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Abstract:

Birds are among the most important vertebrate animals on the surface of the Earth, so
they are widely studied in terms of environment, nutrition, reproduction, migration as
well as their internal structure. This study aimed to recognize the histological and
histochemical structure of the Rectum in Cockatiel Nymphicus hollandicus, which is
one of the beautiful ornamental birds that are raised in homes, by using compound
optical microscopy and histological and histochemical techniques. The histological
results showed that the rectal wall was consisted of four tunica: the mucosa; submucosa;
muscularis; and finally serosa. The mucosa formed villi of various shapes extending
towards the rectal lumen. These villi is covered with a simple columnar epithelial tissue
with a large number of secretory goblet cells, but their spread differs among the villi.
Themucosa's lamina propria is composed of loose connective tissue that is rich in blood
vessels and also contains intestinal glands or Lieberkuhkn's crypts that appeared and
spread below the villi. While the lymph nodes not observed in this bird, and it is one of
the striking results. The submucosa is composed of loose connective tissue. In contrast,
the muscularis consisting of smooth muscles of two arrangements, theouter longitudinal
andinner circular the. As for histochemical results, epithelial tissue cells of both types
and secretory cells of the intestinal glands have shown positive responses to
histochemical techniques that used, but to varying degrees. The stronger responses have
emerged to detect mucous and carbohydrates detection techniques, indicating a
widespread of these substances in this organ. The study concluded that the rectal
composition in this bird is proportional to its function and the nature of the food it eats
and that the materials secreted from its tissues contribute to the completion of this
function.
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Introduction

The cockatiel (Nymphicushollandicus) is an Australian bird belonging to the
order Psittaciformes; family Psittacidae; subfamily Cacatuinae (BirdLife International
2012). It was originally endemic to Australia, but now these birds are most popular pets
with globalspread (Alcarazet al.,2016). In Iraqg, this bird became one of the ornamental
birds that spread widely in homes as well as other types of parrots, which feed entirely
on the grains provided by the breeder.

The bird's class contains more than 9000 living species distributed in 199
families, and birds have a wide range of phenotypic, physiological, and functional
modifications that make them live and adapt anywhere (Clark et al., 2009). The
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ecological diversification of birds' habitats and their subsequent feeding methods, as
well as the types of foods they feed on, are known to be a source of large diversity in
the composition of the gastrointestinalsystem (Dziala-Szczepanczyk and Wesolowska,
2008).

In birds, the large intestine composed of the rectum and pair of caeca, the
primary function of which is to absorb water and ions, and to keep the minimum
undigested litter to keep the bird lightweight, because excessive waste in the bird's body
impedes its speed. The rectum in birds contains many relatively flat villi and a few
goblet cells, in contrast to the colon in mammals, which includes many goblet cells and
free from villi. Also, the rectum in the bird contains a relatively small number of crypts
and is shorter than it is in the colon (Whittow, 1998).

The histological structure of the digestive system and the large intestine in birds
is affected by the diet. Some studies have shown that the total size of the large intestine
and its surface area in some birds varies with the type of food (Ricklefs, 1996;
Dehkordi and Ghahremani, 2016).In between and within species, the large intestine has
significant morphological and functional contrast, For example, manyspecies of familiar
bird, such asducks and chickens, have individual large intestine, which aids in digestion
as well as water balance.

Between all the birds’ species, the absorption capacity and water preservation
are different. In birds,water retention and excretion performed by the production of the
concentrated urine than plasma (Sjaastad et al. 2004). Studies have shown that the
rectum has a significant role in re-absorbing as much water as possible before excreta
disposal, especially in birds that have a high metabolic rate relative to their mass and
activity (Al-Hamdany, 2012).

Therefore, these study came toidentify the histological components and the
histochemical structure of the rectum in Cockatiel (Nymphicushollandicus).

Materials and methods

1- Birds collection

Ten adult birds of Cockatiel Nymphicushollandicus (five males and five females) were
obtained from a local pet store in Mosul / Iraq. The weights of these birds ranged
between 101-120g, and their lengths ranged between 25-30 cm, and they were all about
the same age (18 months £10 day). The birds were transferred to the histology and
anatomy laboratory at the Education College for Pure Sciences / University of Mosul,
where they were placed in an iron cage with dimensions of 60X60X60 and left for a
week to ensure their health and safety from diseases and provided with food and water
daily.

2- Birds Dissection

The birds were dissected using the animal guide of ethical Committee / University of
Mosul. The birds were sacrificed by anaesthetizing them By placing them immediately
in place at> 70% CO,. Then the feathers were removed from the ventral region. After
fixing the bird on a dissection dish, a longitudinal incision was made in the ventral area.
The rectum was removed and transferred to a Petri dish containing 75% physiological
solution. Then the rectum was cut into pieces suitable for the histological process.

3- Histological preparation

The histological preparation steps were performed according to the method of (Al-Hajj
2010). Rectal samples were fixed with neutral formalin for 24 h. The samples were then
washed with running water to remove traces of the fixative. The dehydration process

was carried out using increasing concentrations of ethyl alcohol, using the concentration
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of 60%, 70%, 80%, 90%, 95% for half an hour for each concentration and then placed
in absolute alcohol for two hours and twice.The clearing process was done with xylene
for half an hour and then covered with paraffin wax to prepare the wax blocks.The wax
blocks were sectioned using a Vic Science rotating microtome with a thickness of 5-7
um. The tissue sections were carried to glass slides for staining.

4- Staning Process

The staining process included histological stains histochemical techniques that were:
4-1- Heamatoxylin and Eosin Stain (H&E): prepared and dyed according to (Al-
Tarwa et al., 2009). After removing the wax from the slides using xylene, pass down in
a series of ethyl alcohol. The samples were placed with Heamatoxylin stain for (6
minutes), then transferred to acidified alcohol (15-30 seconds), stained with eosin for
(30 seconds). Then moved to ascend concentrations of Ethyl alcohol, then placed in
xylene. The slides were covered with slides covers byDibutylphthalate Polystyrene
Xylene(D.P.X).

4-2- Azan stain (AZ): that prepared and stained, as in (Suvarna et al., 2019). First of
all, remove the wax, by xylene and ethyl alcohol. They transferredfor 5 minutes in
distilled water (D.W). Stain with Azoczrmine solution in the oven (56-60 ° C) for (75
minutes). Then wash it with distilled water and distinguish it with a blue aniline solution
(15 minutes). Dipped in acid alcohol, then stir in the Phosphonic acid solution for (75
minutes). They then placed in a blue aniline solution and orange G stain for (70
minutes). Wash with running water, then transfer to ascending alcohol concentrations,
clearing with xylene and cover slides with covers using D.P.X.

4-3-Mallory’s Trichrome stain (TS): was prepared and dyed, according to (Al-Attar et
al., 1982). The wax was removing and delivering the tissue to its natural position as in
the previous stains. It is placed in an acid solution of fuchsin for (25 minutes), then
washedfor (3 minutes)with running water. Transfer to Phosopho-Molybdic acid solution
for (2 minutes). Then it is washed quickly with running water and transferred to a
solution consisting of aniline blue, orange G, and oxalic acid for (45 seconds) and
washed with distilled water. The samples are dehydrated with ethyl alcohol, clearing
with xylene, and the slides covered with their covers.

4-4- Bromophenol blue (BP) technique: which used to detect proteins, and prepared
and stainedas the stapes of (El-Banhawy et al., 1996). The wax is removed from the
sections by transferred them to xylene, then to absolute ethyl alcohol. They dye with
Bromophenol blue solution for (15 minutes). Wash with an aqueous acetic acid solution
for (20 minutes) to remove traces of excess dye. Then put it in distilled water for (3
minutes). The sections dehydrated with ethyl alcohol, clearing with xylene.

4-5- Sudan black B (SB) technique: which used to detect lipids, which was prepared
and dyed according to (EI-Banhawy et al., 1996). After removing the wax, transfer the
samples to xylene, then to 70% ethyl alcohol. The sections stained with Sudan Black B
solution for (30 minutes). Wash with 70% ethyl alcohol for (5 minutes) to remove traces
of excess dye. Then wash it with running water and dye it with a neutral red solution
(1%) for (one minute). Transfer to absolute alcohol, then to xylene, then cover with
slide covers.

4-6- AlcianBlue (AB) pH 1 and pH 2.5 techniques used to detect carbohydrates
prepared and dyed as in (Suvarna et al., 2019). The wax removed, and the sections were
transferred to xylene, then to ethyl alcohol concentrations, thenfor (5 minutes)in D.W.
Stain with Alician blue solution for (35 minutes). Then with running water, wash for
(10 minutes). Transfer to dyeing with eosin solution for a period of (30 seconds) and

http://annalsofrscb.ro 59



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 57 - 67
Received 16 February 2021; Accepted 08 March 2021.

then wash with running water for (3 minutes). Transfer to absolute alcohol, then to
xylene, then cover with slide covers.

4-7- Periodic acid & Schiff Reagent (PAS) technique: also used to detect
carbohydrates, which was prepared and stained according to (Suvarna et al., 2019).
After removing the wax and transferring the sections to xylene, then to ethyl alcohol,
pull them into distilled water (2 minutes). They moved to a periodic acid solution for
(10 minutes). Wash it by water for (10 minutes). Wash it with distilled water for (2
minutes). The Schiff Reagent solution is transferred for (15 minutes) and then washed
with running water for (5 minutes). Stain with Heamatoxylin stain solution for (6
minutes). Then wash them with running water for (5 minutes). Transfer to absolute
alcohol, then to xylene, then cover with slide covers.

Results andDiscussion

Histological results

The results showed that the rectal wall is composed of the four layers of the
digestive tract wall, which are the mucosa, submucosa, muscularis, and serosa also
appeared in the rest of the birds (Liman et al., 2002; Zaher et al., 2012; khaleal and
Salman,2016; Pandit et al., 2018).The mucous layer appeared in the rectum of this bird
in the form of villi with multiple shapes, including conical, pyramidal, filamentous, and
other structures. Some of this villi appeared length from the other, and the average
length of this villi was (113.067+4.432um), while the average thickness
(41.733+1.491pm). In some areas, these villi are so compact that the distances between
the villi are almost non-existent, while in other areas, they are far apart from each other,
and the gaps between them are clear and wide (Figuresl,2,3,4).The villi increase the
surface area of the rectum cavity and thus increase the absorption area. These villi
appeared in other birds, which are short in Elanus caeruleus (Hamdi et al., 2013), Pin-
tailed sandgrouse (Al-Jeraisy,2017), and zebra finch (Al-Duleemy, 2019). These villi
in Coturnix coturnix were numerous and leaf-like (Zaher et al., 2012), whereas in
common kestrel and white-eared bulbul that have short finger-like, tongue-shaped, and
leaf-like shape with a flat apical surface (khaleal and Salman,2016).

These villi covered with a simple columnar epithelial tissue based on a straight,
basal membrane, its average thickness (2.44+0.142um), these cells are compact, and
their side borders do not appear clearly in most areas. The average length of these cells
(14.613+2.812um) and their width (5.84+1.231um) and the nuclei of these cells are
basal and spheres with an average diameter (4.756+£0.823um). Between these cells,
there are secretory goblet cells that are characterized by large spherical secretory
vesicles. The distribution of these cells between the epithelial cells is uneven, as in
some villi are dominant and in other villi are smaller in number. Still, they are many in
general in particular at the top of villi (Figures 4,5,6,7,8).The columnar epithelial tissue
that covered the villi is evident in all studied birds (Abo-shaeir,2001; Samte, 2008; AL-
Aredhi,2013; Taki-El-Deen, 2017). The epithelial tissue distinguished by its many
goblet cells, and these cells appeared in other birds as Melopsittacus undulates and the
Zagh (Hamad,2008). It has been observed that the goblet cells gradually increase in
number from the duodenum to the rectum (Zaher et al., 2012). This increase in these
cells in the rectum can be attributed to the need for their secretions to facilitate the
movement of excreta and put it out of the bird's body (Eroschenko, 2005; Hamad,2008).

The lamina porpria is formed of loose connective tissue rich in blood vessels,
collagen and muscle fibers, lymphocytes, and other cells. The lamina porpria that
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inserted inside the villi, to be a lamina porpria cone, characterized by containing muscle
and collagen fibers that support these villi as well as large blood vessels in some villi
(Figures 8,9,10,11,12), which also appeared in the other of the birds (Majeed et
al.,2009; Nasrin et al.,2012).The lamina porpria also contains intestinal glands or
Lieberkuhkn's crypts, which appeared in the form of compound tubular glands. Its
secretory units are in the form of a single row below the villi, and in some areas, they
are in the form of two rows. Most of the secretory units of these glands are circular and
have an average diameter (63.653+4.254um). The secretory cells inside the secretory
units are columnar and characterized by their secretory activities, as most of these cells
occupied by secretory vesicles as well as the cavity of these units, which is very small
(Figures 1,2,3,8,9,10,11,12), these glands also appeared in the rest of birds (Al-
Sheshani, 2006). A network of muscle fibers surrounds these units to support them and
seek to secrete their contents into the spaces between villi. These muscle fibers return to
the muscularis mucosa layer (Figures 5,7,10,11).

One of the noticeable results of this bird is the absence of lymph nodules in this
organ, but lymphocytes widely spread among the contents of the other lamina porpria
(Figures 3,5,10,11). The submucosa is composed of loose connective tissue, and its
components overlap with lamina porpria components in most parts (Figures 1,2,3,11),
and this result differs from what found in many birds as in starling, zebra finch, Pin-
tailed sandgrouse, and other birds (Khaleel and Atiea, 2017; Al-Jeraisy,2017; Al-
Duleemy, 2019). Perhaps the reason for this is due to the nature of feeding this bird on
one type of food, and therefore it is less vulnerable to pathogens through food.

The muscularis layer is composed of two secondary layers of smooth muscles,
the first layer has a circular arrangement with an average thickness (54.828+4.493um)
and is in the form of large muscle bundles, and the second layer has a longitudinal
arrangement. It's an average thickness (18.927+3.269um) and somewhat disassembled,
so some lost in histological preparation (Figures 1,2,3,4,8,11,12). The serosa layer
composed form of a simple squamous epithelial tissue, under whichlocated a loose
connective tissue. Between the muscularis layer and the serosa layer, there are blood
vessels and Auerbach's plexus (Figures 1,2,3,4).The submucosa, muscularis, and serosa
layers appeared similar to the rest of the studied birds (Hamdi et al., 2013; Khaleel and
Atiea, 2017; Al-Jeraisy,2017; Al-Duleemy, 2019).

Histochemical results

Table (1) indicates the histochemical response for the epithelial cells and
intestinal glands of histochemical techniques used in this study. The table shows a
weakly positive reaction to both the epithelial tissue and the intestinal glands of the BP
technique, which indicates the presence of a few secretions of protein substances in the
secretions of epithelial tissue and secretory cells of the intestinal glands (Figures 7,12).
These structures also showed a weakly positive response to SB technique, as indicated
in Table (1), this suggests the presence of a few secretions of fatty substances in the
secretions of epithelial cells and gastrointestinal glands (Figures 8). On the other hand,
Table (1) shows a medium positive response in the epithelial tissue and goblet cells and
a weak positive response in the secretory units of the intestinal glands to PAS technique
and this indicates a medium to the low presence of neutral mucous substances and
polysaccharides in the secretions of these tissues, respectively (Figures 2,6,11).
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While Table (1) indicates a very positive response to the AB pH 1 technique in
both epithelial cells and secretory cells of the intestinal glands, as a result of the
presence of large quantities of sulfurous mucus substances with severe acidity, that
shown very clearly in the apical surfaces of epithelial cells, thegoblet cells' vesicles as
well as the lumen of secretory units and the secretory cells of the intestinal glands
(Figures 1,9). Also, the epithelial tissue response was medium positive for AB pH 2.5
technique and very positive in the secretory units to the same technique as indicated in
that table (1). That shows a medium secretion in the epithelial tissue and high secretion
of intestinal glands of the sulfurous mucus substances with weak acidity (Figure 4).

The epithelial tissue, goblet cells, as well as intestinal glands showed a weakly
positive response to BP and SB techniques, and the same result appeared in Coturnix
coturnix (Zaher et al., 2012), also these results are in agreement with (El-Banhawy et
al.,1993) and (El-Sayyad,1995). While for carbohydrates and mucus substances, the
epithelial cells showed a medium positive response to PAS technique and weak positive
response in the glands, strong responses in both tissues to AB pH 1 and pH 2.5
techniques. The similar response appeared in Coturnix coturnix, starling, zebra finch,
Pin-tailed sandgrouse, common kestrel, and white-eared bulbul and others birds (El-
Banhawy et al., 1993; Indu et al., 2011; Hu et al., 2011; Zaher et al., 2012; khaleal and
Salman,2016; Khaleel and Atiea, 2017; Al-Jeraisy,2017; Al-Duleemy, 2019). This large
amount of mucus substances may imply the need to increase the protection of mucosa
and lubrication of fecal expulsion (Wang and Peng, 2008).

Conclusions

It concluded from the current study that the structure of the gastrointestinal tract
in birds, especially the rectum, has an important role in maintaining the specific weight
of the bird, and thus helps the bird to fly with the least possible effort by eliminating
waste and absorbing nutrients and water with high efficiency. Also, the materials
secreted from the tissues of rectum contribute to the protection of the mucosa layer and
facilitate the excretion of waste.
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Table (1) the response of the of Rectum tissues to the histochemical techniques

Epithelial tissue Intestinal glands
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Figure (1) the Rectum in Cockatiel. AB pH 1 technique. Figure (2) the Rectum in
Cockatiel. PAS technique. Figure (3) the Rectum in Cockatiel. TS stain. Figure
(4) the Rectum in Cockatiel. AB pH 2.5 technique. Figure (5) the Lamina porpria
of Rectum in Cockatiel. AZ stain. Figure (6) the Rectum in Cockatiel. PAS
technique.

Abbreviations (V) villi; (GC) Goblet cells; (EC) Epithelial cells; (LP) Lamina
propria; (LPC) Lamina porpria cone; (SUB) Submucosa; (BV) Blood vessels;
(SU) Secretory units; (S) Serosa; (M) Muscularis; (AP) Auerbach's plexus; (N)
Nucleus; (BM) Basement membrane; (MF) Muscles fibers; (L) Lymphocytes;
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Figure (7) the Villi of Rectum in Cockatiel. BP technique. Figure (8) the Rectum in
Cockatiel. SB technique. Figure (9) the Lamina porpria of Rectum in Cockatiel. AB
pH 1 technique. Figure (10) the Lamina porpria of Rectum in Cockatiel. H&E stain.
Figure (11) the Rectum in Cockatiel. PAS technique. Figure (12) the Rectum in
Cockatiel. BP technique.

Abbreviations (V) villi; (GC) Goblet cells; (EC) Epithelial cells; (LP) Lamina
propria; (LPC) Lamina porpria cone; (SUB) Submucosa; (BV) Blood vessels; (SU)
Secretory units; (S) Serosa; (M) Muscularis; (AP) Auerbach’s plexus; (N) Nucleus;
(BM) Basement membrane; (MF) Muscles fibers; (L) Lymphocytes; (CF) Collagen
fibers; (arrowhead) positive response.
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