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Abstract 

Day one, Cobb chicks were employed to investigate the effects of 

different levels of dietary crude protein (CP) on the distribution of 

goblet cells (GCs), mast cells (MCs), and intraepithelial leukocytes 

(IELs) in broilers gastrointestinal tract. Chicks were randomly 

allotted to three treatments, containing CP 20%, 22 %, and 24 %. At 

42 days, three chicks of each treatment were slaughtered and the 

samples from the gastrointestinal tract were taken, processed, and 

stained with H&E and special stains. Results showed that the GC 

count increased in the low protein (LP) diet and decreased in high 

protein (HP) diet, while the IELs increased in the HP diet and 

decreased in the LP diet. Mast cell distribution was much more 

obvious in the LP and NP diets comparatively with the HP diet. 

 

Introduction 

Gut-associated lymphoid tissues 

(GALT) of the intestine are part of 

the common mucosal immune 

system of poultry, considering birds 

lack classic well defined lymph 

nodes (Megan and Catherine, 

2013). Many functional properties 

have been ascribed to intestinal 

mucin, such as lubricating intestinal 

surfaces, trapping, and neutralizing 

bacteria, detoxifying heavy metal 

binding, acting as a diffusion barrier 

for nutrients and macromolecules, 

and protecting the underlying 

epithelial cells, protection to the 

mucosa from dehydration and 

mechanical damage (Khan, 2008). 

Mast cells together with humoral 

and cellular defense cells have 

important role within that system 

(Caldwell et al, 2001). Moreover, 

the lining epithelium is protected by 

mucosal secretions and by the 

penetrating IELs. The IELs of the 

chicken are a population of 

lymphocytes including Natural 

killer (Gobel et al, 2001), as well as 

Bu-1 bearing cells (not classical B 

cells) (Vervelde and Jeurissen, 

1993). 

Materials and Method 

I- Birds housing and feeding 

system 

This study was conducted on 90, 

one day-old Cobb broiler chicks, 

which have been brought from a 

hatching chick’s house (Abu Atwa, 

Ismailia). The experimental diets 

were formulated to be ISO-caloric, 
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The broilers were divided into three 

groups according to the protein 

level in the diet (Table 1). Birds 

were given feed and water full day 

with a continuous artificial lighting 

till the end of the experiment. The 

ambient temperature was 30 °C in 

the first three weeks than decreased 

to 24 °C. 

II- Collection and preparation of 

the samples 

At the end of the experimental 

period, three birds per group were 

randomly selected, slaughtered, and 

dissected.  Tissue samples were 

taken from proventriculus, small 

intestine, and large intestine. Small 

slices about 5.0 mm cubes from the 

aforementioned organs were 

excised and fixed in 4 % 

paraformaldehyde (PH 7.4), 

trimmed, and dehydrated manually 

cleared in xylene, embedded in 

paraffin, sectioned stained by 

Hematoxylin and eosin (H&E) 

Alcian Blue, Periodic acid schiff 

reagent and Toluidine blue and 

mounted in a DPX. 

III- Goblet cells (GCs) and 

intraepithelial leukocytes (ILEs) 
 The IELs and the GCs along intact 

villi were counted under a bi-

occular microscope using high 

magnification (40×) and each count 

was repeated five times for each 

section (Gu and li, 2004). 

Table (1): Ingredient composition of the different levels of protein diets us 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters LP NP HP Parameters LP NP NP 

Starter(0-3 Weeks) 

Corn 50.2 58.1 63.5 Salt 0.3 0.3 0.3 

SBA 36.7 29.2 25.2 Lysine 0.3 0.2 0.3 

Gluten 5.0 6.0 4.5 Methionine 0.1 0.1 0.2 

Oil 4.7 3.0 2.3 Total 100 100 100 

DiCaP 1.6 1.6 1.6 CP 24 22 20 

Lime 1.3 1.3 1.3 ME 3060 3060 3060 

Premix 0.3 0.3 0.3 E/P ratio 127.5 139 153 

Parameters LP NP HP Parameter LP NP HP 

Grower-Finisher (3-6 Weeks) 

Corn 59.6 66.0 70.9 Salt 0.3 0.3 0.3 

SBA 30.9 24.5 20.6 Lysine 0.2 0.3 0.4 

Gluten 3.0 3.5 2.5 Methionine 0.2 0.2 0.2 

Oil 3.0 2.0 1.2 Total 100 100 100 

DiCaP 1.7 1.7 1.8 CP 21 19 17 

Lime 1.3 1.3 1.3 ME 3040 3040 3040 

Premix 0.3 0.3 0.3 E/P ratio 144.8 160 178.8 
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Results 

A strong PAS and AB positive 

reaction was observed in the brush 

border of the epithelial lining and 

the GCs in the intestinal villi and 

crypts in all groups in duodenum 

(Fig. 1), jejunum (Fig 2), ileum (Fig 

3), cecum (Fig 4) and colo-rectum 

(Fig 5). Dietary CP had a highly 

significant effect on the GCs 

population in the duodenum (P 

~0.001), which showed marked 

decrease as the dietary CP increased 

(Table 2). GCs count in the 

epithelium and crypts of the 

jejunum were significantly 

(P~0.001) different among the CP 

treatments where in the NP group 

goblet cell count was lesser than 

other groups (Table 2). 

The total GCs count in the villi and 

crypts in the ileum of all groups 

were nearly the same, whereas the 

GCs count showed a slight increase 

in LP and NP groups (P~ 0.15) 

(Table 2). GCs count had 

significant differences among the 

groups (P~0.001). GCs count in 

cecum was numerous in the LP and 

HP groups, while they were less 

numerous in NP group (Table 2). 

GC count in recto-colon was lower 

than that of cecum and it was of no 

significant variation between groups 

(P~0.090) (Table 2). 

Mast cells (MCs) stained by 

toluidine blue were much more 

obvious in LP groups than those of 

NP group and decreased in number 

in the HP group. 

MCs were observed among the 

connective tissue elements of the 

lamina propria and submucosa of 

the examined GIT organs. They 

were markedly obvious in 

perivascular, periglandular, and 

perineural localities.  

Toluidine blue stained sections 

revealed that the MCs had various 

sizes and shapes. They were flat, 

oval or spindle shaped. MCs were 

determined at most in 

proventriculus in lamina propria 

basically  (Fig. 6). In small 

intestine, MCs in the jejunum were 

concentrated in the upper part of the 

jejunal villi (Fig 6) and they were 

numerous in the jejunum than  in 

the duodenum and ileum (Fig.6). 

They were observed more 

frequently in the mucosal epithelial 

lining and lamina propria than 

around crypts in LP and NP groups 

then become less in HP group 

(Fig.6). In large intestine, 

distribution of MCs was less 

abundant in cecum than in colon-

rectum, where they were numerous 

and located around crypts (Fig. 6). 

The intraepithelial leukocytes 

(IELs) were observed mostly 

between columnar cells of the 

epithelial lining. Globule leukocytes 

(GLs) were scattered mainly in 

crypts while GLs were twice in size 

than those of IELs (Fig. 7). IELs 

have small spherical bodies with 

clear perinuclear halo, while GLs 

were larger with acidophilic 

intracytoplasmic granules and 

darkly basophilic nucleus. Sections 

of GLs stained by toluidine blue 

showed their metachromasia where 

they stained violet red (Fig. 7). 
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In the duodenum, the distribution of 

IELs was lesser in the LP than in 

the other groups while no 

significant variation was seen 

between the NP and HP groups 

(Table 2). In the jejunum, the 

response of the IELs to the dietary 

CP level was also significant 

(P~0.001), since IEL count was 

lesser in the NP group (Table 2). In 

the ileum, although the count of 

IELs was the highest in the HP 

group, it showed no significant 

(P~0.10) difference among the 

groups (Table 2). 

In the cecum, the distribution of 

IELs was lesser than those of small 

intestine with a significant 

difference among the groups  

(P~0.011). They showed more 

scattered pattern in the HP group in 

comparison to those in in LP and 

NP groups (Table 2). In the recto-

colon, the IELs were in general 

lesser than those of cecum and they 

were of no significant (P~0.138) 

variation between groups. 

 

Table (2): The effect of different levels of CP on Goblet cells and 

Intraepithelial leucocytes 

 

Parameters 
LP 

 

NP 

 

HP 

 
P-Value 

Goblet Cells Count 

Duodenum 
2591.67a 

±4.9 

2355.34a 

±17.8 

1710.12b 

±12.5 
0.001 

Jejunum 
4011.68a 

±17.41 

3013.34c 

±7.23 

3685b 

±40.72 
0.001 

Ileum 
3506.63a 

±24.5 

3236.53a 

±32.1 

3027a 

±34.2 
0.15 

Cecum 
322a 

±5.7 

215.47c 

±7.6 

280b 

±4.4 
0.001 

Colo-rectum 
187.04ab 
±4.7 

195.64a 
±2.8 

164.52b 
±1.9 

0.090 

 

Parameters LP NP HP P-Value 

Intraepithelial leucocytes (IELs) Count 

Duodenum 
301.83b 

±4.4 

401.71a 

±8.8 

433.38a 

±4.7 
0.001 

Jejunum 
148.03b 

±4.1 

128.23c 

±3.3 

170.11a 

±7.6 
0.005 

Ileum 
235b 
±2.8 

245b 
±10.9 

301.62a 
±7.6 

0.10 

Cecum 
30b 

±2.8 

32 b 

±2.8 

45 a 

±1.6 
0.011 

Colo-rectum 
15.19

a
       

±2.8 

18.52
a
 

±3.2 

20.92
a
 

±2.1 
0.138 
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  Fig. (1): A section of duodenum showing a strong PAS-positive reaction 

staining the goblet cells of the duodenal villi and crypts in LP group (A), NP 

group(B)  and HP group (C). A strong Alcian Blue (AB)-positive reaction 

staining the goblet cells of the duodenum in the LP group (A1), NP group 

(B1) and HP group (C1).   

Fig. (2): A section of jejunum showing a strong PAS-positive reaction 

staining the goblet cells of the jejunal villi and crypts in LP group (A), NP 

group(B)  and HP group (C). A strong Alcian Blue (AB)-positive reaction 

staining the goblet cells of the jejunum in the LP group (A1), NP group (B1) 

and HP group(C1).   
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Fig. (3): A section of ileum showing a strong PAS-positive reaction staining 

the goblet cells of the ileal villi and crypts in LP group (A), NP group(B)  

and HP group (C). A strong Alcian Blue (AB)-positive reaction staining the 

goblet cells of the ileum in the LP group (A1), NP group (B1) and HP 

group(C1).   

 

Fig. (4): A section of cecum showing a strong PAS-positive reaction staining 

the goblet cells of the cecal villi and crypts in LP group (A), NP group(B)  

and HP group (C). A strong Alcian Blue (AB)-positive reaction staining the 

goblet cells of the cecum in the LP group (A1), NP group (B1) and HP 

group(C1).  

 

Fig. (5): A section of colo-rectum showing a strong PAS-positive reaction 

staining the goblet cells of the colo-rectal villi and crypts in LP group (A), 

NP group(B)  and HP group (C). A strong Alcian Blue (AB)-positive 

reaction staining the goblet cells of the colo-rectum in the LP group (A1), NP 

group (B1) and HP group(C1).   

 

Fig. (6): A section showing mast cells (arrow) distribution in the 

proventriculus (A)and the small intestine, in duodenum (B), in  jejunum (C) 

and in ileum(D), In cecum (E) and in the colo-rectum (F). 
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Fig (7) A section showing Globule Leucocytes  (GLs) (arrow) (A) and the 

IELs (arrow head) (B) in the intestinal villi stained by H&E. GLs in the 

lining epithelium of the intestinal villi. (B) and crypt (D) stained by 

Toluidine blue. 

 

Discussion 

In this study, a positive PAS and 

AB reactivity of the goblet cells of 

the small intestine in all groups, 

suggesting that the crypts of 

Leiberkühn had an acid and neutral 

muco-polysaccharide secretions. 

These findings are in agreement 

with (El-Sayyad, 1995). 

The total goblet cells count showed 

a marked increase in broilers fed the 

LP diet followed by those fed NP 

diet and relatively decreased in 

broilers fed the HP diet. In 

duodenum and jejunum the highest 

count was observed in the LP 

group, while in ileum the GCs count 

were nearly the same. Our result are 

in accordance with Langhout et al 

(1999) who reported a significantly 

increased number of GCs per unit 

area of intestinal mucosa with 

decreased villi length, suggesting 

that the higher density of GCs may 

result in an increase in the secretion 

of mucin. Moreover, Kritchevsky 

and Bonfield (1995) added that 

shorter villi relative to crypts depths 

have fewer absorptive cells but 

more secretary cells. It has been 

reported that a decrease in digesta 

viscosity as results of decreased the 

CP level increases the amount of 

mucins (Sharma et al, 1997). 

By increasing the crude protein 

level (HP) the goblet cell number 

was reduced. This finding matches 

the observations of Wu et al (2004) 

who showed that by elevating the 

CP level the GCs population 

decreases, because when dietary CP 

increases, lower proportion of 
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endogenous amino acids is lost in 

digesta and excreta. This finding 

assuring that LP diet improved the 

immunity and gut health rather than 

the high protein diet.  

In harmony with Montagne et al 

(2004), the GCs count was the 

highest in jejunum rather than 

duodenum and ileum particularly in 

the LP group, considered that the 

jejunum was the longest part of the 

small intestine, responsible for most 

of the nutrient absorption, and the 

alterations observed in the 

dynamics of mucin secretion within 

the gut should probably contribute 

for a higher absorption of the small 

amount of amino acids provided in 

the diet which will be used in the 

synthesis of mucin glycoprotein in 

the goblet cells. 

 Montagne et al (2004) added that a 

greater quantity of mucins is 

produced at the surface of the 

jejunum helping in slowing the rate 

of nutrient absorption by decreasing 

the viscosity of food and time need 

to mix the digests with the bile salt 

and digestive enzymes. Our results 

showed no significant differences in 

total goblet cells count in ileum in 

all groups. The same findings have 

been reported by Montagne et al 

(2000) who suggested that GCs and 

mucin protein represent a 

significant component of 

endogenous secretions to food pass 

undigested to the terminal ileum.  

Our results showed that the cecal 

and recto-colonal villi and cryptal 

epitheliocytes exhibited higher acid 

mucin content whereas neutral 

mucin was much lower. These 

findings are in line with Sharma et 

al (1997) who mentioned that 

alternations in the type of mucin 

produced are due to changes in diets 

composition. It has been suggested 

that acidic mucins protect against 

bacterial translocation because 

sulfomucins in particular appear to 

be less degradable by bacterial 

glycosidases and host proteases 

(DePlancke and Gaskins, 2001). In 

contrast, the total GC counts in the 

recto-colon showed lesser 

populations than cecum and 

revealed slight variations among the 

three groups where the highest was 

in NP group. Our results are 

constituent with the findings of 

Hedemann et al (2005) who 

reported that the mucin staining 

area in the cecum and recto-colon 

was not affected in pigs fed coarse 

grounded pellets.  

 

Mast cells (MCs)  

Generally, the results showed that 

the distribution of the MCs in the 

jejunum was concentrated in the 

upper part of the villus in birds fed 

on coarsely ground diet. The 

population of MCs was 

significantly lower in the 

duodenum, ileum, and cecum 

compared with the proventriculus, 

jejunum and colo-rectum. Our 

results are in harmony with Liu et 

al (2006) showed that reducing 

particle size enhances the number of 

mast cells and increases the 

histamine synthesis, through 

increasing stem cell factor 
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concentration and expression in the 

small intestine in broiler chickens. 

 

 In accordance with Leren (2003) 

similar distribution of MCs were 

observed in lamina propria, 

submucosa, around glands, near 

blood vessels and between muscle 

groups in tunica muscularis all over 

the gastrointestinal tract of all 

groups. In our study, mast cells 

were much more obvious in the LP 

group than those of NP and 

decreased in number in the HP 

group. Marshall (2004) observed 

that an increase in mast cell 

numbers might result in an increase 

in the production and release of 

active mediators that regulate the 

movement of intestinal smooth 

muscle.  

MCs in proventriculus were 

distributed evenly in the lamina 

propria, and between 

oxynticopeptic cells especially in 

the LP group. Our results are in line 

with Yoruk (2004) who reported 

that MCs were determined in 

proventriculus, which recorded the 

highest localization of mast cell. 

MCs in jejunum were seen more 

frequently in the mucosa and lamina 

propria more than around crypts. 

These results agree with a previous 

report showed the same distribution 

in chicken jejunum (Darmawi et al, 

2013). MCs were present mainly in 

the LP and NP groups then become 

less in number in HP group. 

MCs showed a marked decrease in 

the duodenum and ileum compared 

to jejunum. MC population was 

observed in the proximal part of the 

jejunal villus. Our results are in 

harmony with Liu et al (2006) who 

showed that mast cells in the 

jejunum were concentrated in the 

upper part of the villus in birds fed 

the coarsely ground mash diet, The 

number of MCs was significantly 

lower in the duodenum, ileum and 

higher in jejunum of birds fed 

coarsely ground diets. Furthermore 

the mast cell distribution in recto-

colon where Clostridium 

perfringens are expected to increase 

were more than in cecum, our 

results are not in accordance with 

Yoruk (2004) who reported a 

marked decrease in mast cells in 

cloacae-rectum. 

The distribution of IELs in the 

small intestine, cecum, and recto-

colon showed variations in the three 

groups of the experiment. Our 

results are in accordance with 

Turner (2009) who stated that the 

IELs were dispersed among the 

enterocytes that line intestinal 

villous, playing a role in gut 

immune function. Wu (2009) 

reported that such function needs at 

least some exogenous glutamine. 

Our results showed an increase in 

the number of IELs in the 

duodenum and jejunum, and a 

decrease in number in the middle 

part of the cecum and in the colon. 

These findings come along with the 

findings of (Vervelde and 

Jeurissen, 1993), moreover, a 

marked increase in IELs count in 

broilers fed the HP diet especially 

in the upper small intestine, with 
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nearly even distribution in the 

ileum. In large intestine, cecum 

continued as the same manner as 

ileum. While in recto-colon the 

distribution was lesser than in 

cecum but was evenly localized. In 

pigs Gu and Li (2004) reported a 

decrease in IELs count during 

feeding higher levels of dietary 

protein. 

GLs were stained violet red with 

characteristic acidophilic granules 

by toluidine blue and were observed 

in the epithelial lining of both villus 

and crypts of the duodenum. Our 

findings are in line with Masum et 

al (2012) who mentioned that the 

mucosal epithelia of chickens 

contained different types of 

migrating immunocompetent cells, 

such as GLs. 
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الخلايا المناعية بداخل على اعداد الخلايا الكاسية و  ىئالغذاتاثير نظام البروتين 

 و على توزيع الخلايا البدينة فى القناة الهضمية لدجاج التسمين الظاهري
 

 أميرة أحمد النيدانىوعصام محمد عبد العليم  , حسين عيداروس حسين , عبد الحميد كامل عثمان 

 .مصر , الاسماعيلية, جامعة قناة السويس, كلية الطب البيطرى ,  قسم الخلية و الانسجة

 

 الملخص العربى

 

كتكوت تم استخدامهم لمعرفة تأثير البروتين الغذائي على الجهاز الهضمي لدجاج التسمين وعلى  09

نات و اخدت العي فى نهاية التجربة.الخلايا البدينة و الكأسية و الخلايا المناعية بداخل الظاهريتوزيع 

البروتين المنخفض عن  زادت الخلايا الكاسية فى .تم صبغها بالصبغات التقليدية و المتخصصة

الخلايا البدينة أظهرت تنوع فى  .معي الأعور البروتين العالى و زادت بشكل ملحوظ فى اللفلئفى و

لمنخفض عن البروتين توزيعها من عضو إلى أخر و لكنها كانت تميل إلى الزيادة فى البروتين ا

و القولون المستقيم عن باقي  لفائفىالعالي ، لوحظ تمركز الخلايا البدينة فى مقدم المعدة و ال

الأعضاء، بينما أظهرت الخلايا المناعية بداخل الظاهري أظهر زيادة فى البروتين العالي خاصة فى 

 .الأجزاء الثلاثة  للأمعاء الدقيقة


