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Introduction

Spleen is a capsulated and compartmentalized lymphoid organ with a complex vascular and cellular
organization. It develops from dorsal mesogastrium. The spleen performs a number of physiological
functions namely, phagocytosis of aging erythrocytes and platelets, recycling iron, inducing immune
response against blood antigens, and defending against invading bacteria, fungi, viruses, prions and
otherinfective agents. Because thespleen has only the efferent lymphatic vessels, it is therefore,
involved in the filtration of blood but not lymph. The splenic functions can be affected by immune
suppressant drugs, vaccines and biological products, chemo- and radiation-therapy, resulting in
splenomegaly and thrombocytopenia (reduced number of platelets). Recently, it has been shown that
the splenic monocytes play a significant role in the regeneration of heart tissue following a heart
attack. Different factors affect splenic morphology:

Species: There are a number of species differences in the gross and histologic appearance of the
spleen. In dogs, for example, the spleen is somewhat dumbbell shaped, while in mice and rats, it’s
more uniform along the longitudinal axis. The spleen in dogs is able to expand to store large numbers
of erythrocytes, but it is also capable of rapid contraction. Therefore, its gross appearance is quite
variable, ranging from large and dark red to blue-black to smaller and lighter red. 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 etal.,2002). The
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splenic artery also differs among species. In dogs, it branches into as many as 25 smaller branches
prior to entry into the spleen (Hogan Eschand Hahn, 2001), while in the rat, there are as many as
eight branches (Satodate et al., 1986). Vascular arrangements are perhaps the greatest source of
species variation in splenic architecture. Species variation in the structure and morphology of the
venous sinuses forms the basis for the classification of spleens into two groups, sinusal spleens and
nonsinusal spleens (Schmidt etal.,1985a). Sinusal spleens are found in rats and dogs and nonsinusal
spleens are found in mice (Schmidt et al., 1985a). The venous sinuses of sinusal spleens are larger,
more abundant, make numerous anastamoses, and have a characteristic wall structure relative to the
venous sinuses of nonsinusal spleens (for an in depth description of these differences, see Snook
(1950) and for more detail on the wall structure of each vessel type, see Blue and Weiss (1981)
(Schmidt et al., 1985a). The venous sinuses of nonsinusal spleens are so different, in fact, that some
investigators use the term pulp venules rather than venus sinuses(Schmidt etal.,1985a).The larger
venous sinuses of the rat spleen are far more conspicuous than those of the mouse spleen. There are
also species differences in the arterial vasculature. Schmidt et al. have reported that, in dogs, the
arterial capillaries both terminate in the reticular meshwork (open circulation) and empty directly into
the venous sinuses with no interruption of the endothelial lining (closed circulation) (Schmidt et al.,
1982, 1983, 1993). In dogs, but not rats, the arterial capillaries are surrounded by dense,
circumferential clusters of macrophages known as ellipsoids or periarterial macrophages heaths
(PAMS) (BlueandWeiss,1981; Satodate et al., 1986). In dogs, there are very few capillaries within
the PALS, as opposed to rats and mice where the PALS have abundant capillaries (Schmidt
etal.,1983,1985a, 1985h, 1993). Extra medullary hematopoiesis is more prevalent in spleens of mice
than rats. In dogs, hematopoietic tissue is present in the spleen in pathologic conditions such as
neoplasia and anemia, but may be present in the absence of underlying disease (HoganEsch and
Hahn, 2001). When the hematopoietic tissue is predominantly myeloid, the term myeloid hyperplasia
may be applied. The incidence of splenic myeloid hyperplasia in the absence of underlying disease
was 4%in beagledogsinone study(HoganEschandHahn,2001). Though there is a lot of individual
variation, mice tend to have a greater proportion of white pulp than rats, but the follicles and
marginal zone of miceareless distinct than those of rats (Figures 1, 2, and 7) (Ward et al., 1999). In
rats, the marginal zone comprises up to 28% of the splenic volume and is the largest B-cell region in
the spleen (Dijkstra and Veerman, 1990; Schmidt et al., 1993). Approximately onethird of the B-cells
in the rat spleen have the marginal zone B-cell phenotype, whereas in the mouse, only 15% of the
splenic B-cells have this phenotype (Van Rees et al., 1996). Though the region where the marginal
sinusis locate dismore consistently discernible in rats, electron microscopic studies show that the
marginal sinus is up to 6 times larger in mice (Schmidt et al., 1993).

Age: In the fetus, the spleen begins as a collection of primitive reticular cells in the dorsal
mesogastrium. The first cells to appear are hematopoietic, which are evident by gestation day 17 in
the rat (Losco, 1992). In the mouse, splenic tissue can first be identified, light microscopically, at
gestation day 12.5 and the first hematopoietic cells can be seen at gestation day 15.5 (Seymour et al.,
2006). In the dog, lymphocytes first appear in the spleen at gestation day 52, while the rodent spleen
contains little or no white pulp at birth (HoganEsch and Hahn, 2001; Van Rees et al., 1996). The first
lymphocytes to appear are T-cells that accumulate in the PALS regions (Losco, 1992; Van Rees et
al., 1996). In rats, this begins by 2 days of age, by day 5, dendritic cell precursors appear, after which
B-cell follicles begin to develop, and immunologic function begins at 14 days of age when cell to cell
contact of antigen presenting endritic cells becomes apparent (Losco, 1992). The spleen reaches peak
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development at puberty, in rats, followed by gradual involution (Losco, 1992). In dogs, the spleen
increases in weight during the first 6months of life(HoganEschandHahn,2001). Numerous references
discuss the effects of aging on lymphocyte function and changes in the distribution of lymphocyte
subsets. Lymphocyte numbers, however, may also decrease with age. One study showed a greater
than 80% decrease in lymphocyte numbers in the white pulp of Fisher rats between 4 and 30 months
of age (Cheung and Nadakavukaren, 1983). This change corresponded, light and electron
microscopically, to a decrease in lymphocyte density in the white pulp (Cheung and Nadakavukaren,
1983). There was also an increase in the number of reticular cells and macrophages in the same
regions (Cheung and Nadakavukaren,1983).Some degree of white pulpa trophyis also a common
aging changein Sprague—Dawleyrats(Losco, 1992). The spleens of older dogs and rodents typically
have fewer germinal centers (HoganEsch and Hahn, 2001; Losco, 1992). Extra medullary
hematopoiesis tends to be decreased in adult animals, but can increase in any animal when there is
increased demand for these cells as in cases of anemia, inflammation, decreased production by the
bone marrow, or in casesofneoplasia(L0sc0,1992).The amount of hemosiderin present in the spleen
tends to increase with age in both rodents and dogs (HoganEsch and Hahn, 2001; Losco, 1992; Van
Rees et al., 1996) and, in mice, is more prevalent in females than males (Ward et al., 1999). Genetics:
Genetic mutations in rats and mice, either spontaneous or engineered, resulting in immunodeficiency
markedly affect the morphology of the spleen. Among the immune deficient strains, nuderatsand
SCID(severecombined immunodeficiency disease) mice are perhaps the best known and most
commonly used in scientific studies. Nude rats are congenitally athymic and so are deficient in T-
lymphocytes. The spleens of nude rats (and mice) are smaller than those of their wild-type
counterparts. They have sparsely populated PALS regions and, since T-cell activity is required for
the formation of germinal centers, lack secondary follicles (Figures 11 and 12) (Bell et al., 1987;
Hanes, 2005). SCID mice are homozygous for the Prkdcscid mutation, a mutation in the gene
encoding the catalytic subunit of DNAdependent protein kinase (DNA-PKcs) (Perryman, 2004;
Seymour et al., 2006). This results in a defect in V(D)J recombination of T-cell receptors and B-cell
immunoglobulin receptors and a lack mature B- and T-cells (Perryman, 2004). The spleens of SCID
mice are smaller than those of wild-type mice and all three regions of the white pulp contain few
lymphocytes but do contain macrophages (Custer etal.,1985).The follicles are variable in size and
contain occasional plasma cells, however, follicular dendritic cells are absent since Band Tcells arere
quired for the developmentof these cells (Custer et al., 1985; Seymour et al., 2006). The marginal
zone is markedly decreased in size and is poorly demarcated from the PALS and follicles (Figure 13).
In both the SCID and nude mutants, the reticular framework of the sparsely populated white pulp is
intact (Custer et al., 1985; Hanes, 2005).

The effectiveness of protective reactions of the body against the influence of external factors largely
depends on the morphofunctional state of the peripheral organs of immunogenesis, in particular the
spleen [Kochmar M.Yu. hammual. 2010; Cesta M. F., 2006; Melanie S. et al. 2008].

As a result of the influence of external factors, there is a decrease in the density of cells in the
lymphoid structures of the white pulp of the spleen and its comparative size in relation to the red
pulp, in which the composition of the cells changes little [Chava, S.V., 2011; Evlahova, L.A., 2013].
Long-term exposure of the antigen leads to an increase in proliferative processes in the white pulp
[Buccleuch yu.V., Vovkogon A.D., 2018].

A significant increase in macrophagal-proliferative and destructive processes in the functionally
active areas of the rat spleen indicates the negative effects of emotional loading [Bakhmet A.A.,
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2014].

In many literature, laboratory animals are found in immune organs (thymus, spleen, lymph nodes,
Peyer's PIL), an anti-rabies vaccine [cousin A. V. and hammual. 2004], the drug" Immunovak VP-4 "
[Lebedinskaya o. V. and hammual. 2011], Immunomodulators [Razumov A. N. and hammual. 2010]
when applied, long-term consumption of silicon with drinking water [Gordova V.S. and hammual.
2013] the morphological and functional changes that occur are described in detail.

Under the influence of carcinogen, there is an outbreak of several processes in the body, immune
organs, leading to certain changes [Mikhailova M.N. and hammual. 2011].

The spleen plays an important role in the formation of immune defenses against tumors. The
introduction of 1,2-dimethylhydrazine into the body leads to significant morphological and
immunogystochemical changes in the white pulp of the spleen. The amount of small diameter
lymphatic nodules increases compared to other nodules of different diameters. The diameter of the
lymphatic nodules and their reproductive centers decreases. 4 months after the end of carcinogenic
uptake, more clearly expressed hypoplasia of lymphoid nodules is recorded compared to the previous
period. Lymphatic nodules have a significant reduction in the diameter of the Centers of reproduction
and the width of the border area. Palm decreases in diameter, the number of VV - and T - lymphocytes
decreases [Merkulova L.M. and hammual. 2016].

In hypostatic pneumonia against the background of chronic heart failure, there is a decrease in the
relative volume of the white pulp of the spleen, and an increase in the red pulp. Cell location density
also decreases, but cell composition changes little [Klimenko N. A. and hammual. 2009].

In chronic immune inflammation, proliferative processes occur in the white pulp of the spleen. The
volume of white pulp, the density of cell elements in lymphatic nodules and periarterial lymphatic
mucosa increases. Apoptosis and macrophagal reaction increase in spleen lymphoid structures
[Klimenko N.A. and hammual. 2009].

When a person stimulates the body with normative immunoglobulin once, within a month, a change
in the density of lymphocytes, plasmocytes, macrophages cells occurs in the white pulp of the spleen
of white male rats under puberty. These indicators increase highly on the 7th day after antigen
exposure. Lymphatic nodules the density of small lymphocytes in the border area maximizes on the
30th day after the introduction of the antigen [Gerbut A.O., 2007; Mark F. Cesta., 2006]. On the 2nd
day after Antigen stimulation, the number of fat cells increases sharply at first, then gradually
decreases, and by the 30th it equates to normative indicators [Golovasky A. S. and hammual. 2008;
Kasay V.V., Shepitko V.I., 2008].
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