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Introduction
Goats are the principal domesticated small ruminants in terms of total numbers and 

production of food and fiber products [1]. The development of intestine is important for the 
adult gastroenterologist to appreciate, because of the potential for these early life events to 
affect the responsiveness of the intestine to physiological or pathological challenges in later 
life [2]. Disruption in the development of the hindgut either environmentally or genetically 
can cause many disorders of the rectum and anal canal [3,4]. Moreover, many aspects of adult 
intestinal disease have an underlying developmental basis. The rectum plays a significant role 
in fecal continence and storage [5]. Prenatal development of the rectum has been studied 
in Sheep [6], Pig [7], Buffalo [8] and Camel [9], however very little attention has been paid 
towards systematic approach in goat rectum [10-12]. Besides this, the information collected 
in the present study will also fill the gap in the scientific literature on rectum development in 
goats.

Materials and Methods
The research work was carried out in the Department of Veterinary Anatomy, College 

of Veterinary Science, Mathura, U.P. (India). For this investigation, thirty-six (n=36) goat 
embryos or feti of either sex were collected from the local slaughter house, the Veterinary 
Clinical Complex, and the University Livestock Farm, Mathura. The age of procured fetuses 
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Abstract

The rectal malformations are the most frequent and severe birth defects present in newborn animals. 
Many aspects of adult intestinal disease have an underlying developmental basis. The study was 
conducted to observe the sequential developmental changes of the rectum from its primordial stage 
till parturition. For this purpose, thirty-six (n=36) animals were used. The gross, histological, and 
histochemical examinations were performed on the rectum of the goat. The first morphological evidence 
of the rectum was notified on the 45th day of gestation. The rectal epithelium was transformed from 
stratified to simple columnar at the 75th day of gestation. The presence of rectal pits might be used for 
the identification of different segments of the large intestine in intrauterine life as well as to correlate it 
with pellet morphology in goats. The study uncovered a unique feature, the presence of villi in the rectum 
at 58th and complete degeneration up to150th days of fetal development. Among the connective tissue 
fibers, the reticular fibers appeared earliest followed by collagen and elastic fibers. The rectum showed 
an intense reaction for alkaline phosphatase, PAS, and AMPs.
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was estimated using the formula derived by Singh [13] in goats. 
The formula was 1/3W=0.009 (t-30), where W=body weight (g) of 
fetus and t-age (days) of the fetus. In addition to this, the gestational 
age estimation based on phenotypic characteristics given by Njaa 
[14] in goats was also used in group I embryos or feti. The procured 
animals were divided into 3 groups: group I (0-50 days), group II 
(51-100 days), and group III (101-till term) with 12 feti in each 
group. All procedures were carried out in accordance with the 
protocol approved by the Institutional Animal Ethics Committee 
(IAEC) of DUVASU, Mathura (India). The abdominal cavity was 
opened by giving ventro-abdominal incision and abdominal cavity 
was exposed for morphological observations (through stereozoom 
microscope in group-I). Tissue sample of rectum was collected 
for histological and histochemical procedures and fixed in 10% 
neutral buffered formalin and in cold acetone. The tissues were 
processed in routine paraffin embedding technique [15] and the 
5µm thick sections of tissues were obtained. These tissue sections 
were stained with Haematoxylin and Eosin [15] for general 
histoarchitecture, Masson’s trichrome stain [15] for collagen fibers, 
Gordon and Sweet’s method for reticular fibers [16], and Verhoeff’s 
stain [15] for elastic fibers. Micrometrical measurements were 
recorded with the help of Leica DM 750 computerized image 
analyzer. Each observation was recorded at six different places, 
and their mean, standard error was estimated. These sections 
were also subjected to Polysaccharides-Periodic Acid Schiff ’s 
stain/ PAS stain [15], Acid mucopolysaccharides (AMPS)-Muller’s 
colloidal (hydrous) ferric oxide [15]. The fresh sample was fixed in 
cold acetone at 4 oC for histochemistry for using the Bound Lipids-
Acetone Sudan Black-B method [17] and the Alkaline phosphatase 
enzyme-Modified Gomori method after Fredriksson [17]. The data 
generated by biometrical and micrometrical observations was 

subjected to statistical analysis to see the correlation between the 
various parameters and for the test of significance [18].

Result
Morphological observations

The rectum was differentiated from intestinal tube in group-I. 
The various stages of intestinal differentiation, viz., rotation, 
herniation, coiling, re-entry, and placement was noticed from the 
23rd day to the 45th day of gestation. In 41-day-old feti, the caecal 
buldge demarcated the small and large intestines, while the rectum 
was identified first time by its position in the pelvic cavity at the 
45th day of gestation (Figure 1a). It began ventral to the body of 
the first sacral vertebra and ended at the caudal end of the third 
coccygeal vertebra. A slight curve in the terminal part of the colon 
also demarcated it from the rest of the intestine at the 66th day, 
which became distinct at the 70th day of gestation (Figure 1b & 
1c). On the 138th day of gestation, a distinct peritoneal fold was 
observed; the mesorectum was reflected from the cranial part of 
the rectum to the dorsal pelvic wall, while the caudal part remained 
retroperitoneal. The caudal part of the rectum was greater in 
diameter than the cranial one, termed the ampulla recti. In group 
I, the mucosal surface of the entire rectum was smooth, whereas 
in group II, from the 92nd day of gestation, longitudinal folds were 
observed. On the 115th day of gestation, the transverse fold (rectal 
columns) was also observed. On the 145th day of gestation, irregular 
branching of transverse and longitudinal folds was observed, which 
anastomosed to each other and resulted in the formation of rectal 
pits of various sizes (Figure 1d). Statistical analysis revealed that 
there was a significant increase (p≤0.01) in length and diameter of 
the rectum from group I to group III (0.43±0.019x0.04±0.002cm to 
4.51±0.60 x 0.839±0.149cm).

Figure 1: Photographs of 45 day (Figure 1a), 66 day (Figure 1b), 70 day (Figure 1c)145 day (Figure 1d) old goat 
foetus showing descending duodenum (Dd), ascending duodenum (Da), caudal flexure (F), jejunum (J), ileum (I), 

caecum (C), descending colon (Co), rectum (R), curve (Cu) between colon and rectum, gubernaculum testis (Gt), anus 
(A), kidney (K) and left and right testis (Tl and Tr), longitudinal fold (L),transverse fold (T) and rectal pits (P).



3

Open Acc Res Anatomy       Copyright © Abhinov Verma

OARA.MS.ID.000554. 3(1).2025

Histological and histochemical observations

The detailed microscopic examinations revealed that the 
rectum showed certain key developmental features from early to 
late gestation. These events include differentiation of various tunics 

along with villi (formation and degeneration), goblet cells, intestinal 
glands, Gut-Associated Lymphoid Tissue (GALT), and the Enteric 
Nervous System (ENS). The wall of the rectum was composed of 
lamina epithelialis, propria submucosa, tunica muscularis, and 
tunica serosa at the 45th day of gestation (Figures 2-6).

Figure 2: Photomicrograph of 45 day (2a,2b), 50 day (2c), 58 day (2d) old goat foetal rectum showing the lumen (L), 
epithelium (E), basement membrane (B), propria submucosa (Ps), tunica muscularis (Tm) and tunica serosa (Ts), 
fibroblast cells (Fb), mesenchymal cells (Mc), luminal border (Lb), previllous ridge (Pr), villi (V), goblet cell (G), core 

of villi (Cv), blood vessels (Bv), superficial zone (S), deep zone (D) of propria submucosa, inner circular (C) and outer 
longitudinal (L) smooth muscle layers, connective tissue (Ct) in between muscle layers.

Figure 3: Photomicrograph of 70 day (3a), 75 day (3b), 80 day (3c) and 104 day (3d) old goat foetal rectum showing 
villi epithelium (E), core of villi (Cv), intraepithelial lymphocyte (Ly), supranuclear vacuolation (S) and cytoplasmic 

projections (Cp), villi (V), degeneration of villi (Vd), branching of villi (Vr), intestinal gland (Ig), branching of intestinal 
gland (Ib), intraepithelial lymphocytes in glandular epithelium (Ly) and propria submucosa (Ps), arteriol (A), vein (V) 

and arterial venous anastomosis (Av).
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Figure 4: Photomicrograph of 107 day (4a), 127 day (4b), 138 day (4c,4d) old goat foetal rectum showing, intestinal 
gland (Ig), propria submucosa (Ps), ganglionic cell (Ga), inner circular (C) and outer longitudinal (L) smooth muscle 
layers and myenteric plexus (Mp) and nerve in tunica serosa (N), lymph nodule (Ln) and lymphoglandular complex 

(LC) lamina muscularis (Lm), anorectal junction (Aj), simple columnar epithelium (Ec), stratified squamous 
epithelium (Es).

Figure 5: Photomicrograph of 150 day (5a,5d), 115 day (5b), 127 day (5c), old goat foetal rectum showing rectal 
patches (Rp), lamina muscularis (Lm), inner circular (C) and outer longitudinal (L) smooth muscle layer, reticular 

fibers (Fr) in core of villi (Cv), propria submucosa (Ps) tunica muscularis (Tm) and Tunica serosa (Ts), collagen fibers 
(Fc) around artery (A) and internal elastic lamina (Ie) with in artery, elastic fibers (Fe) in artery (A).
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Figure 6: Photomicrograph of section of 97 day (6a, 6b),45 day (6c), 150 day (6d) old goat foetal rectum showing 
histochemical reactions for PAS, AMPs, bound lipids and alkaline phosphatase enzyme, respectively in luminal 

border (Lb), surface epithelium (E), goblet cell of villi epithelium (G) and intestinal glands (Ig), propria submucosa 
(Ps), tunica muscularis (Tm) and in tunica serosa (Ts).

Lamina epithelialis

The rectal epithelium was stratified columnar up to 48th day 
of gestation, predominately pseudostratified columnar on the 50th 
day, and became simple columnar from the 75th day of gestation 
onwards (Figures 2a-2c & 3b). The junction of the rectum and anus 
was clearly differentiated by the transformation of simple columnar 
epithelium into stratified squamous non-keratinized epithelium at 
the 115th day of gestation (Figure 4d). The luminal border of the 
cell showed a mild reaction for PAS, AMP, bound lipid, and alkaline 
phosphatase in group I as age advanced, these reactions became 
intense (Figure 6), (Table 1). One to two layers of fibroblasts were 
noticed just below the epithelium (Figure 2a & 2b). In group II, 
the epithelium was pseudostratified columnar with patches of 
simple columnar type at the 58th day of gestation (Figure 2d). The 
supranuclear and intranuclear vacuolations were noticed with a 
dominance of supranuclear vacuolations (Figure 3a). The luminal 
border was thick, highly eosinophilic, and showed filamentous 
cytolpasmic projections (Figure 3a). From the 75th day of gestation 
onward, simple columnar epithelium was noticed (Figure 3b). 
The basement membrane was distinct, continuous, and lightly 
eosinophilic in group I, which became highly eosinophilic at the 66th 
day, was interrupted at the 70th day, and became indistinct from the 
72nd day of gestation onwards. The first evidence of gut-associated 
diffused lymphoid tissue (GALT) in the form of interepithelial 
lymphocytes was encountered on the 92nd day of gestation, which 
was more numerous in group III (Figure 4b). The average height of 
the epithelium in groups I, II, and III was 44.66±6.92, 40.77±1.76, 

and 26.11±2.23µm, respectively.

Villi

A novel observation revealed the morphogenesis and 
degeneration of villi in the rectum during prenatal life. The rectum 
showed epithelial invagination, with the previllous ridges at the 50th 
day of gestation, which got differentiated into villi at the 58th day of 
gestation (Figure 2c & 2d). The villi were cone, club, leaf, and tree-
shaped in group II, and leaf and cone-shaped in group III (Figure 
2d & 3b). The core of the villi was comprised of densely packed 
mesenchymal cells, fibroblasts, microvasculature, and lymphocytes 
(Figure 2d). To support the core structures, the thin reticular fibers 
were observed on the 92nd day, which got converted into rete like on 
the 104th day of gestation (Figure 5c). The villi degeneration started 
at the 75th day of gestation as cone-shaped villi got transformed into 
club-shaped by the process of cell vacuolation and degeneration 
and almost disappeared at the 150th day of gestation (Figure 3b).

Goblet cells

The goblet cells were encountered on the 58th day of gestation 
in the form of cup- shaped cells, which had their nuclei towards 
the base, and the cytoplasm was lightly eosinophilic at this stage 
(Figure 2d). In Group-I and up to the 68th day in Group-II, goblet 
cells are located chiefly towards the base of villi while concentrated 
more towards the sides and tip of villi from the 70th day of gestation 
onwards. These cells showed a moderate to intense reaction for PAS 
and AMPs in groups II and III (Figure 6a & 6b), (Table 1).
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Table 1: Histochemical reactions in rectum of prenatal goat at various stages of gestation.

Group Characters
Cytoplasmic Characters Nuclear 

Character

PAS AMP LIPID AKP ACP Feulgen 
Reaction

I (0-50 days of 
gestation)

Epithelium

Basal cell + - - to + - to + - + to 3+

Superficial cell 2+to 3+ - - to + - to + - + to 3+

Luminal 
border 3+ - + to 2+ + - -

Propria- 
submucosa

Connective 
tissue - + - to + - to + - 2+

Blood vessels + - - to + + - - +

Nerve cells - - - - - +

Tunica 
muscularis

Inner circular 
layer + - 2+ to 3+ + - + to 2+

Connective 
tissue + - + - - +

Outer 
longitudinal 

layer
+ - - +  + to 2+

Blood vessels + + + - to + - +

Nerve cells - - - - - +

Tunica serosa

Mesothelium + + + to 3+ + to 2+ - to + + to 3+

Connective 
tissue + - 2+ + to 2+ - +

Blood vessels + + 2+ + - + to 2+

Nerve cells - - - - - +

(51-100 days 
of gestation)

Epithelium

Columnar 
cells 2+ to 3+ - to + - to + - to + - to + 2+

Luminal 
border + to 2+ + to 2+ 2+ to 3+ + + to 2+ -

Goblet cells 2+ to 3+ 2+ to 3+ - - - to +* 2+

Propria – 
submucosa

I.G. epithelial 
cell 2+ - to + 2+ to 3+ + - to + + to 2+

I.G. goblet 
cells 2+ to 3+ + to 3+ - - - to +* 2+ to 3+

Connective 
tissue +to 2+ + 2+ - to + - 2+

Blood vessels + to 2+ - to + 3+ - to + + to 2+ 2+

Nerve cells - to + - 2+ - - to + + to 2+

Tunica 
muscularis

Inner circular 
layer + to 2+ - 2+ + - 2+ to 3+

Connective 
tissue - - + - - + to 2+

Outer 
longitudinal 

layer
+2t0o 2+ - 3+ 2+ - + to 2+

Blood vessels - to + - to + 2+ - to + + + to 2+

Nerve cells - to + - to + + - + + to 2+

Tunica serosa

Mesothelium + + + to 2+ + to 2+ 2+ to 3+ + to 3+

Connective 
tissue - to + - + - - + to 2+

Blood vessels - to 2+ - to + 3+ + to 2+ + + to 3+

Nerve cells - to + - 2+ to 3+ - to + + + to 2+
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Group III 
(101 days of  
gestation to 

till term)

Epithelium

Columnar cell + to 2+ - to + 3+ - to + - to + 2+ to 3+

Luminal 
border 3+ to 4+ 2+ to 4+ 3+ to 4+ 2+ to 3+ + to 3+ -

Goblet cells 2+ to 3+ 2+ to 3+ - + to 2+ - to 2+* 2+ to 3+

Propria – 
submucosa

I.G. epithelial 
cell 2+ to 3+ + 3+ to 4+ 2+ to 3+ - to + 2+ to 3+

I.G. goblet 
cells 3+ to 4+ 2+ to 3+ - + +* 2+ to 3+

Connective 
tissue + to 2+ + 2+ - to + - to + 2+

Blood vessels + to 2+ + to 2+ 3+ to 4+ + to 2+ + to 2+ 2+

Nerve cells + to 2+ - 2+ to 3+ + to 2+ - 2+ to 3+

Tunica 
muscularis

Inner circular 
layer 2+ to 3+ - 3+ 2+ to 3+ - 2+ to 3+

Connective 
tissue + - 2+ - - 2+ to 3+

Outer 
longitudinal 

layer
+ to 3+ - 4+ 2+ - 2+

Blood vessels + to 2+ - 3+ + to 2+ + + to 2+

Nerve cells + to 2+ - 3+ - + 2+ to 3+

Tunica serosa

Mesothelium + to 2+ + 2+ to 3+ + to 3+ 2+ to 3+ 2+ to 3+

Connective 
tissue 2+ - to + 2+ - to + - 2+ to 3+

Blood vessels + to 3+ + to 2+ 3+ to 4+ + to 3+ + to 2+ 2+

Nerve cells + to 2+ - to + 2+ to 3+ + to 2+ + to 2+ 2+ to 3+

-Negative, +Mild, 2+Moderate, 3+Intense, 4+highly Intense, *only in cell boundaries, I.G.= intestinal glands.

Intestinal glands/Crypts

The crypts were developed as an invagination of the surface 
epithelium into the underlying lamina propria submucosa at 
the 66th day of gestation (Figure 3b). Differentiating crypts were 
knob-like with pseudostratified types of epithelium. The goblet 
cells, intraepithelial lymphocytes, and undifferentiated cells were 
compartmentalized in the glandular epithelium (Figure 4b). The 
goblet cells exhibited moderate to intense PAS and AMP (Figure 6a 
& 6b). The undifferentiated cells showed several mitotic figures. 
The solid as well as canalized acini were noticed. A few canalized 
acini of the gland showed a branching pattern as well (Figure 3b). 
The gland was divided into lobes and lobules by connective tissue 
septae at the 75th day of gestation. In group III, the canalized acini 
had distinct simple columnar epithelium (Figure 3d). These acini 
were arranged linearly with the surface epithelium on the 115th day 
of gestation.

Lamina propria-submucosa

In group-I, the subepithelial connective tissue could be divided 
into two zones: the zone towards the surface epithelium, which 
contained densely packed cells in a radiating manner, was the 
superficial zone, and the zone towards the tunica muscularis, which 
had loosely packed cells, was the deep zone (Figure 2c). Both zones 
were composed of mesenchymal cells, fibroblasts, differentiating 

lymphocytes, blood vessels, and reticular fibers (Figure 2c). The 
reticular fibers were thin and isolated in group I and became thick 
and continuous in group III at the 115th day of gestation (Figure 
5c). In group II, between 51 and 75 days of gestation, the propria 
submucosa had numerous fibroblasts in between the mesenchymal 
cells, and the occurrence of blood vessels also increased. In between 
the mesenchymal cells, scattered nucleated RBCs and differentiating 
lymphocytes were distinctly evident at the 58th day of gestation. 
The thin, isolated collagen fibers were noticed for the first time 
on the 97th day of gestation, which transformed into wavy bundles 
on the 127th day of gestation. Distinct lymphocytic infiltration was 
noticed for the first time close to the anorectal junction at 92 days 
of gestation. The sparsely arranged lymph nodules observed close 
to the intestinal glands in the propria-submucosa at the 127th day 
of gestation could be termed a lymphoglandular complex (Figure 
4a). The aggregated lymph nodules or rectal patches were noticed 
at the 150th day of gestation (Figure 5a). The scattered ganglionic 
cells were also

encountered on the 107th day of gestation, which indicates 
the first evidence of the establishment of ENS (enteric nervous 
system) (Figure 3d). The Arterial Venous Anastomosis (AVA) was 
noticed in the propria-submucosa close to the anorectal junction 
on the 104th day of gestation (Figure 3c). The lamina propria and 
tunica submucosa were demarcated for the first time by a layer 
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of lamina muscularis in group III at the 138th day of gestation 
(Figure 4c). The connective tissue cells of the propria submucosa 
showed a mild reaction to PAS and AMP in group I and a moderate 
in groups II and III (Table 1). The connective tissue cells showed a 
moderate to intense reaction for bound lipids and a faint reaction 
for alkaline phosphatase. The average thickness of the propria-
submucosa in groups I, II, and III was 71.51±4.78, 125.73±11.48, 
and 135.49±9.16µm, respectively.

Tunica muscularis

Few mesenchymal cells of the propria submucosa cells got 
elongated with highly eosinophilic cytoplasmic extensions, 
indicating differentiation of the muscular layer on the 45th day, and 
on the 50th day of gestation, a distinct circular muscle layer was 
evident for the first time (Figure 2a & 2c). The outer longitudinal 
muscle fibers were encountered at the 58th day of gestation (Figure 
2c). The outer longitudinal muscle fibers were more compactly 
arranged than the inner circular muscle fibers and exhibited a 
bundle-like or fasiculi-like appearance (Figure 2d & 3b). Both 
the muscle layers showed intensely bound lipid and alkaline 
phosphatase reactions (Figure 6c & 6d). The loose connective 
tissue between both muscle layers contained mesenchymal cells, 
fibroblasts, and small blood vessels. Differentiating myenteric 
plexus was noticed at the 82nd day, which got distinct on the 107th 
day of gestation and was comprised of ganglionic and supporting 
cells (Figure 3d). The smooth muscle cells showed mild reactions 
to PAS and no reaction to acid mucopolysaccharides. The outer 
longitudinal smooth muscle layer exhibited a more positive reaction 
than the inner circular layer for bound lipids. The average thickness 
of the tunica muscularis in groups I, II, and III was 16.44±0.27, 
89.73±12.96, and 100.52±6.26µm, respectively.

Tunica serosa

In group I, the tunica serosa was comprised of a layer of 
simple squamous epithelium, the mesothelium, and loosely 
arranged connective tissue beneath the mesothelium (Figure 2a). 
The mesothelium was interrupted on the 45th day and became 
continuous from the 50th day of gestation onwards (Figure 2c). The 
arterial venous-anastomosis was noticed close to the anorectal 
junction at the 50th day, which got distinct at the 104th day of 
gestation (Figure 3c). The blood vessel supplying the nerve trunk, 
the vasa-nervi, was evident on the 107th day of gestation (Figure 
3d). The tunica media of large arteries and veins contained thick 
bundles of collagen fibers, while the elastic lamina was formed 
by thick elastic fibers (Figure 5b & 5d). Differentiating nerve 
trunk was observed at the 58th day of gestation, which got clearly 
distinct from the 75th day of gestation onwards. The mesothelium 
underwent weak PAS and AMP reactions. The RBCs in the blood 
vessels of serosa were moderate to intensely positive for bound 
lipid reactions. The average thickness of the tunica serosa in groups 
I, II, and III was 15.92±0.25, 76.14±12.58, and 96.29±4.54µm, 
respectively. Micrometrical analysis showed a continuous increase 
in the thickness of all strata of the wall of the rectum except the 
thickness of the epithelium, which decreased as the age of gestation 
advanced (Figure 7). The thickness of the propria-submucosa 
increased about 1.5 times from groups I to II and was minutely 
amplified from groups II to III. Propria- submucosa was thickest 
among all strata of the wall of the rectum (Figure 8). The thickness 
of tunica muscularis increased about 5.0 times from group I to 
group II. The thickness of Tunica serosa increased gradually from 
group I to group II, and it increased about 5.0 times from group II 
to group III.

Figure 7: Bar diagram showing changes in the thickness of different layers of rectum in personal goat group I, II and 
III.
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Figure 8: Bar diagram showing percentage proportion in the thickness of different layers in the wall of rectum in 
group III.

Discussion
It was vital to fully explain key developmental events that 

may be crucial for the establishment of anatomo-embryologic-
fetal standards for goats. The identification of the rectum through 
its location in the pelvic cavity and the presence of a curve close 
to the descending colon showed full agreement with Getty 
[19] in ruminants and Nakashima [5] in humans, while there 
was variation with Siyag [20], who could not observe any clear 
demarcation between the colon and rectum in goats. The function 
of the ampulla recti might be to regulate the movement of fecal 
material into the anus for expulsion, as stated by Nakashima [5] in 
humans. The presence of mesorectum near term tallied with the 
findings of Prakash [21] in goat kids. The presence of longitudinal 
and transverse folds in the mucosal surface is attributed to fecal 
palate behavior, as demonstrated by Badawi [22] in goats and 
donkeys and Bello [23] in camel foeti. Significant increases in all 
biometrical parameters of the rectum from groups I to III were 
in full agreement with Raghav [12] in goat and Singh [24] in 
buffalo foeti [25-27] in duodenum, caecum, and jejunum of goat 
foeti, respectively. In our findings, the transformation of stratified 
epithelium to simple columnar was completed at the 82nd day of 
gestation; however, other researchers identified this event at the 
174th day of gestation, in the second trimester, and at the 120th day 
of gestation in buffalo, camel, and goat, respectively [12,23,24]. 
The literature related to cytoplasmic streemers in embryonic life 
was very few, and the information available in postnatal periods 
[28] correlates it with the secretary function of the rectal wall. The 
presence of predominant supranuclear vacuolations in epithelial 
cells was compared to the reports of Raghav [12] in goat feti and 
might be the reserve cells replenishing other cell types. GALT 
is the main component of MALT. It is a complex infrastructure of 
immune cells [12]. The presence of GALT components in prenatal 
life might be correlated with markers for the development of innate 
immunity. Lymphocytes are potent, rapidly activated cytolytic 
and immunoregulatory effectors that can protect host tissues 

from infection, cell transformation, and uncontrolled infiltration 
by systemic cells [29]. The appearance of goblet cells at the 58th 
day in the rectum, in the duodenum at the 55th day, in the in the 
jejunum, ileum, and colon (66th day), and in the caecum at the 75th 
day of gestation [27,30] indicated the caudocranial development 
of the intestine. As the age of the foeti increased, the occurrence 
of goblet cells was also enhanced [24,31,32] and concentration 
was more towards the base of villi, as described by Raghav [12] 
in goat foeti. The goblet cell secretions, such as mucin, were the 
first physical barrier for gut immunity and are responsible for the 
production and maintenance of the protective mucus blanket [33]. 
The rectal villi demonstration on the 58th day was in close proximity 
to the findings of Raghav [12] on goat foeti at the 50th day, but far 
away in cattle and buffalo foeti at 3 months and the 119th day of 
gestation, respectively [24,34]. Variation in the appearance of villi 
might be due to differences in species, breed, nutritional status, and 
environment. The presence of a branching anastomosing pattern 
in the mucosa might be a novel result for identifying different 
segments of the large intestine in intrauterine life. Degeneration of 
villi started on the 97th day and ended on the 150th day. However, 
previous researchers [12,24] noticed these events in goat and 
buffalo foeti on the 64, 161, and 150 and 272 days of gestation, 
respectively. The first evidence of intestinal glands (on the 66th day) 
was nearest to the findings of Raghav [12] at the 69th day of gestation 
in goat feti. The Lymphoglandular Complex (LGC) was structurally 
similar to the observations of Kapoor [35] in buffalo feti. The lamina 
muscularis appeared at the 138th day of gestation in buffalo foeti 
[31] at the third trimester in one humped camel [23] and at the 
131st day of gestation in goats [12]. Our findings complement the 
previous report of Raghav [12] who also noticed better-developed 
lamina muscularis at the caudal portion of the rectum, indicating 
caudocranial development of the large intestine. The appearance of 
connective tissue fibers (reticular, collagen, and elastic fibers) was 
almost similar to the previously published study on goats [12]. The 
large blood vessels and neuronal elements observed in the propria-
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submucosa were similar to those in buffalo feti at the 198th day of 
gestation [24]. Meisners plexus was observed on the on the 107th 
day, the 198th day in buffalo [36] and the 91st day in humans [31]. 
Aggregated lymph nodules were encountered on the 127th day of 
the present study as the 120th day in goat foeti [37], the 70th day in 
sheep [38] the 195th day of gestation in buffalo foeti [16], and the 
3rd trimester in one humped camel [5]. Rectal patches represent the 
active immunological defense of the intestinal mucosa [37,39,40]. 

The presence of arterial venous anastomosis in the propria 
submucosa correlated with an important role in the regulation 
of blood pressure and blood flow into the capillary bed [41]. In 
Tunica muscularis, the inner circular and outer longitudinal layers 
appeared on the 58th day, while Raghav [12] in goat foeti and Singh 
[24] in buffalo foeti noticed these layers on the 78th and 119th days 
of gestation, respectively. The presence of loose connective tissue 
between muscle layers agreed with the findings of Raghav [12]in 
goat foeti in the mid-gestation period. The development of ENS was 
first evident at 82 days in the form of a myenteric plexus, as noticed 
by Raghav [12] in goat foeti. The composition of Tunica serosa in 
our study tallied the findings of Raghav [12] in goat foeti, Kumar 
[31] in buffalo foeti, and Eurrell and Frappier [41] in adult domestic 
animals. The micrometrical analysis of the thickness of all strata 
of the rectum tallied with the findings Ramakrishna and Tiwari 
[42], Raghav [12] in goat foeti, and Singh [24] in buffalo foeti. In 
the present study, the PAS and AMPs reactions in the epithelial and 
goblet cells were compared to the findings of Raghav [12], Verma, 
et al. [43] in goat foeti, and Kumar [31] in buffalo foeti. Connective 
tissue cells of the propria submucosa and tunica submucosa 
showed mild PAS and AMPs reactions, as noticed by Raghav [12] in 
goat foeti [44]. 

Similarity with our study

Deplancke and Gaskins stated that acidic mucins were 
predominant in the large intestine. The reaction for bound lipids 
was similar to the findings of Raghav [12] in goats, while there 
was partial agreement with Kumar [31] in buffalo feti. The results 
for the alkaline phosphatase reaction in the present study had 
similarities to the findings of Raghav [12] in goats. Intestinal 
alkaline phosphatase has an important role in gut mucosal defense. 
All the histochemical reactions were intense in group III, which 
might be an indication of the functional status of the rectum just 
prior to birth.

Conclusion
The presence of rectal pits and the branching anastomosing 

pattern of the mucosa were novel findings of this research for 
identifying different segments of the large intestine during 
intrauterine life as well as correlating them with pellet morphology 
in goats. The rectum was in a functional stage just prior to birth, 
as it showed intense reactions for alkaline phosphatase, PAS, and 
AMPs and the presence of GALT, LGC, and ENS.
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