
Acta Biologica Hungarica 62(2), pp. 113-121 (2011) 
DOl: 10. 1556/ABiol.62.201l.2. I 

A COMPARATIVE STUDY ON THE HISTOLOGICAL 
STRUCTURE OF THE SPLEEN IN THE OSTRICH 

(sTRUTHIO CAMEL US), 
THE KESTREL (FALCO TINNUNCULUs) 

AND THE OSPREY (PANDION HALIAETUs) 

TOLUNAY KOZLU,l* EBRU KARADAG SART,2 
YESTM AKAYDTN BOZKURT1 and H. ALTUNAy3 

j Department of Histology and Embryology, Faculty of Veterinary Medicine, Mustafa Kemal University, 
31040 Hatay, Turkey 

2 Department of Histology and Embryology, Faculty of Veterinary Medicine, University of Kafkas, 
Kars, Turkey 

3 Department of Histology and Embryology, Faculty of Veterinary Medicine, Mehmet Akif Ersoy 
University, 15100 Burdur, Turkey 

(Received: June 1,2010; accepted: August 27,2010) 

The spleen structurally and functionally belongs to the hematopoietic organs and is also an important 
component of the reticuloendothelial system, which is known to play a major role in host defense. The 
histological structure of the spleen was investigated in the ostrich, a non-flying bird, the kestrel, a raptor, 
and the osprey, a fish-eating bird of prey (fish eagle). For this purpose, Mallory's modified triple stain, 
methyl green-pyronin and silver stain were used. Genninal centers were not present in the spleen of the 
osprey. In the spleen of the kestrel, penicillar arterioles and the surrounding lymphoid tissue were mark
edly dense. Compared to the other two birds, the red and white pulps were clearly distinguishable in the 
spleen of the ostrich. 
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INTRODUCTION 

In avian species, the spleen is located in the region situated dorsally to the gonads, 
ventrally to the liver and laterally to the stomach, just opposite the dorsal surface of 
the right hepatic lobe. The spleen, which is reddish brown in colour, is round or oval 
in fowl and oval in pigeons, whilst more triangular in seabirds with its flattened dor
sal surface and convex ventral surface [5]. 

The connective capsule surrounding the spleen forms trabeculae in the parenchy
ma, which harbor large blood vessels. The framework of the parenchyma is composed 
ofreticular connective tissue, which contains spleen sinuses that are drained by veins 
and supplied by arterial capillaries. This major part of the parenchyma is called the 
'red pulp' due to its rich blood content and soft consistency. The arterioles in the red 
pulp are surrounded by a sheath, which is formed by reticular fibers and contains 
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lymphocytes. The lymphatic sheath forms small lymph nodules, which sometimes 
contain a distinct reaction center. The number of these nodules, also referred to as 
spleen corpuscles, varies with the reaction status of the organ, and these parts are 
generally named as the white pulp of the spleen [2]. 

The spleen structurally and functionally belongs to the hematopoietic organs and 
is also an important component of the reticuloendothelial system, which is known to 
play a major role in host defense. Tt is responsible for producing both white and red 
blood cells during the embryonic period, whilst it produces Iymphocytes throughout 
the life course. Tt also removes non-viable erythrocytes from the circulation. While 
certain components, such as blood pigments liberated from erythrocytes, are stored in 
the liver for future use, iron is stored in the form of ferritin in the spleen. The phago
cytic reticular cells in the splenic parenchyma are involved in defense against infec
tions, and endothelial cells in the spleen sinuses have a similar function. These cells 
are also involved in producing antibodies [13]. 

The ostrich (Struthio camelus) is the largest living bird and has just two toes on 
each foot. It is one of the oldest winged animals and is a member of the group of non
flying birds. As for the kestrel, it is a member of the Falconidae, and is a very com
mon raptor in Europe, Asia and Africa. It feeds on carrion and has reddish feathers, 
which are 35 cm in length. The only raptor capable of diving into the water, the 
osprey, is large in size [7]. 

The present study was aimed to investigate the histological structure of the spleen 
in the ostrich, the kestrel and the osprey, and to determine any differences, if present, 
among these three avian species. 

MATERIAL AND METHODS 

Animals 

The spleens of an osprey, two kestrels and three ostriches constituted the material of 
the study. Ospreys do not live in Turkey, but are sometimes found along their migra
tory routes. The encounter of the adult female osprey, examined in this study, in the 
province Antakya was coincidental. The osprey, which had a gun-shot wound, was 
referred to the faculty clinics, but died before being able to be treated. Clinical 
examination revealed that there was no systemic damage to the spleen that would 
affect the tissue. Furthermore, the tissue was examined by pathologists and no patho
logical finding was observed. The adult male kestrels, which were taken care of at the 
Raptor House of the General Directorate of Nature Conservation and National Parks, 
due to its not being able to be released back into the wild, was given to the Department 
of Histology and Embryology of Ankara University Faculty of Veterinary Medicine 
for use in scientific research. Finally, the three adult male ostriches used in the study 
were obtained from commercial farms. 
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Histological procedures 

For histological examination, the tissue samples were fixed in formol-alcohol for 12 
hours and in 10% formalin for 24 hours. Following routine histological processing, 
the tissue samples were embedded in paraffin, and sectioned at 6-/1 thickness. 
Subsequently, the sections were stained with Mallory's triple stain for the demonstra
tion of the general histological structure of the spleen [6], and were applied the 
methyl green-pyronin method [3] and the silver staining technique of Gordon and 
Sweet for the demonstration of plasma cells and reticular fibers, respectively [1]. The 
sections were examined under light microscope (Olympus BX50, Japan). 

RESULTS 

Osprey spleen 

Tt was observed that the spleen was covered with a rather thick capsule. The capsule, 
which was composed of fibrous connective tissue, contained smooth muscle fibers 
and collagen fibers (Fig. 1 C). The surrounding capsule of the spleen was determined 
to form very wide trabeculae in the parenchyma, which harbored large arteries and 
veins. 

In the spleen of the osprey, lymphoid tissue, which aids in distinguishing between 
the red and white pulps, in general, demonstrated a homogeneous distribution 
throughout the organ (Fig. 2A, B). Germinal centers were not present. Central arteri-

Fig. 1. The capsule (c) of the spleen in kestrel (A), ostrich (B), and osprey (C). Triple 
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Fig. 2. (A) The histological appearance of the spleen in osprey; c: capsule, arrow: trabecule, arrowhead: 
arteria trabecularis. (B) The histological appearance of the spleen in osprey; arrow: arteria penicillata, 

arrowhead: arteria centralis, asterisk: arteria trabecularis. Triple 

Fig. 3. (A) The histological appearance of the spleen in kestrel; a: arteria trabecularis, rp: red pulp, arrow: 
arteria penicillata, arrowhead: arteria centralis, asterisk: lymph follicle. (B) The histological appearance 
of the spleen in kestrel; arrow: arteria penicillata, arrowhead: arteria centralis, asterisk: lymph follicle. 

Triple 
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oles and continuing penicillar arterioles were observed to be surrounded by lym
phocytes (Fig. 2B). Both reticular cells and fibers were distinct (Fig. SA). 

Another feature of the osprey spleen was the presence of a few plasma cells in the 
lymphoid tissue (Fig. 6C). 

Kestrel spleen 

The splenic capsule of the kestrel differed from that of the osprey in that it was thin
ner. Furthermore, compared to the osprey, the kestrel had bilayered capsule which 
contained smooth muscle fibers in its external layer and collagen fibers in its internal 
layer (Fig. lA). In the kestrel, the surrounding capsule of the spleen did not form any 
trabeculae in the parenchyma. However, the tissue contained large arteries and veins, 
which were surrounded by wide areas of connective tissue (Fig. 3A). 

In the kestrel spleen, lymphocytes, which aid in distinguishing between the white 
and red pulps, generally formed very few lymph follicles. In these follicles, central 
arterioles were distinct with their eccentric localization (Fig. 3A, B). Compared to the 
other two species, the most peculiar feature of the kestrel spleen was the abundance 
of penicillar arterioles, which were surrounded by lymphoid tissue (Fig. 3A). 
Reticular cells and fibers were distinct (Fig. SB). Furthermore, a few plasma cells 
were observed in the lymphoid tissue (Fig. 6A). 

Fig. 4. (A) The histological appearance of the spleen in ostrich; rp: red pulp, wp: white pulp, arrow: 
arteria penicillata, arrowhead: arteria centralis, asterisk: arteria trabecularis. (B) Lymph follicle in ostrich 
spleen; If: lymph follicle, arrow: arteria penicillata, arrowhead: arteria centralis. (C) The histological 
appearance of the spleen in ostrich; rp: red pulp, wp: white pulp, arrow: arteria penicillata, arrowhead: 

arteria centralis. Triple 
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C l 

Fig. 5. Reticular cells and reticular fibres (arrows) in osprey (A), in kestrel (B) and ostrich (C) spleen. 
c: capsule. Gordon and Sweet's silver staining method 

Fig. 6. Plasma cells (arrow) in the lymphoid tissue in kestrel (A), ostrich (B) and osprey (C) spleen. 
Methyl green-pyronin 
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Ostrich spleen 

As was the case in the kestrel, this capsule was bilayered. Different from that of the 
kestrel, the splenic capsule of the ostrich contained smooth muscle fibers in its inner 
layer, and showed fibrous characteristics in its external layer (Fig. IB). Similar to the 
results obtained in the kestrel, the capsule did not form trabeculae in the parenchyma 
of the organ. Nevertheless, large blood vessels surrounded by wide areas of connec
tive tissue were observed in the spleen of the ostrich. However, these areas of con
nective tissue were much larger in the ostrich when compared to those of the kes
trel. 

Compared to the other two species, the most peculiar feature of the ostrich spleen 
was the clearly distinguishable red and white pulps (Fig. 4A). Lymph follicles were 
numerous as compared to the kestrel. Furthermore, the central arterioles were seen to 
be eccentrically located in these follicles (Fig. 4B). Reticular cells and fibers were 
also distinct (Fig. SC). 

The penicillar arterioles supplying the white pulp, although less in number than 
those of the kestrel, were quite abundant in the ostrich spleen (Fig. 4A, C). The 
number of plasma cells was similar to that of the osprey and the kestrel (Fig. 6B). 

DISCUSSION 

Hodges [9] reported that the splenic capsule is bilayered in avian species, and that the 
external layer is rich in muscle fibers, whilst the internal layer is rich in collagen fib
ers and fibroblasts. Furthermore, Tischendor [18] mentioned the presence of mono
layered thin or bilayered thick capsules with varying content of muscle fibers. In all 
of the species investigated in the present study, it was seen that the spleen was cov
ered with a capsule. However, the structure of this capsule differed among the differ
ent bird species. The common feature of the spleen in all three birds was the richness 
of the splenic capsule in fibrous connective tissue and muscle fibers. 

Lucas et al. [11], Hodges [9] and Tischendorf [18] reported that trabeculae do not 
exist in avian species, whilst Taliaferro and Taliaferro [16] stated that, compared to 
mammalian species, a limited number of trabeculae may be present. Furthermore, 
Bradley and Grahame [4] indicated trabeculae formation only around large blood 
vessels in spleen tissue. Nickel et al. [13] mentioned the presence of wide trabeculae 
formed by the extension of the splenic capsule into the parenchyma, which harbor 
large blood vessels. In the present study, we observed that the formation oftrabeculae 
differed with species. While a real trabecula formation was observed in the osprey, 
trabeculae originating from the splenic capsule and extending into the organ existed 
neither in the kestrel nor in the ostrich. 

Nickel et al. [13] reported the splenic sinuses of avian species to be supplied by 
arterial capillaries and to be drained by veins. Tischendorf [18] stated that it was not 
possible to prove of the presence of trabecular blood vessels in non-mammalian spe
cies, due to the lack of a trabecular framework similar to that of mammals. Lucas et 
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al. [11] indicated 20% of the white pulp to be composed of blood vessels and connec
tive tissue, yet, did not propose any terminology for these blood vessels. Large arter
ies and veins were present in the parenchyma of the spleen. In the osprey, these blood 
vessels were observed to be situated within the trabeculae formed by the splenic cap
sule, and, therefore, they were considered to be trabecular arteries and veins, similar 
to the blood vessels in the mammalian spleen. As for the kestrel and the ostrich, since 
these two species lacked real trabeculae, the blood vessels observed in the splenic 
parenchyma surrounded by connective tissue were not named as those existing in the 
osprey. 

Thorbecke et al. [17] mentioned that although lymphoid tissue was densely located 
around arteries, it demonstrated a distribution thoughout the organ, which allowed us 
distinction between white and red pulps in avian species, as is the case in mammals. 
On the contrary, Starck and Riclefs [15] and Causey Whittow [5] reported that the 
avian spleen had clearly distinguishable red and white pulps, similar to the mamma
lian spleen. Onyeanusi [14] determined that the red pulp occupied a larger area than 
the white pulp in the spleen of guinea fowl at 9 weeks post-hatching, and indicated 
that no change occurred in the structure of the spleen after the 9th week post-hatch
ing. The red and white pulps as seen in the mammalian spleen differed among the bird 
species investigated in this study. While lymph follicles and lymphatic cords, which 
enable to distinguish between the red and white pulps, were not observed in the 
osprey, lymphoid tissue formed a low number of lymph follicles in the kestrel, and as 
for the ostrich, lymph follicle formation displayed similarity to that of mammals. 

Hodge [9] determined that reticular cells and fibers formed the framework of the 
spleen in mammals, whilst Bradley and Grahame [4] reported that they were more 
dense around the arteries in the white pulp and in the capsule. In the present study, 
we ascertained that 2-3 layers of reticular cells surrounded the penicillar arterioles in 
the white pulp in all three species of birds, but particularly in the kestrel. Glick and 
Olah [8], in a study conducted in chicken, referred to these arteries as white pulp
associated vascular channels. Lucas et al. [11] demonstrated that the blood vessels in 
the white pulp, after lessening as a result of losing their tunica media muscularis, 
were encircled with one or more layers of reticular cells so as to remain close to 
neighbouring Iymphocytes. Jeurissen [10], in a study conducted in chicken, referred 
to the presence of periellipsoid Iymphocyte sheaths (PELS) surrounding the penicillar 
arterioles. Furthermore, he reported that penicillary arterioles were surrounded by 
ellipsoid or Schweiger-Seidel sheaths composed of reticular fibers and cubic 
endothelial cells. Causey Whittow [5] determined that penicillary arterioles were sur
rounded by ellipsoid or capillary sleeves (CS), which contained dendritic and ellip
soid-associated cells. In this research, the number of white pulp-associated penicil
lary arterioles differed among species. To our knowledge, no previous study has 
addressed this topic. 

Taliaferro and Taliaferro [16], and Lucas and Jamroz [12] indicated that normal 
spleen tissue may occasionally contain plasma cells, which may increase in number 
under experimental conditions and in case of infection. Warner and Szenberg [19] 
referred to plasma cells as one of the main components of the normal spleen. Although 
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Jeurissen [10] did not define plasma cells as one of the main cellular components of 
the red pulp, he mentioned that they were scattered throughout the red pulp. The 
results of the present study are in agreement with those reported by Jeurissen [10]. 

In conclusion, the splenic structure differed between the three avian species inves
tigated in this study. In our study, we considered a comparative evaluation between 
the three species to be useful. However, the objective was not to establish a phyloge
netic relationship between them. Having gone through literature, we did not come 
across with any histological study previously conducted in these species. We do 
believe that the information that we have obtained will guide researchers who will 
conduct studies in this area in the future. 
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