does not compensate for cell losses, since the villi remained shorter.

To clarify the mechanism of intestinal epithelium commitment, expressions of proliferation and
apoptosis markers were evaluated. Caspase-3 is a marker of cell apoptosis and plays an important role in
the exchange of intestinal epithelial cells [29]. Higher rates of apoptotic cells in the villus of the
duodenum were observed in IUGR piglets from weaning to the �nishing phase. This �nding suggests that
the great removal of old enterocytes may cause shortening of the villi [30], which might be a factor
involved in the delay of the intestinal epithelium maturation. Furthermore, higher apoptosis may affect
the integrity of the intestinal mucosa as it increased the permeability of the intestinal barrier [10], which
might be the cause of higher incidence of diarrhea in low birthweight piglets.

Our data show a signi�cant decrease in the expression of Ki-67, the cell proliferation marker, in the
intestinal glands of IUGR newborns. Since proliferative cells of the intestinal epithelium include stem /
progenitor cells, stem cells may have reduced regenerative capacity in the immature intestine of IUGR
individuals [31]. This limited ability of damage repair can further aggravate intestinal injury, in particular
when the intestine is submitted to insults during postnatal development.

When comparing the expressions of Ki-67 and Caspase-3 overtime within the same experimental group,
they were similar throughout postnatal life in normal birthweight animals, whereas there were variations
for both markers in their IUGR littermates. For instance, the expression of Ki-67 was greater at 150 days,
whereas, at that same age, the expression of Caspase-3 decreased. These events may re�ect a
compensatory mechanism of mucosal recovery, after the renewal disorders observed at 70 days of age.

Although morphological changes have been observed, impairments in enzymes activities were mild. We
demonstrated that, in the duodenum and jejunum of IUGR piglets, lactase activity was not signi�cantly
affected. In addition to lactase, lipase and trypsin were not affected by growth restriction in utero at any
of the production phases, but the jejunum chymotrypsin decreased 48% at 70 days of age and duodenal
amylase secretion was 35% lower at 150 days. Chymotrypsin and trypsin catalyze the hydrolysis of the
peptide bonds of dietary protein, while amylase degrades carbohydrates in the mammalian intestine [14].
In this sense, the lower enzymatic activity of both enzymes in the grower and �nishing phases can be a
limiting factor for e�cient digestion of proteins and carbohydrates, essential nutrients for optimal muscle
growth, which may also explain the low growth performance of IUGR animals. In fact, weaning and diet
composition often in�uence enzyme secretion in young pigs [32]. However, this study indicates that IUGR
may intensify these effects at older ages and may be the cause of permanent effects of IUGR on
postnatal growth performance.

Conclusion
The post weaning is a crucial period of intense duodenal disorders, particularly the transition from the
nursery to the grower periods, expressed by reduction of villi size, decreased absorption area and activity
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of important enzymes in the processing of proteins and carbohydrates. Thus, this transition period
deserves special attention, and management and nutritional practices should be implemented to
minimize those deleterious effects. These �ndings may contribute to the elucidation of morphofunctional
disturbances in the main stages of swine production, suggesting that permanent low growth performance
of IUGR pigs may be a consequence of duodenal damage, not at weaning, but at the grower period.
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Figures

Figure 1
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Growth curve (A) and average daily gain (B) in growth restricted (IUGR) and normal (NW) birth weight
male littermate pigs from birth (0) to 150 days of age. IUGR pigs grew slower and gained less body
weight throughout the production phases. ** Means differ statistically between groups (P < 0.001).

Figure 2

Villus height in duodenum throughout postnatal growth (kinetic) in growth restricted (IUGR) and normal
(NW) birth weight male littermate pigs. Villus height decreased sharply from birth to 70 days of age in
IUGR pigs (black square), reaching its lowest height at this age. On the other hand, villus height remained
relatively stable in the NW littermates in the same period. a,b Means differ statistically between groups (P
< 0.05).

Figure 3
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Characterization of Ki-67 and Caspase-3 expressions in the duodenum of intrauterine growth restricted
(IUGR) and normal (NW) birth weight male littermate pigs. (A) Number of Ki-67 positive cells per area of
epithelium of intestinal glands (density). Cellular proliferation was higher in NW piglets at birth but
remained similar between the experimental groups throughout the production phases. (B) Mean
percentage of Caspase-3 �uorescence cells in the duodenal villi. IUGR pigs presented higher apoptosis
after weaning, which remained higher until 150 days of age. (C) The pattern of cell proliferation overtime
(from birth till 150 days of in NW pigs remained relatively constant throughout postnatal development.
On the other hand, in IUGR pigs, cell proliferation signi�cantly increased from 70 days to 150 days of age
(D) Regarding the pattern of apoptosis overtime, mean percentage of Caspase-3 �uorescence in the
duodenal villi remained constant in the NW animals, but it increased drastically until 70 days in the IUGR
pigs. a,b LSMeans differ statistically between groups (P < 0.05).


