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The fine structural characteristics of the normal thymus have been
described in many animal species [1-3]. Additionally, the thymus in
humans has been described in detail both in normal and pathological
conditions [4-6].

Stannius identified the thymus in teleost fish in 1850. Since then,
this gland has been described in many teleosts belonging to approxi-
mately 28 different families [7]. Hamxar examined the greatest part of
this literature in 1909, and since then, the thymus has been studied as
a fundamental organ of the fish immune system [8].

Several studies of the histology and physiology of the thymus of fish
have been carried out; however, studies of the ultrastructure of the thy-
mus of these animals are not frequent [9-11].

Mullets, especially the Mugil liza in the south of Brazil, have several
attributes that make them suitable for aquaculture, such as hardiness
and easy feeding, because they readily accept rations and exhibit a wide
tolerance to salinity and temperature variations [12].

We carried out a systematic study of the ultrastructure of the thymus
in Mugil liza, a species with potential value in aquaculture.

Ten mullets (M. liza) were caught at Cassino Beach (Rio Grande
— RS, Brazil; 32°170 S-52°100 W) and transferred to the Laboratory
of Immunology and Pathology of Aquatic Organisms of the Universi-
dade Federal do Rio Grande — FURG. The mean weight of the fish was
0.46 g + 0.01 g, and the approximate age was 10 days. The fish were eu-
thanized with a bath in M-222 at 100 ppm (Western Chemical, USA) and
were subsequently dissected, and the pharyngeal region of the branchial
chamber was removed; in smaller fish, the cephalic region was cut and
used in its entirety. Fish tissue was fixed in 10% buffered formalin, and
after fixation, the tissues were dehydrated through ascending concentra-
tions of ethanol, diaphanized in xylol and embedded in paraffin. Then,
the samples were cut in a microtome (Leica RM2245) with a thickness
of 30 mM. The tissue was stained with haematoxylin and eosin.

Small fragments of tissue were cut into 1 mm blocks and immediately
fixed in phosphate buffered glutaraldehyde (pH 6.9 at 4 °C), washed in
Millonig’s solution, and postfixed in 1% osmium tetroxide; the tissue
blocks were then dehydrated in a graded series of ethanol-acetone, im-
mersed in propylene oxide, and embedded in Durcupan ACNI (Fluka
Chemie A.G., Switzerland). Thin sections were cut with an LKB ultra-
microtome and double stained with uranyl acetate and lead citrate be-
fore examination with a Jeol JEM-8T electron microscope (Jeol, Tokyo,
Japan).
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Optical microscopy showed that the thymus is elongated, extending
over the branchial chamber epithelium, and it is a bilateral organ. We
did not observe differentiation between the cortex and medulla in any
of the fish. The thymic tissue was composed of lymphocytes, epithelial
cells and other mesenchymal cells (Fig. 1).

With electron microscopy of the thymus of M. liza, we observed three
basic cell types in the thymus, namely, cells of the lymphocytic series
(small, medium, and large lymphocytes), epithelial cells (characterized
by complex cytoplasmic inclusions, desmosomes, tonofibrils and surface
specializations such as cilia and microvilli), and macrophages (phago-
cytes). On the basis of this substructural organization, the relationship of
this cell with other types of thymus cells could not be established with
certainty. These cells were similar to "blast cells" and may be related
to the regeneration of lymphoid elements. Therefore, the substructure
of these cells was very similar to that of thymic lymphocytes, except
for the presence of a greater number of cytoplasmic ribosomes, rough
endoplasmic reticulum, large, often multiple nucleoli, and a cell centre
containing a Golgi complex

Among the lymphoid cells, cells that could be identified as epithe-
lial in nature were observed due to the presence of desmosomes and
collections of tonofibrils. In several sections, a clear identification of
epithelial cells was not possible because the substructural features of
the normal thymic epithelium (complex cytoplasmic inclusions, tonofib-
rillar material, desmosomes) were not present. However, it should be
noted that the two types of cells, those definitely identifiable as epithe-
lial and those that cannot be identified as such with certainty, had an
identical nuclear and cytoplasmic organization. In addition to the cells
described above, some less differentiated cells were present that con-
tained a greater amount of peripherally marginalized nuclear chromatin
and clustered in an identical pattern to that of the large thymus lympho-
cytes. The cytoplasm of these cells contained many ribosomes both in
free form and associated with the membrane, greater than that found
in epithelial cells. We also observed numerous macrophages containing
degenerating lymphocytes and cellular debris. Some small lymphocyte-
like cells were observed around the blood vessels. These cells were char-
acterized in addition to their small size because they have a condensed
nuclear mass that often appears rectangular or square and a relatively
indistinct cytoplasm.

Irregular and nodular collections of epithelial cells were observed
in some areas, within which macrophages and occasionally some lym-
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Fig. 1. Mugil liza thymus: Lymphoid tissue is observed without identification of
the cortex and marrow. The mass of thymic cells detaches from the epithelium
(T). H-E, X 40.

phocytes were found. Epithelial cells were more easily identified be-
cause cytoplasmic inclusions, tonofibrils, and desmosomes were more
frequently observed (Fig. 2,3 and 4). The observations presented here
confirm the lymphoepithelial nature of the thymus. With a light micro-
scope, it is impossible to specifically define whether certain cells of the
thymus are lymphoid or epithelial in nature, as can be done with an
electron microscope. Therefore, we used the term “epithelial” to refer
to these large cells (20-30 um in diameter) with a large ovoid nucleus,
finely dispersed chromatin, and abundant pale staining cytoplasm. It
seems, therefore, that there are functionally two cell populations in the
thymus, one (containing epithelial elements) that may direct or regulate
the regeneration of lymphoid elements and, consequently, the mainte-
nance of the lymphocyte mass and a second population composed of
lymphocytes.

These differences between epithelial and lymphoid cells are also evi-
dent in the human thymus and are reflected in the divergent appearance
of thymomas [13]. Epithelial cells within Hassall’s corpuscles may have
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a marked hairy surface configuration [14]. A recent paper demonstrated
the similarities and differences of the human thymus and the teleost fish
thymus; the medulla and cortex were not observed, but as in the thymus
of Humans and other mammals, there are populations of lymphocytes
with CD3 and CD4 receptors. [15].

In several animal species, gland-like spaces have been described in
which villous epithelial cells connected by desmosomes are arranged
around the lumen of the gland [16].

Well-differentiated small and medium lymphocytes were observed
with ultracytology similar to that of normal intact large lymphocytes.
The size of the different lymphocytes does not appear to have functional
importance. We do not have information on the role of these lympho-
cytes; it seems that large lymphocytes are related to lymphoid regen-
eration in cases of necrosis due to some type of injury [17]. We found
small cells similar to lymphocytes, and the ultracytology was similar to
that of lymphocytes; we do not know their functional nature. These cells
are similar to those observed in lymphohaematopoietic tissues. There is
some evidence to suggest that these cells likely originate from the cen-
tral lymphohaematopoietic organs, the pronephros (anterior kidney),
and possibly the spleen [18,19].

The understanding that the epithelial-reticular and lymphocyte lines
are quite histogenetically separated, but functionally related, avoids
much confusion in interpreting the origin of the epithelium and lym-
phocytes, and a low level can be found ultrastructurally in the nor-
mal thymus from other cells. These include mast cells, myoid cells, and
macrophages [20]. Macrophages are easily distinguished from epithe-
lial cells because they lack desmosomes and tonofilaments but contain
many lysosomes and cytoplasmic vesicles. Some authors have referred to
thymic macrophages as mesenchymal reticular cells to emphasize their
distinction from epithelial cells.

The thymus differs from other important lymphoid organs in that the
reticular framework is epithelial-reticular in nature [21]. This structure
may be difficult to see in light microscope slides but is quite evident on
electron microscope examination. The basic architecture of the thymus
consists of epithelial cells with very elongated processes, among which is
the lymphoid component. Therefore, the epithelial cell of the thymus has
a function similar to that of the cells of the mesenchymal reticulum of the
mammalian lymph node. The term epithelial-reticular cell is acceptable
because it denotes the tendency of these cells to have long processes and
indicates their epithelial nature.

Fig. 2. A: Electron micrograph where lym-
phocytes (L) are observed in various stages
of differentiation within an epithelial network
(Ep). Lymphocyte nuclei sectioned in a tangen-
tial plane often appear pyknotic and square
or rectangular in shape (arrows). A high con-
centration of ribosomes is observed, mainly as
fairly large polysomal aggregates (inset, lower
left), within all lymphocytes. X 10,000; inset X
68,000. B: Portion of four well-differentiated
lymphocytes with a densely packed nuclear
chromatin (C) pattern, mitochondria (arrows)
and a large number of ribosomes (R). X 21,500.
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