
Summary. This study sought to describe the
morphological changes taking place in the goat
reticulum during prenatal development, using
histomorphometric and immunohistochemical
techniques. A total of 140 goat embryos and foetuses
were used, from the first stages of prenatal life until
birth. Differentiation of the reticulum as a separate
compartment of the primitive gastric tube was observed
at 35 days of prenatal life (23% gestation). By 38 days
(25% gestation) the reticular wall comprised three
layers: an internal epithelial layer, a middle layer of
pluripotential blastemic tissue and an external layer or
serosa. Primary reticular crests were visible at 59 days
(38% gestation) as evaginations of the epithelial stratum
basale, marking the earliest histological differentiation of
future reticular cells. Secondary reticular crests were
observed at 87 days (61% gestation). Corneum papillae
first became apparent on the lateral surface of primary
reticular crests at 101 days (64% gestation). The
muscularis mucosae was visible by 101 days (64%
gestation) in primary reticular crests. Neuroendocrine
cells were detected by synaptophysin at 64 days (43%
gestation), while glial cell markers (glial fibrillary acidic
protein and vimentin) were observed at 64 days (43%
gestation) and 38 days (25% gestation), respectively.
The peptidergic innervation markers such as
neuropeptide Y and vasoactive intestinal polypeptide
were detected at 75 days (50% gestation). In conclusion,
prenatal development of the reticulum - like that of the
rumen - appears to take place somewhat earlier in goats
than in sheep or cattle, but at a similar rate to that
reported in deer. 
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Introduction

Although all ruminants share the ability to transform
low-quality forage into products of great nutritional
value, due to the structure and function of their digestive
tract (Lombardi, 2005), differences in their feeding
habits led Hofmann (1973) to assign them to three
groups: grazers, concentrate selectors and intermediate
feeders. The goat is classified as an intermediate feeder,
able to make use of marginal pasturelands. These
differences in feeding habits reflect differences in
digestive-tract anatomy and histology among ruminant
species (Hofmann and Schnorr, 1982).

In order to meet its functional needs, the ruminant’s
stomach has developed four separate compartments,
each with its own morphological particularities. A
distinctive feature of the reticulum, the second gastric
compartment, is the arrangement of the internal mucosa
in a network of crests forming a honeycomb-like pattern
(Clauss et al., 2010). The height of the reticular crests
represents a dietary adaptation in ruminants (Clauss et
al., 2010). Historically, reticular crests and honeycomb
cells have been suspected to play a role in water storage,
to help grind coarse particle separation mechanism either
by acting as traps that hold larger food particles and
prevent their passage towards the omasum (Hofmann
and Schnorr, 1982), or by acting as sedimentation traps
that catch small dense particles and direct them towards
the omasum during contractions (Reid, 1985; Mathison
et al., 1995; Okine et al., 1998). However, more recently,
Clauss et al., (2010) suggested that the reticular

Histomorphometric and immunohistochemical study 
of the goat reticulum during prenatal development
A. Garcia1, Javier Masot1, Antonio Franco2, Antonio Gazquez1 and E. Redondo1
Department of Veterinary 1Histology and 2Anatomy, Faculty of Veterinary Medicine, University of Extremadura, Cáceres, Spain

Histol Histopathol (2013) 28: 1369-1381

Offprint request to: Dr. E. Redondo, Department of Veterinary Histology,
Faculty of Veterinary Medicine, University of Extremadura, 10071
Cáceres, Spain, e-mail: eloy@unex.es

DOI: 10.14670/HH-28.1369

http://www.hh.um.es

Histology and
Histopathology
Cellular and Molecular Biology



honeycomb structures do not separate particles by acting
as traps either for small or for large particles.

Moreover, reticulum with the rumen is considered as
a one functional chamber (Kitamura et al., 1986). They
take part in mixing and fermentation of the ingesta and
they need the specific motility patters (Pfannkuche et al.,
2002) that are controlled by the neurons of enteric
nervous system by releasing excitatory and inhibitory
neurotransmitters (Kitamura et al., 1986; Groenewald,
1994; Brookes, 2001; Pfannuke et al., 2002; Münnich et
al., 2008). These specific motility patterns can 
be recorded in the reticulum before birth, although 
they disappear in newborn (Ruckesbusch et al., 
1983).

Although there has been considerable research into
the organisation of the forestomach in cattle (Vivo et al.,
1990), sheep (Wardrop, 1961; Franco et al., 1992,
1993a-c; Redondo et al., 1997; Regodon et al., 1996),
and deer (Franco et al., 2004a,b; 2011, 2012; Redondo et
al., 2005; 2011; Masot et al., 2007a,b). Several studies
have addressed the prenatal development of stomach
compartments in goats (Mcsweeny, 1988; Ramkirshna
and Tiwari, 1979; Nwaogu and Ezseaor, 2008; El-Gendy
et al., 2010; Garcia et al., 2012), and fewhave dealt
specifically with the reticulum (Franco et al., 1993c,
2004b, 2012).

The primitive digestive tract in ruminant animals is
structurally and functionally similar to that of non-
ruminant animals (Relling and Mattioli, 2002). During
prenatal life, however, the ruminant stomach undergoes
certain morphological changes in order to meet
functional demands in postnatal life (Relling and
Mattioli, 2002). The major morphological changes in the
reticulum are the growth and development of the
reticular ribs or ridges to form reticular cells, which play
a key role in the digestive process. The aims of the
present study were as follows: (1) to describe the
histological development of the goat reticulum during
prenatal life; (2) to determine morphometric changes
taking place in the reticular wall over the same period;
(3) to detect immunohistochemical techniques for the
detection of neuroendocrine cells using synaptophysin
(SYP), of glial cells using glial fibrillary acidic protein
(GFAP) and vimentin (VIM), and of peptidergic
innervation markers neuropeptide Y (NPY) and
vasoactive intestinal peptide (VIP) using immuno-
histochemical techniques; (4) to despict the surface of
the reticular mucosa using scanning electron microscopy
from the early embryonic stages until birth.
Materials and methods

Animals

A total of 140 goat (Capra hircus) embryos and
fetuses, ranging from the first prenatal stages to birth,
were sampled. Specimens were divided into 5 sequential
groups, according to size and prenatal age: group I
(crown-rump length[CRL] 1.5-4.3 cm, age 13-38 days,

1-25% gestation), group II (CRL 4.4-8 cm, 39-52 days,
25-35% gestation), group III (CRL 9-17.5 cm, age 53-75
days, 35-50% gestation), group IV (CRL 18-32 cm, 76-
112 days, 50-75% gestation), and group V (CRL 33-47
cm, 113-150 days, 75-100% gestation). Embryos and
fetuses were all obtained at municipal slaughterhouse in
Caceres (Spain) from pregnant goat females. These
pregnant females were slaughtered by the usual process
in the slaughterhouse specify. Embryos and foetuses
were obtained after opening the abdominal cavity uterus
and placenta. These actions were carried out in
accordance with the regulation required for the
protection of animals at the time of slaughter in
slaughterhouses (Spanish Royal Decree 54/1195).
Gestational age was estimated following age
classifications methods previously reported for sheep
and goat (Evans and Sack 1973; Franco et al., 1992;
Sivachelvan et al., 1996), and deer (Franco et al.,
2004a,b, 2012).
Sampling and processing

Once the reticulum was extracted, small pieces of
tissue were dissected for analysis. Tissues samples were
fixed in 4% buffered formaldehyde for 24 hours,
routinely processed and embedded in paraffin for
histological examination. Sections 5µm thick were
stained with Hematoxylin-Eosin (H-E), Masson`s
Trichrome and Gomori’s reticulin.
Morphometric analysis

Ten specimens were selected for each group for
histomorphometric analysis. In group I of these 10
individuals, 2 belonging to the age of 13 days, 3 in 35
days and 5 for 38 days; in group II, 3 fetuses of 39 days,
3 of 46 days and 4 of 50 days were selected; in group III,
2 fetuses of 53 days, 3 of 62 days, 3 of 70 days and 2 of
74 days were chosen; in group IV, 3 fetuses of 76 days, 3
of 84 days, 2 of 95 days and 2 of 112 days were selected;
in group V, 2 fetuses of 113 days, 3 of 125 days, 3 of 138
days and 2 fetuses of 150 days were chosen. Histological
sections were viewed through a microscope (NIKON
Eclipse 80i) equipped with a digital video camera
(NIKON DXMI200F). Digital images were analyzed
using the Nis-Element 2.30 software package. Variables
studied were height of various tissue strata (epithelium,
lamina propia and submucosa, tunica muscularis and
serosa) and total wall thickness. One hundred
measurements were made in each tissue layer
(epithelium, lamina propria + submucosa, tunica
muscularis and serosa) of each of the selected
individuals from each group.
Statistical analysis

The measurements are expressed in µm and shown
as mean ± SE. Data was subjected to analysis of
variance (ANOVA). Wherever ANOVA revealed
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significant differences, a post-hoc (Tukey) analysis was
carried out to test for significant differences between
tissue strata and groups. A value of P<0.05 was
considered significant.

Tissue growth models were created using Microsoft
Office Excell® (2003) and a statistics program (Statistica
Six Sigma, 2006). Graphs represent the averages of real
growth values together with the adjusted line of
regression. The goodness of fit of this adjustment was
measured using the rate of determination, r2. In all cases,
embryo body length (crown-rump length, in centimeters)
was used as the independent variable; the thickness of
each tissue stratum (epithelium, lamina propia +
submucosa, tunica muscularis and serosa) served as the
dependent variable. 
Immunohistochemical analysis

The UltraVision One HRP polymer (polymer
conjugated to horseradish peroxidase) was performed on
tissue from the reticulum to detect the neuroendocrine
cell marker with synaptophysin (SYP), the glial cell
marker with glial fibrillary acidic protein (GFAP) and
vimentin (VIM) and markers of peptidergic innervation
as neuropetide Y (NPY) and vasoactive intestinal
peptide (VIP). Tissues were deparaffinized and hydrated.
Recovery of antigens was performed in microwave with
buffer citrate solution 0.01 M pH 6, which was heated
for 5 minutes at 800 watts of power. Blocking of
endogenous peroxidase activity was made with 0.5%
hydrogen peroxide for 30 min. Non-specific tissue
binding sites were blocked by incubation in 1% normal
goat serum for 30 min. Samples were incubated with the
following primary antiserum: 1:10 mouse monoclonal
anti-SYP (Thermo Scientific, MA1-35810); ready to use
rabbit polyclonal anti-GFAP (Thermo Scientifc, RB-087-
R7), ready to use mouse monoclonal anti-VIM (Thermo
Scientific, MS-129-R7), 1:50 rabbit polyclonal anti-NPY
(Thermo Scientific, PA1-41576) and 1:50 rabbit
polyclonal anti-VIP (AbD serotec, 9535-0204) for 30
min at room temperature. Sections were finally
incubated with polymer conjugated to horseradish
peroxidase (Thermo Scientific, UltraVision ONE HRP
Polymer, TL-015-PHJ) for 30 minutes at room
temperature and without exposure to light. After that, the
diaminobenzidine was applied in the tissue (Thermo
Scientific, DAB Plus Chromogen TA-001-HCX and
DAB Plus Substrate TA-015-HSX) for 5-15 minutes,
depending on the desired stain intensity. Finally, the
reaction was contrasted with Mayer hematoxylin. The
specificity of the staining reaction was determined in
control experiments involving either substitution of the
primary antibody by PBS or normal goat serum 1:100, or
omission of both primary and secondary antibodies.
Absorption controls were obtained by incubating
sections adjacent to those above with antiserum that
contained 25 µg of Ag/ml of diluted antiserum. No
staining was found in structures on the sections which
served as absorption controls. 

Scanning electron microscopy

Small pieces of reticulum were fixed in 2.5%
buffered glutaraldehyde for 24 hours, dehydrated
through graded ethanol and amyl acetate, and dried in a
critical-point dryer. Sections were covered with coating
materials including gold and examined and
photographed with a Jeol JSM 6300 scanning electron
microscope operating at 30Kv at various tilt angles and
at a magnification of 10 to 800x.
Results

Gross findings

In the earliest embryonic stages, the reticulum was
observed as a rounded cavity lined by a soft and smooth
whitish mucosa (Fig. 1A). At 75 days (50% gestation),
primary reticular crests were visible in the form of small
surface elevations of the mucosa. By 113 days (75%
gestation), clearly-delimited reticular cells gave the
reticular surface an irregular appearance (Fig. 1B).
Reticular histomorphogenesis

Group I (CRL 1.5 to 4.3 cm, 13-38 days, 1-25%
gestation)

The reticulum became apparent as a separate
compartment of the primitive gastric tube at 35 days
(CRL 3 cm, 23% gestation). The reticular wall
comprised an internal epithelial layer and an external
layer of pluripotential blastemic tissue and external
layer, or serosa (Fig. 2A).

The stratified epithelium (358.04±59 µm) was
divided into a darker basal zone composed of germinal
cells with central nuclei, and a lighter external zone
comprising globose cells with apical nuclei. 

The pluripotential blastemic tissue layer (731.11±88
µm) was composed of abundant amorphous ground
substance interspersed with star-shaped mesenchymal
cells.

The reticular wall was lined by an external serosa
(107.64±12.91 µm) comprising a layer of submesothelial
loose connective tissue covered by a mesothelium
composed of flat cells.

Group II (CRL 4.4 to 8 cm, 39-52 days, 25-35%
gestation)

This stage of prenatal development was marked by
histological changes affecting each stratum of the
reticular wall. 

The stratified epithelium (487.32±56 µm) was
clearly divided into a stratum basale formed by 3 layers
of germinal cells with basophilic cytoplasm and a central
nucleus, and a thicker stratum granulosum in contact
with the reticular lumen and comprising 6-8 layers of
globose cells with light cytoplasm (Fig. 2B).
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Pluripotential blastemic tissue (467.54±16.53 µm)
was composed of amorphous ground substance
interspersed with abundant fibroblast-like mesenchymal
cells. The appearance of fibroblasts led to the
differentiation of this tissue into lamina propria and
submucosa at 50 days (CRL 7.7 cm, 33% gestation).

By this stage, the tunica muscularis was
distinguishable from pluripotential blastemic tissue, in
the form of a layer of longitudinally-arranged myoblasts
(Fig. 2B).

The serosa (119.79±22 µm) comprised a subserosa
of fibrous loose connective tissue underlying a
mesothelial layer of flat cells. 

Group III (CRL 9 to 17.5 cm, 53-75 days, 35-50%
gestation)

At 53 days (CRL 9 cm, 35% gestation), the reticular
wall was formed by four distinct tissue layers:
epithelium, lamina propria + submucosa, tunica

muscularis and serosa (Fig. 2C). 
The stratified epithelium (583.17±68.79 µm) was

still divided into two layers, the stratum basale and
stratum granulosum, with morphological features similar
to those observed at the earlier stage, although thicker -
particularly in the case of the stratum granulosum.

The lamina propria and submucosa (252.21±53.25
µm) were composed of abundant cell elements,
including fibroblasts, collagen fibers and reticulin fibers
interspersed with sparse ground substance. 

The tunica muscularis (413.94±31 µm) was formed
by two layers: an internal layer of obliquely-arranged
smooth muscle fibers and an external layer of
longitudinally-arranged muscle fibers. 

At 59 days (CRL 10 cm, 38% gestation) primitive
primary reticular crests were visible as small protrusions
from the epithelial stratum basale (Fig. 2C). By 64 days
(CRL 13.5 cm, 43% gestation), crests were increasingly
prominent and more regularly spaced over the
epithelium (Fig. 2D).
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Fig. 1. Gross anatomy of the reticular mucosa. A. Photograph of reticular mucosa (39 days, 25% gestation). Reticular mucosa was observed as a
smooth surface. B. Photograph of reticular mucosa (113 days, 75% gestation). Reticular cells were visible and completely formed. Corneum papillae
within reticular cells.

Fig. 2. Histomorphogenesis of goat reticular wall (35 to 150 days, 23-100% gestation). A. Photomicrograph of section of the differentiated reticulum (35
days, 23% gestation). Two layers of reticular wall were visible: epithelium (E) and pluripotential blastemic tissue (PBT). H-E. B. Photomicrograph of
section of reticular wall (50 days, 33% gestation). The wall is composed of three layers: epithelium (E), pluripotential blastemic tissue (PBT) with
spindle-shaped myoblastic cells (arrow) and serosa (S). Epithelial layer composed of stratum basale (Eb) and stratum granulosum (Eg). H-E. 
C. Photomicrograph of section of reticular wall (59 days, 40% gestation). The wall comprises four layers: epithelium (E) with stratum basale (Eb) and
stratum granulosum (Eg), lamina propria and submucosa (Lp+Sb), tunica muscularis (TM), and serosa (S). Primary reticular crests (Cr1) visible as
evaginations of the epithelial stratum basale. H-E. D. Photomicrograph of section of reticular wall (64 days, 43% gestation). Growth of the primary crest
(Cr1) involving the lamina propria (Lp + Sb). Tunica muscularis (TM) formed by an internal bundle of obliquely-arranged muscle fibers and an external
bundle of longitudinal fibers. H-E. E. Photomicrograph of section of reticulum wall (87 days, 61% gestation). Corneum papillae (PC) visible in primary
reticular crests (Cr1). H-E. F. Photomicrograph of section of reticulum wall (101 days, 67% gestation). Primary (Cr1) and secondary crests (Cr2) visible.
Fusion of reticular crests to form reticular cells (RC). Presence of the muscularis mucosae (Mm) in the primary reticular crest. Tunica muscularis visible
(TM), formed by two smooth muscle fiber bundles and the serosa (S) H-E. G. Photomicrograph of section of reticular wall (113 days, 75% gestation).
Wall formed by epithelium (E), lamina propria and submucosa (Lp+Sb), tunica muscularis (TM); primary (Cr1) and secondary crests (Cr2) visible.
Muscularis mucosae (Mm) visible within primary crests (Cr1). H-E. H. Photomicrograph of a transversal section of reticulum wall (150 days, 100%
gestation). Fully-formed reticular cells visible (RC). H-E. Scale Bars: A-C, G, H, 30 µm; D-F, 25 µm.
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Group IV (CRL 18 to 32 cm, 76-112 days, 50-75%
gestation)

Mid-way through the gestation period, the
histological structure of the reticular wall was broadly
similar to that of earlier stages, although some

differences were apparent.
The epithelium (1125.27±20.93 µm) now comprised

four layers: a stratum basale underlying a stratum
granulosum, as noted earlier, together with an overyling
stratum spinosum composed of condensed cells with
dark cytoplasm, and finally the outermost stratum
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Fig 3. Mathematical models of prenatal growth of reticular wall tissue layers in goats: y = thickness of each tissue layer (micrometers); x = crown-rump
length (centimeters) and r2 = linear coefficient of determination. A. Mathematical model of epithelium growth. B. Mathematical model of lamina propria
and submucosa growth. C. Mathematical model of tunica muscularis growth. D. Mathematical model of serosa growth.

Fig. 4. Immunohistochemical findings in goat reticulum during prenatal development. A. Photomicrograph of section of reticulum wall (53 days, 35%
gestation). SYP-stained cells in tunica muscularis and serosa (arrow) and a low inmunoreactivity in lamina propria+submucosa. HRP. 
B. Photomicrograph of section of reticulum wall (75 days, 50% gestation). SYP-stained cells in lamina propria + submucosa, tunica muscularis and
myenteric plexus (arrow) and a low immunoreactivity in lamina propia + submucosa. HRP. C. Photomicrograph of section of reticulum wall (64 days,
43% gestation). GFAP-stained glial cells in lamina propria + submucosa, tunica muscularis and myenteric and submucosal plexuses (arrows) and a low
inmunoreactivity in lamina propria+submucosa. HRP. D. Photomicrograph of section of reticulum wall (113 days, 75% gestation). GFAP-stained glial
cells in tunica muscularis and myenteric plexus (arrows) and low immunoreactivity in lamina propria+submucosa. HRP. E. Photomicrograph of section
of reticulum wall (38 days, 25% gestation). VIM-stained glial cells in mesenchymal layer of pluripotential blastemic tissue and serosa. HRP. 
F. Photomicrograph of section of reticulum wall (113 days, 75% gestation). VIM-stained glial cells in myenteric and submucosal plexuses, tunica
muscularis and perivascular connective tissue (arrow). HRP. G. Photomicrograph of section of reticulum wall (75 days, 50% gestation). NPY- stained
cells in lamina propria + submucosa and myenteric plexus (arrows). HRP. H. Photomicrograph of section of reticulum wall (75 days, 50% gestation).
VIP-stained cells in lamina propria + submucosa (small arrows), tunica muscularis and myenteric plexus (arrow). HRP. Scale Bars: A, E, G, 20 µm; B,
H, 25 µm; C, D, F, 30 µm.
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Fig. 5. Scanning electron microscopy of the goat reticulum (38 to 150 days, 25-100% gestation). A. Photomicrograph of section of reticulum wall (38
days, 25% gestation). Smooth surface displaying no evidence of keratinisation or desquamation. SEM. B. Photomicrograph of section of reticulum wall
(64 days, 43% gestation). First primary reticular crests (Cr1) protruding from the surface. SEM. C. Photomicrograph of section of reticulum wall (75
days, 50% gestation). Primary reticular crests (Cr1) growing from surface. SEM. D. Photomicrograph of section of reticulum wall (113 days, 75%
gestation). Corneum papillae (PC) and muscularis mucosae (Mm) visible in the primary reticular crests (Cr1). SEM. E. Photomicrograph of section of
reticulum wall (120 days, 80% gestation). Fusion of primary reticular crests (Cr1) to form reticular cell. SEM. F. Photomicrograph of section of reticulum
wall (150 days, 100% gestation). Fully-formed reticular cells (RC) and presence of desquamation in the corneum papillae (PC). SEM. Scale Bars: A, 8
µm; B, C, 6 µm; D, 4 µm; E, F, 2 µm.



corneum, formed by flat, anucleated cells.
The increasingly-prominent primary reticular crests

continued to grow towards the reticular lumen. Since
crest growth involved the lamina propria but not the
submucosa (Fig. 2E), a spatial separation was apparent
between the two layers (255.38±µm). The lamina
propria was thinner, and contained a greater number of
fibroblast-like cells, than the submucosa.

The tunica muscularis (876.19±12.22 µm)
comprised two full-developed fiber layers; a
longitudinally-arranged external layer and a slanting
internal layer.

At 87 days (CRL 22 cm, 61% gestation), the lateral
surface of primary reticular crests was studded with
small corneum papillae, formed from epithelial stratum
basale germinal cells (Fig. 2E). At 101 days (CRL 27.5
cm, 67% gestation), secondary reticular crests were -
like their primary counterparts - visible as evaginations
of the stratum basale, though never attaining the same
height as primary crests (Fig. 2F). At this stage, a layer
of smooth muscle fibers was observed in the uppermost
area of primary reticular crests, to form the muscularis
mucosae. 

Group V (CRL 33 to 47 cm, 113-150 days, 75-100%
gestation)

At 113 days (CRL 33 cm, 75% gestation), all tissue

layers were evident in the reticular wall. The stratified
epithelium (2015.92±40 µm) was composed of four
fully-developed strata, in order outwards to the lumen:
basale, granulosum, spinosum and corneum (Fig. 2G). 

The skeleton of primary and secondary reticular
crests, and of corneum papillae, was formed by the
lamina propria, comprising fibroblasts and collagen
fibers and containing abundant blood vessels. The
submucosa was composed of sparse spindle-shaped and
star-shaped cells interspersed among abundant
amorphous ground substance. The two layers had a joint
thickness of 480.68±37.63 µm. The fully-developed
muscularis mucosae occupied the upper area of primary
reticular crests. By the end of gestation, the muscularis
mucosae was visible as a band of muscle tissue joining
one crest to another to form a continuous layer of muscle
tissue. 

The tunica muscularis (1255.86±83.94 µm)
comprised two layers of smooth muscle fibers, identical
in arrangement and morphological features to those
observed at earlier stages. 

Reticular crests displayed two growth patterns in
forming reticular cells, growing longitudinally from the
stratum basale towards the epithelial surface in order to
lengthen crests, and transversally (horizontally) to fuse
adjacent crests (Fig. 2H). By the end of gestation, the
reticular wall was composed of fully-developed reticular
cells. 
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Table 1. Thickness of the tissue layer in the reticulum of goat during prenatal development (µm). 

Group I Group II Group III Group IV Group V

E 368.53±5 442.35±8a 564.12±13a 1228.28±21a 2338.12±33a

Lp + Sb pbt* pbt 263.33±14 343.67±24b 578.86±37b

TM pbt pbt 484.77±22 1119.23±27b 1664.12±41b

S 111.31±6c 115.29±12c 95.44±13c 107.92±8c 181.36±7

Group I (1.5-4.3 cm CRL, 26-38 days: 1-25% gestation); Group II (4.4-8 cm CRL, 39-52 days: 25-35% gestation); Group III (9-17.5 cm CRL, 53-75
days: 35-50% gestation); Group IV (18-32 cm CRL, 76-112 days: 50-75% gestation); Group V (33-47 cm CRL, 113-150 days: 75-100% gestation). E:
Epithelium; Lp + Sb: Lamina propria and submucosa; TM: Tunica muscularis; S: Serosa; pbt: pluripotential blastic tissue. *: The pluripotential blastic
tissue, which will later give rise to the lamina propria+submucosa and tunica muscularis; were not statistically compared owing to the fact that one
structure will give rise to various others. a: P<0.005 vs Group I; b: P<0.005 vs Group III; c: P<0.005 vs Group V.

Table 2. Immunohistochemical findings in the reticulum of goat during prenatal development.

Group I Group II Group III Group IV Group V
E Lp+Sb TM S E Lp+Sb TM S E Lp+Sb TM S E Lp+Sb TM S E Lp+Sb TM S

SYP - - - - - - - - - ++ ++ + - ++ ++ + - +++ +++ +
GFAP - - - - - - - - - + + + - ++ ++ + - ++ ++ +
VIM - + + + - + + + - ‘+ + + - ++ ++ ++ - +++ +++ +++
VIP - - - - - - - - - - - - - + + + - ++ + +
NPY - - - - - - - - - - - - - + + + - ++ + +

Group I (1.5-4.3 cm CRL, 26-38 days: 1-25% gestation); Group II (4.4-8 cm CRL, 39-52 days: 25-35% gestation), Group III (9-17.5 cm CRL, 53-75
days: 25-35% gestation), Group IV (18-32 cm CRL, 76-112 days: 50-75% gestation); Group V (33-47 cm CRL, 113-150 days: 75-100% gestation). E:
Epithelium, Lp + Sb: Lamina propia and submucosa, TM: Tunica muscularis, S: Serosa. SYP: synaptophysin, GFAP: glial fibrillary acid protein, VIM:
vimentin, VIP: vasoactive intestinal peptide, NPY: neuropeptide Y. -, non immunoreactivity; +, low immunoreactivity; ++, moderate immunoreactivity;
+++, high immunoreactivity.



The external serosa (177.02±8 µm) was formed by a
subserosa of fibrous loose connective tissue covered by a
mesothelial layer of flat cells, characteristic similar to
early prenatal development stages.
Morphometric observations

Changes in the thickness of reticular wall tissue
layers during prenatal development are shown in Table 1.

Mean epithelial growth in group I was significantly
lower than in groups II to V (P=0.003). Growth of the
lamina propria and submucosa in group III differed
significantly from that observed in groups IV and V
(P=0.004). Tunica muscularis thickness in group III was
also significantly different from that recorded in groups
IV and V (P=0.002). The serosa was thicker in group V
than in groups I to IV (P=0.004).

Mathematical growth models were constructed for
each tissue stratum, with the corresponding growth
equations and correlation coefficients. The epithelial
layer grew progressively throughout prenatal
development, due to the formation of the four epithelial
strata: basale, granulosum, espinosum, and corneum
(Fig. 3A). The growth rate of the lamina propria and
submucosa declined from differentiation until 20 cm
CRL (81 days, 54% gestation); thereafter, growth
increased due to the involvement of these layers in the
formation of reticular crests (Fig. 3B). The tunica
muscularis grew progressively throughout prenatal
development. The greatest thickness of the tunica
muscularis was reached at 30 cm CRL (104 days, 69%
gestation) with the development of its two muscle-fiber
layers (Fig. 3C). The growth rate of the serosa
diminished steadily from the early stages, but from 30
cm CRL (104 days, 69% gestation) increased
progressively (Fig. 3D).
Immunohistochemical observations

The results of immunohistochemical staining of the
reticulum for synaptophysin (SPY), glial fibrillary acidic
protein (GFAP), vimentin (VIM), neuropeptide Y (NPY)
and vasoactive intestinal polypeptide (VIP) during
prenatal development are shown in Table 2. 

Neuroendocrine cells were first detected by SYP
staining at 53 days (CRL 9 cm, 35% gestation), in the
lamina propria, submucosa, tunica muscularis and serosa
(Fig. 4A). At 75 days (CRL 17.5 cm, 50% gestation),
positive-staining cells were additionally detected in
myenteric plexuses (Fig. 4B). 

Glial cells staining positive to GFAP were first
observed at 64 days (CRL 13.5 cm, 43% gestation) in
myenteric and submucosal plexuses, and scattered
throughout the lamina propria, submucosa, tunica
muscularis and serosa (Fig. 4C); they were more
abundant at these locations by 113 days (CRL 33 cm,
75% gestation; Fig. 4D). VIM-positive glial cells were
observed at 38 days (CRL 4.3 cm, 25% gestation) in
pluripotential bastemic tissue and serosa (Fig. 4E). By

113 days (CRL 33 cm, 75% gestation), they were also
detected in myenteric and submucosal plexuses, and
scattered throughout the lamina propria, tunica
muscularis and perivascular connective tissue (Fig. 4F). 

The peptidergic innervation markers NPY and VIP
were detected at 76 days (CRL 18 cm, 50% gestation) in
the lamina propria, submucosa, tunica muscularis, serosa
and myenteric plexuses (Fig. 4G,H). 
Scanning electron microscopy

During the early embryonic stages (38 days, CRL
4.3. cm, 25% gestation) the reticular wall was visible as
a smooth surface displaying no evidence of
keratinization or desquamation. Cells were clearly
visible and well defined (Fig. 5A). 

Primary reticular crests were first observed at 64
days (CRL 13.5 cm, 43% gestation) in the form of small
elevations of the reticular wall mucosa (Fig. 5B). At 75
days (CRL 17.5 cm, 50% gestation), crests displayed
greater development (Fig. 5C).

By 113 days (CRL 33 cm, 75% gestation) incipient
corneum papillae were observed as small protuberances
on reticular crest surfaces (Fig. 5D). 

Secondary reticular crests were visible at 120 days
(CRL 35 cm, 80% gestation); they were smaller than
primary crests (Fig. 5E).

By 150 days (CRL 47 cm, 100% gestation), the
reticular wall was composed of fully-developed reticular
cells formed by primary and secondary crests, and
corneum papillae of varying sizes (Fig. 5F). 
Discussion

Differentiation of the goat reticulum from the
primitive gastric tube took place at 35 days (23%
gestation), i.e. at the same stage as that of the rumen
(García et al., 2012). This is somewhat later than the 28
days (19% gestation) reported by Molinari and Jorquera
(1988), and the 15 days (10% gestation) recorded by
Mutoh and Wakuri (1989). Reticulum differentiation in
sheep takes place at a similar stage, being reported at 33
days (22% gestation) by both Del Rio Ortega (1973) and
Franco et al., (1993c). In cattle, it occurs rather earlier,
Vivo et al., (1990) reporting differentiation at 30 days
(11% gestation), while in deer it has been observed at 67
days (25% gestation) by Franco et al., (2004b), i.e. at a
similar stage to that recorded in goats. 

Differentiation of the embryonic stratified reticular
epithelium into stratum basale and stratum granulosum
was observed at 53 days (35% gestation). These two
strata have also been detected at this stage of
development in the goat rumen (García et al., 2012).
Similar findings have also been reported at 35%
gestation in sheep (Franco et al., 1992, 1993c). By
contrast, the appearance of these two epithelial strata in
deer has been recorded at the earlier stage of 67 days
(25% gestation) by Franco et al., (2004b). Stratification
of the epithelium concluded with the differentiation of
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the stratum spinosum and the stratum corneum at 75
days (50% gestation). Presence of all four strata has been
reported in deer at 142 days, i.e. also at 50% gestation
(Franco et al., 2004b). According to Franco et al.,
(1993c), full differentiation of epithelial strata in sheep
takes place at 83 days (55% gestation), although Del Rio
Ortega (1973) recorded it considerably earlier, at 57 days
(38% gestation), while Wardrop (1961) reported it at
birth. The present findings contrast with those of
Molinari and Jorquera (1988), who noted the presence of
all four strata in the goat reticulum only at a later stage
(104 days). 

Primary reticular crests, the first stage in the
differentiation of reticular cells, were first observed at 59
days (38% gestation) as small surface elevations of the
epithelial stratum basale. Primary crests have been
recorded in deer at 117 days (40% gestation) by Franco
et al. (2004b). Again, the present findings differ from
those reported in goats by Molinari and Jorquera (1988),
who noted the first appearance of primary reticular crests
at a later stage of between 70 and 100 days’ gestation. In
the sheep reticulum, primary crests have been observed
by Del Rio Ortega (1973), Fath El-Bab et al., (1983) and
Franco et al., (1993c) at 72 days (48% gestation), 95
days (63% gestation) and 69 days (45% gestation),
respectively. In buffalo, primary crests were first
observed at 70 days/22% gestation by Panchamuki and
Serivastava (1980), and at 200 days/62% gestation by
Osman and Berg (1981). 

Secondary reticular crests appeared at 87 days (58%
gestation). Franco et al., (2004b) report their presence in
deer at a similar stage (142 days 50% gestation). In
sheep, both Del Rio Ortega (1973) and Franco et al.,
(1993c) observed secondary crests at 82 days (55%
gestation), while Fath El-Bab et al., (1983) reported
them at a later stage (70% gestation). The present
findings contrast from those reported in goats by
Molinari and Jorquera (1988), who observed secondary
reticular crests only at 69% gestation. In buffalo, they
appear earlier than in goats, at 40% gestation
(Panchamuchi and Serivastava, 1980). 

By 101 days (64% gestation) corneum papillae were
visible as elevations of the epithelial stratum basale on
the lateral surface of primary reticular crests; similar
findings have been reported in deer at 142 days/50%
gestation (Franco et al., 2004b). Papillae have been
observed in sheep at 63% gestation (Fath El-Bab et al.,
1983), although Franco et al., (1993a-c) recorded them
only at a later stage of 55% gestation, while Del Rio
Ortega (1973) reported their appearance only at birth.
Other studies in goats report conflicting results:
Ramkrishna and Tiwari (1979) observed papillae at an
earlier stage (11.5 cm, 44% gestation), while Molinari
and Jorquera (1988) detected them only close to birth. 

The muscularis mucosae was first observed in the
upper area of primary reticular crests at 101 days (67%
gestation), deriving from the inner smooth muscle fiber
layer of the tunica muscularis. In other ruminant species,
it appears at a slightly later stage: 113 days/75%

gestation in sheep (Franco et al., 1993c), and 205
days/75% gestation in deer (Franco et al., 2004b); in
both cases, it derives from the internal bundle of the
tunica muscularis.

Differentiation of the lamina propria and submucosa
from pluripotential blastemic tissue took place at 50 days
(33% gestation), as also reported for the goat rumen
(García et al., 2012). No spatial separation was observed
between the two tissue layers, but a difference in genesis
was apparent due to the involvement of the lamina
propria in the formation of reticular crests.

Differentation of the tunica muscularis - formed by 2
or 3 layers of myoblasts - from pluripotential blastemic
tissue was observed at 50 days (33% gestation). By 60
days (40% gestation), the tunica muscularis comprised
two muscle fiber layers; an internal obliquely-arranged
layer and an external longitudinal layer. Similar findings
have been reported for sheep at 50 days (33% gestation)
by Del Rio Ortega (1973), although both Duncan and
Phillipson (1955) and Franco et al., (1993c) recorded
tunica muscularis differentiation at 34 and 33 days of
gestation, respectively. Franco et al., (2004b) observed a
primitive tunica muscularis in deer at an earlier stage of
67 days (25% gestation). 

The serosa, formed by a subserosa of loose
connective tissue and an overlying mesothelium, was
histologically similar to that reported in the goat rumen
by Garcia et al. (2012). 

Neuroendocrine (SYP-positive) cells were detected
at 53 days (35% gestation) in lamina propria,
submucosa, tunica muscularis, serosa and myenteric
plexuses, as also reported for the goat rumen (García et
al., 2012). These cells were also observed at 97 days
(35% gestation) in deer, but were detected at a later stage
of 81 days/54% gestation in sheep (Franco et al., 2012). 

VIM-positive glial cells were detected at 38 days
(25% gestation) in pluripotential blastemic tissue and
serosa. By 113 days (75% gestation), these cells were
also observed in myenteric and submucosal plexuses,
lamina propria, tunica muscularis and perivascular
tissue. GFAP-positive glial cells were detected in the
same locations but at a later stage of 64 days (43%
gestation). A similar difference in the timing of glial-cell
positivity to these two antibodies has been reported for
the goat rumen (García et al., 2012) and also by Franco
et al., (2012) in a comparative study of reticulum
ontogeny in sheep and deer. The difference confirms that
VIM is an earlier glial-cell marker, a finding reported by
Franco et al., (1997) in a study of the prenatal
development of the sheep pineal gland. Teixeira et al.,
(1998) also detected positive-staining glial cells in
reticular papillae, suggesting that some functions of the
reticular mucosa may be regulated intrinsically by the
submucosal plexuses. 

The peptidergic innervation markers NPY and VIP
were detected at 76 days (50% gestation) in lamina
propria and submucosa, tunica muscularis, serosa and
myenteric plexuses. Similar findings are reported in deer
by Franco et al. (2004b), who detected these markers at
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142 days (50% gestation). VIP has also been observed in
reticular myenteric plexuses in 3-day-old calves
(Kitamura et al., 1986). In goat rumen, by contrast,
García et al. (2012) detected NPY and VIP only at later
stages. NPY and VIP are neuropeptides that act as
putative neurotransmitters in the enteric neurones
(Cooke, 1986; Mawe et al., 1989; Scharrer, 1990) and
they are need in the reticulum motility (Kitamura et al.,
1986; Groenewald, 1994; Münnich et al., 2008). The
presence of these neuropeptides in fetal reticulum
suggests a possible functional role for NPY and VIP
during prenatal life and puts forward the suggestion of
specific motility patterns can be recorded in the
reticulum before birth as reported by Ruckebusch et al.,
(1983).

Under scanning electron microscopy, the reticulum
wall was visible as a smooth surface during the early
stages of prenatal development, a finding also reported
for the goat rumen (García et al., 2012). The primary
reticular crest appeared as protrusions of the mucosa as
observed in histological sections, having a correlation
between histological images and electron microscopy.
However, these primary crests were first observed by
scanning electron microscopy at later ages than for
histological sections. The structures forming reticular
cells and the reticular wall gradually became visible as
gestation advanced, as also observed for the rumen by
García et al., (2012).

Differences in age of appearance of the reticular
structures between ruminant species can originate in
different feeding habits of the different species.
According to their feeding habits, ruminants were
classified into: grazers, concentrate selectors and those
of a intermediate type (Hofmann, 1989). These
differences in feeding habits are reflecting in distinct
anatomical properties of the forestomach. Furthermore,
there is growing appreciation of the influence of diet on
the ontogeny of the gastrointestinal (Newburg and
Walker, 2007), which explains the differences in the
stomach prenatal development of the different species.
The goat was classified as animal of intermediate type
(Hofmann and Schnorr, 1982) and has ability to survive
under adverse foraging conditions. Our results indicate
that prenatal development of the goat reticulum is
similar to the deer. This coincidence can be explained
because both species have a maternal diet similar
(Garcia Gonzalez and Cuartas, 1992). However, the
reticulum of sheep and goat has a later prenatal
development that goat, despite being classified as
grazers (Hofmann, 1989), these animals digest low
quality forage, so you do not need an early development
of forestomach to adapt to the environment.
Acknowledgements. This research was supported by the Extremadura
Regional Government and the European Social Fund, Spain (project
PRE 08055). The authors are grateful to Pilar Parra of the Histology
Section at the Veterinary Faculty of Extremadura for technical
assistance on this project.

References

Brookes S.J. (2001). Classes of enteric nerve cells in the guinea-pig
small intestine. Anat. Rec. 262, 58-70.

Clauss M., Hofmann R.R., Streich W.J., Fickel J. and Hummel J. (2010).
Convergence in the macroscopic anatomy of the reticulum in wild
ruminant species of different feeding types and a new resulting
hypothesis on reticular function. J. Zool. 281, 26-38.

Cooke H.J. (1986). Neurobiology of the intestinal mucosa.
Gastroenterology 90, 1057-1081.

Del Rio Ortega S. (1973). Desarrollo prenatal del estómago de la oveja.
Doctoral thesis. Facultad de Veterinaria. Zaragoza. Spain.

Duncan D.L. and Phillipson A.T. (1955). The development of motor
responses in the stomach of the foetal sheep. J. Exp. Biol. 28, 32-
40.

El-Gendy S.A.A. and Derbalah A. (2010). Macroscopic and microscopic
anatomy of the omasum of the Baladi goat. J. Biol. Sci. 10, 596-607.

Evans H.E. and Sack W.O. (1973). Prenatal development of domestic
and laboratory mammals: Growth curves, external features and
selected references. Anat. Histol. Embryol. 2, 11-45.

Fath El-Bab M.R., Schwart R. and Ali A.M.A. (1983). Micromorpho-
logical studies on the stomach of sheep during prenatal life. Anat.
Histol. Embryol. 12, 139-153.

Franco A., Regodon S., Robina A. and Redondo E. (1992).
Histomorphometric analysis of the rumen of the sheep during
development. Am. J. Vet. Res. 53, 1209-1217.

Franco A., Robina A., Regodon S., Vivo J.M., Masot A.J. and Redondo
E. (1993a). Histomorphometric analysis of the omasum of sheep
during development. Am. J. Vet. Res. 54, 1221-1229.

Franco A., Robina A., Guillen M.T., Mayoral A.I. and Redondo E.
(1993b). Histomorphometric analysis of the abomasum of sheep
during development. Anat. Anz. 175, 119-125.

Franco A., Robina A., Regodon S., Vivo J.M., Masot A.J. and Redondo
E. (1993c). Histomorphometric analysis of the reticulum of the sheep
during development. Histol. Histopathol. 8, 547-556.

Franco A., Regodon S., Masot A.J. and Redondo E. (1997). A combined
immunohistochemical and electron microscopic study of the second
cell type in the developing sheep pineal gland. J. Pineal. Res. 22,
130-136.

Franco A., Masot A.J., Gómez L. and Redondo E. (2004a).
Morphometric and immunohistochemical study of the rumen of red
deer during prenatal development. J. Anat. 204, 501-513.

Franco A., Redondo E. and Masot A.J. (2004b). Morphometric and
immunohistochemical study of the reticulum of red deer during
prenatal development. J. Anat. 205, 277-289.

Franco A., Masot A.J. and Redondo E. (2011). Ontogenesis of the
rumen: a comparative analysis of the merino sheep and Iberian red
deer. Anim. Sci. J. 82, 107-116.

Franco A., Masot A.J., García A. and Redondo E. (2012). Ontogenesis
of the reticulum with special reference to neuroendocrine and glial
cells: a comparative analysis of the Merino sheep and Iberian red
deer. Anat. Histol. Embryol. 41, 362-373.

Garcia A., Masot J., Franco A., Gazquez A. and Redondo E. (2012).
Histomorphometric and immunohistochemical study of the goat
rumen during prenatal development. Anat. Rec. 295, 776-785. 

Garcia-Gonzalez R. and Cuartas P. (1992). Food habits of Capra
pyrenaica, Cervus elaphus and Dama dama in the Cazorla Sierra
(Spain). Mammalia 56, 195-202.

Groenewald H.B. (1994). Neuropeptides in the myenteric ganglia and

1380
Goat reticulum during prenatal development 



nerve fibres of the forestomach and abomasums of grey, white and
black Karakul. Onderstepoort. J. Res. 61, 207-213.

Hofmann R.R. (1973). The ruminant stomach. Stomach structure and
feeding habits of East African game ruminants. East African
Literature Bureau, Nairobi.

Hofmann R. and Schnorr B. (1982). Die funktionelle Morphologie des
wiederkaeuer Magens, Ferdinand Enke Verlag, Stuttgart.

Kitamura N., Yamada J. and Yamashita T. (1986). Immunohisto-
chemical study on the distribution of Neuron-Specific Enolase and
Peptide-Containing nerves in the reticulorumen and the reticular
groove of cattle. J. Comp. Neurol. 248, 223-234.

Lombardi G. (2005). Optimum management and quality pastures for
sheep and goat in mountain areas. Options mediterraneennes,
Series A No. 67, pp. 19-29.

Mathison G.W., Okine E.K., Vaage A.S., Kaske M. and Milligan L.P.
(1995). Current understanding of the contribution of the propulsive
activities in the forestomach to the flow of digesta. In: Ruminant
physiology: digestion, metabolism, growth and reproduction. Von
Engelhardt W., Leonhard-Marek S., Breeves G. and Giesecke D.
(eds). Ferdinand Enke Verlag. Stuttgart. pp 23-41.

Masot A.J., Franco A. and Redondo E. (2007a). Morphometric and
immunohistochemical study of the abomasum of red deer during
prenatal development. J. Anat. 211, 376-386.

Masot A.J., Franco A. and Redondo E. (2007b). Comparative analysis
of the forestomach mucosa in red deer during prenatal development.
Revue. Méd. Vét. 7, 397-409.

Mawe G.W., Schemann M., Wood J.D. and Gehrson M.D. (1989).
Immunocytochemical analysis of potential neurotransmitters present
in the myenteric plexus and muscular layers of the corpus of the
guinea pig stomach. Anat. Rec. 224, 431-442.

McSweeney C.S. (1988). A comparative study of the anatomy of the
omasum in domesticated ruminants. Aust. Vet. J. 65, 205-207.

Molinari E. and Jorquera B. (1988). Intrauterine development stages of
the gastric compartments of the goat (Capra hircus). Anat. Histol.
Embryol. 17, 121-137.

Münnich J., Gäbel G. and Pfannkuche H. (2008). Intrinsic ruminal
innervation in ruminants of different feeding types. J. Anat. 213, 442-
451.

Mutoh K. and Wakuri H. (1989). Early organogenesis of the caprine
stomach. Nippon. Juigaku. Zasshi. 51, 474-484.

Newburg D.S. and Walker W.A. (2007). Protection of the neonate by the
innate immune system of developing gut and of human milk. Pediatr.
Res. 61, 2-8.

Nwaogu C.I. and Ezeasor N.D. (2008). Studies on the development of
omasum in west African dwarf goats (Capra hircus). Vet. Res.
Commun. 32, 543-552.

Okine E.K., Mathison G.W., Kaske M., Kenelly J.J. and Christopherson
R.J. (1998). Current understanding of the role of the reticulum and
reticulo-omasal orifice in the control of digesta passage from the
ruminoreticulum of sheep and cattle. Can. J. Anim. Sci. 78, 15-21.

Osman A.H.R. and Berg R. (1981). Studies on the histogenesis of the
tunica mucosa of the stomach of the Egyptian water buffalo (Bos

bubbalis) 2. Histogenesis of the reticular mucosa. Anat. Anzeiger.
150, 516-520.

Panchamukhi B.G. and Srivastava H.C. (1980). Histogenesis of the
reticulum of the buffalo (Bubbalus bubalis) stomach. Indian. J. Anim.
Sci. 50, 1064-1070.

Pfannkuche H., Schemann M. and Gabel G. (2002). Ruminal muscle of
sheep is innervated by non-polarized pathways of cholinergic and
nitrergic myenteric neurones. Cell. Tissue Res. 309, 347-354.

Ramkrishna V. and Tiwari G.P. (1979). Histological and histochemical
observations on the forestomach of goat during pre-natal life. Acta
Anat. 103, 292-300.

Redondo E., Regodon S., Masot A.J., Franco A. and Lignereux Y.
(1997). The gastrin and CCK cells in the gastrointestinal tract of the
sheep during development. A differential study. Rev. Med. Vet. 6,
511-518.

Redondo E., Franco A. and Masot A.J. (2005). Morphometric and
immunohistochemical study of the omasum of red deer during
prenatal development. J. Anat. 206, 543-555.

Redondo E., Masot A.J., Garcia A. and Franco A. (2011). Ontogenesis
of the omasum: a comparative analysis of the Merino sheep and
Iberian red deer. Histol. Histopathol. 26, 1135-1144.

Regodon S., Franco A., Masot A.J. and Redondo E. (1996). Estudio
ontogénico comparativo de la lámina epitelial de los compartimentos
gástricos no glandulares en ovinos merinos. Anat. Histol. Embryol.
25, 233-241.

Reid C.S.W. (1985). The progress of solid feed residues through the
rumino-reticulum: the ins and outs of particles, in: Ruminants
physiology: concepts and consequences. Baker S.R., Gawthorne
J.M., Mackintosh J.B. and Purser D.B. (eds). University of Western
Australia Press. Perth. pp 79-84.

Relling A.E. and Mattioli G.A. (2002). Fisiologia digestive y metabolica
de los rumiantes. EDUL ed. Universidad Nacional de La Plata.
Buenos Aires.

Ruckebusch Y., Dardillat C. and Guilloteau P. (1983). Development of
digestive functions in the newborn ruminant. Ann. Rec. Vet. 14, 360-
374.

Scharrer B. (1990). The neuropeptide saga. Amer. Zool. 30, 887-895.
Sivachelvan M.N., Ghali Ali M. and Chibuzo G.A. (1996). Foetal age

estimation in sheep and goats. Small Rum. Res. 19, 69-76.
Teixeira A.F., Wedel T., Krammer H.J. and Kuhnel W. (1998). Structural

differences of the enteric nervous system in the cattle forestomach
revealed by whole mount immunohistochemistry. Anat. Anz. 180,
393-400.

Vivo J.M., Robina A., Regodon S., Guillen M.T., Franco A. and Mayoral
A.I. (1990). Histogenetic evolution of bovine gastric compartments
Turing prenatal period. Histol. Histopathol. 5, 461-476.

Wardrop J.D. (1961). Some preliminary observations of the histological
development on the forestomach of the lamb. I. Histological changes
due to age in the period from 46 days of foetal life to 77 days of
postnatal life. J. Agric. Sci. 57, 335-341.

Accepted July 8, 2013

1381
Goat reticulum during prenatal development 


