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Abstract: The splenic white pulp diameter, the lymphoid follicles diameter, the splenic capsule 
thickness, and the splenic trabeculae thickness were determined on fifteen healthy Iraqi camel 
(Camelus dromedarius). The average measurements were 592.35±5.23 µm, 
279.19±4.85µm,147.43±3.64 µm and 106.5±6.29µm, respectively. In addition, a wide marginal zone 
surrounded the white pulp and contained sheathed arteries was found. Also, the cross section of the 
periarterial lymphatic sheath (PALS) containing 3-4 arteries. 
 
Keywords: Camel spleen, histometric study, white pulp, lymphoid follicles, capsule  and 
trabeculae.  

 
 
  

  ) Camelus dromedariu( العراقية الإبلدراسة نسيجية وقياسية نسيجية لطحال  
   

   *الشمري  .ع هيفاء
   

  العراق،ار ذي ق،جامعة ذي قار، آلية العلوم،  قسم علوم الحياة
  

لدراسѧة   (Camelus dromedarius) العراقيـــــــــــѧـة  الإبѧل  الدراسѧة علѧى خمѧسة عѧشر حيѧوان مѧن ذآѧور        أجريت :الملخص
قطرالحويѧصلة  و قطѧر اللѧب الأبѧيض     ل القياس    آان معدل  حيث .الترآيب النسيجي للطحال وحساب بعض القياسات المجهرية علية       

و  5.23µm، 279.19±4.85µm  ،147.43±3.64µm±592.35   علѧى النحѧو التѧالي    سمك المحفظѧة والحѧويجزات  و اللمفية
106.5±6.29µmواليѧѧى التѧѧة  . علѧѧت منطقѧѧا آانѧѧآمmarginal zone   ىѧѧوت علѧѧعة واحتѧѧيض واسѧѧب الأبѧѧة باللѧѧده المحيطѧѧاغم 

  .شرايين 4-3على (PALS) وفي المقاطع المستعرضة احتوت منطقة،الشرايين
  
  
   

 
Introduction 
 

The Spleen is the largest lymphoid organ 
in the body, and the most important organ of 
immunological defense for blood invasion 
(Pabst, 1993). The blood parasite, 
Trypanosoma evansi, is the most important 
disease to affect the Camel (Ngeranwa et al., 
1993). Generally, blood parasites are removed 
and phagocytosed in the spleen (Schnizer et 
al., 1972; Chen and Weiss, 1973). 
Immunohistochemical characterization of the 
splenic compartments has been performed 

in humans (Timens et al., 1989; Milicevic 
et al., 1996; Steiniger et al., 1997), bovine 
(Deleverdier et al., 1996; Keresztes et al., 
1996), sheep (Gupta et al., 1998) and rats 
(Steiniger et al., 1997). Detailed 
information about the splenic cellular 
composition is important for the 
understanding of its immunological role 
and for the analysis of several diseases, 
especially trypanosomosis in camels which 
causes their main health disorders 
(Ngeranwa et al., 1993). 
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The aim of this study was to examine 

the different histological compartments in 
the spleen of Iraqi camel (Camelus  
dromedaries). 
 
Material and Methods 

The histological structure of  spleens from 
male Iraqi camels (5 years old) was studied. 
Fresh spleens were collected on the animals 
directly after slaughter at the slaughter house of 
Nassiriyah city Iraq and were fixed in 10% 
formalin. All specimens were prepared for 
paraffin sections and stained with haematoxylin 
and eosin (H&E) (Luna, 1960), the histological 
work was achieved in our Laboratory of 
Physiology and Histology at the College of 
Science, Thi_Qar University. The histological 
structure of spleens was examined, the splenic 
white pulp diameter, the lymphoid follicles 
diameter, thickness of the capsule and 
trabeculae of all samples were measured under 
microscopy using a micrometer eye piece.  

 
Results 

The camel spleen was found to have a 
thick capsule surrounding the splenic 
parenchyma of  147.43±3.64 µm. The 
outermost layer of the splenic capsule was 
composed of mesothelial cells (Figure 1), and 
was divided into clearly distinguished outer 
and inner layers. The outer layer consisted 
mainly of connective tissue including 
collagen, elastic and fibroblast and smooth 
muscle cells. The inner layer was composed 
predominantly of smooth muscle cells which 
seem parallel along in the longitudinal section. 
The capsule was variable in its thickness 
between the different area (Figure 2). The 
trabeculae extended from the capsule and 
branched, so it divided the spleen area to 
many parts (Figure 3). The average 
thickness of trabeculae was 106.5±6.29µm, 
and it consisted of three layers which 
contain white fibers, fibroblast and smooth 
muscle cells, Two longitudinal muscle 
layers were observed  and transverse 
intermediate layer (Figure 4), with very 
clear space found between the capsule, 
trapeculae and the parenchyma also (Figure 
5).  

 
 
 
 
 
 
 
 
 
 

 
Figure 1. (c) Thick capsule surrounding the 
splenic area (arrows),  parenchyma (P) and, 

the space (Arrow) and mesothelial cells 
(arrow head)  H&E,169X. 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Capsule was variable in its thickness 
(arrows), (o) outer layer,  (I) inner layer,                

(   ) smooth muscles cell. H&E,200X. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. (c) Capsule, (T) trabeculae (p) 

splenic parenchyma and  capsule space 
(arrow) H&E,169X. 

 
The space between the capsule and 

parenchyma contained RBC’s (Figure 6). The 
white pulp area was large and its diameter was 
592.35±5.23 µm,and of irregular shape, and the 
(PALS), lymph follicles and the marginal zone 
were very clear.  
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Figure 4. (T) Transverse layer of musucl 

cells and (L) longitodinal layer of muscles in  
trabeculae 169X. 

 
 
 
 
 
 
 
 
 
 

 
Figure 5. (S) Space between capsule and 

parenchyma. (C) capsule. E&H.680X 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. (c) Capsule,and crowd of RBC in 

space between the capsule and splenic 
parenchyma (arrow) H&E,169X. 

 
The lymphoid follicles were spherical 

in shape and their diameter measured 
279.19±4.85 µm (Figure 7). The cross 
section of the PALS contained 3-4 arteries 
(Figure 8), the artery was tortuous (Figure 9, 
10) and branched in PALS (Figure 11).  

 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 7. ( A) White pulp composed of 
PALS , a lymph follicle(F)and artery 

(arrow) H&E,170X. 
 

 
 
 
 
 
 
 
 
 
 

Figure 8. (T) Trabecula and the arteries 
(arrows head) in the white pulp, H&E,169X. 

 
 
 
 
 
 

 
 
 
 
 

Figure  9. (W) White pulp containing 
tortuous artery (arrow)H&E,169X. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. (F) lymph follicle and  tortuous 
artery (arrow). H&E,170X.    
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Figure 11.The branched artery (arrow) in 
the PALS. H&E,170X. 

 
After emerging from the PALS, the 

central artery branched into 2-5 straight 
branches (penicillary arteries).A wide 
marginal zone surrounds the white pulp 
and it was contained sheathed arteries and 
smooth muscl cells (Figure 12). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. A penicillary arteries (arrows), 
E&H.680X. 

Discussion 
  This study showed that the capsule 

of the camel spleen is thick and is divided 
into an outer connective tissue layer and an 
inner parallel smooth muscle layer. Cesta 
(2006) described that the capsule is 
composed of dense fibrous tissue, elastic 
fibers, and smooth muscle and showed that 
the outermost layer of the splenic capsule 
is composed of mesothelial cells, While in 
cow and hours they have only 2-3 layers of 
smooth muscle cells are oriented 
perpendicular to each other (Bacha and 
Bacha, 2000). Brown and Dellmann (1976) 
showed  that the capsule of horse consists 
of an outer thick connective tissue and an 
inner thinner smooth muscle layer. In the 

pig, the capsule is formed mainly from 
smooth muscle, while in the dog and cat 
smooth muscle cells make up about 2/3 of 
the capsule thickness. The capsule of the 
human spleen is composed of connective 
tissue with little smooth muscle cells 
(Weiss, 1983; Brown and Dellmann, 1976). 
The capsule and trabeculae of dogs 
contains more smooth muscle than that of 
mice and rats. So, the spleens of rodents do 
not contract as rapidly and tend to vary less 
in their gross appearance (Valli et al., 
2002). Zidan et al. (2000a) found that the 
camel spleen is composed of a thick 
capsule surrounding the splenic 
parenchyma, and it was divided it to clearly 
demarcated outer layer, which that  
consisted mainly of connective tissue 
including collagen, elastic and reticular 
fibers with few smooth muscle cells, and 
inner layer was composed predominantly 
of smooth muscle cells supported by 
reticular, collagen and elastic fibers. The 
thickness of the capsule, trabeculae and 
concentration of smooth muscles are very 
important agents to make strong 
contraction when the body need the blood 
and the smooth muscle concentration may 
play a role in the immune reactions, and 
this agree with what was found by Pinkus 
et al. (1986) in their study on human 
spleen, they observed that there is an 
anticipated immuno reactivity in capsule 
and trabeculas of spleen and showed that 
the patterns of localization of smooth  
muscle myosin are correlated with 
anatomic structures and possible tissue 
functions. The white pulp is subdivided 
into the PALS, the follicles, and the 
marginal zone. It is composed of 
lymphocytes, macrophages, dendritic cells, 
plasma cells, arterioles, and capillaries in a 
reticular framework similar to that found in 
the red pulp (Saito et al., 1988). In the 
camel the white pulp was demarcated by 
circumferential reticular fibers that is 
clearly divided the compartments of the 
white pulp into PALS and lymphoid 
follicles (Zidan et al., 2000a). In another 
study, it has been showed that PALS 



Emir. J. Food Agric. 2010. 22 (1): 65-70 
http://ffa.uaeu.ac.ae/ejfa.shtml 

  
 

 69

harbored T lymphocytes, and the marginal 
zone contained few macrophages and the 
periarterial macrophages sheath contained 
many more macrophages than the marginal 
zone (Zidan et al., 2000b), In immunology 
field, Muylderman (2001) was discovered 
unique antibody isotypes in camel serum, 
which that can interact with the antigen by 
virtue of only one single variable domain, 
referred to as VHH, and these heavy-chain 
antibodies exhibit a broad antigen-binding 
repertoire by enlarging their hypervariable 
regions, in another study Muyldermans et 
al. (2008) found that the serum of the one 
humped camel was contain  anti bodies 
which that Unlike antibodies from all other 
species, it was composed of a heavy chain 
dimer so-called Heavy-Chain Antibodies 
(HCAb). AL-Busadah (2007) showed that 
lymphocytes were the predominant 
leucocytes in blood of three breeds of 
Arabian camel. Therefore, the large area of 
white pulp  and entity of the tortuous of 
artery which that supply the PALS area by 
blood may be play essential role in 
production  blood antibodies.  
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