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ABSTRACT - Mammals present different types of spleen. In the past, attempts have been
made to define characteristics for a classification of this organ, but the evolutionary process
that has led to the splenic types of modern mammals has been poorly investigated. This
review categorizes all mammalian spleens studied so far, synthesizing several earlier
classification principles and updating them in the light of recent research. The main
qualitative features are the type of circulation (closed, open or both) and the nature of the
venous vessels in the splenic cords (venules or sinuses). The main quantitative feature is the
proportion between red and white pulp. Moreover, a phylogeny of this organ is proposed:
from a ‘primitive type’ with closed circulation (characteristic of monotremes, insectivores
and tree shrews), the spleen has evolved into an ‘archetypal type’ with open circulation
(peculiar to mice, gerbils, bats and marsupials). It has subsequently diversified into
different models: blood-storing spleens (ungulates and carnivores) and defensive spleens
(Old World monkeys and the majority of rodents).
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RIASSUNTO - Evoluzione delle milze sinusale e non-sinusale dei mammiferi. 1
mammiferi presentano diversi tipi di milza. Nel passato, sono stati fatti dei tentativi per
definire le caratteristiche utili alla classificazione di quest’organo, ma il processo evolutivo
che ha portato ai tipi di milza dei mammiferi moderni ¢ stato poco studiato. Questa review
classifica tutte le milze dei mammiferi studiate finora, facendo una sintesi dei criteri di
classificazione precedenti ed aggiornandoli alla luce delle piu recenti ricerche. I principali
caratteri qualitativi sono il tipo di circolazione (chiusa, aperta o entrambe) e la natura dei
vasi venosi nei cordoni splenici (venule o seni). Il principale carattere quantitativo ¢ la
proporzione tra la polpa rossa e quella bianca. Inoltre, viene proposta una filogenesi di
quest’organo: da un tipo ‘primitivo’ con circolazione chiusa (caratteristico di monotremi,
insettivori e scandenti), la milza si ¢ evoluta in un modello ‘archetipico’ con circolazione
aperta (proprio di topi, gerbilli, chirotteri e marsupiali), diversificandosi, successivamente,
in diversi modelli, vale a dire milze accumulatrici di sangue (ungulati e carnivori) e milze
difensive (scimmie del vecchio mondo e la maggior parte dei roditori).

Parole chiave: milza, polpa rossa, accumulo ematico, seno, mammiferi, filogenesi
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INTRODUCTION

The spleen is a somewhat unusual
organ, long mysterious despite
numerous efforts to produce a thorough
record of its morphology and
physiology. Despite pioneering authors
such as Stuckley, who, in 1723,
hypothesized the spleen as an organ
with blood-storing properties (quoted
in Wilkins, 2002), or Mollier (1911),
who described the lattice nature of the
sinus endothelium, a number of basic
characteristics remained unclear for
many years. Notably, the nature of
intermediate circulation in the red pulp
(i.e. of an open or closed type) has been
the subject of controversy for over 50
years: this stems from the lack of one
single type of spleen. In fact, different
species present different types of
intermediate circulation and among
mammals, in particular, many species
present both open and closed
circulation. Moreover, different
morphological-functional principles for
classifying the mammalian spleen have
been proposed. Von Herrath (1935)
catalogued different species according
to the splenic content of trabeculae and
lymphatic tissue. Spleens with a
predominance of trabeculae were
defined ‘storage spleens’ (Speicher-
milz), while the ones with more
lymphatic ~ tissue  were  termed
‘defensive’ (Abwehrmilz). Thus, the
author catalogued several species from
horses (extreme storage type), through
cats, pigs, cows, sheep, dogs, men, to
rabbits (extreme defensive type).
Several authors (Hoepke, 1951;
Zwillenberg, 1958; Hartwig and
Hartwig, 1985)  criticised  this
categorization, concluding that von
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Herrath’s criterion relied mainly on
quantitative  characteristics,  while
omitting qualitative ones. Snook (1950)
divided mammalian spleens according
to the nature of their venous vessels in
the reticular meshwork of the red pulp.
Those with venous sinuses were
classified as ‘sinusal’, while the others
with smaller, non-anastomosing
“primordial veins” were termed ‘non-
sinusal’. Although some species were
eventually classified incorrectly by
Snook (Seki and Abe, 1985), this
standard is still most useful, especially
for understanding inter-specific
physiological  differences.  Finally,
Hartwig and Hartwig (1985) studied a
large number of mammalian species
and divided the spleen into four types,
depending on the abundance of muscle
cells and on the nature of the external
capsule. However, only one parameter
is taken into consideration (i.e. the
degree of muscularization) and such
widely-differing spleens as the murine
and human are classed together. On the
basis of these contributions and
research with the most recent
techniques, it is now possible to make a
synthesis and suggest an overview of
the evolution of the mammalian spleen.

NON-MAMMALIAN SPLEENS

The complexity of splenic phylogeny
may lie in the mesenchymal origin of
this organ, the presence of other
lymphoid organs (Pitchappan, 1980)
and its peculiar insertion in the hematic
(rather than lymphatic) circulation. The
evolutionary trend towards the division
of labour allows for the coexistence of
different functions in the spleen:
immunological, hemopoietical, hemo-



Evolution of the mammalian spleen

clastic  and  blood-storing.  The
predominance of one/some of these
functions over others determines the
morphology of the organ.

The spleen is not present in Acrania,
which also lack erythrocytes, and first
appears in cyclostomes, although not as
a proper organ. This “pre-spleen” is
contained by the gut-wall and
functionally corresponds to the spleen
and bone marrow of higher vertebrates
(Tanaka, 1998). An internal lymphoid
component and an external myeloid
one can be distinguished, but the
division is not sharp. Subsequently, in
fish, the spleen appears as a separate
organ delimited by a capsule (although
lungfishes still have an intestinal
spleen), with sharply segregated white
and red pulp; the former is composed
of PeriArterial Lymphoid Sheath
(PALS), while the latter coheres to
form cords (Murata, 1959).
Erythropoiesis is still present, but not
indispensable. The aim of this paper is
not to compare non-mammalian sple-
ens in depth (for detailed reviews, see
Pitchappan, 1980, Tischendorf, 1985
and Tanaka, 1998), although it should
be pointed out that in birds
erythropoiesis is confined in the bone
marrow and the white pulp reaches the
highest level of evolution among non-
mammals, with the appearance of
secondary nodules, i.e. germinal
centers (Murata, 1959).

THE PRIMITIVE SPLEEN

Among mammals, Monotremata (Basir,
1932; Tanaka, 1990; Connolly et al.,
1999), Insectivora (Tanaka, 1990),
Scandentia (Bamroongwong et al.,
1991) and Sirenia (Blessing et al.,

1972) show a primitive spleen (Fig. 1).
Besides the presence of a capsule
(composed of collagen, elastic fibers
and little smooth muscle), the general
morphology recalls the intestinal, three-
layered spleen of lungfishes (a white
pulp, a red pulp and an interposed
sinusoid), which might well represent a
predecessor of the mammalian spleen.
In the white pulp, the arteries are
surrounded by the PALS (rich in T-

lymphocytes), which may contain
lymphatic nodules (rich in B-
lymphocytes). The white pulp is

surrounded by an ‘Intermediate Zone’
(IZ), which is encircled by the red pulp.
The IZ consists of an inner domain of
lymphoreticular tissue (almost absent
in the mole) and an outer domain of
venous capillaries; it is separated from
the white pulp by an arterial net. The
red pulp consists of venous vessels,
trabeculae and splenic cords (Billroth’s
cords). The trabeculae, which depart
inward from the capsule, consist of a
dense fibrous connective tissue,
composed of numerous collagen fibers
and fibroblasts. The cords can be
considered cavernous vascular spaces,
since they receive arterial blood and
convey it to venous vessels, and act as
a three-dimensional filter. They consist
of a spongy mass of cells, mainly
macrophages, held in by a reticular
meshwork. The meshwork presents an
enormous contact surface and its great
section determines a low shear rate.
Hence, the opposite of the Fahraeus
effect (erythrocytes travelling faster
than plasma) takes place (Groom et al.,
1991). Moreover, the plasmatic
component is separated from the
cellular component by sympathetic-
stimulated contraction of the splenic
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Figure 1 - Primitive spleen (not in scale):
the trabecular system is poorly developed,
the capsule is thin, splenic contraction and
storage of blood are almost absent; the
white pulp is abundant and envelopes the
central artery; arterioles departing from the
central artery run into the red pulp and
communicate directly with the venules
(closed circulation).

vein: the plasma is pushed out from
veins and cords and drained by the
Iymphatic vessels. This explains the
high hematocrit values found in the
spleen, magnifying the filtration (and
blood-storing — see below) property of
this organ (Weiss, 1985). Thus, the
erythrocytes slowly passing through the
pulp cords are brought into contact
with a high number of macrophages
before reaching the venous vessels and
the filtration depends on the adhesion
to the meshwork. This means that
filtration is mainly based on surface
properties of the membrane. Aged
erythrocytes, in particular, lose their
surface sialic acid, exposing galactose
residues which macrophages recognize
and bind to start phagocytosis.
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Moreover, the reticulocytes (immature
erythrocytes), being bigger and less
deformable, remain trapped in the
meshwork and are “nursed” by the
macrophages for one or two days until
they reach maturity (Blue and Weiss,
1981a; Groom et al., 1991).

Splenic circulation is still closed (like
in non-mammals): the arterioles
originating from the white pulp
communicate directly with the venules
both in the IZ and in the red pulp.
Furthermore, erythropoiesis is still an
important splenic function, alongside
the immunological function, and in the
platypus, Ornithorhyncus, it prevails
over the medullar one. Finally, it is
interesting to note that in Tupaia glis
the  splenic  gross  morphology
resembles that of primates (Bamro-
ongwong et al., 1991), demonstrating
its relationship with this Order.

In Cetacea this primitive type is
remodelled along pathways similar to
some non-mammalian spleens (Tanaka,
1994). The Intermediate Zone is more
developed and wider, whereas the most
external layer (PeriVenous Layer,
homologous to the properly called red
pulp of other mammals) shows clear
signs of involution (Zwillenberg, 1958;
Zwillenberg, 1959; Romano et al.,
1993; Tanaka, 1994). This has also led
to the formation of capsular veins,
absent in all other mammals.

THE ARCHETYPAL SPLEEN

In mice (Schmidt et al., 1985a), gerbils
(Hayes, 1973), bats (Snook, 1950;
Kallen, 1977; Tanaka, 1988) and
marsupials (Hayes, 1968a; Basden et
al., 1996; Cisternas and Armati, 1999;
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Young et al., 2003; Old et al., 2003),
the spleen has undergone a radical
change (Fig. 2). The white pulp is
enveloped by the Marginal Zone (MZ),
topographically equivalent to the
Intermediate Zone, and continuous with
the intervascular space of the red pulp.
This area is characterised by a fine
reticular meshwork and contains B-
lymphocytes, macrophages and migra-
tory cells. Here a distinct vascular
space is formed by the Marginal Sinus
(MS), which is an important part of the
microenvironment involved in the
promotion of the immune response. It
is probably an evolutionary modi-
fication of the arterial net between the
white pulp and the IZ of the primitive
spleen (Tanaka, 1990). Many arterioles
run externally from the central arteries
in the white pulp, most of which form
terminal capillaries ending either in the
MS or in the MZ, while others run into
the red pulp. Here the blood passes in
the reticular meshwork of the cords and
is drained by an extensive system of

non-anastomosing pulp venules
(“primordial  veins” according to
Snook, 1950). The pulp venules,

opened to the cords at their distal ends,
consist of a trilaminar wall composed
of endothelium, basement membrane
and adventitial reticular cells. The
endothelium is formed by smooth,
flattened, irregular cells, defined by
Seki and Abe (1985) as ‘stellate-
shaped’. Basally, it is covered by a
diffuse feltwork of thin argyrophilic
filaments. It has been suggested
(Yadava et al., 1996) that during pre-
crisis in malaria, the spleen may switch
to a closed circulation, returning to an
open one during crisis.

Thus, the main innovation is the change
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Figure 2 - Archetypal spleen (not in scale):
the trabecular system is poorly developed,
the capsule is thin, splenic contraction and
storage of blood are almost absent; the
white pulp is abundant and envelopes the
central artery; arterioles departing from the
central artery end in the pulp cords; the
blood is drained by the pulp venules (open
circulation).

from a closed to an open circulation in
the red pulp, beside the specialization
of the MZ and the further loss of
importance of splenic erythropoiesis.

DIVERSIFICATION  AND
CIALIZATION
SPLEENS

SPE-
OF MAMMALIAN

I. The storage type (non-sinusal)

From now on, mammalian spleens run
along different evolutionary pathways.
As bone marrow becomes the site for
erythropoiesis in adult life, this
function in the spleen is confined to
fetal life, as an intermediate phase
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between  vitelline and medullar
hemopoiesis, ending at birth (or soon
after in some species). Thus, the further
phylogenetic development of the spleen
determines the specialization of the
remaining splenic activities and allows
new functions to emerge.

In some species, increased spleen
dimensions together with accentuated
muscularization (capsule, trabeculae
and red pulp rich in smooth muscle
cells) and consequent contractility
allow this organ to store (and release)
blood. Within the red pulp, which now
forms the clearly predominant part of
the organ, the cords undergo a vast
extension (Fig. 3). Here, a large amount
of blood, and therefore erythrocytes, is
retained. If necessary (haemorrhage,
hypoxia, or intensive stress), blood is
pumped into the circulation by the
contraction of the spleen, i.e. of the
muscular capsule and the trabeculae.
These latter also determines the
“canalisation” of the blood flow,
which, after the arterial terminals, does
not disperse in a wide, impeding space
such as the dilated splenic cords. On
the contrary, it runs through short,
narrow channels and flows directly to
the pulp venules, determining a
functionally closed circulation. The
structure of the pulp venules does not
differ significantly from that of the
mouse, except for the presence of
larger fenestrations. These may
facilitate blood passage during splenic
contraction.

Actually, all spleens can store some
blood. In particular, this organ acts as a
reservoir of platelets in many species,
but the quantity of erythrocytes that can
be accumulated in the ‘primitive’ and
‘archetypal’ spleens is negligible. On
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Figure 3 - Storage spleen (not in scale): the
well developed trabecular system and the
thick capsule are rich in muscle cells,

allowing splenic contraction; a great
quantity of blood can be stored in the large
cords of the red pulp; the white pulp
occupies a minor portion; the blood is
drained by the pulp venules (open
circulation).

the contrary, in the ‘storage’ spleen up
to one half of the total blood volume
can be retained in the red pulp. This is
the case of the horse (Tablin and
Weiss, 1983; Seki and Abe, 1985),
cervids (Blumenthal, 1952; Hartwig
and Hartwig, 1975), cat (Blue and
Weiss, 1981a; Seki and Abe, 1985),
lion (Tischendorf, 1956) and pinnipeds
(Blessing et al., 1972; Schumacher and
Welsch, 1987; Cabanac et al., 1999;
Stewardson et al., 1999; Thornton et
al., 2001). With regard to bats, the
blood-storing property of their spleen
(linked to hibernation and/or
hemopoiesis) is controversial (Kallen,
1977).
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II. The defensive type (sinusal)

In man (Chen and Weiss, 1972;
Schmidt er al., 1988), Old World
monkeys (Dustin, 1938; Eberl-Rothe,
1960; Matejka, 1977; Lowenstine,
2003), Lagomorpha (Roberts and Latta,
1964; Miyoshi et al., 1970; Abe et al.,
1986), guinea pig (Tischendorf, 1969),
sciurids (Watzka, 1937; Hayes and
Eglitis, 1967), meadow and prairie
voles (Steven, 1981), rat (Schmidt et
al., 1985b; Seki and Abe, 1985) and
probably also in mole rat (Jankovic and
Paunovic, 1973) and degu (Donnelly
and Quimby, 2002), the red pulp is not
predominant; on the contrary, the white
pulp occupies a larger portion (Fig.4).
Beside this quantitative difference, the
red pulp itself undergoes a significant
change. The few, non-anastomosing
pulp venules are no longer present.
Instead, the venous drainage of the red
pulp is carried out by sinuses, a specific
splenic vessel, never observed in non-
mammalian spleens (Murata, 1959).
Table 1 illustrates the species studied
so far, discriminating between the
sinusal and non-sinusal nature of their
spleens. The sinusal wall is made up of
rod-shaped endothelial cells aligned
parallel to the vessel axis, with the
nuclear region bulging into the lumen,
and is covered by characteristic
argyrophilic annular fibers. In contrast
to pulp venules, characterised by wide,
irregularly distributed fenestrations, the
sinus wall is perforated by narrow,
regularly distributed interendothelial
slits ~ (IES), through which the
erythrocytes have to squeeze. While
normal erythrocytes can easily do this,
abnormal cells without the ability to
deform cannot pass. Moreover,

trabecula
capsule

sinus

closed circulation

central artery
white pulp —»

open circulation

Figure 4 - Defensive spleen (not in scale):
the trabecular system is poorly developed,
the capsule is thin, splenic contraction and
storage of blood are almost absent; the
white pulp is abundant and envelopes the
central artery; the blood is drained by the
sinuses (open circulation), which also have
few direct connections with the arterioles
(closed circulation).

erythrocytes with a rigid inclusion
(Howell-Jolly bodies, Heinz bodies or
parasites) can pass through the slits, but
while passing the inclusion is “pitted
out” (Chen and Weiss, 1973;
Chotivanich et al., 2002). The calibre
of the IES can change, determining a
variation in the speed of the blood flow
(Groom et al., 1991). On the other
hand, the open terminals of the venous
sinuses represent a pathway of low
resistance for blood flow (Schmidt ef
al., 1993), together with the few direct
connections between arterial capillaries
and venous sinuses (Su et al., 1991;
Schmidt et al., 1993).

105



Udroiu I.

Table 1 - Sinusal and non-sinusal spleens. Systematics according to Wilson and Reeder
(1993); see text for references.

Order Family Species Spleen
Monotremata Ornithorhynchidae  Ornithorhynchus anatinus non-sinusal
Tachyglossidae Tachyglossus aculeatus non-sinusal
Didelphimorphia  Didelphidae Didelphis virginiana non-sinusal
Peramelemorphia  Peramelidae Isoodon macrourus non-sinusal
Diprotodontia Macropodidae Macropus eugenii non-sinusal
Lagorchestes hirsutus non-sinusal
Dasyuromorphia ~ Dasyuridae Sminthopsis macroura non-sinusal
Xenarthra Dasypodidae Dasypus novemcinctus sinusal
Dasypus hybridus non-sinusal
Zaédyus pichiy non-sinusal
Chaetophractus villosus semi-sinusal
Euphractus sexcinctus semi-sinusal
Cabassous unicinctus non-sinusal
Myrmecophagidae ~ Myrmecophaga tridactyla non-sinusal
Tamandua tetradactyla non-sinusal
Megalonychidae Choloepus hoffmanni non-sinusal
Insectivora Soricidae Suncus murinus non-sinusal
Erinaceidi Erinaceus europaeus non-sinusal
Talpidae Talpa wogura non-sinusal
Rodentia Muridae Microtus pennsylvanicus sinusal
Microtus ochrogaster sinusal
Mus domesticus non-sinusal
Rattus norvegicus sinusal
Nannospalax leucodon sinusal?
Meriones unguiculatus non-sinusal
Mesocricetus auratus semi-sinusal
Sciuridae Sciurus vulgaris sinusal
Spermophilus citellus sinusal
Marmota monax sinusal
Octodontidae Octodon degus sinusal?
Cavidae Cavia porcellus sinusal
Lagomorpha Ochotonidae Ochotona rufescens sinusal
Leporidae Oryctolagus cuniculus sinusal
Scandentia Tupaidae Tupaia glis non-sinusal
Primates Callitrichidae Callithrix jacchus non-sinusal
Cebidae Aotus lemurinus griseimembra  non-sinusal?
Aotus trivirgatus non-sinusal
Galagonidae Galago senegalensis sinusal?
Cercopithecidae Theropithecus gelada sinusal
Cercopithecus aethiops sinusal
Macaca mulatta sinusal
Papio hamadryas sinusal
Cercocebus torquatus sinusal
Hominidae Pongo pygmaeus sinusal
Homo sapiens sinusal
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Chiroptera

Carnivora

Cetacea

Artiodactyla

Perissodactyla
Proboscidea
Sirenia

Vespertilionidae

Otariidae

Phocidae

Ursidae
Canidae
Procionidae
Mustelidae

Felidae

Monodontidae
Delphinidae

Balaenopteridae
Phocoenidae
Camelidae
Bovidae
Hippopotamidae

Suidae
Cervidae

Equidae
Elephantidae
Trichechidae

Vespertilio superans
Myotis lucifugus
Zalophus californianus
Arctocephalus gazella
Arctocephalus pusillus
Phoca vitulina
Leptonychotes weddellii
Lobodon carcinophagus
Mirounga angustirostris
Mirounga leonina
Cystophora cristata
Ursus thibetanus

Canis lupus

Procyon lotor

Mephitis mephitis
Mustela vison

Mustela putorius furo
Mustela nivalis

Mustela erminea
Mustela lutreola

Felis silvestris
Panthera leo
Delphinapterus leucas
Globicephala macrorhynchus
Tursiops truncatus
Balaenoptera musculus
Balaenoptera physalus
Balaenoptera borealis
Phocaena phocaena
Camelus dromedarius
Camelus bactrianus
Bos taurus

Ovis aries

Capra hircus
Hippopotamus amphibius
Sus scrofa

Cervus elaphus
Capreolus capreolus
Alces alces

Rangifer tarandus
Equus caballus

Elephas maximus
Trichechus inunguis

non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
sinusal
sinusal
sinusal
sinusal
sinusal
semi-sinusal
semi-sinusal
semi-sinusal?
semi-sinusal?
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal
sinusal
sinusal
sinusal
sinusal
sinusal
sinusal
semi-sinusal
non-sinusal
non-sinusal
non-sinusal
non-sinusal?
non-sinusal
sinusal
non-sinusal
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III. Another storage type (sinusal)

Snook’s distinction (1950) between
sinusal and non-sinusal spleens led von
Herrath (1958) to identify the former
with defensive spleens and the latter
with storage ones. This concept held
for over 20 years, but in reality it is not
completely correct. The two canons
cannot be superposed, as dogs de-
monstrate having a sinusal spleen that
can store a large volume of blood (Blue
and Weiss, 1981b; Seki and Abe, 1985;
Alexandre-Pires et al., 2003). The same
is true for cows (Seki and Abe, 1985),
sheep (Mollier, 1911; Lewis, 1957),
goats (Ohta, 1957; Saigal et al., 1977),
camels (Abe et al., 1999; Zidan et al.,
2000), hippopotamuses (Tischendorf,
1958), elephants (Tischendorf, 1953),
bears (Zhang et al., 1997), raccoons
(Hayes and Eglitis, 1967), skunks
(Snook, 1950) and minks (Abe et al.,
1989).

EVOLUTIONARY INTERMEDIATES

In some species, an interesting
arrangement of the venous vessels in
the red pulp has been found. These
species present some zones, in the same
vessel, characterised by rod-shaped
endothelial cells (therefore sinusal) and
others by the stellate-shaped type (thus
non-sinusal). We suggest considering
these spleens as ‘semi-sinusal’. They

may represent evolutionary
intermediate  types between the
archetypal spleen and the sinusal.

Hamsters (Hataba and Suzuki, 1986),
pigs (Seki and Abe, 1985), weasels and
ferrets (Hataba and Suzuki, 1989)
belong to this category. The latter was
earlier classified as non-sinusal and its
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spleen was described as identical to
that of the ermine and European mink
(Watzka, 1937; Tischendorf, 1969).
Therefore we presume these carnivores
also belong to the semi-sinusal
category. One might be surprised by
the difference, within the same genus,
between the American mink (Mustela
vison) and the European mink (Mustela
lutreola). However, this can be
explained by the fact that, despite the
common name, the European mink is
phylogenetically more closely related
to the ferret and the weasel (Fig. 5)
than to the American mink (Sato et al.,
2003).

CONCLUSIONS

This review suggests an interpretation
of the phylogeny of the mammalian
spleen on the basis of available
literature dealing with a total of 82
species. Many others have not been
considered, either because of a total
lack of published works on the subject

(Dermoptera and  Pholidota, for
example) or because the existing
literature deals only with specific

aspects: Hartwig and Hartwig (1985)
put the peccary, the lama and the
chamois in the storage category, but
give no indication about the sinusal or
non-sinusal nature of their spleens;
Mishra and Verma (2004) describe the
spleen of the buffalo in the same
manner (although it is reasonable to
expect it to be like that of the cow);
Dustin (1938) reports that the sinuses
are much more developed in the
Cynomorpha (Cercopithecidae) than in
Galago senegalensis, making us
wonder whether it belongs to the
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Figure 5 - Phylogenetic tree showing the evolutionary relationships between the faxa and
their splenic types.

sinusal or non-sinusal type; Baitchman and diving habit), but the vascular
and Kollias (2000) report that otters  architecture is unknown. On the other
have a very large spleen (in line with  hand, despite the lack of literature, we
other carnivores and with their predator ~ can deduce the splenic characteristics
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of some species in another way. As
explained above, the sinus wall (and
not the wall of the ‘primordial veins’ or
pulp venules) “pits out” intra-
erythrocytic inclusions such as Howell-
Jolly bodies and Heinz bodies.
Therefore, if the absence of these
inclusions is not proof of the presence
of sinuses, the presence of Howell-
Jolly and/or Heinz bodies is clear
evidence of the absence of splenic
sinuses. This is confirmed by the fact
that the species commonly known in
hematology for presenting Howell-
Jolly bodies in their blood, such as cat,
horse, mouse (Feldman et al., 2000),
and marsupials (Canfield, 1998)
possess nonsinusal spleens (see above).
In this way, we can presume that
reindeer, which present Howell-Jolly
bodies in the circulating erythrocytes
(Feldman et al., 2000), possess a non-
sinusal spleen like the other cervids
described here, and probably one of the
extreme storage type. The same is true
for the owl monkey (Mrema et al.,
1987).

However, if one agrees with the model
suggested here, it is likely that the
spleens to be studied in future research
will fall into one of the types illustrated
in this article. Originating from a
single, more simple model, the spleen
runs along different evolutionary
pathways. In some mammals the spleen
developed more the filtering and
immunological functions, in others the
blood-storing and in others more both.
Moreover, in the organ of some
species, we can find primitive
characteristics alongside highly evol-
ved features. One example is the lobed
form of some spleens. This
plesiomorph character, common in
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many fish, is present in monotremes,
but also in marsupials and several
Xenarthra, which have developed more
advanced characteristics such as the
open splenic circulation and the
Marginal Sinus (in Xenarthra also
blood storage and/or sinusation).

The spleen first appears, both
phylogenetically and ontogenetically,
as a lympho-myeloid organ. With the
appearance of blood-forming bone
marrow, splenic erythropoiesis is no
longer indispensable. As a con-
sequence, the spleen has become more
involved in immunological processes.
Confirmation comes from the fact that
90% of blood passes through the
Marginal Sinus (where the humoral,
immune response takes place), and
only 10% passes through the “slow
path” in the cords of the red pulp
(Schmidt et al., 1993). This functional
shift, together with the presence of
other lymphatic organs and consequent
division of labour, has determined the
high specialization of the white pulp, a
character already present in Mono-
tremes. These, in fact, present a
lymphatic system that is, regarding its
most important features, common to all
mammals. Therefore, we can suppose
that the terrestrial ancestors of
mammals (therians) had developed a
spleen similar to the here defined
‘primitive  type’.  Following the
appearance of an open circulation, the
further diversification of the spleen was
probably due to adaptative advantages
related to the evolution of mammals.
Changes leading to the storage or
defensive types seem to be mainly
quantitative. The only new qualitative
character that may appear is the
presence of sinuses in the red pulp
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(these cannot appear in non-mammals,
as their nucleated erythrocytes would
not be able to pass through the
interendothelial ~ slits). In  some
carnivores (Fig. 5), the trend seems to
lead towards a blood-storing and
sinusal spleen, with ferret and weasel
representing an evolutionary
intermediate (semi-sinusal). An impor-
tant distinction, among carnivores, is
that between these sinusal and semi-
sinusal spleens and the non-sinusal type
of the cat (and lion). Here the
development of the blood-storing
ability, with obvious advantages for
such a predatory species, has not been
accompanied by the development of
sinuses. This pattern may be related to
the higher susceptibility of cats to
Heinz bodies formation, due to their
high number (eight) of reactive
sulthydril groups per hemoglobin
molecule (Christopher et al., 1989;
Weiss et al., 1990). Also seals did not
develop a sinusal spleen probably as a
consequence of their aquatic envi-
ronment (to the author’s knowledge,
marine mammals are not infected by
intraerythrocytic parasites, thus the
appearance of sinuses would have
brought no evolutionary advantage).
On the other hand, their diving habit is
allowed by the great quantity of blood
which the spleen can store. A non-
sinusal red pulp is possibly more
suitable in this case.

Living into an aquatic environment has
also led to significant changes in the
splenic morphology of cetaceans.
Beside the vascular architecture, the
size of the spleen represents another
striking difference between seals and
cetaceans. It is definitely small, both in
relative and absolute terms, and clearly
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does not possess blood-storing
properties. According to Hartwig and
Hartwig (1985) the absence on natural
predators could explain cetaceans
small spleen. However, it should be
noted that in this Order the Retia
Mirabilia perform the blood-storing
function. On the contrary, in terrestrial
ungulates the development of a blood-
storing spleen provides exactly the
advantage of avoiding predation.
Among rodents, the evolutionary trend
seems to lead towards the defensive
type. However, the difference between
mouse and rat, both members of the
same subfamily, is striking. Future
research on comparative hemopoiesis
and, above all, on murine malaria will
possibly solve this apparent
contradiction.

Among primates, the spleen of Old
World monkeys (and man) differs from
that of New World monkeys: the first
is of the sinusal, extreme defensive
type, while the second is non-sinusal.
Finally, Xenarthra present pathways
for the specialization of the spleen as
in the other placentals (constituting the
Magnorder of Epitheria), from which
they diverged early: anteaters, two-
toed sloths, southern naked-tailed
armadillos (Claussen, 1969), pichi
(Claussen, 1969; Galindez et al., 2003)
and southern long-nosed armadillos
(Galindez et al., 2000) belong to the
non-sinusal, storage type; large hairy
armadillos and six-banded armadillos to
the  semi-sinusal,  storage  type
(Claussen, 1969); nine-banded arma-
dillos to the sinusal, storage type
(Hayes, 1968b), although all of them
show an archaic characteristic such as
the lobed shape.

In conclusion, the classification proposed
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here could be helpful, together with
other morphological and biomolecular
parameters, to expand and clarify the
phylogenetic  relationships ~ among
mammalian taxa and could also be
useful in understanding inter-specific
differences in physiology, hematology
and veterinary pathology.
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