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ABSTRACT
Introduction: the present study aimed to identify the histological and histochemistry characterizations of the Jejunum in the 
wild Turkey Meleagris gallopavo microscopically by using several histological and histochemical stains. The results showed that 
the jejunum wall is composed of the four layers that make up the wall of the digestive tract. The mucosal layer had a numerous 
long villus that appeared in various forms. Simple columnar epithelial tissue covers the villi, and this tissue is also rich in 
goblet cells. The secretory units of Liebrkuhkn’s crypts had a spherical shape, some of which contained entroendocrine cells. 
The Jejunum also was containing Payer’s patches. Auerbach’s plexus also appeared in the muscularis layer. The histochemical 
results of the epithelial tissue and intestinal glands showed a positive response to AB pH 1, pH 2.5, and PAS techniques, 
which indicated the secretion of mucous substances. In contrast, the response was negative for BP and SB techniques, which 
suggests the non-secretion of protein and fatty substances. The study concluded that the jejunum structure is similar to the 
composition of the rest of the small intestine. Still, it characterized by its multiform villi, entroendocrine cells, and Payer’s 
patches, which contribute significantly to increasing the effectiveness of the digestive tract of this bird.
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Introduction
The Wild Turkey Meleagris gallopavo (Linnaeu, 1758) 

is belonged to phasianidae family, Meleagris genus, 
M. gallopavo species. The Wild Turkey Meleagris
gallopavo described as omnivorous bird that prefer
to eat to nuts, walnuts, and other hard tree products
such as hazelnuts, chestnut and also seeds and grasses
in additions to insects and occasionally eat the small
reptile as lizards (DICKSON, 1992). So, they prefer to
habitat the area have the hardwoods and the mixed
coniferous with sparse opening like pastures, fields,
orchards, and the seasonal swamps. The Wild Turkey
Meleagris gallopavo appears to be able to adapt to
any dense local vegetarian community (BIRDLIFE
INTERNATIONAL, 2016).

Food plays a vital role in the daily life of animals 
in general, and vertebrates, and food contributes to 
maintaining the body and its health because food 
contains important components that are necessary to 
increase the growth of the animal and the stability of its 
internal environment. The process of converting food 
consumed by the animal into beneficial substances 
for the body is the function of the digestive system, 
which analyzes the large molecules present in the food 
into small particles that are easily absorbed and thus 
become beneficial to work inside the body (KARDONG, 
2006). The digestive system in vertebrates generally 
consists of several identical regions in general in 

animals with some differences between different 
animals on one side and in the animals from the same 
class on the other side. Wherefore, the anatomical 
studies of the digestive tract and its specialization in 
certain parts to perform certain function considered 
as a key to understand the life style of each bird and 
consequently the method of taking care of them 
(HANAFYABUMANDOUR and BASSUONI, 2020). 
To understand the nutritional ecology of any avian 
species, it is necessary to studies and understand the 
anatomical characterizations of their digestive tract 
(MARTINEZ DEL RIOCORK and KARASOV, 1994).

The small intestine is one of the essential anatomical 
parts of the digestive system; in birds, it classified into 
three regions; the duodenum, jejunum, and the ileum 
(DYCESACK and WENSING, 2010). The duodenum 
extends from the gizzard to the pancreatic bile ducts, 
while the jejunum extends from the pancreatic bile 
ducts to the Meckel's diverticulum that considered 
as the anatomical landmark between the jejunum 
and the ileum, moreover the ileum extends from 
the Meckel diverticulum to the ileocecal junction 
(GABRIEL et al., 2008, KASPERS and SCHAT, 2012, 
HANAFYABUMANDOUR and BASSUONI, 2020, 
DYCESACK and WENSING, 2010). Histologically, the 
small intestine wall in birds forms from the four primary 
layers that make up a wall of the digestive tract; the 
mucosal layer, the submucosal layer, the muscularis 
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layer, and the serosa layer. The mucosal layer consists 
of three secondary sublayers which are; the epithelial 
tissue, the lamina propria, and the musclaris mucosa. 
The mucosal layer had the fingerlike processes 
known as the villi that increase the surface area of ​​
absorption. These villi are differing in shape, size, and 
length in different birds (YAMAUCHIINCHAROEN and 
YAMAUCHI, 2010, DYCESACK and WENSING, 2010, 
HANAFYABUMANDOUR and BASSUONI, 2020). 

The jejunum is one of the areas of the small intestine, 
which studies did not focus heavily on, which focused 
more on the duodenum because of its connection to 
the stomach and the ileum, posterior part, due to its 
relationship to the large intestine, so this study came, 
which aimed to identify the histological structure and 
histochemistry components of this part of the small 
intestine in a wild Turkey Meleagris gallopavo using a 
histological stains and histochemical techniques.

Materials and methods
Sample’s collection
Twelve birds (6 of each sex) of the wild Turkey 

Meleagris gallopavo were collected to perform this 
study. The collected birds were anesthetized with ether, 
then transferred to the anatomical lab and put on the 
anatomical plate to open its abdominal region from the 
middle with accurate scissors according to (WINKER, 
2000). The collected samples must be without any 
alimentary tract abnormalities. The morphological 
anatomical terms were written following the Nomina 
Anatomica Avium (NAA) (BAUMEL et al., 1993).

The present investigation was done according to 
the guidelines of animal welfare and Ethics Committee 
of the faculty of Education for the Pure Sciences 
(histology and comparative anatomy laboratory in 
the Department of Biology), Mosul University and the 
Faculty of Veterinary Medicine, Alexandria University 
and following the Egyptian’s laws, approved it.

For histological examination
The histological techniques were performed 

according to (SUVARNALAYTON and BANCROFT, 2018). 
The jejunum carefully removed by Precision tweezers, 
to a petri dish containing a physiological solution with 
a concentration of (0.75). Briefly, the jejunum cut into 
small specimens (0.5 cm3) of freshly slaughtered wild 
Turkey Meleagris gallopavo. The samples were fixed in 
10 % neutral buffered formalin. After 24h, the samples 
were extensively transferred to 70 % alcohol. The tissue 
samples were then dehydrated in ascending graded 
series of ethanol, cleared in xylene, and impregnated 
and embedded in paraffin wax. Sections of 5–7 µm were 
cut using Leica rotatory microtome (RM 20352035; 
Leica Microsystems, Wetzlar, Germany) and mounted 
on glass slides. The prepared tissue sections were 
deparaffinized in xylene and rehydrated in descending 
graded series of ethanol until reaching distilled water. 

The current work depend on two stains; the first 
is the Haematoxylin and Eosin (H&E) according 
to (MASSOUD and ABUMANDOUR, 2019) and the 
Azan stain (AZ) according to (SUVARNALAYTON and 
BANCROFT, 2018). The sections were analyzed and 
photographed under the light microscope "Leica 
Microsystem, Model: DM2500 Wetzlar, Germany" with 
attached camera manufactured by Leica Microsystem 
CH-9435 Heerbrugg (DFC290 HD, Germany)".

For histochemical examination 
The following technique was adopted, which are 

the histochemical techniques included Periodic 
Acid-Schiff (PAS) technique and Alcian Blue (AB) 
pH 1 and pH 2.5 techniques, which used to detect 
carbohydrates (SUVARNALAYTON and BANCROFT, 
2018), Bromophenol blue (BP) technique, which used 
to identify proteins (SCHUMACHER et al., 2004), and 
Sudan black B (SB) technique, which used to detect 
lipids (EL-BANHAWYKHATTAB and EL-GANZOURY, 
1996, SHEEHAN and HRAPCHAK, 1987). 

Results
Histological observations
Histologically, the jejunal wall consisted of tunica 

mucosal, tunica submucosal, tunica musculosa and 
tunica serosa. The mucosal layer in the jejunum 
had numerous villi that lined by simple columnar 
epithelium with goblet cells with different form, which 
appeared as protrusions that extend toward the lumen 
of the jejunum. The different forms of these villi were; 
a finger-like shape, which is the most common form, 
as well as the conical, rectangular, and triangular. 
Some villi appeared with a single base and a branched 
end. Most villi were distinguished by being long and 
occupying most of the jejunum cavity, although some 
torn during microscopic preparation. Their length 
reached (574.057 ±7.325µm), and villi in all their forms 
appeared relatively thick (Fig. 1), and their thickness 
average was (100.730 ±3.341µm). 

The villi coated from the outside with a non-
ciliated simple columnar epithelial tissue whose cells 
were tightly bound together. The average length 
of these cells (18.047 ±1.635µm) and their thickness 
(4.998 ±0.325µm), the nuclei of these cells were 
characterized by their oval shape and located in the 
base of the cell. The free plasma membrane of these 
cells had microvilli surrounding the villi in whole and 
appearing clearly in most tissue sections, the average 
length of these microvilli (5.243 ±2.763µm). These cells 
were based on a basement membrane that is straight 
in some parts of the jejunum and winding in others 
and appeared in some parts clearly and unclear in 
other regions. Also found among epithelial tissue cells, 
the secretory goblet cells that appeared in a huge 
number and with secretory vesicles in a significant 
way, especially using histochemical techniques. These 
cells also distinguished that their numbers increase 
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directly from the bottom of the villi towards the top 
of it, in some areas, the number of villi at the apex 
is higher than the epithelial cells (Fig. 2A). The villi 
lined from the inside under the epithelial tissue, part 
of the lamina propria, which is known as the lamina 
propria cone, which forms the core of the villi and 
its supporting structure. This cone consists of loose 
connective tissue rich in collagen and muscle fibers, 
lymphocytes, and blood vessels that have appeared 
throughout the villi, and the diameters of these blood 
vessels are different (Figs. 1A, 1C-D, and 2A).

The lamina propria, which located under the villi, 
is composed of a loose connective tissue, which is 
also rich in blood vessels and muscle fibers, as well as 
lymphocytes, which appeared significantly among the 
components of the lamina propria (Figs. 1A-C, and 2B). 
The lamina propria also contains the intestinal glands 
or Liebrkuhkn's crypts, which appeared as branched 
tubular glands, and its secretory units spread below 

the villi in one row in some parts and more than one 
row in other regions. These secretory units were 
spherical, and their average diameter (50.483 ±4.114µm) 
and their secretions were subtracted directly into 
the lumen of the jejunum in the spaces between the 
villi. The secretory cells were inside these units, 
clearly at the top of these cells, as well as the lumen 
of secretory units. The secretory cells within these 
units form a columnar, and its nuclei are spherical and 
located in the base of cells with an average diameter 
(5.243 ±0.652µm). These cells distinguished by their 
secretory vehicles, and this is clearly shown at the top 
of these cells as well as in the lumen of the secretory 
units (Figs. 1A, 2B, and 2C).

It was also noted in some secretory units the 
presence of entroendocrine cells that are triangular 
cells and central oval nucleus. While the muscularis 
mucosa layer is a network of smooth muscle fibers 
that extend between the components of the lamina 

Figure 1. Histological micrograph of the jejunum of the wild Turkey Meleagris gallopavo.
View (A) represent the cross section in the jejunal wall. Stained by AB pH 1 technique. 
View (B) represent the cross section in the jejunal wall. Stained by AB pH 2.5 technique. 
View (C) represent the cross section in the jejunal wall. Stained by AZ stain. 
View D) represent the cross section in the jejunal wall. Stained by SB technique.
Abbreviations: 
Muscularis externa (M); Submucosa (SUB); Serosa (S); Auerbach’s plexus (AP); Secretory units (SU); Lamina propria cone (LPC); Villi (VI); epithelial cells (EC); Goblet cells 
(GC); Nucleus (N); Brush border (BB); Lamina propria (LP); Muscles fibers (MF); Entroendocrine cells (EN); Blood vessels (BV); connective tissue (CT); lymph nodules (LN); 
lymphocyte (L); collagen fibers (CF); small lymph nodules (SLN); positive response to the technique (arrowhead).
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propria and surround the secretory units of the 
intestinal glands and to support them and stretch as 
well toward the lamina propria cone within the villi 
(Fig. 2B-C). Also appeared in the jejunum of this bird, 
the lymph nodules or Payer's patches, consisting 
of a group of lymphoid tissue under two or more 
villi that become surrounded by the outside by the 
epithelial tissue of the villi. In contrast, the core of 
these nodules composed of a very large number of 
lymphocytes and other components of lymphoid 
tissue as well as blood vessels and lymphoid, as it 
was noted that these nodules contain smaller lymph 
nodes within them, which appeared in the form of 
circular clusters of lymphocytes that are isolated 
from the rest of the nodule with their shell (Figs. 1C-
D, and 2D).

The submucosal layer appeared in a thin 
layer under the mucosa layer consisting of loose 
connective tissue in some areas and dense in other 
areas rich in blood vessels and collagen fibers. The 
muscularis layer appeared as a thick muscle layer 
consisting of two sub-layers. The first being in the 
form of smooth circular muscles, and their muscles 
in the way of tightly packed bundles with an average 
thickness of (227.324 ±5.275µm), while the second 
muscle layer was a longitudinal arrangement with 
an average width (118.864 ±4.923µm) separated by a 
thin layer from connective tissue rich in blood and 
lymphatic vessels, as well as the Auerbach's plexus 
appeared between the two muscular layers. The 
serosa layer composed form a simple squamous 
tissue surrounding a loose connective tissue (Fig. 1).

Figure 2. Histological micrograph of the jejunum of the wild Turkey Meleagris gallopavo.
View (A) represent the cross section in the jejunum villi. Stained by PAS technique. 
View (B) represent the cross section in the jejunum lamina propria. Stained by H&E stain. 
View (C) represent the cross section in the jejunum lamina propria. Stained by PAS technique. 
View (D) represent the cross section in the jejunum lymph nodule. Stained by BP technique.
Abbreviations: 
Muscularis externa (M); Submucosa (SUB); Serosa (S); Auerbach’s plexus (AP); Secretory units (SU); Lamina propria cone (LPC); Villi (VI); epithelial cells (EC); Goblet cells 
(GC); Nucleus (N); Brush border (BB); Lamina propria (LP); Muscles fibers (MF); Entroendocrine cells (EN); Blood vessels (BV); connective tissue (CT); lymph nodules (LN); 
lymphocyte (L); collagen fibers (CF); small lymph nodules (SLN); positive response to the technique (arrowhead).
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Histochemical observations
The histochemical observations showed the 

response of the epithelial cells and intestinal glands 
to the histochemical techniques used. The Table (1) 
indicated that the epithelial cells and goblet cells 
appeared medium positive response in some regions 
and strong in the other for AB pH 1 and AB pH 2.5 
techniques, this indicated that these cells and their 
secretions were rich in the different amounts of weak 
acidic and strong acidic mucous materials (Fig. 1A-
B). Also, Table (1) shown a strong positive response 
to the PAS technique in the cells of this tissue and 
its secretion, and the edge of the border brush and 
the secretory vesicles were of strong red color that 
indicated the secretory efficacy of the mucous 
substances containing polysaccharides (Fig. 2A-B). 
Whereas, Table (1) shown a negative response to both 
BP technique and SB technique, and this indicated the 
lack of secretion of protein or fatty substances in this 
tissue.

Table (1) also shown a strong positive response to the 
secretory units of the intestinal glands of AB pH 1 and AB 
pH 2.5 techniques. That response was clear in a cavity 
in the units, as well as at the top of the secretory cells 
of the secretory units, which indicated the presence 
of secretory mucous substances with weak acidic 
and strong acidic mucous materials in secretions of 
these glands (Fig. 1A-B). Table (1) also shown the strong 
response of the PAS technique to secretory units. As is 
the case of the AB technique, the response appeared 
clearly in the center of secretory units as well as at the 
top of secretory cells, which indicated the secretion of 
mucous substances rich in polysaccharides (Fig. 2C). 
While Table (1) shown a negative response for both BP 
technique and SB technique as well, this indicated the 
lack of secretion of protein or fatty substances in the 
secretory cells of the intestinal glands.

Discussion
The current histological observations clarify that, 

the jejunum in Wild Turkey Meleagris gallopavo are 
similar to that described in all avian species (LEVI et 
al., 2013, NASRIN et al., 2012, ZGHAIR and KHALEEL, 
2019, KUSHCH et al., 2019, PARISAKHOJASTE and 
MAHDI, 2019, HANAFYABUMANDOUR and BASSUONI, 

2020) whilst, the transition zone that landmark 
between the jejunum and ileum could not recognized 
in the black-winged kite Elanus caeruleus  (HAMDI et 
al., 2013). The jejunal wall consisted of four layers that 
make up the wall of the gut in all vertebrate species 
including the birds (PARISAKHOJASTE and MAHDI, 
2019, ZAHER et al., 2012b, AL-AÁRAJI and AL-KAFAGY, 
2016, HANAFYABUMANDOUR and BASSUONI, 2020, 
EL-MANSIAL-KAHTANI and ABUMANDOUR, 2019). 

There is a little variation in the shape of the jejunal 
villi between the different avian species and also this 
variation was appeared in the same bird species. The 
current histological examinations in Wild Turkey 
Meleagris gallopavo observed the presence of numerous 
appearances of the jejunal villi; the finger-like type 
is the dominant one, the conical, rectangular, and 
triangular. The finger-like type of the jejunal villi were 
similar to what appeared in the most of the different 
previously studied birds as in pheasant, African 
Ostrich,  Coturnix coturnix  and other birds (LEVI et 
al., 2013, NASRIN et al., 2012, PARISAKHOJASTE and 
MAHDI, 2019, ZAHER et al., 2012b, ALHOMAID and ALI, 
2013), while (HANAFYABUMANDOUR and BASSUONI, 
2020) observed the presence of the triangular jejunal 
villi in the Garganey Anas querquedula. Moreover, 
the current work reported the presence of the long 
villi (NASRIN et al., 2012). Moreover, the geese of the 
Gorkovskaya breed had the highest jejunal villi height 
and surface area (KUSHCH et al., 2019). 

The functional anatomical presence of the villi 
in all small intestinal parts including the jejunum to 
increase the lumen surface area of the small intestine 
and consequently increase the absorption mechanism 
of the digested materials (SCHAEFER et al., 2006, 
DYCESACK and WENSING, 2010) who added that 
the increase in the height and width of the villi will 
increases the absorption surface area and lead to 
increase the growth and production. Also, longer villi 
indicate increased epithelial progenitor proliferation 
and decreased epithelial turnover (GODWINCLIFFORD 
and AGATHA, 2016). 

The present observation of the Wild Turkey 
Meleagris gallopavo clear that the jejunal villi was lined 
by the simple columnar epithelial tissue, like the noticed 
observation in numerous bird species (AL-JERAISY, 
2017, AL-DULEEMY, 2019, HANAFYABUMANDOUR 
and BASSUONI, 2020). The current histological 
examination described the presence of secretory cells 
that increase in number at the top of villi, like that 
noticed by (ALHOMAID and ALI, 2013, NASRIN et al., 
2012, PARISAKHOJASTE and MAHDI, 2019, HUSSEIN 
and REZK, 2016b, HANAFYABUMANDOUR and 
BASSUONI, 2020, KHALEEL and ATIEA, 2017). Perhaps 
the reason for the presence of a large number of these 
cells at the end of the digestive tract to increase the 
secretion of mucous to facilitate the passage of waste 
products, This explanation come to an agreement 
with that discussed in the falcon (HAMDI et al., 2013, 

Table 1. the response of jejunum to the histochemical techniques

Tissue 

Technique

The epithelial 
tissue Intestinal glands

AB pH 1 +++ ++

AB pH 2.5 ++ +++

PAS +++ +++

BP - -

SB - -
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AL-TAEE, 2017) and (HANAFYABUMANDOUR and 
BASSUONI, 2020) in the Garganey (Anas querquedula). 

The current histological studies in the Wild 
Turkey Meleagris gallopavo described that the lamina 
propria and the lamina propria cone consisted of a 
loose connective tissue rich in the blood vessels, 
corresponding to that noticed by (HUSSEIN and 
REZK, 2016b). Moreover, the current work observed 
the presence of the intestinal glands or Liebrkuhkn's 
crypts in the lamina propria. These glands contribute 
to the digestion of food nutrients, which is what 
appeared in the rest of the birds (AL-DULEEMY, 2019, 
AL-JERAISY, 2017, GODWINCLIFFORD and AGATHA, 
2016, HANAFYABUMANDOUR and BASSUONI, 2020). 

The current work observed the presence of the 
entero-endocrine cells in the Wild Turkey Meleagris 
gallopavo as noted in the cattle egret Bubulcus Ibis 
(HUSSEIN and REZK, 2016b), moreover these cells also 
appeared in the rabbit jejunum (ABDUMUTALOVICH, 
2017). The jejunum also distinguished by the presence 
of Payer's patches, which contributes to the defensive 
function of the bird's body against pathogenic 
organisms and other pathogens, and these nodules 
also appeared in pheasant (PARISAKHOJASTE and 
MAHDI, 2019) and (HANAFYABUMANDOUR and 
BASSUONI, 2020) in the Garganey Anas querquedula.

The current histological results of the rest of 
the jejunal wall layers appeared similar to the 
previously examined birds, as in the Kestrel Falco 
tunniculus and white eared bulbul Picnonotic 
leucotis, pheasant Phasianus colchicus, cattle 
egret Bubulcus Ibis, Garganey Anas querquedula 
(AL-A´ARAJI and AL-KAFAGY, 2016, HUSSEIN and 
REZK, 2016b, PARISAKHOJASTE and MAHDI, 2019, 
HANAFYABUMANDOUR and BASSUONI, 2020).
It reported that the tunica muscularis is involved 
in peristaltic movement activities that propel the 
intestinal contents towards the large intestine. In 
the African pied crow, the tunica muscularis of the 
jejunum was thicker than that of the duodenum 
and ileum, respectively, and this indicates a higher 
percentage of digestion and absorption takes place 
in the jejunum (GODWINCLIFFORD and AGATHA, 
2016). The current work noted that the muscularis 
layer consisted of thick inner circular layer and outer 
thin longitudinal layer of smooth muscle fibers, this 
corresponding to that observed by (HUSSEIN and 
REZK, 2016a, RODRIGUES et al., 2012, ABD EL- AZIZ, 
1984, ZAHER et al., 2012a, HANAFYABUMANDOUR 
and BASSUONI, 2020). 

The current histochemical observations clarify that 
the epithelial tissue and the intestinal glands showed 

a positive response for AB and PAS techniques, that 
indicated the presence of carbohydrate and mucous 
substances in their secretions, which corresponding 
to that reported in pin-tailed sandgrouse Pterocles 
alchata, starling Sturnus vulgaris, African ostrich 
Struthio Camelus, cattle egret Bubulcus Ibis and 
zebra finch (AL-DULEEMY, 2019, ALHOMAID and ALI, 
2013, AL-JERAISY, 2017, HUSSEIN and REZK, 2016b, 
TAKI-EL-DEEN, 2017). While, it appeared negative 
for crystalline cells in a Kestrel Falco tunniculus 
(AL-A´ARAJI and AL-KAFAGY, 2016), it is known that 
the goblet cells produce mucous secretions that 
contain neutral and acidic mucopolysaccharides 
(GODWINCLIFFORD and AGATHA, 2016). This mucus 
secreted by the goblet cells may play a different roles 
including, a medium for absorptive processes take 
place, enhancement the contents movement (digesta) 
and nutrients digestibility, protection of the mucosal 
surface from the chemical irritants, microorganisms 
and abrasion, providing a smooth, lubricated 
mucosal surface that facilitates the movement 
of the contents and contributing to the energy 
requirements of the microvilli and epithelial cells for 
breakdown and absorption of the intestinal contents 
(PARISAKHOJASTE and MAHDI, 2019, ZGHAIR and 
KHALEEL, 2019), while, shown negative response to 
the techniques of BP and SB and this indicated that 
there were no clusters or secretions of protein and 
fatty substances, which also documented in the rest 
of the birds.

Conclusions
 We can conclude from the current study that 
the structure of the jejunum is similar to the rest of the 
small intestine and characterized by the presence of 
lymph nodules that contribute to the defense of the 
bird's body. The jejunal villi had a different appearance 
but the finger-like shape is the common form. The 
jejunum also contributes to carbohydrates and mucous 
secretions that help the digestive system to perform its 
functions correctly.
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