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ABSTRACT

Feed costs are the main limiting factors in poultry industry and
alternative sources of food and/or feed supplements to optimize the
bird’s life cycle and to extend their production period need to be
explored. This study evaluated morphometric parameters of the small
intestine and gonadotropin transcript levels in Isa Brown laying hens
supplemented with glutamine + glutamic acid (Aminogut®) during
a second production cycle. Molting was induced and groups of 100
hens each, were supplemented with 0, 0.8, 1.6 or 2.4% Aminogut® in
their diet. At the end of the experimental period, tissue sections from
duodenum, jejunum and ileum were processed by the Hematoxylin-
Eosin technique and samples from hypothalamus and hypophysis were
collected for RT-PCR analysis of GnRH and GnRHR transcript levels. As
results, the height of the intestinal villi of the duodenum and ileum
was significantly (p<0.05) higher in hens supplemented with 0.8%
and 1.6% Aminogut®, while in the jejunum, no significant differences
were found. Hens treated with increased doses of Aminogut® tended
to increase GnRH transcripts levels, whereas those of GnRHR tended
to decrease proportionally. It is concluded that supplementation of Isa
Brown laying hens during a second production cycle with Aminogut®
developed increased villus height in duodenum and ileum that may
promote better absorption of nutrients and potentially to increase
the egg production. This study shows the importance of molecular
techniques such as RT-PCR to support the biological effects of nutritional
compounds on morphological parameters and hen productivity.

INTRODUCTION

Induced molting is a strategy used to reduce the costs of egg
production, allowing a second productive laying cycle that usually
generates additional income without the pressure to replace and
introduce new hens (Webster, 2000; Bell, 2003; Park et al., 2004).
Induced molting, however, causes severe atrophy of hen tissues,
particularly those of the reproductive organs and the intestinal absorptive
mucosa that may limit hen productivity (Landers et al., 2008; Gordon et
al., 2009; Mazzuco et al.,, 2011). Feed supplementation with glutamine
is known to favor rapid recovery of the intestinal tissue by providing an
energy source for epithelial cells (Neu et al., 1996), and it also promotes
the development of the intestinal mucosa by increasing the number of
cells and the size of the intestinal villus (Maiorka, 2004; Bartell & Batal,
2006; Maiorka et al., 2016). Thus, glutamine and glutamic acid may
be useful to promote better intestinal integrity and functionality, which
together with the bird immunity establishes the intestinal health status
of the birds and the absorptive capacity (Maiorka, 2004; Sakamoto et
al., 2006; Zaravise et al., 2011), that may finally be translated into a
greater hen productivity.
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Glutamine is physiologically synthesized in adequate
amounts by animals; however, it is a conditionally
essential amino acid that needs to be supplied in the diet
when the utilization rates are increased relative to the
rate of synthesis (Neuet al., 1996; Newsholme, 2001).
Increased use of glutamine may include the hyper-
catabolic stages induced by weaning (Teixeira et al,
2014), injury by fasting, infection or disease, oxidation
and damage by endotoxins (Yi et al., 2005; Ayazi,
2014; Mayorga, 2013). Therefore, supplementation
with glutamine and glutamic acid might be necessary
for a rapid tissue recovery of hens after molting.

The gonadotrophins releasing hormone (GnRH)
secretion in the hypothalamus occurs through
the stimulation of Glutamic acid (main excitatory
neurotransmitter in the central nervous system) on
Glutamic acid receptors in hypothalamic neurons
such as the GnRH-secreting GT1-7 cells (Orrego &
Villanueva, 1993; Gémez-Torres et al., 2014). Synthesis
of glutamine in neurons occurs in a Glutaminase-
dependent manner, this biosynthesis reestablishes the
normal intra-hipotalamic Glutamine levels that are
related to GnRH secreting pulses (Bourguignon et al.,
1995), necessary to induce the release of gonadotropic
hormones, follicle stimulation (FSH) and luteinizing
hormone (LH), responsible for gonadal maturation and
steroidogenesis in the hypophysis (Prieto & Velazquez,
2002). Laying hens supplemented with 0.8 % glutamine
improved productive parameters, the structure of
duodenum and oviduct, and increased blood levels of
luteinizing hormone (LH), follicle stimulating hormone
(FSH), triiodothyronine (T3) and tetraiodothironine
(T4) hormones (Xiao Ying et al., 2010). In addition,
Glutamine supplemented chickens improved feed
efficiency and morphology of the small intestine
after parasite challenge (Yi et al., 2005; Sakamoto et
al., 2014; Luquetti et al, 2015). Glutamine improved
body-weight gain, feed conversion and immune
response in chickens (Bartell & Batal 2006; Soltan,
2009). Glutamine also increased the length of villi in
duodenum and jejunum of 7, 14 and 21 day-old chicks
(Bartell & Batal, 2006). These studies suggest that
supplementation of birds with glutamine and glutamic
acid constitutes a strategy to improve bird productivity.

We hypothesized that glutamine may have an effect
on the development of intestinal morphology and on
the levels of GnRH and GnRHR gene expression of molt-
ed hens. To begin to test this hypothesis, molting was
induced in ISA Brown laying hens and transcriptional
changes in GNRH and GnRHR were evaluated by RT-PCR
together with the intestinal morphology after glutamine
+ glutamic acid (Aminogut®) supplementation.
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MATERIALS AND METHODS
Location

The study was conducted at San Carlos poultry
farm, located 5 kilometers far from the municipality of
San Pedro de los Milagros, department of Antioquia,
Colombia. This region is located 2,475 m above sea
level and an average temperature of 14 °C. Histologic
processing and molecular techniques were performed
in the laboratory of Veterinary Pathology and the
Laboratory Immunology and Molecular Biology,
University of Tolima. Experimentation with live animals
was approved by the bioethics committee of the
University of Tolima.

Experimental animals and diets

A total of 400 Isa Brown laying hens were selected
for having an average weight between 1900-2000g at
the end of its first production cycle. Hens were grouped
(4 birds x cage) in 100 California type wire cages with
water supply and mesh floor, suitable for feeding and
maintenance of the laying hens.

A completely randomized experimental design with
three percentages (0.8, 1.6 and 2.4%) of Aminogut®
and a control free-product diet were applied to 100
birds per group. The commercial product Aminogut®
(Ajinomoto Interamericana) is an association of
glutamine (GIn) + glutamic acid (Glu) at a concentration
of 10% and was used according to the manufacturer’s
specifications. The diets were prepared at the Field
Food Plant and formulated based on corn and soybean
meal, according to the nutritional requirements of
laying hens (Rostagno et al., 2011).

The completely randomized design consisted of
20 birds per experimental unit, with 5 replicates and
100 hens per treatment. Each cage has 4 birds and 5
cages of 4 birds constituted an experimental unit. Ten
(10) randomly selected hens from those cages of each
treatment were used for the collection of the tissue
samples at 119 days of the experiment, since at this
time it was assumed that the hens were at peak of egg
production.

Intestinal morphometric analysis

A random sample of ten birds per treatment were
collected after 119 days of production and then
electrically stunned to be unsensitized before sacrificed
by exsanguination. Duodenal samples from the pylorus
to the distal portion of the duodenal loop; jejunum
from the distal duodenal loop to Meckels diverticulum
and ileum from Meckels diverticulum to the ileocecal
union were obtained, washed in saline and fixed in
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10% buffered formalin. Fixed tissues were embedded
in paraffin and processed by Hematoxylin-Eosin (H &
E) technique, as described previously (Becak & Paulete,
1976). Serial 5 pm thick tissue sections were mounted
on microscope slides and stained with Hematoxylin-
Eosin. The height and width of intestinal villi, depth
of crypts and the thickness of the muscle wall were
measured in at least 10 villi from each intestinal tissue
section. The images were captured with an Olympus
CX31 light microscope integrated with a 580 5.0MP
Moticam digital camera and the images processed by
a Motic Images Plus 2.0 software.

Total
tissues

RNA extraction from laying-hen

Total RNA from hypothalamus and hypophysis
was extracted by using the Trizol® method. Briefly,
tissue samples from each hen were collected and
suspended in 600 pL of Trizol® reagent (Invitrogen
Life Technologies, Inc., Carlsbad, CA, USA), and
homogenized by using a syringe coupled to a 21
gauge needle until a complete cell suspension was
obtained. Chloroform (150 yL) was added and the
solution was mixed vigorously, followed by 5 minutes
incubation at room temperature. The tubes were
centrifuged at 12,500 rpm at 4 °C and the resultant
supernatant was collected into a new Eppendorf tube.
Total nucleic acids in each sample were precipitated by
adding an equal volume of 2-propanol and incubated
at -20 °C for 1 hr. The samples were centrifuged at
12,500 rpm and the nucleic acid pellet washed twice
with 75% cold ethanol. The tubes were dried at room
temperature and then the pellet suspended into 50pL
RNase free water. RNA samples were quantified using
NanoDrop 2000 (ThermoScientific Inc, USA) UV-Vis
spectrophotometer and frozen at -20 °C until use.

RT-PCR

Five pg of total RNA was reverse transcribed into
cDNA using SuperScript Ill RNase-reverse transcriptase
(Invitrogen Life Technologies, Inc., Carlsbad, CA, USA)
in accordance with the manufacturer’s instructions.
Briefly, Tul of oligo (dT),, primer (200 ng), 5 pg of
total RNA, 1 ul of 10 mM dNTP mix, and 13 pl sterile
distilled water were mixed and heated at 65 °C for
5 minutes. Then, 4 pl of 5x first-strand buffer, 1 pl
of 0.TM DTT, 1 pl of RNase inhibitor and 200 U of
SuperScript Ill RT were added and incubated at 50 °C
for 50 min. The reaction was inactivated by heating
at 70 °C for 15 min, and diluted 1:5 with distilled
water. A total of 2 pl of cDNA (first strand) was used
as a template for amplification of 202 bp of GnRH
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transcript from hypothalamus by using the forward
5-GCTTGGCTCAACACTGGTCT-3" and reverse 5™
CTGGCTTCTCCTTCGATCAG-3" primers described by
Ni et al., (2013), and amplification of 417 bp of GhnRHR
transcript from hypophysis was conducted by using
the forward 5- GGTGTCTGAGGCTCATTTCA-3’and
reverse  5-TAGCAATCGCTTGCCCAGA-3" primers
described previously (Dunn et al.,, 2004). The PCR
conditions included a denaturing step at 94 °C for 3
minutes, 35 cycles of PCR that included adenaturation
at 94 °C for 30 s, annealing at 55 °C for 30 s, and
extension at 72 °C for 30s and a final extension
step at 72°C for 7 min. Amplification of 299 bp of
B-actin control transcript was conducted by using the
forward 5- TGCGTGACATCAAGGAGAGAAG.3" and
reverse  5-TGCCAGGGTACATTGTGGTA-3" primers
described by Ni et al. (2013). The PCR products were
mixed with 10 x loading buffer and then resolved by
electrophoresis on 2% agarose gel with 100 bp DNA
ladder (Applied Biological Materials ABM Inc.). The
gel was stained with ethidium bromide and visualized
under the UV light by using an ENDURO™ GDS (Labnet
International, Inc) Gel documentation system.

Statistical analysis

A completely randomized design was performed
with four treatments, each one with five replicates
and 20 birds per replicate, for a total of 100 birds
per treatment and 400 birds for the total of the
experiment. The analysis of variance (ANOVA) was used
to determine the differences between treatments; the
F value and the significant or highly significant results
(p <0.05) were applied to the Duncan multiple range
test to establish differences between them. Statistical
analyzes were performed using the SPSS software
version 2.0.

RESULTS AND DISCUSSION

This study shows for the first time that morphometric
analyses of the small intestine of Isa Brown laying hens
in the second production cycle supplemented with
Aminogut®, revealed significant changes in the height
and width of the villi, crypt depth and thickness of the
muscle layers, this compound provides glutamic acid
and glutamine, amino acids known to promote the
development of the intestinal mucosa (Maiorka, 2004,
Sakamoto et al, 2011; Maiorka et al., 2016).

In the duodenum, the animals supplemented with
0.8 and 1.6% Aminogut® (T2 and T3) showed the
highest values in villus height compared to control (T1)
and 2.4% Aminogut® (T4) groups. Birds supplemented
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with 0.8% Aminogut® showed an average of 135.3
um wide of the villi (Table 1; Figure 1A, 1B), which
was not significantly different from the control group
(132.25 pm), however significantly higher than
the width of the villi in T3 and T4 (p<0.05) groups,
suggesting an inverse relationship between the width
of the duodenum villi and the level of Aminogut®.

In this regard, Xiao Ying et a/ (2010) demonstrated
that supplementation of laying hens with 0.8%
glutamine during the first cycle improved duodenum
and led to the longest height (876.35 pym), and villus
surface area that may improve the nutrient’s absorption.
The values of villus height in Isa Brown hens during the
second cycle suggest that this parameter consistently
increased with the age of the animals and that the
addition of 1.6% Aminogut® in the diet can still
increase this parameter to values not reported in the
scientific literature of laying hens during the first cycle.
Trophic agents such as glutamine and glutamic acid
stimulate the development of the intestinal mucosa
and promote the mitotic process in the crypt-villus
region and promote an increase in the number of
enterocytes (Maiorka et al., 2002), the size of villus and
the available surface for nutrient absorption (Dibner &
Richards, 2004; Mayorga, 2013). The duodenum is
the most developed intestinal segment in relation to
other segments, the great development is attributed
to the fact that it has a rapid cell renewal and it is also
the first segment of the small intestine to receive the
chemical, physical and hormonal stimulation caused by
the presence of food in the intestinal lumen (Uni et al.,
1999; Kondo, 2003; Macari, 1998; Murakami et al.,
2007).

Table 1 - Morphometric parameters in duodenum of
laying hens at 119 days of a second cycle supplemented
with different levels of Aminogut®.

Parameter (um)

Experimental Groups

T T2 T3 T4
Villi height 1343A% 15428 15858 15178
Villi width 132.27B 1353B 1196 A 12099 A

Depth of crypt 190.45C 179.32C 160.97B 143.83 A
Thickness of muscle layer 243.99 C 242.39C 200.06 B 165.48 A
T1: control; T2: 0.8%; T3: 1.6%; T4: 2.4%.

*Different letters indicate significant (p<0,05) differences.

Laying hens supplemented with 0.8% Aminogut®
(T2) showed an average of 135.3 pm villi wide in
duodenum(Table 1), whichwasnotsignificantlydifferent
from the control group (132.25 pm). Interestingly,
groups with 1.6% and 2.4% of Aminogut® had a
significant reduction in the width of the villi (p<0.05),
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suggesting an inverse relationship between the width
of the villi and glutamine + glutamic acid at higher
levels (>1.6%), as showed for villi height. Our result
differ slightly from those obtained by Xiao Ying et a/
(2010), whom found no significant differences in the
width of the villi (131.15 and 132.03 pm) in first cycle
laying hens.

The depth of the villus crypt in the duodenum
presented a similar change, compared to the width;
while the control group recorded the maximum value
of 190 um, which was not significantly different from
the 0.8% Aminogut® treated group, there were
significant differences compared to 1.6% and 2.4%
treated groups, showing a significant reduction in
the depth of the crypt (143.83 ym) in animals treated
with higher levels of glutamine + glutamic acid. These
results contrast with those reported by Maiorka et al
(2016), who found no significant difference in the
depth of the crypt in broilers supplemented with 1
% glutamine (170 pym vs 168 pm). Sakamoto et al
(2014) found that the depth of the crypt of the villi
in 1 to 7 day-old Broilers ranged between 197 and
225.5 pm, values that are superior to those recorded
in this study. The lack of data in laying hens impedes to
make appropriate comparisons, however, the results of
this study suggest that Aminogut® might reduce the
depth of the crypt in duodenum and the availability of
glutamine and glutamic acid in hens of second cycle
may stimulate a higher rate of replication and renewal
of stem cells at the base of the crypt that could explain
the increased villus height. Another possibility is
that those amino acids have an effect on survival of
epithelial cells, prolonging their half-life and displaying
increased villus height.

By analyzing the depth of the crypt, a similar
situation was found where the control group had the
highest value (190 um), and a progressive significant
reduction in this parameter was observed in animals
treated with increasing levels of Aminogut® (Table
1). The greatest reduction in crypt depth (143.83
um) was found in birds from the T4 group, although
there were no significant differences between the
0.8% Aminogut® and the control group, significant
differences between the groups treated with 1.6% and
2.4% Aminogut® and the control group were found.
Finally, the thickness of the muscle layer in the control
group showed 243.99 um, which was similar to those
found in the 0.8% Aminogut® group, however this
parameter was significantly reduced (p<0.05) in hens
treated with 1.6% (200.06 um) and 2.4% (165.48
pum) Aminogut®.
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Figure 1 — Effect of glutamic acid + glutamine (Aminogut®) on some morphometric
parameters of the small intestine in Isa Brown laying hens at 119 days of second produc-
tive cycle. Representative microphotographs of intestinal villi of duodenum of laying hens
fed 0 % (A) and 1,6 % Aminogut® (B); Jejunum of laying hens fed 0 % (C) and 1,6 &
Aminogut® (D); Ileon of laying hens fed 0 % (E) and 1,6 % Aminogut® (F). Magnifi-
cation 40 x. H&E.

Laying hens supplemented with  Aminogut®
showed a significant reduction (p<0.05) in villus
height, crypt depth and thickness of the muscular
layer in the jejunum (Table 2; Figure 1C, 1D). The
group treated with 0.8% Aminogut® presented the
lowest values in villus height (1055, 93 pm), and width
(107.13 pm) versus the control group (1212, 78 ym
and 109.09 um, respectively). Finally, in this segment
of the intestine there were no differences in the width
of the villi among all treatments. Similarly, Lopes &
Mogica (2008) reported a decrease in villus height in
21 day-old Broilers supplemented with 1% glutamine
(758 pm vs. 748 pm, respectively), while Maiorka et al.
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(2000) observed an increase in villus height (546 um
vs. 595 pm) in 7 day-old Broilers supplemented with
1% glutamine. Regarding the depth of the crypts in
the jejunum of hens supplemented with Aminogut®,
a significant reduction (p<0.05) was observed (Table
2) compared to the hens in the control group. These
results contrast with those reported by Lopes & Mogica
(2008), who found no differences in the depth of
the crypt of birds supplemented with 1% glutamine
compared to the control group (73 vs. 73 ym). On the
other hand, Maiorka et al. (2000) reported an increase
in crypt depth (96 vs. 84 pm) in the jejunum of birds
supplemented with 1% glutamine vs. the control
group. The differences in mean values between studies
might reflect differences in breeds of hens or perhaps
in tissue processing that need to be improved in future
studies.

Table 2 — Morphometric parameters in Jejunum of laying
hens at 119 days of a second cycle supplemented with
different levels of Aminogut®.

Parameter (um)

Experimental Groups

T1 T2 T3 T4
Villi height 1212.78 B 1055.93 A 1102.87 A 1058.06 A
Villi width 109.09A 107.13A 11244 A 110.66 A
Depth of crypt 160.68B 14299 A 158.97B 132.04 A
Thickness of muscle layer 26296 C  221.28B 232.01B 191.14 A
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T1: Control; T2: 0.8%; T3: 1.6%; T4: 2.4%.
*Different letters indicate significant (p<0.05) differences.

Laying hens supplemented with 0.8 and 1.6%
Aminogut® had a median villus in lleum height of
804.51 ym and 783.35 pum, respectively (Table 3;
Figure 1E, 1F), which was not significantly different
from the villus height of control group (741.45 pm),
while birds treated with 2.4% Aminogut® showed the
lowest values in this parameter (541.24 um). Regarding
to the width of the villi, the birds treated with 0.8%
Aminogut® showed the highest values (113.71 pym),
being significantly different (p<0.05) from the control
group (98.97 um). The group treated with 2.4%
Aminogut® showed the lowest values in this parameter
(84.76 pm), which was also significantly different
(p<0.05) from the control group. When analyzing the
crypt depth, groups treated with 0.8% and 1.6% of
Aminogut® showed the highest values (106.86 and
142.57 pm) respectively, compared to the control
group (89.19 pm). Finally, the thickness of the muscle
layers was significantly reduced (p<0.05) in the groups
treated with 0.8% and 1.6% Aminogut® (184.14and
198.33 pm) respectively, versus the control group
(229.95 pm), whereas the 2.4% Aminogut® treated
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group showed no significant differences compared
to the control group. Similar results were reported by
Lopes & Mogica (2008), in birds supplemented with
1% glutamine (748 versus 758 pm), respectively, and
by Xiao Ying et al (2010) in laying hens of first cycle
and by Sakamoto et al. (2014) in male Cobb Vantress®
Broilers. Contrary to what was reported by Maiorka
et al. (2000) and Lopes & Mogica (2008), the results
of this study may indicate that supplementation of Isa
Brown laying hens with 0.8% and 1.6% Aminogut®
during the second cycle may stimulates increased
height and width of villi and crypt depth in the ileum,
whereas higher levels of the compound (2.4%) would
have a deleterious effect on this section of the small
intestine. Additional studies are needed to clarify those
morphological changes induced by Aminogut® in ISA
Brown laying hens.

The thickness of muscle layers in ileum was
significantly reduced (p<0.05) in hens supplemented
with 0.8% and 1.6% Aminogut® (184,14 pm and
198.33 um), respectively, versus the control group
(229.95 pm), whereas the thickness in the 2.4%
Aminogut® treated group was not significantly
different from the control group. These results contrast
with those reported by Xiao Ying et a/ (2010), who
documented little variation in the thickness of the
muscle layers (145 and 148 pym) in hens of first cycle,
however, the reasons for these differences are presently
unknown and it is necessary to take into account the
variations in body-weight of the hens (1900- 2000 g)
and the individual behavior of animals.

Table 3 - Morphometric parameters in fleum of laying hens
at 119 days of a second cycle supplemented with different
levels of Aminogut®.

Parameter (um)

Experimental Groups

T T2 T3 T4
Villi height 741.45B 804.51B 78335B 54124 A
Villi width 98.97B 113.71C 103.97BC 84.76 A
Depth of crypt 89.19 A 106.86B 142.57C 85.16 A
Thickness of muscle layer 229.95C 184.14 A 198.33 AB 224.78 BC

T1: Control; T2: 0.8%; T3: 1.6%; T4: 2.4%.
*Different letters indicate significant (p<0.05) differences.

This study shows that Isa Brown laying hens during
the second cycle has an average height of the villi of
the duodenum, jejunum and ileum of 1343, 1212,
and 741 pm, respectively, which are higher than those
recorded in hens during the first productive cycle (Xiao
Ying et al., 2010), and those parameters could be
modulated by Aminogut® supplementation. It was

reported that 34 week-old laying hens supplemented
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with Aminogut® improved the intestinal duodenal
structure (Xiao Ying et al., 2010), and that glutamine
increased the development of intestinal villus in 7- day-
old broiler chicks (Sakamoto et al., 2014; Maiorka et
al., 2016). However, to our knowledge the effects of
glutamine + glutamic acid provided by Aminogut®
supplementation in laying hens of second cycle had
not been previously reported.

To begin to understand the relationship between
glutamine and glutamic acid on the synthesis and
expression of reproductive hormones that control hen
productivity, RT-PCR analysis was conducted on tissue
samples from hypothalamus and hypophysis of hens
treated with Aminogut®, and the results showed a
trend of increasing the GnRh transcripts when the
levels of Aminogut® augmented in the diet (Figure
2). The increase in GnRh transcript was observed in
hens from T2 and T3, and less prominent in hens from
T4. Contrary to what was observed in hypothalamus,
analysis of tissue samples from the hypophysis showed
that the receptor GnRhR transcript levels reduced
proportionally in hens treated with Aminogut®, and
this reduction was prominent in birds treated with

2.4% Aminogut® (Figure 3).
T1 T2 T3 T4

Figure 2 — RT-PCR analysis of gonadotropin releasing hormone (GnRh) from hypotha-
lamus of laying hens supplemented with glutamine + glutamic acid. Left panel: repre-
sentative gel showing a PCR amplification product of 202 bp of the GnRh transcript.

Right panel: semi-quantitative analysis of the GnRh transcript expression levels regar-
ding to the B-actin expression.
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Figure 3 — RT-PCR analysis of gonadotropin releasing hormone receptor (GnRhR) from
hypophysis of laying hens supplemented with glutamine + glutamic acid. Left panel:
representative gel showing a PCR amplification product of 417 bp of the GnRhR trans-
cript from hens of each experimental group. Right panel: semi-quantitative analysis of
the GnRhR transcript expression levels regarding the B-actin expression.
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The changes observed in GnRh may suggest that
those amino acids may induce increased gonadotropin-
releasing hormone transcription and probably at the
protein level, the transcription levels of the receptor
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GnRhR indicates that the increased GnRh production
might be counterbalanced by a reduction in the levels
of the receptor and might suggest the presence of a
physiological limit in cell activation/response in target
cells of the adenohypophysis. The results might also stress
the importance of maintaining a homeostatic balance
between hormone and receptor stimulation. Additional
studies are needed to evaluate whether those changes
in GnRAR transcription observed in the hypophysis have
significant effects on FSH/LH transcription.

In conclusion, supplementation of Isa Brown laying
hens with 0.8% and 1.6% glutamine + glutamic acid
(Aminogut®) during the second production cycle,
stimulated the development of villus height in the
duodenum and ileum, and those changes may increase
the absorptive surface of the small intestinal mucosa.
Aminogut® treatment may also have an effect on GnRh
and GnRhR transcript levels that should be translated
intoincreased pulses of gonadotropin hormones and egg
production, however modulation of GnRhR transcripts
may constitute a regulatory mechanism to maintain
physiologic parameters of hens within homeostasis.
Additional analysis is needed to clarify the effects on
gene transcription at different time points as well as in
other physiological and biochemical parameters.
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