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Comparative morphology of the adrenal gland in
some species belonging to the family Lacertidae
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Abstract. The distribution and the ratios between noradrenaline (NA) and adrenaline (A) cells in eight
species belonging to the family Lacertidae were studied. There are vanations in the distribution of the two
cell types within the gland and a wide range of variation in the NA/A cell ratio. Comparing their data with
palacontological, anatomical and biochemical evidence, the authors are inclined to consider G. galloti and
L. graeca as the most ancient hizards among those studied and to ascribe L. graeca to the group Lacerta part
IT together with L. dugesii. P. pilyusensis should also be ascribed to the same group on the basis of the results
of this study. The other four species studied (L. lepida, L. trilineata, L. viridis and L. schreiberi) appear to be
of fairly recent origin and should be ascribed to the group Lacerta part 1, on the basis of the homogencous
distribution of the chromaffin cells inside the adrenal gland and their low NA/A cell ratios.

Introduction

Early authors, who studied the morphology of the adrenal gland of Squamates,
pointed out that steroidogenic tissue forms most of the gland, while chromaffin tissue
constitutes a continuous dorsal ribbon that sends digitations into the steroidogenic
parenchyma. Scattered between the steroidogenic cords there are small islets of
chromaffin cells containing only adrenaline (A) cells. The chromalffin cells of the dorsal
ribbon and those of its digitations, however, are only noradrenaline (NA) cells (Wright
and Chester Jones, 1955, 1957; Chester Jones, 1957 a, b; Gabe and Martoja, 1961;
Wassermann and Tramezzani, 1961, 1963; Gabe, 1970).

This description does not agree with that of Saint Girons (1976) for the adrenal
gland of Anguimorpha, since this author notices the presence of A cells in the dorsal
ribbon in these glands. Such an arrangement had already been observed in the adrenal
gland of Podarcts s. sicula (formerly Lacerta s. sicula) (Varano et al., 1969) and confirmed
in two subsequent papers (Varano and Laforgia, 1976; Laforgia and Varano, 1978).

Further studies on the morphology of the adrenal gland of Iguanidae, Gekkonidae
and numerous other Squamates (Varano and Laforgia, 1982; Laforgia et al., 1982,
1983, 1985) and on the adrenal gland of some species:of Cordylidae (Laforgia and
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Varano, 1982) have shown that there is a great variability in the distribution of the
two types of chromaffin cells and in the ratio between NA cells and A cells. The
variability of the NA/A cells ratio has suggested a connection between the ancestry of
the species and this ratio. Actually, older species have more NA cells in the adrenal
while species of more recent origin have more A cells. Similar results were obtained
by Ghosh (1977) in an extensive study on 28 avian species representing several orders
and families: he found an extreme range of relative concentrations of adrenaline- and
noradrenaline-storing cells, Phalacrocorax had 100% NA-containing cells, whereas
many passerine birds had 95% A-containing cells. Ghosh (1977) found that the NA/A
ratio related to avian phylogeny; thus birds of more primitive ancestry (cormorant,
chicken, egret) had more NA cells, while recently evolved birds (passerine birds) had
more A cells.

In this paper we have studied specimens of eight species belonging to the family
Lacertidae, in order to evaluate whether within this family there also is a variation
both in the morphology of the gland and in the NA/A cell ratio, which might be
ascribed to their phylogenetic position.

Material and methods

The adrenal glands of the following species were investigated: Lacerta dugesii, Lacerta
leprda, Lacerta viridis, Podarcis pityusensis, Gallotia galloti, Lacerta trilineata, Lacerta graeca,
Lacerta schreiberi. For each species, at lcast two specimens of each sex were examined.
The animals were killed by decapitation. The adrenals were fixed in a mixture of
potassium dichromate and sodium sulphate (buffered at pH 4.1 with acetate buffer,
3 M), to which 10% formaldehyde was added before use (Wood, 1963). The glands
were embedded in paraffin, sectioned at 6-7 p and stained with one of the following
solutions which allow NA cells to be differentiated from A cells:
1) a mixture of cosine-aniline blue, buffered at pH 4 with acctate buffer, 5 M (Wood,
1963), staining NA cells gold and A cells orange-red
2) Giemsa solution modified according to Pearse (1960), staining NA cells dark green
and A cells light green
3) Mallory trichromic stain. NA cells appear gold-yellow and A cells appear red.
The NA/A cell ratio was calculated from cell counts, using every tenth transverse
section from the whole gland of each specimen.
The data reported here apply to both sexes since differences between sexes and
beiween specimens were very slight and hence were not quantified.

Results

‘The adrenal gland of all the species studied appears rather compact, surrounded by
a thin capsule of connective tissue, with the exception of Lacerta lepida where the cap-
sule 1s thicker. In all the species the two kinds of tissue that usually constitute the
adrenal gland are easily distinguishable.
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The steroidogenic tissue i1s formed by prismartic cells with a roundish generally
basally displaced nucleus. The steroidogenic cells are arranged into sinuous
anastomosing cords of two cell rows separated by small blood vessels (fig. 1). In L.
dugesii, the steadily basal position of the nucleus clearly outlines the shape of the
steroidogenic cords (fig. 2). The chromaffin tissue forms a compact ribbon along the
dorsal margin of the gland and sends digitations between the steroidogenic cords in
L_leprda, L. mndis, L. trilineata, L. schreiber: (figs 3, 4, 5), and P. pifyusensis. In L. dugest
(fig. 6) the chromalffin cells of the dorsal ribbon show a tendency to concentrate at the
two poles of the gland. Rather different, however, is the distribution of the chromatfin
cells in G. gallot: (fig. 7a) and L. graeca (fig. 7b). In these species the chromaffin cells
constitute a single mass located at the cephalic pole of the gland.

Specific histochemical techniques for the differentiation of A and NA cells have
allowed the identification of both cell types in all of the species. The A cells are the
only constituents of the chromaffin islets in all the species. The islets are lacking in
L. graeca (fig. 7b), are few and medium-sized in L. ziridzs (fig. 3), rather numerous and
medium-sized 1n L. schreiber: (fig. 5), small and numerous in L. trilineata (fig. 4), and
rare and small in all the other species.

NA cells are the only constituents of the dorsal ribbon in L. trilineata and P.
pityusensis; 1n the other species these cells are located in the outer rows of the ribbon
and of the cephalic masses, while the A cells occupy the inner rows.

This variability in the distribution of the two kinds of chromaffin cells within the
adrenal gland has an influence on the quantitative ratios between NA and A cells. The
ratios observed in the species studied are the following:

Gallotia gallot: - 9/1
Lacerta graeca 8.6/1
Podarers prtyusensis 3/1
Lacerta dugesii 3/1
Lacerta lepida 2911
Lacerta trilineata 2.4/1
Lacerta schreiberi - .8 6 |
Lacerta viridis 2/1

Discussion

The comparative study of the morphology of the adrenal gland in the Lacertidae
examined has shown variation in the distribution of the two cell types within the gland
and a wide range of variations in the NA/A cell ratio. In preceding studies carried out
on species belonging to several families of Squamates (Laforgia and Varano, 1982;
Varano and Laforgia, 1982; Laforgia et al., 1982, 1983, 1985) we have noticed that
the species with a higher number of NA cells are those generally known as of more
primitive ancestry, while in recently evolved species the number of NA cells shows a
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Figure 5. Lacerta schreiberi. Gicmsa stain. Transverse section. x 80. Notice also in this species the dorsal
ribbon of several cell strata with the NA cells (dark grey) in the outer layers and the A eells (light grey) in
the inner layers and digitations.

tendency to decrease to a ratio 1/1, as observed in the genus Podarcis (Laforgia et al.,
1985). According to this, among the lizards examined in this study, Gallotia galloti and
Lacerta graeca should be the most ancient, while Lacerta viridis and Lacerta schreiberi
should be the most recent. ,

‘Taxonomy and phylogenesis of Lacertidae and particularly of the genus Lacerla have
been carefully studied by Bohme (1971) and later by Lanza et al. (1977). Lanza and
Cei1 (1977), Mayer and Tiedemann (1982), Lutz and Mayer (1985), Busack and Max-
son (1987) and Mayer and Lutz (1989). In 1973 Arnold suggested the division of the
genus Lacerta into four groups: Lacerta part I, Lacerta.part 11, Podarcis and Gallotia. On
the basis of this division, G. galloti, formerly Lacerta galloti, is ascribed to the genus
Gallotia, which according to Lutz and Mayer (1985) is an older group separated from
the others. Our observations on the morphology of the adrenal gland of the species

and the NA/A cell ratio (9/1) lead us to consider G. galloti a very old specics, very dif-
ferent from the others. )

Figure 1. Lacerla schreiberi. Mallory stain. Longitudinal section. x 185. Notice the steroidogenic cells
arranged into anastomosing cords of two cell rows separated by small bloed vessels. Notice also the small
chromaffin islets (arrows).

Figure 2. Lacerta dugesii. Mallory stain. Longitudinal section. x 185. Notice the nuclei of the steroidogenic
cells, steadily in basal position, which clearly outline the shapes of the cords.

Figure 3. Lacerta viridis. Giemsa stain. Longitudinal section. x 50_ Notice the compact chromaffin ribbon
sending digitations between the stercidogenic cords.

Figure 4. Lacerta trilineata. Mallory stain. Transverse scction. x 80. Dorsal chromaffin ribbon has short

digitations penetrating between the steroidogenic cords; the chromaffin islets (arrows) arc numerous and
small.
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Figure 6. Lacerta dugesii. Mallory stain. Longitudinal section. x80. In this species the chromaffin cells
mostly concentrate at the two poles of the gland.

Figure 7. a) Gallotia galipti. Mallory stain. Longitudinal section. x 185. b} Laceria graeca. Giemsa stain.
Longitudinal section, x 125. In both species the chromaffin cells form a single mass located at the cephalic
pole of the gland, completely separated from the interrenal cords.
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There are different hypotheses on the position of L. graeca. Arnold (1973) ascribes
this species to the group Lacerta part II, which according to this author is formed by
more ancient lizards; in more recent papers L. graeca is successively considered: closely
related to L. oxycephala, L. horvathi and L. bedriagae (Mayer and Tiedemann, 1982) in
a very homogenous group; of unclear position but certainly on a lineage separate from
bedriagae (Lutz and Mayer, 1985; Busack and Maxson, 1987); more closely related to
the Podarcis group (Mayer and Lutz, 1989). Our studies show a very high NA/A cell
ratio (8.6/1) in this species. This ratio, very similar to that of G. galloiz, and the strong
separation of the two tissues in the gland lead us to the conclusion that L. graeca is also
an anclent species.

Until very recently, L. dugesii, as well as P. pityusensis, were ascribed to the genus
Fodarcis (Arnold, 1973); Arnold, instead, after the study of some bone structures and
of the hemipenis of these species, is inclined to leave P. pityusensis in the genus Podarcis
and to ascribe L. dugesiz to the group ‘‘Lacerta part 1I”’. Mayer and Lutz (1989) in
a study carried out with an immunological technique (micro-complement fixation)
have found that L. dugesit has close relationship with L. perspicillata, but it seems to
have diverged from the group Podarcis a fairly long time ago, longer than L. graeca.
Our findings are in agreement with the findings of Arnold (1973) and of Mayer and
Lutz (1989) for L. dugesii. P. pityusensis has a high NA/A cell ratio (5/1) and a distribu-
tion of the chromaffin cells typical of the genus Lacerfa (with only NA cells in the dorsal
ribbon); therefore, from this point of view, it seems more similar to this genus than
to a species of the genus Podarcis, where the NA/A cell ratio is always very low (very
close to 1/1). All the other species studied by us (L. lepida, L. trilineata, L. schreiberi,
L. windis) show a rather homogeneous distribution of the chromaffin cells inside the
adrenal gland and also very similar NA/A cell ratios. The rather low value of the ratios
indicates a fairly recent origin of all these species. These findings are supported by
Arnold’s conclusions. In fact, this author ascribes these species to the group “‘Lacerta
part I'” that he considers a recently evolved homogenous group.
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