
Summary. Dietary supplementations with L-glutamine
and/or nucleotides were screened for their effects on
intestinal mucosa in 16 female weaning piglets. The
animals were transported to the university’s facilities 24
hours after weaning. They were grouped four to a pen in
controlled environmental conditions and fed one of the
following four diets for 28 days: control diet (C);
C+0.5% L-glutamine (G); C+0.05% “nucleotides” (N);
and C+0.5 % L-glutamine+0.05% “nucleotides” (GN).
Individual body weights and feed intake per group were
recorded at the beginning and the end of the study as
well as weekly during it. There were no significant
performance differences among the groups. After 28
days the animals were slaughtered and the distal ileum
and liver were examined histologically. Anti-
proliferating cell nuclear antigen (PCNA) as well as anti-
human macrophage immunostaining, and a modified
TdT-mediated dUTP nick-end labeling technique
(TUNEL) were performed, and intraepithelial
lymphocyte percentage was evaluated to assess morpho-
functional aspects of the ileum. Histometry was
performed by assessing cell indices and counts of
immuno-reactive structures.

Feeding G and/or N resulted in an increase in villi
(V) height, crypt (C) depth, and a decrease in V:C ratio
(P<0.01). In addition, feeding G and/or N resulted in an
increase in mitotic mucosal cells (M), and a decrease in
apoptotic mucosal cells (A), thus decreasing the A:M
index (P<0.01). The percentages of mucosal
macrophages were greater in G and/or N groups
(P<.001) than in control piglets, and similarly among the
groups the percentages of intraepithelial lymphocytes
varied (P<0.01).

Our data showed that the diet supplementation with

G and/or N had positive effects on some morpho-
functional characteristics of piglet ileal mucosa. These
ameliorative effects may potentially be linked to a good
responsiveness of piglets to a stressful period, like a
precocious weaning is in this species. 
Key words: Gut, Histochemistry, Histometry,
Glutamine, Nucleotides.

Introduction

Weaning is a crucial phase in animal husbandry,
above all if it is precocious as is usually done when
rearing pigs. Piglets are nowadays weaned around three
weeks of age because this procedure is commercially
advantageous, but thus they often suffer altered
gastrointestinal conditions, in part because of the sudden
alteration in the intestinal microflora consequent to the
rough passage from mother’s milk to a solid food. This
in addition may cause a strong reduction in the length of
intestinal villi height and the depth of the intestinal
crypts, which consequently reduces the gut digestive as
well as absorptive capacities (Pluske et al., 1997; Van
Beers-Schreurs et al., 1998). This in turn may cause
negative effects on average daily gain (ADG), as well as
on defensive responses against infectious diseases.
Actually, recent scientific evidence suggests that
weaning piglets at three to four weeks of age may
overwhelmingly challenge a substantially immature
immune system, conducting it to a possible paralysis
condition and creating an ideal environment for diseases
to develop (Ladekjær-Mikkelsen et al., 2002). In a
special way, viral pathologies such as porcine
reproductive and respiratory disease (PRRS) (Loula,
1991; Wensvoort et al., 1991; Christianson et al., 1992)
and post-weaning multisystemic wasting syndrome
(PMWS) (Van Beers-Schreurs et al., 1998) may
constitute an important risk in the weaning and post-
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weaning periods of reared piglets. The economical
impact of these syndromes can be severe because of
poor piglet performances and elevated therapy costs also
due to secondary bacterial diseases.

Functional feed additives (also called
“nutraceuticals”) can be useful alternatives to the use of
antibacterial agents and chemotherapeutics during
weaning, as they can stimulate the defensive responses,
favorably influence gastrointestinal microflora, and
improve nutrient digestion and absorption (Bustamante
et al., 1994). This in addition appears a very promising
possible goal in the view of single EC countries applying
the recent Directive 70/524/CEE (2002/C 329 CE) of the
European Parliament regarding the gradual blockage in
the use of antibiotics as alimentary additives for food
animal species. 

The diet supplementation with L-glutamine and
nucleotides may be regarded as particularly useful in
these respects (Sanderson and Walker, 1991). Glutamine,
a non-essential aminoacid, is the preferred oxidative
substrate for intestinal epithelial cells and an important
source of carbon atoms for gluconeogenesis (Smith and
Wilmore, 1990; Piva and McEvoy-Bowe, 1998; Matés et
al., 2002). It is reputed to support the recovery of the
intestinal mucosa integrity in response to injury and
infection (Souba et al., 1990), as well as to gut atrophy
(Chow, 1998; Remillard et al., 1998). Glutamine is also
important in nucleotide synthesis (Windermueller and
Spaeth, 1980; Windermueller, 1982; Boza et al., 2000;
Pierzynowski et al., 2001), as well as in regulating cell
renewal in both epithelial cells (Collins et al., 1998) and
lymphocytes (Matés et al., 2002). It also improves
macrophage activity (Newsholme, 2001). As regards
intestinal cell proliferation, glutamine has been recently
shown to activate protein kinases, possibly regulating
signal transduction pathways for the cellular
proliferation following apoptosis (Rhoads et al., 2000).
Nucleotides are essential for protein synthesis (Barness,
1994; Uauy et al., 1990) and the demand for them is
high in rapidly proliferating tissues with a high rate of
cell turnover such as the intestinal mucosa in a young
animal. Nucleotides are also required in phospholipid
synthesis, are essential coenzyme components, facilitate
iron absorption, and may enhance the cell-mediated
immune response (Yamamoto et al., 1997). Nucleotides,
like glutamine, are described to act in the in vitro
modulation of cell proliferation and apoptosis
(Schlimme et al., 2000). 

Both glutamine and nucleotides are usually present
in food, but their entry into the gut with nutrients may be
necessary in a larger quantity than usual when an animal
is in a stressful condition. For the above mentioned
reasons the piglet weaning period is a stressful period,
and it is within this time that glutamine and nucleotides
may became nutraceuticals, and the oral administration
of them as supplements in the diet constitute a valid help
to successfully go beyond the weaning period itself. 

The aim of the present work was to investigate
whether the oral treatment with L-glutamine and/or

nucleotides could have an impact upon structural
patterns which may be utilized for evaluating the
development of articulate intestinal functional roles
during a stress period in which infectious diseases may
frequently occur together with low rates of growth. The
observed selected parameters were those related to the
morpho-functional evaluation of GALT (gut-associated
lymphoid tissue) and those involved in the rates of
cellular proliferation and apoptosis in order to
anatomically study intestinal functions during the early
weaning in “physiologically” stressed piglets. In
addition, we have paid attention to relating the data
obtained in both treated and control piglets with their
growth performances, because these latter aspects in
food animal species are as important in judging the
efficacy of a treatment as the ones referring to the
microanatomy of the gut. We have finally compared our
results with those obtained by other authors on other
mammalian species with regard to the oral
administration of these nutraceuticals.
Material and methods

Animals and dietary treatments

Sixteen weaning female Suffolk piglets (average
age: 21 days) were selected coming from multiparous
sows. The piglets were transported from the farrowing
facility to the university facilities 24 hours after the milk
intake stopped (this may be regarded as causing a
condition of “physiological” stress). The first 2 days in
the university facilities were characterised by an
irregular feeding by the piglets, likely as a consequence
of the “physiological” stress. Piglets were housed in
stainless steel metabolism cages (1.5x0.8 m), four per
cage, under environmentally controlled conditions
(temperature 28 °C, relative humidity 70%) and fed one
of the following four diets for 28 days: control (C); C +
0.5% L-glutamine (G) (Merck, Darmstadt, Germany); C
+ 0.05 % “nucleotides” (N) (Prosol S.p.A., Madone, BG,
Italy); and C + 0.5% L-glutamine + 0.05% “nucleotides”
(GN). The amounts of supplementation were chosen
according Touchette et al. (2000) and Lackeyram et al.
(2001). The time length of administering supplemented
diets was decided with the aim of showing possible gut
structural changes. The control (C) diet was formulated
following the NRC (Nutrient Requirements of Swine;
1998) (Table 1). The “nucleotides” were a mixture of
nucleosides, nucleotides and bases.

The animals were cared for and were sacrificed at
the end of trial in accordance with the European Union
guidelines (86/609/EEC) approved by the Italian
Ministry of Health. 
Growth performances 

Individual body weights were recorded at the
beginning, at the end, and weekly over the study period.
Feed intake per group was determined weekly. 
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Histology - microscopic anatomy of liver and ileum 

The distal ileum (2 samples for each animal, total
number of samples = 32), 2 cm before its opening to the
coecum, and a small portion of the liver near the hilus
were collected immediately after the sacrifice of each
animal. The samples were promptly fixed in 4%
paraformaldehyde in 0.01M phosphate-buffered saline
(PBS) pH 7.4 for 24 h at 4 °C, dehydrated in graded
alcohols, cleared with xylene and embedded in paraffin.
After dewaxing and re-hydration, serial microtome
sections (4 µm-thick) of both ileum and liver were
stained with a sequential haematoxylin/eosin (HE) stain
to evaluate the structural aspects of the organs. 

Ileum sections were in addition stained with Alcian
blue 8GX pH 2.5/periodic acid Schiff (AB/PAS) reaction
to demonstrate neutral and acidic glycoconjugates and to
evaluate the epithelial mucous cells and adherent
mucous gel.

Other ileum sections were processed for visualizing

mucosal cells, which were in the S-phase of the cell
cycle, by immuno-staining (peroxidase-antiperoxidase
method, PAP) with a monoclonal antiserum against
proliferating cell nuclear antigen (PCNA) (clone PC10,
Sigma, Italy). The sections were immersed in a freshly
prepared 3% H2O2 solution in distilled water for 10 min
to block the endogenous peroxidase activity. For the
antigen retrieval, the slides were heated in a microwave
oven at 700 W for 10 min (2x5 min) in a 0.01M citrate
buffer, pH 6.0 (Foley et al., 1991; Greenwell et al., 1991,
Cattoretti et al., 1993; Shi et al., 1995). After cooling at
room temperature for 15 min, these sections were rinsed
in TBS (Tris-buffered saline, pH 7.5) and pre-incubated
with normal swine serum (NSS, Dako, Italy) diluted 1:5
in TBS containing 1% bovine serum albumin (BSA) for
20 min. The primary antibody was applied at a dilution
of 1:3000 in TBS+1% BSA for 45 min at room
temperature in a humid chamber (Hall et al., 1990). The
sections were then incubated with rabbit anti-mouse
immunoglobulin (Dako), diluted 1:25 in TBS (30 min),
followed by incubation with mouse PAP complex
(Dako), diluted 1:50 in TBS. Immuno-reactive sites were
visualized using a freshly prepared solution of 3,3’-
diaminobenzidine tetrahydrochloride (DAB, Sigma), 10
mg in 0.5M Tris-HCl buffer, pH 7.6, 15 ml, containing
0.03% H2O2. Sections were briefly counterstained with
Mayer’s haematoxylin, dehydrated and permanently
mounted with Eukitt (Bio-Optica, Italy). In the following
parts of this paper the PCNA-immuno-reactive nuclei
will for brevity be designed as belonging to “mitotic
cells”.

Other ileum sections were immuno-histochemically
(PAP) processed to identify mucosal macrophages using
a monoclonal anti-human macrophage serum (clone LN-
5, Sigma, Italy) diluted 1:400 in TBS. The steps before
and after incubation with this primary antiserum
(overnight at 4 °C in a humid chamber) were as for anti-
PCNA processing, except for the antigen retrieval which
was not performed. 

The specificity of immuno-staining was in both
cases tested by incubating sections with normal mouse
serum (Dako) instead of the primary antisera: this
procedure always gave negative results. As positive
controls, alimentary canal samples from calf and dog
were tested: in all cases the expected positive reactions
were observed. 

Other ileum sections were processed for identifying
mucosal cells which were in apoptosis. Apoptotic cells
were localized using a modified (DeadEndTM
Colorimetric TUNEL System, Promega, U.S.A.) TdT-
mediated dUTP Nick-End Labeling (TUNEL) technique:
DNA strand breaks generated during apoptosis were
biotinylated and then identified by using horseradish-
peroxidase-labeled streptavidin (Streptavidin HRP).
Using this procedure, apoptotic nuclei were stained
brown. Sections were briefly counterstained with
Mayer’s haematoxylin, dehydrated and permanently
mounted with Eukitt.

Sections from all the four piglet groups were stained
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Table 1. Percentage composition of the diet (as fed).

INGREDIENT BASAL

Corn 27.6
Soybean meal (44% CP) 17
Barley 13
Flaked barley 10
Flaked maize 10
Whey powder 8.5
Wheat bran 4
Soy bean oil 2.5
Milk powder 3.5
Limestone 1
Monocalcium phosphate 0.9
Acidifiers 0.5
Vitamin and trace minerals premix1 0.5
Lysine-HCl 0.35
ZnO 0.3
Salt 0.15
Aroma 0.1
Threonine 0.05
DL-methionine 0.05
Calculated nutrient composition

Crude protein 18.08
Crude fat 5.52
NDF 5.82
Lysine 1.19
Met + Cys 0.68
Threonine 0.69
Tryptophan 0.21
Calcium 1
Available phosphorus 0.51
Net Energy, kcal/kg 2432

1:: The vitamin and trace minerals premix provided the following per
kilogram of diet: vitamin A, 150.000 IU; vitamin D3, 10.000 IU; vitamin E,
200 mg; thiamine, 25 mg; riboflavin, 50 mg; pyridoxine, 25 mg; vitamin
B12, 200 µg; choline, 2000 mg; biotin, 250 µg; Co, 2.3 mg as cobalt
sulfate; Mn, 16 mg as manganese oxide; Fe, 200 mg as ferrous
carbonate; Cu, 130 mg as copper sulfate; Zn, 375 mg as zinc oxide; K,
6 mg as potassium iodate; Se, 500 µg as sodium selenite, respectively,
with barley and calcium carbonate as the carrier.



together in the same staining run for each histochemical/
immunohistochemical test.
Histology – Histometry in ileum samples

The height of intestinal villi (V), the depth of
intestinal crypts (C), and the ratio of villi and crypths
measurements (V:C ratio; 10 per section) were
determined upon HE-stained sections.

Apoptosis (A), mitosis (M) and apoptotic
cell/mitotic cell index (A:M index) were evaluated by
counting nuclei which were either PCNA-immuno-
reactive or TUNEL-reactive. This was done in two
lymphatic follicles of the GALT (lymphocytes), and in
ten well-oriented villi/crypts (enterocytes) for each
section (Burrin et al., 2000).

Mucosal macrophages were evaluated by counting
cells which were anti-human macrophage-reactive in
zones of diffuse lymphatic tissue (DLT) of the GALT;
for each section, the immuno-reactive cells were counted
in 10 fields (at x200 each field represented a tissue
section area of about 0.015 mm2) (Sozmen et al., 1996). 

The number of intraepithelial lymphocytes (IEL, as
identified in HE-stained sections) per 100 enterocytes
was also recorded (Tang et al., 1999). 

All the observations were conducted by a blind
observer utilizing an Olympus BX51 microscope
equipped with a DP software (Olympus, Italy).
Statistical analysis

The data were analyzed by ANOVA using the
General Linear Model procedure of the SAS Institute,
Inc (1985). The different cell type counts were co-
variated for the number of cells recorded.
Results

Growth performance

There were no significant differences among the
four groups in terms of growth during the 28 days of the
trial (Table 2). From weaning to 7 days post-weaning
average daily gain was slightly higher in the piglets of

52
Glutamine and nucleotides in piglets

Table 2. Effects of added glutamine (G), nucleotides (N) and glutamine
plus nucleotides (GN) on growth performance of weaning piglets.

CONTROL G N GN POOLED SE

Initial wt, kg 4.93 5.00 4.90 5.06 0.43
Day 0 to 7

ADG, g 19 48 45 79 7.09
ADFI, g 132 137 131 175 6.06
Gain:feed 0.14 0.35 0.34 0.45 0.04

Day 7 to 14
ADG, g 219 221 164 269 12.39
ADFI, g 271 297 253 327 9.30
Gain:feed 0.81 0.74 0.65 0.82 0.02

Day 14 to 21
ADG, g 310 321 319 342 3.91
ADFI, g 471 486 458 512 6.69
Gain:feed 0.66 0.66 0.70 0.67 0.01

Day 21 to 28
ADG, g 267 343 329 338 10.19
ADFI, g 646 549 590 671 15.48
Gain:feed 0.41 0.62 0.56 0.50 0.03

Final wt, kg 10-33 11.53 10.90 12.27 0.38

ADG: average daily gain; ADFI: average daily feed intake

Fig. 1. Control (C) piglets diet. HE. Normal aspect of the intestinal mucosa. Note the numerous villi (V) and crypts (C), as well as the GALT (L). Scale
bar: 200 µm.

Fig. 2. Diet supplementation with L-glutamine and nucleotides (GN). HE. The intestinal villi are regularly arranged and shaped. Scale bar: 200 µm.
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GN group. L-glutamine and nucleotides had no effect on
daily feed intake, so there were no significant differences
among the groups as to gain:feed ratio. 
Histology – Microscopic Anatomy of Liver and Ileum

In all cases the microscopic anatomy of the liver was
normal; no differences among the four groups
concerning the liver cytology were observed (data not
shown).

The microscopic anatomy of the ileum in G-, N-,
and GN-supplemented animals did not differ from that
of control (C) piglets (Fig. 1). Regularly-arranged and
shaped intestinal villi were specially noticed in GN
animals (Fig. 2). Gut-associated lymphoid tissue

(GALT) was present and was similarly organized in both
control and treated piglets (Fig. 1).

The AB/PAS histochemical staining revealed that
the content of intestinal mucous cells was prevalently
acidic (AB-positive, moderately PAS-reactive) in all the
examined animals (Figs. 3, 4). The adherent mucous gel
showed a similar reactivity (AB-positive, moderately
PAS-reactive) in all piglets, but its quantity was
markedly different in the treated animals in comparison
with the controls. In C-group piglets the adherent
mucous gel was scarce (Fig. 3) whereas in G, N (Fig. 4),
and GN groups it was revealed in larger quantities.

Anti-PCNA immuno-reactivity was prominent in
ileum samples from all groups. Immuno-stained nuclei
were detectable in both epithelial cells of intestinal
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Fig. 3. C diet. AB pH 2.5/PAS. Intestinal mucous cells are strongly AB-positive (arrowheads). The adherent mucous gel shows a similar reactivity, and it
is very scarce (thin arrows). Scale bar: 50 µm.

Fig. 4. Diet supplementation with nucleotides (N). AB pH 2.5/PAS. Intestinal mucous cells are strongly AB-positive (arrowheads). The adherent mucous
gel is very thick (arrow). Scale bar: 50 µm.

Fig. 5. C diet. Anti-PCNA immuno-reactivity. Immuno-reactive nuclei are evident in epithelial cells of the intestinal crypts (thin arrows). Scale bar: 50
µm.

Fig. 6. GN diet. Anti-PCNA immuno-reactivity. Immuno-reactive nuclei are numerous in intestinal crypts (thin arrows). Scale bar: 50 µm.

3 4
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crypts (Figs. 5, 6) and mucosal cells of GALT (Figs. 7,
8). 

Immuno-reactive mucosal macrophages were in all
cases detectable in both lymphatic follicles (Fig. 9) and
DLT (Fig. 10).

Nuclei of apoptotic cells were TUNEL-labeled in
epithelial localizations, in C (Fig. 11) G, N, and GN
(Fig. 12) groups. Furthermore, TUNEL-labeled
apoptotic bodies could be detected in mucosal cells of
the GALT (presumably macrophages) both in control
(Fig. 13) and treated piglets (Fig. 14).
Histology – Histometry in ileum samples

Histometric analysis, counts and cell indices are
summarized in Table 3.

Oral feeding with L-glutamine and/or nucleotides
resulted in an increase in villi (V) height (P<0.01), crypt
(C) depth (P<0.01), and a consequent decrease in V:C
ratio (P<0.01) in comparison with control animals, with
the differences between the C and GN groups being the
most pronounced. 

In lymphatic follicles the oral feeding with L-
glutamine and/or nucleotides revealed no statistical
differences in mitotic cells, but a decrease in apoptotic
cells (P<0.01), and a consequent decreasing of the A:M
index (P<0.01), in comparison with the control group. 

In epithelial cells the counts performed in G-, N- and
GN-treated animals were statistically different for
apoptosis, mitosis and A:M index, when compared to the
C-group (P<0.01).

The numbers percentages of mucosal macrophages
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Fig 7. C diet. Anti-PCNA immuno-reactivity. Some nuclei in lymphatic tissue are immuno-positive (arrowheads). Scale bar: 50 µm.

Fig. 8. N diet. Anti-PCNA immunoreactivity. The lymphatic tissue contains immuno-reactive nuclei (arrowheads). Scale bar: 50 µm.

Fig. 9. N diet. Anti-human macrophage immuno-reactivity. Some roundish cells, presumably macrophages, are immuno-positive in the lymphatic tissue
(GALT) (arrows). Scale bar: 20 µm.

Fig. 10. Diet supplementation with L-glutamine (G). Anti-human macrophage immuno-reactivity. Some roundish cells, presumably macrophages, are
evidenced (arrows) in the diffuse lymphatic tissue within the tunica propria. Scale bar: 20 µm.
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were larger in the G, N, and GN groups (P<0.01) than in
the C piglets. 

The intraepithelial lymphocytes (IEL) were also in
higher percentages in the treated animals than in controls
(P<0.01).
Discussion

In this paper we have shown that liver and ileum
maintained their normal structure after L-glutamine and
nucleotide administration, indicating that these dietary
supplementations do not produce detrimental effects
upon these tissues in swine species. 

We focused our attention upon different aspects of

the ileum micro-anatomy, because the ileum is highly
susceptible to gut pathological events which may
concern weaning piglets, and so its possible structural
changes linked to nutraceutical administration are of a
predictive value in the view of judging intestinal
defensive responsiveness. In addition, the ileum is
extremely rich in GALT structures. Furthermore, pilot
evaluations of the entire small intestine in the rat have
not evidenced differences with respect to the
consequences of glutamine administration in its different
tracts (Potsic et al., 2002).

The histochemical reactivity of intestinal mucous
cells and adherent mucous gel does not appear to be
influenced by the dietary treatment, and so we can
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Fig. 11. C diet. TUNEL-labelling. Some nuclei belonging to enterocytes appear apoptotic (arrowheads). Scale bar: 20 µm.

Fig. 12. GN diet. TUNEL-labeling. One nucleus shows signs of chromatic condensation (arrowhead) in the surface intestinal epithelium. Scale bar: 20
µm.

Fig. 13. C diet. TUNEL-labeling. Apoptotic bodies (arrowhead) and chromatic condensation signs (arrows) are evident in cells, presumably
macrophages, of the GALT. Scale bar: 20 µm.

Fig. 14. GN diet. TUNEL-labeling. Apoptotic bodies (arrowheads) and chromatic condensation signs (arrows) are evident in cells, presumably
macrophages, of the GALT. Scale bar: 20 µm.

11 12

13 14



hypothesize that the highly protective functions
displayed by mucous secretions has not been modified
by the administration of these nutraceuticals. We can
only underline that AB/PAS staining showed a much
thicker adherent mucous gel in treated animals than in
controls. The small intestine mucous layer constitutes a
highly protective barrier which prevents penetration of
potential pathogens into the epithelium (Tang et al.,
1999; Atuma et al., 2001). The thicker adherent mucous
gel showed in the treated animals may signify an
increase in protection as well as in absorption of
nutrients, which both are possibly of a favorable
significance. 

These histological data appear to be supported by
our histometrical observations on the ileum. The
significantly greater villi height and crypt depth, as well
as the significant consequent decrease in V:C ratio in
supplemented animals in comparison with control piglets
enable us to hypothesize that the studied nutraceuticals
are potentially able to promote a restoration of the
mucosal thinning that occurs at weaning (Van Beers-
Schreurs et al., 1998). This in turn possibly causes a
greater intestinal efficiency towards absorptive and
digestive processes, as also suggested by Hernández et
al. (2000). Other studies in which the rat (Uauy et al.,
1990), and piglet (Touchette et al., 2000) diets were
supplemented with glutamine, and the mouse diet with
nucleotides (Yamamoto et al., 1997) also reported
similar beneficial effects on intestinal mucosa. Similar
effects, but more limited than those here presented, were
found by Bustamante et al. (1994) in the swine after
dietary supplementation with nucleotides. Glutamine is a
precursor of purine and pyrimidine nucleotides
(Windermueller and Spaeth, 1980; Windermueller, 1982)
and this may explain why animals supplemented with
glutamine plus nucleotides had greater villi height and
crypt depth than piglets administered either of these

nutrients alone. 
Our histological and histometrical results appear to

be better explainable if we relate them to our results
concerning the immunolocalization of both nuclei which
were in the S-phase of the cell cycle (and thus, near
mitosis) and nuclei which were on the contrary shown
apoptotic. Piglets given L-glutamine plus nucleotides
showed a significant increase in cell proliferation rates
compared to the other groups, as was also observed in
human ileum by Scheppach et al. (1994). This higher
proliferation rate in treated than in control piglets is
appreciable in epithelial cells (enterocytes). The PCNA-
immuno-reactive nuclei of epithelial cells were
exclusively localized within the intestinal crypts, and
especially at the bottom. Enterocytes of the small bowel
are constantly replaced by cells from the intestinal crypt,
with a rate of regeneration matching the normal loss of
villous epithelium (Pluske, 2001). Apoptotic nuclei
examination (by TUNEL signaling) revealed that
glutamine and/or nucleotide supplementation is linked to
a decrease in the susceptibility of both epithelial
(enterocytes) and lymphatic cells to apoptosis in
comparison with control animals, as also observed by
other authors (Exner et al., 2002; Masuko, 2002; Matés
et al., 2002; Mendenoca et al., 2002). These two data
taken together may surely explain the higher villi and
more profound crypts previously described. In addition,
the components of GALT also showed higher
proliferation rates (even if not significant) and
decreasing apoptosis signaling in treated than in control
piglets. Chang et al. (2002) have recently shown that
glutamine administration significantly decreases caspase
activities in T-cells. We can hypothesize that mucosal
defensive components are potentially more efficient as a
consequence of administration of nutraceuticals.
Manhart et al. (2001) demonstrated that oral glutamine
supply may constitute a suitable approach for improving
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Table 3. Effects of added glutamine (G), nucleotides (N) and glutamine plus nucleotides (GN) on villus height (V), crypt depth (C), V:C ratio; apoptosis,
mitosis and A:M index within GALT (lymphocytes) and epithelial cells (enterocytes); mucosal macrophages; IEL (intra-epithelial lymphocytes).

CONTROL G N GN POOLED SE

villus height, µm (V) 147.78A 200.26B 188.58C 215.00D 0.17
crypts depth, µm (C) 80.31A 152.47B 139.16C 179.79D 0.16
V:C ratio 1.84A 1.31B 1.35B 1.20C 0.02
lymphocytes (cell nr: 1738)

apoptosis 91A 57B 65B 59B 2.41
mitosis 186 194 196 193 3.25
A:M index 0.47A 0.31B 0.32Ba 0.30Bb 0.003

enterocytes (cell nr: 3292)
apoptosis 92Aa 88Bb 87B 80C 0.97
mitosis 1272Aa 1323b 1310b 1361B 18.52
A:M index 0.072A 0.066B 0.066B 0.058C 0.0001

macrophages (cell nr: 830) 34A 38B 37B 39B 0.52
IEL (mean cell nr: 100) 3.35A 6.40B 5.30C 6.70B 0.10

A,B,C,D: means lacking a common superscript differ significantly (P<0.01). a,b: means lacking a common superscript differ significantly (P<0.05).



intestinal immunity in immuno-compromised patients. 
In this paper we have shown a higher number of

intraepithelial lymphocytes in supplemented groups
compared with control piglets. Intraepithelial
lymphocytes may play a role in the modulation of
immune responses as well as in the elimination of
damaged or infected cells (Cerf-Bensussan and Guy-
Grand, 1991). In addition, we have immuno-
histochemically detected numerous macrophages
localized within the diffuse lymphatic tissue and
lymphatic follicles of the ileum. The treated piglets
showed a higher number of macrophages within the
GALT than control piglets, so it is conceivable that a
greater number of them may work in conjunction with
other components of the immune system in
supplemented animals in comparison with control piglets
(Hernández et al., 2000). Macrophages act as the first
line of the host defence against viral infections (Kosugi
et al., 2002) and so it may be that future field studies
may evidence a protective action of the studied
nutraceuticals towards these pathologies (eg., previously
mentioned PRRS and PMWS). 

Taken together our micro-anatomical data show that
the diet supplementation with L-glutamine and
nucleotides has noticeable positive effects on some
morpho-functional characteristics of piglet ileal mucosa.
These changes potentially enable the piglet ileum to
display its secretive, absorptive as well as defensive
functions with a higher efficiency in treated animals than
in controls. Feeding piglets with L-glutamine and
nucleotides during the weaning period did not
significantly affect growth performance in our study,
even if body weight was higher in the treated groups
both during the first seven days of the trial and at the
end. The transportation of the animals to our facility 24
hours after weaning is likely to have markedly stressed
the animals, and this in turn may have caused both
slowing growth in the early days of weaning and the lack
of significant performance differences between treated
and control animals. It is also possible that the dosages
used in this study were efficient in affecting structural
aspects of the ileum, but not so effective on growth
performances of the piglets, so further studies are
required in order to show an effect upon growth
performances in the swine. However, this study is
sufficient to show in weaning piglets appreciable gut
morpho-functional effects, possibly directed towards its
greater efficiency in both absorptive/secretive and
defensive responses.
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