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Abstract 
Enteroendocrine cells in some portions of intestinal tract plays as endocrine portion by 

secreting some hormones that play key roles in the regulation of certain important organs. The 

aim of this study is to examine in detail the relative frequency and regional distribution of 

enteroendocrine cells in some portions of intestinal tract of the camels. The regional 

localization of the endocrine cells in the some portion intestinal tract  of the camels (Camelus 

dromedarius), are inspected using immunohistochemistry techniques. Specimens from eight 

dromedarian camels (Camelus dromedarius) of both sexes with age ranging from 2 - 6 years 

are investigated. The immunohistochemistry was performed using chromogranin A (ChA) 

and four types of hormones. Immune detection findings demonstrated that in the camel small 

intestine, glucose-dependent insulinotropic peptide (GIP), glucagon-like peptide-1 (GLP-1), 

glucagon-like peptide-2 (GLP-2) and cholecystokinin (CCK) are expressed in a subset of 

epithelial cells along the crypt villus axis. While, in large intestine (colon) of camels, 

glucagon-like peptide-1(GLP-1) and glucagon-like peptide-2 (GLP-2) expressed in colonic 

gland. The cells are contained gut hormones appeared to be either triangular or flask-like in 

shape as indicate that they are enteroendocrine cells. Immunohistochemistry of serial sections 

showed that (ChA), which is a specific marker for enteroendocrine cells, is indeed expressed 

with glucose dependent insulinotropic polypeptide (GIP), glucagon-like peptide-1(GLP-1), 

glucagon-like peptide-2(GLP-2) and cholecystokinin (CCK) confirms the site of expression to 

be in enteroendocrine cells. There is caudal decrease in K-cells and I-cells along of the camel 

small intestine, while increase in L-cells in the colon. 
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 نهجمالاندقيقة وانغهيظة الأمعاء  في انمعىية انصماوية انخلايا انتشار نتكرار وا

 (Camelus  dromedarius) انسناو وحيدة
 

 يٍشاٌ ػبذالايٍش انشياحً                   سهى سسىل انبذٌشي

 جايؼت انقادسٍت/  كهٍت انخقاَاث الاحٍائٍتكهٍت انطب انبٍطشي/ جايؼت انقادسٍت     

  صةانخلا

حُظى  يهى وسئٍسً فً إفشاص بؼض انهشيىَاث انخً حهؼب دوسأجضاء انقُاة انًؼىٌت بؼض انظًاوٌت انًؼىٌت فً  انخلاٌا

انخلاٌا انظًاوٌت فً  اَخشاسانخكشاس انُسبً ويُاطق انذساست هى فحض حفاطٍم . إٌ انهذف يٍ هزِ أجهضة انجسى انًهًت

ة انسُاو. أٌ يُاطق حىاجذ انخلاٌا انظًاوٌت فً بؼض أجضاء الأيؼاء نهجًال بؼض أجضاء انقُاة انًؼىٌت فً انجًال وحٍذ

انؼٍُاث ًٍٍاء انًُاػٍت انُسٍجٍت.  كاَج حقٍُت انك اسخخذاوحى فحظها بىاسطت  Camelus dromedaries)وحٍذة انسُاو )

حقٍُت انكًٍٍاء انًُاػٍت  خخذاواسسُىاث. وحى  6-2نكلا انجُسٍٍ بأػًاس حخشاوح يا بٍٍ  يأخىرة يٍ ثًاٍَت جًال ػشبٍت

، وأسبؼت أَىاع يٍ  ىٌتانزي ٌؼخبش كاشف خاص نهخلاٌا انظًاوٌت انًؼ  (Chromograinn A)انُسٍجٍت وكشويىكشاٍٍَ

، انجهىكىص  أظهشث َخائج انفحض انكًٍٍائً انًُاػً فً الأيؼاء انذقٍقت نهجًال وحٍذة انسُاو وجىد هشيىَاث انهشيىَاث.

انخلاٌا انظهاسٌت فً يجًىػت ( (GLP-1\2 ( انجهىكاجىٌ ببٍخٍذ(CCKو كىنسٍخىسكٍٍٍُ  (GIP) ك انببخٍذإٌُسىنٍُىحشوبٍ

( (GLP-1\2  ػهى طىل يحىس انذاخهً نهضغاباث ، بًٍُا فً الأيؼاء انغهٍظت )انقىنىٌ( وجىد هشيىٌ انجهىكاجىٌ ببٍخٍذ

ٌكىٌ يا بٍٍ يثهث انى دوسقً ىٌت انخً ححخىي ػهى انهشيىَاث ًؼشكم انخلاٌا انظًاوٌت انفً انغذد انًؼىٌت. وٌبذو أٌ  فقط

 تلاحظيانُخائج انكًٍٍائٍت انًُاػٍت نهؼذٌذ يٍ انًقاطغ  أظهشثوهزا انشكم ٌذل ػهى كىَها خلاٌا طًاوٌت يؼىٌت. 
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  (GIP)، بأٌ انخلاٌا انخً ححخىي ػهى انهشيىَاث كاشف خاص نهخلاٌا انًؼىٌت انظًاوٌت وهى كشويىكشاٍٍَان

ححخىي ػهى هزا انكاشف يًا ٌذل  ( (GLP-1\2 ( و انجهىكاجىٌ ببٍخٍذ(CCK، كىنسٍخىسكٍٍٍُ  إٌُسىنٍُىحشوبٍك انببخٍذ

ػهى حأكٍذ يىقغ هزِ انخلاٌا وهً خلاٌا يؼىٌت طًاوٌت. أٌ وجىد هزِ انهشيىَاث فً الأيؼاء انذقٍقت وانغهٍظت ٌخخهف ػهى 

( حُخفض كهًا ابخؼذَا ػٍ الاثًُ ػششي  نلأيؼاء انذقٍقت. ػهى انؼكس  (K,Iاطىل الأيؼاء حٍث أظهشث انُخائج بأٌ خلاٌ

 الاسحباط انهفائفً انقىنىًَ. باحجاِ( حٍث أَها حضداد   (Lيٍ خلاٌا

 .انجمم ، انهرمىنات ،انمناعة اننسجية انكيميائية ، انقناة انمعىية ، انخلايا انغدية انكهمات انمفتاحية:

 

Introduction 

The dromedary camels (Camelus 

dromedaries) are mostly present in the desert 

areas (Africa and Asia) and known as the 

ship of the desert in Arabian countries. It is 

used as a main source of milk, meat, wool 

and lashing for people especially who were 

living in the desert. The adult camels can 

produce 9.1-14.1 Kg of milk per day (1). The 

camels is ruminants, but its stomach differs 

morphological from that of other ruminants, 

they are pseudo-ruminants that possess a 

three chambered stomach, lacking the 

omasum that is part of the four-chambered 

stomach of the order Ruminantia (2). The 

mammalian gastrointestinal tract is an 

important endocrine organ because it 

contains an array of endocrine cells, which 

produce a range of regulatory peptide such 

as, somatostatin, neurotensin, gastrin, 

serotonin, gastric inhibitory polypeptide 

(GIP), glucagon like peptide-1(GLP-1), 

glucagon like peptide-2 (GLP-2) and 

cholecystokinin (CCK) (3). Many immuno-

histochemistry studies have carried on the 

distribution of endocrine cells of human, 

cattle, pigs, lesser mouse deer, sheep, horse, 

water buffalo, babirusa and camel (4, 5, 6, 7). 

Studies on the expression, relative frequency 

and reginal distribution of enteroendocrine 

cells in some portions of intestinal tract of 

the one humped camel (Camelus 

dromedaries) virtually lacking. The present 

paper were undertaken to study the relative 

frequency and regional distribution of 

enteroendocrine cells in some portions of 

intestinal tract of the camel using 

immunohistochemistry techniques. 

                                                                                                                                                 

Materials and methods 
Samples were obtained from small and 

large intestine of eight dromedarian camels 

(Camelus dromedarius; four females and 

four males, aged 2-6 years; 250-400kg). 

Tissue samples were collected from small 

intestine approximately 50 cm in length were 

removed from the proximal (distal to the 

pylorus), mid (half way along the small 

intestine), and distal (proximal to the 

ileocaecal junction) intestine. Two or three 

pieces of fresh large intestinal tissues each 

measuring 1-2 cm were collected from colon. 

Sections were opened longitudinally, rinsed 

in ice-cold 0.9% (w/v) NaCl pH 7.4, and 

blotted with paper towels to remove excess 

mucous. Samples of the tissue were fixed in 

10% formaldehyde for 48 hours, dehydrated 

through an ethanol-xylene series, and 

embedded in paraffin for histological 

examinations and immunohistochemical 

studies. Sections were cut at 5mm in 

thickness. Slides, containing wax embedded 

camel small and large intestinal tissue, were 

dewaxed in 100% xylene for 3 x 10 minutes 

each. The tissue was placed twice in 100% 

ethanol for 2 x 10 minutes. Sections were 

removed, allowed to air dry for 10 minutes 

and were circled with ImmEdge 

Hydrophobic Pen and allowed to dry for 10 

minutes. Subsequently, they were placed 2 x 

5 minutes in 70% ethanol. Slides were then 

rehydrated twice in distilled H2O for 5 

minutes each. Slides were immersed in 

antigen retrieval buffer (10 mM Tris/HCl pH 

10.0) and autoclaved, 2 x 15 minutes at 

121
○
C and 15 psi. Subsequently, slides were 

allowed to cool in antigen retrieval buffer for 

30-60 minutes at room temperature and 

washed for 3 x 5 minutes in phosphate buffer 

saline. Non specific antibody binding sites 

were blocked by incubating the tissue 

sections for 1 hour in the blocking solution 

10% (v/v) donkey serum in a humidified 

chamber at room temperature. Sections were 

incubated overnight at 4
○
C with primary 

antibodies (Table 1). For double immuno-

staining, primary antibodies raised in 

different species were mixed with one 

another without changing the final required 
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concentration and were incubated at 4
○
C 

overnight. Each slide was then washed in 

PBS for 5 x 5 minutes. FITC-conjugated 

IgG/IgY and Cy3-conjugated IgG/IgY (Table 

1) Scientific were used at a dilution of 1:500 

for 1 hour incubation at room temperature. 

Finally slides were washed with PBS for 5 x 

5 minutes and mounted in Vectashield Hard 

Set Mounting Media with DAPI. Sections 

were visualised using an epifluorescence 

microscope and images were captured with a 

Canon digital camera images from serial 

sections were merged using imaging products 

laboratory imaging software (Bio-Vision 

Technologies, Exton, PA, USA). Omission 

of primary antibody was routinely used as a 

control.  

The relative frequency of immuno-

reactive cells was placed into one of five 

categorise, not detected (-), rare (+; mean 

values were below 2/filed), a few (±; mean 

values were below 5/ filed); moderate (++; 

mean values were below 10/filed) and 

numerous (+++; mean numbers as seen under 

one filed of epifluorescence microscope 

(X200) and the observation of each region of 

GI tract was conducted as triplet by 3 

histologists. 

 

Table (1): Primary and secondary antibodies were used                                      
Primary antibody Host Dilution Clonality and source 

Anti-chromogranin A Rabbit 1:100 
Polyclonal, chromogranin A (H-300): sc-13090 Santa Cruz 

Biotechnology, INC., CA, USA. 

Anti-chromogranin A Goat 1:100 
Polyclonal, chromogranin A (C-20): sc-1488, Santa Cruz Bio-

technology, INC., CA, USA. 

Anti-GIP Goat 1:100 
Polyclonal, GIP (Y-20): sc-23554, Santa Cruz Biotechnology, 

INC., Santa Cruz, CA, USA. 

Anti-GLP-1 Goat 1:100 
Polyclonal, GLP-1 (C-17): sc-7782, Santa Cruz Biotechnolo-

gy, INC., Santa Cruz, CA, USA. 

Anti-GLP-2 Goat 1:100 
Polyclonal, GLP-2 (C-20): sc-7781, Santa Cruz Biotechnolo-

gy, INC., Santa Cruz, CA, USA. 

Anti-CCK-8 Rabbit 1:200 
Polyclonal, CCK (C2581): Sigma, Saint Louis, Missouri, 

USA. 
 

Secondary antibody Label Dilution Source 

Donkey anti-rabbit IgG Cy3 1:500 
Cyanine-conjugated IgG (711-165-152), Stratech Scientific 

Limited, Suffolk, UK. 

Donkey anti-rabbit IgG FITC 1:500 
Fluorescein-conjugated IgG (711-095-152), Stratech Scienti-

fic Limited, Suffolk, UK. 

Donkey anti-goat IgG Cy3 1:500 
Cyanine-conjugated IgG (705-166-147), Stratech Scientific 

Limited, Suffolk, UK. 

Donkey anti-goat IgG FITC 1:500 
Fluorescein-conjugated IgG (705-095-147), Stratech Scienti-

fic 

 

Results 

Integrity of small and large intestine 

tissues 
The villi of small intestine were seen 

intact, and the epithelial cells attached 

indicate the integrity of the tissue of small 

intestine (Fig. 1). The crypt of colon were 

seen intact with the cells attached indicate the 

integrity of the tissue of colon (Fig. 2). 

Expression of gut hormones in the small 

intestine of mice 
Intestinal tissues of mice were first used 

as a positive control to investigate the 

expression of GIP, GLP-1/GLP-2 and CCK 

by using immunohistochemistry. Results in 

mice intestinal tissues, presented that GIP, 

GLP-1/GLP-2 and CCK were expressed. 

There was no staining when the primary 

antibody was omitted from the control 

section. Typical image meaning that gut 

hormone (GIP, GLP-1/GLP-2 and CCK) 

were expressed in duodenum, jejunum and 

ileum (Fig. 3). 

Expression of gut hormones in the 

intestine of camel 
Results of using immunohistochemistry in 

duodenum, jejunum and ileum of the one-

humped camel indicate clearly expression of 

the GIP, CCK, GLP-1 and GLP-2 in a subset 
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Fig. (1): Cross sections of small intestine of mice (A) and camel (B). The villi are intact, 

and the cells are attached indicated the integrity of the tissue. (H&E stain (A) X200 and 

(B) X400). 
 

 
Fig. (2): Cross section of colon of mice (A) and camel (B). The crypts of colon are intact 

with the cells attached indicated the integrity of the tissue. (H&E stain (A) X200, and (B) 

X400). 
 

 
Fig. (3): Intestinal section of mice probed with antibodies gut hormones (GIP, GLP-1, 

GLP-2 and CCK), show the gut hormone (red) expressed in a subset of cells. There is no 

labelling for gut hormones in control section. Blue and 46-diamidino-2-phenylindole 

stain (DAPI) X200. 
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of cells along the villus. The K-cells 

containing GIP, and I-cells containing CCK. 

The gut hormones labelling were specific; 

when the primary antibodies were omitted it 

was not observed in control section (Fig. 4). 

Results were displayed the relative frequency 

and distribution of endocrine cells in the 

small intestine of one humped camels 

examined by four types of antisera. The 

immuneoreactive cells were identified in the 

small intestine, and most of the gut hormones 

were located in the basal portion of glands. 

The IR cells were triangular or slender in 

shape. They appeared as close-type cells as 

they did not possess lamina contact with their 

apical cytoplasmic processes, some open-

type cells with apical cytoplasmic processes 

observed reach the intestinal lumen more 

frequency in the colon region. The relative 

frequency and distribution of IR endocrine 

cells in the duodenum on the intestinal villi, 

in the crypts (intestinal glands) and in 

Brunner's glands (duodenal glands)(Table 1). 

Generally, the endocrine cells were observed 

in high frequently in the villi of duodenum, 

less frequently on the intestinal crypts and 

rarely in Brunner's glands. In the jejunum the 

GIP IR-cells were observed in rare frequency 

on the intestinal villi, and were not detected 

in the ileum. The duodenum contains the 

greatest variety of endocrine cell types in the 

digestive tract. CCK IR-cells were observed 

in high frequently in the villi and the 

intestinal crypts of the duodenum. In the 

jejunum the CCK IR- cells were observed in 

few frequencies on the intestinal villi, and 

not detected in the ileum. It was well 

established that the duodenal mucosa plays a 

very important role in digestion and 

influences pancreatic secretion and gall 

bladder emptying in higher mammals via 

gastrointestinal hormones released from the 

proximal small intestine. The proximal 

duodenum was thought to be protected, at 

least in part, from acid-pepsin entering from 

the stomach by secretions from Brunner's 

glands. In the small intestine K-cells which 

containing GIP and I-cells containing CCK, 

were detected (Fig. 4). The relative 

frequency is a caudally decrease along of the 

camel intestine (Table 1), the I-cells and K 

cells that expressed the CCK and GIP 

hormone in duodenum and subsequently was 

decreased in jejunum and ileum. However, 

the L-cells which containing GLP-1 and 

GLP-2 the relative frequency was increase 

caudally along of the camel small intestine 

compare with duodenum and jejunum (Table 

1). In the duodenum and jejunum the GLP-

1\2IR- cells not observed. 

Co-localisation of gut hormones with ChA 
By using double immunostaining, cell 

type expressing gut hormones was employed 

with an antibody to (ChA), a classical marker 

for endocrine cells. With double immunostai-

ning technique, primary antibodies to each 

protein were raised in different species. This 

allows labelling with two secondary 

antibodies anti-goat IgG labelling with one 

fluorochrome and anti-rabbit IgG labelled 

with another. When viewed singly, staining 

was red for one protein and green for 

another. When images were merged, areas of 

co-expression showed as orange / yellow. 

Sections of small intestine from camel were 

incubated with antibodies to gut hormones 

(GIP, CCK, GLP-1 and GLP-2) and ChA. 

Results of immuneostaining showed that 

enteroendocrine cells containing gut 

hormones and ChA were co-expressed in the 

same cells in camel small intestine (Fig. 5). 

Expression of gut hormones in the large 

intestine of camel 
The immunohistochemistry show the gut 

hormones were expressed solely in a subpop-

ulation of cells along the crypt in the colon of 

the one-humped camel (Fig. 6). There was a 

caudally increase in L-cells containing GLP-

1/2, but not observed immuneodetection for 

K-cells containing GIP and I-cells containing 

CCK (Table 2). The enteroendocrine cells 

that expressed gut hormones were the open 

type which the apex of the cells found in the 

epithelial lining of the lumen. The relative 

frequency and distribution of IR endocrine 

cells in the large intestine K-cells containing 

GIP and I-cells containing CCK were not 

detected (Fig. 6). Only the GLP-1\2 IR cells 

were observed in high frequently in the 

colon, while both the CCK IR- cells, and GIP 

IR-cells were not detected in colon. The 

GLP-1\2 cells were not detected in 

duodenum and jejunum, while it was 

moderate frequently in ileum (Table 1). 
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Fig. (4): Intestinal section of camel probed with antibodies gut hormones (GIP, GLP-1, 

GLP-2 and CCK); show the gut hormone (red) expressed in a subpopulation cells. There 

is no labeling for gut hormones in control section. Blue and 46-diamidino-2-phenylindole 

stain (DAPI) X200.  
 

 
Fig. (5): Immunofluorescence sections of camel small intestine incubated with antibodies 

of gut hormones (GIP, CCK, GLP-1 and GLP-2) and ChA; showing co-localisation of 

gut hormones (GIP, CCK, GLP-1 and GLP-2) (green) with ChA (red). When the 

sections were overlaid, gut hormones and ChA were shown to be co-expressed in a same 

cell (yellow) (X400). 
 

Fig. (6): Immunofluorescence sections of camel colon showing gut hormones (GLP-1 and 

GLP-2) green and red in a subset of camel colon cells. A (X200), B and C (X400). Nuclei 

are stained blue with 4’, 6-diamidino-2-phenylindole (DAPI).  
 

Table (2): Regional distributions and relative frequencies of the gastrointestinal 

endocrine cells in the GIT of one humped camels (Camelus  dromedaries). 
 Colon Ileum Jejunum Duodenum Hormone 

- - ± +++ GIP 

- - + +++ CCK 

+++ ++ - - GLP-1 

+++ ++ - - GLP-2 

Relative frequencies; (high: +++,   moderate: ++,   few: +,  rare: ±,  not detected: -). 
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Fig. (7): Immunofluorescence sections of camel colon were labelled with the primary 

antibodies to GLP-1 (A), GLP-2 (B) and ChA, showing co-localisation of ChA (green) 

with GLP-1 and GLP-2 (red). When the sections were overlaid, GLP-1/2 and ChA were 

shown to be co-expressed in a same cell (yellow) (X400).  

 

Co-localisation of GLP-1/2 with ChA 

The presence of the gut hormones have 

demonstrated in large intestine of camel. The 

cells that contain gut hormones appear to be 

either triangular or flask-like in shape and 

located mainly in crypt (Fig. 6). The shape of 

these cells indicated that they enteroend-

ocrine cells. Consequently to investigate the 

cell type expressing gut hormones, double 

immunohistochemistry was employed with 

an antibody to chromogranin A (ChA), a 

classical marker for endocrine cells. Large 

intestine sections from camel were incubated 

with antibodies to GLP-1/2 and ChA. 

Immunostaining showed that enteroendocrine 

L-cells containing GLP-1/2 and ChA were 

co-expressed in the same cells in camel large 

intestine (Fig. 7; A and B). 

 

Discussion 
Enteroendocrine cells secrete hormones 

and peptides and the effect of these hormones 

and peptides on food intake and appetite, the 

regulation of glucose homeostasis, gut 

motility and various other physiological 

functions (8). The endocrine cells in each 

part of the gastrointestinal tract differ 

remarkably between animal species in term 

of regional distribution, relative frequency 

and cell type (5). L-enteroendocrine cells 

secrete GLP-1and GLP-2 in response to 

dietary carbohydrates, amino acids and lipids 

(9,10) This pattern of distribution of the 

GLP-1 has also been shown in other 

mammals including sheep and cow (11,12), 

rabbit (13), buffalo (14), human (15), pig 

(16), horse (10) and camel (6). Entero-

endocrine cells constitute 1% of the cells 

lining the intestinal epithelium, and there are 

twenty or more subtypes of enteroendocrine 

cells based on the major products they 

secrete (16). In each part of the 

gastrointestinal tract, the endocrine cells in 

the small and large intestine expresses 

hormones for GIP, GLP-1, GLP-2 and CCK 

(16,17,18) and differ remarkably between 

animal species in term of regional 

distribution, relative frequency and cell type 

(5). In response to dietary carbohydrates, 

amino acids and lipids K-enteroendocrine 

cells secrete GIP; I-enteroendocrine cells 

secrete -CCK, while L-enteroendocrine cells 

secrete GLP-1and GLP-2 (9, 10). Entero-

endocrine cells secrete hormones and 

peptides play a vital role in the function of 

the digestive system with enteric nervous 

system and the effect of these hormones and 

peptides on food intake and appetite, the 

regulation of glucose homeostasis, gut 

motility and various other physiological 

functions (3, 6). Our results support the 

important digestive role of endocrine cells in 

the gut of camel. The present study, 

demonstrated the expression, distribution and 

http://scialert.net/fulltext/?doi=ajava.2012.790.801&org=10#909913_ja
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relative frequency of three types of entero-

endocrine cells in the duodenum, jejunum, 

ileum and colon that secrete, at least, GIP, 

GLP-1, GLP-2 and CCK. The results shown 

are support by (4), who reported that GLP-

1/2 CCK and GIP were expressed in the two-

humped camel. The localised, relatively 

stable presence of GIP, GLP1/2 and CCK  in 

the small and large intestine may be related 

to the role of these hormones in the 

stimulation of intestinal and gallbladder 

smooth muscle and pancreatic secretion (19). 
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