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Introduction

The spleen shows several morphological types, de-
pending on the relative importance of the different
functions that reside in it. Among vertebrates, the mam-
mals own the highest level of specialization of this
organ. The mammalian spleen is composed by the cap-
sule-trabecular system and by the parenchyma. The
capsule is composed of collagen, elastic fibers and little
smooth muscle cells; from it, the trabeculae (consisting
of a dense fibrous connective tissue, composed of nu-
merous collagen fibers and fibroblasts) depart inward.
The parenchyma is composed of the red and the white
pulp. The latter is almost the same in all mammalian
species. In the white pulp, the arteries are surrounded
by the PeriArterial Lymphoid Sheaths (PALS, rich in
T-lymphocytes), which may contain lymphatic nodules
(rich in B-lymphocytes). The white pulp is surrounded
by the Marginal Zone, which is encircled by the red
pulp. The red pulp consists of venous vessels and splen-
ic cords (Billroth’s cords). The pulp cords are consid-
ered cavernous vascular spaces, as they collect arterial
blood and convey it to the venous vessels. They consist
of a spongy mass of cells, mainly macrophages, held in
by a reticular meshwork. The meshwork shows an enor-
mous contact surface and its great section determines a
low shear rate. Therefore, the erythrocytes move slower

than plasma (Groom et al., 1991). Furthermore, the
plasmatic component is separated from the cellular
component by contraction of the splenic vein and drained
by the lymphatic vessels. This explains the high hemat-
ocrit values found in the spleen. This peculiar feature
allows the filtrative function of the spleen, but is also
useful in some species to magnify the blood-storing
properties.

The carnivoran spleen. The morphology of the
spleen has been studied in Felis silvestris (Seki & Abe,
1985), Panthera leo (Tischendorf, 1956), Canis lupus
(Seki & Abe, 1985; Alexandre-Pires et al., 2003), Ur-
sus thibetanus (Zhang et al., 1997), Procyon lotor
(Hayes & Eglitis, 1967), Mustelidae (Abe et al., 1989;
Hataba & Suzuki, 1989) and Pinnipedia (Blessing et
al., 1972; Schumacher & Welsch, 1987; Cabanac et al.,
1999; Stewardson et al., 1999).

Carnivora own high relative splenic weight. More-
over, they show an accentuated muscularization (cap-
sule and trabeculae rich in smooth muscle cells) and
consequent contractility. Therefore, this organ is able
to store and release blood. Within the red pulp, which in
this Order is the major part of the organ, the cords show
a vast extension. Inside these, a great quantity of blood
is retained. If needed, as in case of intensive stress,
hypoxia or hemorrhage, the blood is pushed into the
circulation by the contraction of the muscular capsule
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ABSTRACT. In some mammalian species, pronounced muscularization together with increased spleen
dimension allows this organ to store blood, releasing it in case of need. This is possible because of the large
volume occupied by the cords of the red pulp and the richness in muscle cells of the capsule and trabeculae.
Ungulates (excluding Cetaceans and Sirenians), Carnivores and Edentates show this splenic type. In other
mammals, this organ do not store blood either because their different ecology or because this task is
performed elsewhere in the body.
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and the trabeculae. This contraction also determines the
canalization of the blood stream; this, in facts, does not
disperse in the wide, dilated splenic cords. Instead, it
runs through short, narrow channels and flows directly
to the venous vessels.

Actually, in every species the spleen may store
some blood. For example, this organ acts as a reservoir
of platelets in several species, including man. However,
the amount of erythrocytes that can be accumulated in
the spleens of Monotremata, Marsupialia, Insectivora,
Rodentia, Lagomorpha, Primates, Sirenia and Cetacea
is really negligible. On the contrary, in the “storage”
spleen of Carnivores, nearly 30% of the total blood
volume can be retained in the red pulp, reaching higher
values in seals.

The ungulate spleen. Apart from the external gross
morphology, the histology and function of the equine
spleen is very similar to that of the cat, although the
storing capacity is greater (Tablin & Weiss, 1983; Seki
& Abe, 1985). Also, a qualitative difference occurs
between the equine and carnivoran spleen. In fact, the
capsule comprises two layers: the outer one is thin,
containing tissues similar to that of non-mammalian
spleens. The inner layer is thick and collagenous, com-
prised of elastic fibers and leiomyocytes. Concerning
Artiodactyla, detailed description are available for the
spleen of Alces alces (Blumenthal, 1952), Cervus ela-
phus,  Capreolus capreolus (Hartwig & Hartwig, 1975),

Bos taurus (Seki & Abe, 1985), Bubalus bubalis (Mishra
& Verma, 2004), Ovis aries, Capra hircus (Tischen-
dorf, 1969), Camelus dromedarius (Zidan et al., 2000),
Camelus bactrianus (Abe et al., 1999), Hippopotamus
amphibius (Tischendorf, 1958) and Sus scrofa (Seki &
Abe, 1985). In Artiodactyla, but also in Elephas maxi-
mus (Tischendorf, 1953), the spleen is covered by a bi-
layered capsule like in Equus. However, the degree of
muscularization is even higher, due to the presence of
an extensive network of smooth muscle cells in the red
pulp. Thus, while the differences between the splenic
functional morphology of Artiodactyla and Perissodac-
tyla are mainly quantitative, the difference between
these two Orders, on one side, and Carnivora, on the
other, is qualitative.

The Grandorder of Ungulata is composed by Peris-
sodactyla, Artiodactyla, Proboscidea, Tubulidentata,
Hyracoidea, Cetacea and Sirenia (McKenna & Bell,
1997). As explained, the spleens of the first three orders
are highly specialized for blood storage, while those of
the last two do not accumulate blood (Blessing et al.,
1972). No data are available for Tubulidentata in the
literature. Hyracoidea, instead, show a blood-storing
spleen, but still with a mono-layered capsule (Hartwig
& Hartwig, 1985).

The xenarthran spleen. Xenarthra are commonly
known as Edentates and they diverged from other Pla-
centalia very early (McKenna & Bell, 1997). The pres-

Figure 1. The phylogenetic tree of Placentalia (according to McKenna & Bell, 1997). Bar length indicates the specialization
of the blood-storing properties of the spleen.
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ence of plesiomorphic features in their spleen, such as
hemopoiesis or trilobed shape, is in accordance to their
phylogenetically basal position. Apart from this, it is
striking to note that they developed a type of spleen
specialized to store blood similar to the ungulate one. A
bi-layered capsule and the presence of a wide muscular
network in the pulp cords have been reported in all the
species studied until now: Myrmecophaga tridactyla,
Tamandua tetradactyla,  Choloepus hoffmanni,  Cabas-
sous unicinctus, Chaetophractus villosus, Euphractus
sexcinctus (Claussen, 1969), Dasypus novemcinctus
(Hayes, 1968), Dasypus hybridus (Galindez et al., 2000),
Zaedyus pichiy (Claussen, 1969; Galindez et al., 2003).

Conclusions

In mammalian spleens, the white pulp (which reach-
es the highest degree of specialization among the whole
vertebrates) retains the same main morphofunctional
characteristics in all the Orders. Apart from Monotrem-
ata, Insectivora, Scandentia and Cetacea, which show a
primitive splenic type distinguished by a closed circula-
tion (Tanaka, 1994), the red pulp shows an evolution-
ary trend toward specialization in all the orders. One
pathway is toward a defensive type (“Abwehrmilz”),
proper of Primates and Rodentia, characterized by the
presence of specialized, widespread and anastomosing
venous vessels: the pulp sinuses. In this case, the red
pulp is not predominant in comparison to the white
pulp. The other pathway is in the direction of a storage
type (“Speichermilz”), with a vast red pulp and a strong
contractility (Fig. 1). However, it should be noted that
some species owning a spleen with blood-storing prop-
erties, also show pulp sinuses. This is the case of spe-
cies belonging to: Carnivora of the Arctoid branch
(Canidae, Mustelidae, Procyonidae and Ursidae), ex-
cluding Pinnipedia; Artiodactyla, excluding Cervidae;
Proboscidea and some Xenarthra. This has led to some
confusion in the past. Nevertheless, it should be clear
that the belonging to the blood-storing splenic type
does not depend on the presence or absence of the pulp
sinuses. Instead, it is due to storage volume and con-
tractility.

While the high specialization of the immune func-
tion of the spleen is a common character of all mam-
mals (including monotremes and marsupials), the de-
velopment of the blood-storing properties reflects eco-
logical pressures on the evolutionary process. Proba-
bly, a spleen that stores blood represented an advantage
for Proboscidea, Artiodactyla and Perissodactyla to
escape predation. At the same manner, it results useful
to Carnivora for the opposite reason, i.e. to run after the
prey. Among them, Pinnipedia show the higher portion
of blood that can be stored in the spleen because of their
diving habit. On the contrary, Cetacea own a primitive
type of spleen, with a decisively small relative size: the
ability to store blood in this organ is absent. Hartwig &
Hartwig (1985) explained this by the fact that Cetacea
have no natural predators. However, it should be noted

that in this Order the Retia Mirabilia perform the blood-
storing function. In Chiroptera, instead, the needs in-
duced by the fatigue (due to the flight) are satisfied by
higher specific oxygen uptake enabled by larger hearts
and larger blood oxygen capacities (Jurgens et al.,
1981). All these observations show, not only that dif-
ferent ecological demands led to different morpholo-
gies of an organ (in this case, the spleen), but also that
the same demand led to tissue specialization species-
specific. Finally, it must be mentioned that also Xenar-
thra show blood-storing spleens. While this is probably
related to the fossorial habit of Cingulata (Dasypo-
didae), the reason for this characteristic in Pilosa
(Myrmecophagidae, Megalonychidae and Bradypo-
didae) remains unclear.

Therefore, knowledge of the differences between
the splenic types is not only useful in the field of
comparative physiology, but it may also provide some
helpful indications in the study of mammalian evolu-
tion.
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