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Regenerative capacity
of the optic tectum
in Lacerta viridis

pAOLO DEL GRANDE,
GIUSEPPE MINELL],
VALERIA FRANCESCHINI

and

FRANCA VIGHI

Istituto di Anatomia Comparata,
Universita di Bologna,
Via Belmeloro 8, 40126 Bologna (Italy)

ABSTRACT

Regenerative capacity of the optic tectum in
reptiles was studied in adults of Lacerta viridis
kept for 24 hours at 4 °C before extraction of a
dorsomedial portion of the right optic tectum.
Five months after surgery brain sections were
prepared with standard autoradiographic tech-
niques.

From this investigation it emerged that five
months after surgery, cell divisions in the brain
were still very numerous, while in the lesioned
area continuity of the ependyma had been re-
gained. Above the ependyma in some areas, a
zone of re-formed nervous tissue was present
with clear signs of cell and fibre stratification.

These observations strengthen the hypothesis
of a connection between loss of regenerative
capacity by the CN.S. with installation of blood-
brain barrier and, conversely, of the reinstating
of such capacity after alteration of this barrier.

(Received 18 July 1980)

INTRODUCTION

The classic statement that the regene-
rative capacity of the central nervous
system (C.N.S.) in Vertebrates is gradually
reduced as evolution proceeds and nervous
centres become more complex must be
reconsidered in the light of recent investi-
gations.

In 1961 Kirsche & Kirsche demons-
trated strong regenerative capacity of the
optic tectum in Carassius carassius, i.e.
in a Vertebrate well-advanced in evolu-
tion, and in a very complex nervous area.
Altman (1962) and Altman & Das (1965)
reported a greatly prolonged postnatal
neurogenesis in the rat but localized only
in the hippocampus. Support for the hy-
pothesis of the generative capacity of the
central nervous system came from Kirsche
(1967, 1968), who in a careful survey
reported that in the brain of teleosts, am-
phibians (both anurans and urodeles), rep-
tiles and birds, there were groups of cells
with embryonic characteristics and still
capable of multiplying. These areas mostly
located in the neighbourhood of the ven-
tricular ependyma of the telencephalon
and mesencephalon are thought to be
capable of initiating a regenerative process.
Since then, investigations into the possi-
bility of neurogenesis in adults and the
regenerative capacity of cells and nerve
fibres have rapidly increased (for a review,
see Kiernan, 1979 and Hulsebosch &
Bittner, 1980), but the results so far are
inconclusive and contradictory.

When analysing the chemico-physical
features of the areas and the regenerating
nerve fibres, Lee & Olszewski (1959),
Mellick & Cavanagh (1968), Persson e¢
al. (1976) showed that these areas are
always characterized by a considerable
alteration in vascular permeability; Kier-
nan in particular (1979) and Kiernan &
Contestabile (1980) demonstrated that al-
teration of the blood-brain barrier accom-
panies (or determines?) regeneration. Our
research into regeneration of the C.N.S.



Downloaded by [Columbia University] at 10:34 05 October 2014

114

P. DEL GRANDE, G. MINELLI, vV, FRANCESCHINI, F. VIGHI

in tetrapods was intended to verify this
hypothesis. Since it is known that cold
affects the blood-brain barrier (Rosomoff
& Gilbert, 1955; Stone et al., 1956;
Lougheed et al., 1960) we operated on
animals that had been kept at 4 °C for 24
hours prior to the intervention. Using this
technique we observed striking prolifera-
tive processes in the telencephalon of La-
certa viridis (Minelli et al., 1978) after
destructive surgery; the processes were
mostly concentrated in the matrix areas
described by Kirsche. In animals kept
at room temperature (Minelli & Del
Grande, 1980) neither proliferating cells
nor regenerative phenomena were ob-
served. Since the most concrete objec-
tion to this type of investigation lies in
the actual nervous nature of the dividing
cells, we administered Nerve Growth Fac-
tor (N.G.F.) to our operated cases and
obtained an increase beyond 200% in the
number of mitoses in the central horn of
the second ventricle (Del Grande & Mi-
nelli, 1980). Since N.G.F. acts selectively
on catecholamine neuroblasts, increasing
their dividing rate (Levi-Montalcini &
Hamburger, 1951; Blood, 1972; Varon,
1975, 1977), we can be more certain that
the phenomena we have reported refer,
at least in part, to proliferation of neuro-
blasts.

On these grounds we thought it oppor-
tune to investigate whether repair process
were observable in lacertilians, even in a
nervous region where the cytoarchitecture
was more complex, such as the optic
tectum.

MATERIALS AND METHODS

Lacerta viridis adults (26-30cm long) were
kept for 24 hours at 4°C before extracting a
dorsomedial strip of the optic tectum with a fine
pipette connected to a vacuum pump. During
surgery the animals were kept in hypothermia
with a refrigerated plate, they were subse-
quently brought to room temperature gradually
and kept in terraria at constant temperature
(20-22°C).

Five months after surgery 6-H3 thymidine

(Radiochemical Centre, Amersham) was injected
intraperitoneally at a dose of 1uCi per gram
body weight. 24 hours later the brains were
removed and fixed in 10% neutral formalin,
After being embedded in paraffin, the brains
were sectioned transversely (10 gt thick) and
after deparaffination were covered with emulsion
(Kodak NTB2) and exposed for three weeks
at 4°C. The slides were then developed with
Kodak D 19 and fixed with Kodak Unifix. The
sections were weakly stained with 59 Giemsa’s
stain at a low temperature for 10 minutes.

RESULTS AND DISCUSSION

In our previous investigations we had
observed, using the technique described
above, that cell proliferation and repair
in the area of nervous tissue was present
during a long time. In the present experi-
ments we examined animals five months
after surgery, on the assumption that re-
generative processes, when present, would
be clearer and more evident. We also
found that extraction of an area of nerve
tissue by suction with a glass capillary
does not make for identical lesions in the
different brains; in some cases almost the
whole optic tectum on one side was ex-
tracted; whereas in others about one third
was left in sitn (Fig. 1); this difference
produced a different response in the re-
pair process. Examination of the histolo-
gical preparations revealed that there had
been a partial re-formation in the optic
tectum in the gap left by the area ex-
tracted. Above all, continuity of the epen-
dymal layer was always re-established, a
fundamental pre-requisite for regeneration
as we had seen in all our previous resear-
ches. Above this layer different condi-
tions could be observed depending on the
extent of extraction. The characteristics
of the regenerated area appeared in fact
linked to the integrity, or lack of it, of
the contiguous layers of the tectum. If
at operation, the optic tectum of one side
was extracted, on the regenerated epen-
dymal layer of that side only a few cells
and fibres could be observed (Figs. 1C,
2A). If surgery left part of the optic
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tectum in situ, above the regenerated
ependymal layer a number of layers of
cells and fibres could be found which
reached about one-third of the original
thickness (Figs. 1D, 2B). Moreover in
some cases there was a definite stratifi-
cation of the cells in this area (at times
in some arcas we noted even two layers
of cells) which appeared continuous with

internal plexiform layer, and, above this,
the piriform and fusiform neuron layer
of the periventricular zone can be located,
although it is not always visible or may
be extremely thin, Above this layer no
ordered structure was scen.

The hypothesis that these layers are
newly formed and not a normal untouched
part of the optic tectum that had been

Fig. 1. — Diagram of the extent of operation on the optic tectum of Lacerta viridis and the
relative consequences. A: extraction affects the whole of the optic tectum on one side. B:
extraction is limited to a strip of the optic tectum on one side. C: results of extraction, type A,
where only one ependymal layer is restored with few cells and fibres. D: results of a more
limited extraction, type B, where above the ependymal layer a layer of cells and fibres may be
reconstructed tending to stratification, and, in the median plane, a considerable disorganized

mass of cells and fibres. (Frontal sections).

the deeper layers of the remaining part
of the optic tectum (Figs. 2B, C).

A more detailed analysis of this rege-
nerated area makes it possible to evaluate
the cytoarchitecture and to state that the
reconstruction affects, at this stage, the
deeper layers. The periventricular zone
can be clearly recognized (Leghissa, 1962)
(Fig. 3), including the ependyma and the
deep plexiform layer with above it a layer
of cells that can be interpreted as the
deep fusiform neuron layer. Next lies the

partially extracted, is supported by the
observation that the thickness of these
layers is significantly different from the
normal. The periventricular zone was re-
duced by 30%, while the deep fusiform
neuron layer which normally consists of
2-3 layers of nerve cells shows a single
layer of cells sometimes with very wide
spaces between them in the regenerated
area (Fig. 2C). Finally the internal plexi-
form layer and the piriform and fusiform
neuron layer, when clearly present, are
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Fig. 2. — Histoautoradiographic sections of the mesencephalon of Lacerta viridis 150 days
after intervention, A: extraction was too widespread, thus only the ependymal layer is
reconstructed with a few cells and fibres, 100 X. B: presence of an untouched area of the
optic tectum (2) allows reconstruction of part of the tectum (1), 100 X. C: newly formed area
under high magnification allows reconstruction to be visualized of the deep plexiform layer (4),
of a layer of cells that can be interpreted as a layer of deep fusiform neurons (3), while some
cells (5) hint at a cellular stratification which can be interpreted as a layer of piriform and
fusiform neurons, 100 X. D: in the central sections of the optic tectum, in addition to the
untouched area, one can observe a disordered mass of cells and fibres that tend mostly to
concentrate on the median plane, 200 X.

reduced to less than 509% of their normal
thickness. :

In the regenerated area there is another
detail almost constant in every individual:
above the ependyma and in the centre of
the regenerated tectum, there is a mass
of fibres and cells which is almost equal
in thickness to that of the original tectum,

but it is extremely disorganized and has
a large number of labelled cells (Fig. 2D).

We investigated the location and num-
ber of the labelled cells in our prepara-
tions to find out how many cells began
dividing in the 24 hours before the brain
was fixed. From this study it emerged
that many labelled cells appeared along
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the entire brain axis from the telence-
phalon to the medulla qblongata, though
the values differed considerably between
one area and another, as we had already
found in previous investigations, they fluc-
tuated around 3000 units. Thus we can

cur in the telencephalon, whereas only
219 appear in the mesencephalic vesicle,
and the remaining 69 in the medulla
oblongata.

We carefully examined also the dien-
cephalon because Kirsche (1967, 1968)
had described two areas situated near the

diencephalic ventricle rich in cells with

A . L. . !
embryonic characteristics, but in our dien-
cephalic preparations we noticed labelled
cells only occasionally.

On the whole, surgery affected only
one side of the optic tectum, but in a few
cases it spread over a little into the oppo-
site side. In both types of lesion, we
observed little difference between the two
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Fig. 3. — A: diagram of the architecture showing the different layers in the optic tectum in

Lacerta viridis. (After Leghissa, 1962). 1: white outer layer; 2: outer plexiform layer; 3: layer
of fusiform retinal neurons; 4: central plexiform layer; 5: multipolar neuron layer; 6: inner
white layer; 7: piriform and fusiform neuron layer; 8: inner plexiform layer; 9: deep fusiform
neuron layer; 10: deep plexiform layer; 11: ependymal layer. B: diagram of the reconstructed
tectum at the level where the stratification of cells and fibres begins. 12: layer with no
stratification; 13: piriform and fusiform neuron layer; 14: inner plexiform layer; 15: deep
fusiform neuron layer; 16: deep plexiform layer; 17: ependymal layer.

affirm that the rate of cell division in the
brain of animals five months after surgery
may be considered as very high, since in
control animals values reached a few tens
of units. :

Analysis of the location of labelled cells
(Table 1) indicates that most (72%9) oc-

sidés in the concentration of labelled cells,
whether in the telencephalon, mesence-
phalon or medulla oblongata (Tab. 1).
This finding is not in harmony with what
was observed in the repair process in the
telencephalon of Lacerta viridis (Minelli
et al., 1978), where thete was a sharp
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TABLE I — Percentage distribution of labelled
cells in the different areas of the brain in Lacerta
viridis.

% of % %
Area total operated  healthy
side side  (*)

Telencephalon 72 41 31
Mesencephalon 21 4 5 12 (**)
Medulla oblongata 6 4

(*) In some animals operation extended, if only
a little, into the controlateral tectum.

(**) These labelled cells appear in the mass of
cells and fibres evident in the regenerated
area towards the centre of the optic tectum.

difference between the number of labelled
cells in the operated and healthy sides.

Finally 129% of the labelled cells ob-
served in every case appeared in the re-
generation area about the middle of the
mesencephalon. The area lacked a definite
cytological structure but was certainly of
recent formation, yet because of its po-
sition, it is arbitrary to assign it to one
side or the other.

In the telencephalon we also studied
the localization of the labelled cells and
we noted that 37% were found in the
neighbourhood of the ependyma related
to the palaeocortex, the dorsal hippocam-
pus and the more dorsal part of the medial
hippocampus; whereas 63% of the la-
belled cells of the telencephalon were
found near the ependyma in the more
ventral zone of the medial hippocampus.
From these investigations therefore it
emerged that the great majority of labelled
cells in the telencephalon appeared near
the ependyma either scattered or concen-
trated in well-defined areas which Kirsche
had already indicated as rich in cells with
embryonic characteristics (1967, 1968).
In the mesencephalon labelled cells were
not observed in particular areas or in the
region of the ependyma, but rather were
scattered here and there in both the intact
and regenerated areas. Even the few la-

belled cells in the medulla oblongata had
no preferential site.

The original hypothesis that if with the
technique employed five months after sur-
gery there were regeneration processes of
the optic tectum these would provide
unequivocal pictures and data is confirmed
by the observations reported. In fact,
five months after surgery, the rate of cell
division was still very high, since we
observed up to 3000 labelled cells in
the telencephalon and mesencephalon of
each animal: all this points to a very high
mitotic rate and a process of repair still
active,

Attempts to detect the areas in which
these cells concentrated showed that in
regeneration of the optic tectum the te-
lencephalon is also involved. More than
70% of the labelled cells appeared in the
telencephalic hemispheres, with slight pre-
dominance of the hemisphere ipsilateral
to the optic tectum operated on.

Areas of the telencephalon where these
labelled cells appear, correspond to the
germinative areas already detected by
Kirsche (1967, 1968); the ventral germi-
native area appears most active since 63%
of labelled cells are found there. The
remaining 379 can be seen on the dorsal
ependyma, corresponding mostly to the
dorsal germinative area.

From these data, and from what has
been observed above on the regenerative
capacity of the telencephalon, one may
suppose that the embryonic characteristics
of the germinative zones make them avai-
lable for regenerative processes of both
the telencephalon and the mesenchepha-
lon. Particularly interesting is our obser-
vation in some cases of reconstruction of
a number of layers of cells and fibres in
the optic tectum. The hypothesis that
this area is newly formed is supported
by the regular stratification and by the
fact that the characters of the observed
layers are significantly different from those
of the controls, so that this area cannot
be considered as an original (i.e. un-



Downloaded by [Columbia University] at 10:34 05 October 2014

REGENERATION OF THE OPTIC TECTUM IN “LACERTA”

119

touched) part remaining of the optic tec-
tum after experimental surgery. This
point is quite important because for the
first time we noticed the tendency in a
rcgenerated area to reinstate t.he characte-
ristic architecture; this formation occurrgd
only when on that side a part of t.he optic
tectum still remained in situ. This obser-
vation more than anything else supports
our belief that the phenomena recorded
in our research refer to regenerative pro-
cesses of the CN.S. and confirms the
hypothesis of a link between cold, blood-
brain barrier and regenerative capacity.
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