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Summary

Experimental procedures used to investigate the persistence, location and abundance of scat-
tered (“matrix cells”) and/or clustered (“matrix areas”) stem cells in the brain, responsible for
proliferation in adult terrestrial heterothermic vertebrates have included an induced transient
drop in body temperature in specimens subsequently deprived of encephalic areas. In a set of
coordinated investigations focused on the influence of an exposure to a drastic thermally envi-
ronment on these activities, we gave priority to Triturus carnifex, since there is a much larger
amount of detailed, unequivocal experimental evidence available for this species than for oth-
er vertebrates of the same evolutionary level. In the present study, cold-shocked newts were
examined after a stay at external temperature (the most suitable one based on previous expe-
rience) to allow the maximal expression of cerebral proliferation. In a qualitative evaluation,
the brain of experimental specimens compared with that of normal individuals seemed not to
show, contrary to expectations, more pronounced cell proliferation as assessed by Proliferat-
ing Cell Nuclear Antigen immunolabelling of neural-like cells in the S phase of cell cycle. This
discrepancy with previous reports from other authors may depend on having used cold stress
alone, while other traumatic stimuli (operatory shock, encephalic injury) administered by the
previous authors might have induced a greater number of cells to move from a stand-by condi-
tion to proliferation, allowing for reparative and/or regenerative phenomena.
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Introduction

It is commonly accepted that the vertebrate brain is endowed with reparative or
regenerative power in the early stages of development (Cowan and Finger, 1982)
and that the processes of self-repair are considerably reduced when the brain is fully
developed. Nevertheless, a great amount of literature refer the persistence of cellular
proliferative potential in the brain of adult Anamnia (lampreys, Elasmobranchs, Tel-
eosts, Urodeles, Anurans) and Amniota (lacertilians, male songbirds, Mammals) (for
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details, see review by Margotta and Morelli, 1996), under both normal and experi-
mental conditions and with different locations and degrees.

These studies were mostly autoradiographic and histological (sometimes ultras-
tructural). They only rarely used immunocytochemical tests or histochemical meth-
ods targeting proliferation-related enzyme activities. The study of these vertebrates
has revealed a neurogenic ability depending on small basophilic cells which have
retained some embryonic properties. They are clustered and at times stratified
(“matrix areas” or “matrix zones”) in several encephalic areas (mostly in the epend-
ymal epithelium and/or periventricular grey matter) or scattered (“matrix cells”) in
the tissue of other cerebral regions. Generally speaking, these neural-like cells are
more numerous in lower than higher vertebrates and in younger than older animals.
They appear able to return to an actively cycling condition and to undergo prolifera-
tion through late maturation even in the absence of these events, to give rise to neu-
ronal and glial cells (Kirsche, 1967, 1983).

In the adult vertebrate brain, possible relationships between the presence of radi-
al glial cells and the persistence of natural or post-traumatic cell proliferation have
emerged from critical reviews on these topics (Margotta and Morelli, 1997; Alvarez-
Buylla et al., 2002). On the basis of selective autoradiographic or immunocytochemi-
cal tests, a double function has been hypothesized for such cells: first favor the pro-
duction of neuroblasts from cells in a stand-by condition and then guide the migra-
tion of the newly formed neurons to their definitive sites. It is interesting that the
radial glia cell bodies are in the same position as the zonae germinativae, as first indi-
cated by Kirsche (1967).

Over the last decade, we have undertaken an immunocytochemical re-evaluation
of the cellular proliferative capacities of the brain in normal adult specimens belong-
ing to each Class of heterothermic vertebrates and songbirds (Margotta et al., 1999a,
b, 2000; 2001, 2002, 2004, 2005a, b; Margotta and Caronti, 2005; Margotta et al., 2007;
Margotta, 2007) and in the same or phylogenetically similar species as those previ-
ously analyzed by other authors, for a valid comparison. We have observed a sub-
stantial agreement between our findings and literature reports, minor differences
being compatible with the higher age of our individuals.

At the end of such investigations we concluded that: “in an overall view ... the
matrix cells are always identifiable in the epithelium of ventricular walls, in the perie-
pendymal grey layers and in the framework of cerebellar tissues, when the cerebellum
carries out a leading role in some essential activities for the life and it’s involved in
the social behaviour of the organism” (Margotta, 2007). This is similar to what Kir-
sche (1983) had stated in his review.

The various experimental procedures used in the past in terrestrial poikilother-
mal vertebrates to detect regenerative events in injured brain include exposure of the
organism to a sudden, transient drop in body temperature.

Del Grande and Minelli (1971) and Minelli and Del Grande (1974a, b) were the
first to introduce this cold shock. They observed an unexpected increase of regenera-
tive events in adult Triturus cristatus carnifex that had previously lived temporarily in
cold conditions and was then surgically deprived of a portion of the brain.

Later, the hypothesis was proposed that a thermal shock might be linked to a cel-
lular proliferative response and that it might in some way stimulate latent cells to
undergo late maturation processes.
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Further investigations were performed by a research group on adult Lacerta viridis
(Minelli et al., 1978; Minelli and Del Grande, 1980; Del Grande et al., 1981), Rana escu-
lenta (Minelli et al., 1982; Del Grande et al., 1984) and T. cristatus carnifex (Del Grande
et al., 1982a, b; Minelli et al., 1987; Del Grande et al., 1990; Minelli et al., 1990; Franc-
eschini et al., 1992). Most of these studies were carried out by histology and autora-
diography and a few by electron microscopy, after thymidine injection or treatment
with colchicine respectively. The undifferentiated ependymal and sub-ependymal
cells observed in the telencephalon, diencephalon and mesencephalon were deemed
responsible for substantial and unexpected self-repair processes leading to the com-
plete structural restoration of the removed portion of the brain (Del Grande and
Minelli, 1971; Minelli and Del Grande, 1974a, b; Del Grande et al., 1982a, b; Minelli et
al., 1987; Del Grande et al., 1990; Minelli et al., 1990; Franceschini et al., 1992; see also
the reviews by Kirsche, 1983; Margotta and Morelli, 1996).

Since in the last decades the attention on this issue has waned, this has encour-
aged us to undertake a new study in adult terrestrial heterothermic vertebrates,
focusing once again on encephalic cell proliferation, now induced by a transient ther-
mal stimulus. Like in our above-mentioned studies, these animals would not be sub-
jected to any cerebral mutilation in order to evaluate whether the mere artificial tem-
perature change can promote an increase in proliferation. One reason for this study
is that observations concerning this specific aspect were sporadic and restricted to a
small number of individuals of R. esculenta (Minelli et al., 1982) and T. cristatus car-
nifex (Franceschini et al., 1992).

We have focused on T. carnifex (Giacoma and Balletto, 1988; Bonifazi, 2000), R. ber-
geri (Capula, 2000) and Podarcis sicula (Capula, 2000) (formerly, T. cristatus carnifex, R.
esculenta, L. viridis, respectively), i.e. the same species studied by previous authors,
and have used the same test, PCNA immunolabelling (Miyachi et al., 1978), which
had proved valuable in our former investigations.

Proliferating Cell Nuclear Antigen, an ubiquitous intracellular antigen and mem-
ber of the cyclin family, is an auxiliary protein of DNA polymerase d closely associ-
ated with sites of DNA replication. It reaches appreciable levels when DNA is synthe-
sized in the cell cycle, thus revealing cells in S phase (Bravo and Macdonald-Bravo,
1985, 1987; Bravo et al., 1987; Jaskulski et al., 1988; Liu et al., 1989; Fairman, 1990;
Diffley, 1992; for further details: see Margotta et al., 2007).

The experimental conditions adopted in previous investigations focused on cold
shock by other authors were certainly unequivocal about the degree of temperature,
while the other reported information was often conflicting, defective or ambiguous on
how the temperature change was attained: whether rapidly or gradually (Del Grande
and Minelli, 1971), how protracted in time (Del Grande and Minelli, 1971; Minelli and
Del Grande, 1974a, b), at which temperature the experimental samples were housed
after the thermal treatment (Del Grande et al., 1981; Franceschini et al., 1992) and how
many days after the shock the individuals were sacrificed (Franceschini et al., 1992);
in some instances there was complete lack of information on some of these aspects
(Minelli and Del Grande, 1980; Del Grande et al., 1982a; Minelli et al., 1982).

T. carnifex was given priority in our investigation since a much larger amount of
detailed information is available for this species (Del Grande et al., 1982a; Minelli et
al., 1987; Del Grande et al., 1990; Minelli et al., 1990; Franceschini et al., 1992) than
for the frog or lizard. We have used the experimental conditions most frequently
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reported in the literature, but without removal of part of the brain. However, previ-
ous reports did not state when the newts were taken from their habitat or when the
observations were carried out.

Material and methods

Adult specimens of Triturus carnifex (Giacoma and Balletto, 1988; Bonifazi, 2000) of
both sexes were caught in the second week of March in a temporary pond in a coast-
al area of Latium, Italy. This period corresponds to the breeding season of this species
(Bonifazi, 2000). The external temperature in this period can vary from 7 to 17 °C.

The newts were separated into two groups: those in the first group continued to
live in this environment, while those in the second group were kept at 4 °C (temper-
ature reached abruptly) for 24 hours, after which they were returned outside. After
one week, the newts of both groups were sacrificed after anesthesia with a solution
(1:1000) of tricaine-methanesulfonate (MS 222 Sandoz, Switzerland). The heads were
then cut off and, after partial disarticulation of the cranial elements, fixed in Bouin’s
fluid. During immersion of the heads in 80% ethyl alcohol, the brain was removed
under a stereomicroscope. After dehydration in an ascending alcohol series the brains
were embedded in paraffin wax in a vacuum. The histological preparations were
made using 8 pum thick transverse serial sections cut in an antero-posterior direction
with a rotary microtome. Two parallel series of slides were obtained for each brain:
one was stained with hematoxylin-eosin, while the other was used for immunocyto-
chemical examination.

Sections were heated in an oven at 60 °C for 20 min until the paraffin melted. The
slides were deparaffinized and rinsed in 100%, 95% and 70% ethanol. A Vectastain
Universal Quick kit (Vector Labs, Burlingame, CA, USA) and 0.01 M phosphate
buffer, pH 7.5, with 0.02% Triton X 100 as washing buffer were used. The proce-
dure steps, at room temperature, were: 10 min in 3% H,0O, solution in water, 5 min
rinse, 10 min in blocking serum, 15 min + 15 min in avidin/biotin blocking kit (Vec-
tor Labs), brief rinse, 90 min in the monoclonal antibody to PCNA clone (Sigma,
Milan, Italy; cod. P8825), diluted 1:500 in buffer containing 1.5% blocking serum, 5
min rinse, 10 min in biotinylated universal secondary antibody, 5 min rinse, 10 min in
streptavidin/peroxidase complex, 5 min rinse, 10-15 min incubation in Nova Red or
DAB substrate kits (Vector Labs), with or without nickel enhancement. The sections
were then washed and mounted in Kaiser’s glycerol gelatin (Sigma). Control sections
of representative tissues were prepared by substitution of the primary antibody with
dilutions of normal mouse serum or omission of the primary antibody. A section of
regenerating rat liver, in which a high cell proliferative activity had been documented
by incorporation of bromodeoxyuridine, was used as positive control tissue.

Results
In T. carnifex adults, seven days after exposure to transient cold shock the olfacto-

ry bulbs display a large number of immunolabeled cells at the boundary of the ven-
tricles, in the sub-ependymal grey matter and in the internal granular layer (Fig. 1a).
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Figure 1 - In the olfactory bulbs of an adult Triturus carnifex stem cells are visible in the ependyma, sub-
ependymal grey matter and internal granular layer (arrows): a) specimen exposed to cold shock; b) normal
specimen. Transverse sections, PCNA immunocytochemistry without nuclear counterstaining. Calibration
bars = 60um.

In adults of the same species not subjected to cold stimulus, these areas show fewer
immunopositive cells (Fig. 1b).

In the telencephalon of cold-shocked individuals, small clusters of PCNA-labeled
cells are placed anteriorly in the proximity of the outer corners of the roof of each
hemispheric ventricle (sometimes swollen) exactly where the area germinativa dor-
salis (formerly called zona germinativa dorsalis by Kirsche, 1967) lies. The number of
these cells decreases moving caudally until they disappear approaching the telence-
phalic intermediate portion. Posteriorly, while such immunoreactive aspects reap-
pear, substantial DNA synthesis can be observed in the external lower walls and on
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Figure 2 - In the telencephalon of an adult Triturus carnifex PCNA-positive cells are found in the areae ger-
mitivae dorsales and ventrales (arrowheads), in the ventricular epithelium and in the periependymal layer
(arrows): a) left hemisphere, and b) right hemisphere in a specimen exposed to cold shock; ¢) both hemi-
spheres in a normal specimen. Transverse sections, PCNA immunocytochemistry without nuclear counter-
staining. Calibration bars = 60um.

the floor of the ventricles. The site of this PCNA-positivity coincides with the loca-
tion of the area germinativa ventralis (zona germinativa ventralis according to Kirsche,
1967). Proceeding caudally, while the dorsal immunocytochemical labeling decreases
and definitively disappears, parallel to the progressive disappearance of the area ger-
minativa dorsalis, the labeling continues where the lateral ventricles merge and the
area germinativa ventralis is found. Other proliferative patterns appear here and there
in the ependyma of these regions. Widespread, weak PCNA expression can also be
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Figure 3 - In the diencephalon of an adult Triturus carnifex undifferentiated cells are present in the habenu-
lar ganglia (arrowheads), pre-optic recess (asterisks), ventricular epithelium and sub-ependymal layer
(arrows): a) specimen exposed to cold shock; b) normal specimen. Transverse sections, PCNA immunocyto-
chemistry without nuclear counterstaining. Calibration bars = 60um.

observed among the cells populating the layers adjacent to the epithelium delimiting
the ventricular cavities and the telencephalon impar (Fig. 2a, 2b). Also in the normal
telencephalon, immunolabeled cells are identifiable in the areae germinativae dorsales
and the areae germinativae ventrales. These cells can be observed in the ependymal
epithelium and periventricular grey matter (Fig. 2c).

In the diencephalon of cold-shocked newts, labeled cells are present in the
habenular ganglia and frequently among the epithelial cells which delimit ventricle in
the epithalamus, thalamus and preoptic and infundibular recesses in the hypothalam-
ic region; in the latter site they are especially numerous. Immunocytochemical expres-
sion can also be seen in the grey matter of these regions (Fig. 3a). In control individu-
als, PCNA positive cells are seen in the same areas (Fig. 3b).

In the mesencephalon of the cold-shocked specimens, labeled cells are visible in
the ependymal epithelium facing the optic lobes and the tegmentum. A substantial
immunocytochemical reaction also occurs in the peri-ependymal grey matter. Rare
scattered or thickened PCNA-positive cells are found here and there among the cells
in the deep and intermediate layers of the optic tectum (Fig. 4a). In the normal mid-
brain, similar aspects can be observed in the ventricular epithelium, sub-ependymal
grey matter and fectum (Fig. 4b).

The cerebellum does not appear labeled in either experimental or control speci-
mens.

In the medulla oblongata of cold-shocked newts, there are an immunoreactivity in
the area octavolateralis and a small number of labeled cells in the floor of the ante-
rior portion of the rhombencephalic ventricle (Fig. 5a). In control specimens, similar
PCNA expression appears in the same areas (Fig. 5b).
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Figure 4 - In the mesencephalon of an adult Triturus carnifex labeled cells are visible in the ependyma and
grey matter of the tectum (arrowheads) and tegmentum (arrows): a) specimen exposed to cold shock; b) nor-
mal specimen. Transverse sections, PCNA immunocytochemistry without nuclear counterstaining. Calibration
bars = 60um.

Discussion

Evidence for the encephalon of adult terrestrial poikilothermal vertebrates indi-
cates that the number of cells in stand-by is high in the forebrain, while the hindbrain
is deficient or laking of these cells.

Del Grande and Minelli (1971), Minelli and Del Grande (1974a, b) found an unex-
pected increase in encephalic plasticity in adult individuals of T. cristatus carnifex
after transient cooling at 4 °C (aimed at limiting cardiac activity thus reducing post-
operative hemorrhage and consequent mortality) followed by unilateral removal of a
plug from the optic tectum.

Investigations on thermal-shocked individuals of this same species upon unilater-
al surgical ablation of cerebral areas have demonstrated that, if the damage regarded
both the diencephalon and midbrain (Del Grande et al., 1982a) or both the telencepha-
lon and midbrain (Del Grande et al., 1990; Franceschini et al., 1992), tangible regenera-
tive phenomena occurred also in the diencephalon and mesencephalon which, when
subjected to lesion alone, were not characterized by regeneration. It has been hypoth-
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Figure 5 - In the medulla oblongata of an adult Triturus carnifex, neuroblasts labeled cells can be observed in
the area octavolateralis (arrows), in the epithelium facing the ventricle and in the grey matter (arrowheads):
a) specimen exposed to cold shock; b) normal specimen. Transverse sections, PCNA immunocytochemistry
without nuclear counterstaining. Calibration bars = 60um.

esized that a neurotrophic factor, secreted from a damaged tissue and released in the
cerebrospinal fluid, could induce proliferation in the silent cells, placed far-off from
the site of the lesion. In fact, the proliferation observed in the lateral ventricular walls,
owing to an optic lobe injury, could be due to the matrix cells located in the periven-
tricular layer and therefore easily attainable by chemical agents present in the fluid.
On the contrary, a factor produced by the edges of a telencephalic wound could
not be able to induce proliferation in the midbrain where the matrix cells are scat-
tered in the deep tectal grey layers.
A protein factor was found in the cerebral damaged tissues of adult rats, which
stimulated in vitro a neuronal proliferation (Nieto-Sampedro et al., 1982).
Confirmation of the results also came from investigations upon ablation of the
same areas in cold-shocked adults of L. viridis by Minelli et al. (1978), Del Grande
and Minelli (1980), Minelli and Del Grande (1980), Del Grande et al. (1981), of R. escu-
lenta by Minelli et al. (1982), Del Grande et al. (1984) and of T. cristatus carnifex by Del
Grande et al. (1982b), Minelli et al. (1987, 1990), Franceschini et al. (1992). In some
collateral investigations a handful of specimens were exposed to cold shock alone
without removal of any brain portion (Minelli et al., 1982; Franceschini et al., 1992).
The results of the latter studies supported the initial observations of Del Grande
and Minelli (1971), Minelli and Del Grande (1974a, b), leading to the hypothesis that
low temperature loosens the blood-brain barrier, which could stimulate or support in
adulthood the re-establishment of embryonic hemotrophic conditions (Del Grande et
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al., 1982a). Cold stress could stimulate karyokinesis activity in matrix cells still present
in encephalic areas, triggering the ability of these stem cells to originate new nerve
cells and favoring the reappearance or substantial boosting of cerebral tissue plasticity,
as evidenced by experimentally induced reparative and/or regenerative phenomena.

This hypothesis is supported by literature data on Anamnia and Amniota (Roso-
moff and Gilbert, 1955; Stone et al., 1956; Lougheed et al., 1960; Kienan, 1979; Kien-
an and Contestabile, 1980), according to which low temperature leads to opening
the blood-brain barrier, which is practically non-existent in early embryonic stages,
is imperfect until morphogenesis has been completed, and is fully formed only at
the end of development. Thus, it may be proposed that nervous tissue proliferation,
expressed to a remarkable extent during embryonic life, declines during development
owing to formation of the blood-brain barrier. Re-established permeability would
accompany, or even determine, the restoration of reparative and/or regenerative pro-
cesses in the central nervous system.

Cyclic seasonal thermal variations might induce fluctuations in cell proliferation
in adults, as suggested by data on R. esculenta (Rothstein et al., 1975; Minelli et al.,
1982; Bernocchi et al., 1990; Chieffi Baccari et al., 1994), R. temporaria (Chetverukhin
and Polenov, 1993; Polenov and Chetverukhin, 1993), P. hispanica (Ramirez et al.,
1997) and Plethodon cinereus (Dawley et al., 2000).

Links between photoperiod, temperature and physiological cell proliferation have
been observed in other Anamnia such as the teleost Tinca tinca (Velasco et al., 2001)
and the lamprey Petromyzon marinus (Vidal Pizarro et al., 2004). Some of these authors
observed peak mitotic activity not only in the brain, but also in other organs and tis-
sues, such as the eye (Rothstein et al., 1975), chemosensory epithelium (Dawley et
al., 2000) and spinal cord (Velasco et al., 2001), of specimens captured between late
spring and early summer, while a drop in proliferation was observed in individuals
caught during hibernation.

These reports have led to the conviction that seasonal thermal variations, which
are correlated with photoperiod, and artificially induced cold shocks can cause fluc-
tuations in proliferative activity in adult heterothermic vertebrates.

Our present results cannot be directly compared with previous investigations
because of differences in the experimental approach. Indeed, in T. cristatus carnifex
adults, Del Grande and Minelli (1971), Minelli and Del Grande (1974a, b), Del Grande
et al. (1982a, b), Minelli et al. (1987), Del Grande et al. (1990), Minelli et al. (1990)
and Franceschini et al. (1992) judged cell proliferative performance from reparative
or regenerative events upon transient cold shock followed by cerebral mutilation. On
the contrary, Franceschini et al. (1992) performed autoradiographic analyses upon
cold stress alone and on a limited number of specimens.

Nor can the present results be compared with those on T. carnifex from our previ-
ous immunocytochemical studies since they were performed on normal individuals
also captured in early spring, a period corresponding to the breeding season (Boni-
fazi, 2000), but then maintained for a long time in a thermostatically controlled envi-
ronment before sacrifice (Margotta et al., 1999, 2005b).

The presence of a telencephalic ventricular swelling in our thermal-shocked speci-
mens, as compared with normal newts, may depend on cold environment which may
provoke a decrease in cell number through cell death (which is often seen in associa-
tion with ependymal and sub-ependymal neurogenesis, even if the brain is not sub-
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jected to surgical injury). It has been shown that thermal stress and other insults (for
instance, alterations in cerebral blood flow, blood pressure or blood gases) can affect
even Mammals.

On the basis of these literature data we had supposed that upon cold shock we
would find higher PCNA labeling than normal; on the contrary we did not find sub-
stantial differences.

Since our newts, after the temporary stay in a drastic thermally environment,
were transferred to the external temperature in the range most suitable to express the
maximal level of brain cell proliferation (Franceschini et al.,, 1992), the present find-
ings might be imputable to the impact of lowered body temperature alone on the
latent proliferative capacities still present in adulthood.

The additional traumatic stimulus (surgical injury and cerebral ablation), put into
action by previous authors, might have induced more cells in stand-by to undergo
proliferation, leading to the reparative and/or regenerative processes described by
those authors.

Future research will address in detail the features of stem cells and their putative
destiny towards glial cells or neurons, as well as the extent of apoptosis and of key
proteins possibly involved in thermal exposure response.

Acknowledgements

This research was supported by a grant from Ministero per 1'Istruzione,
I'Universita e la Ricerca (Italy).

References

Alvarez-Buylla A., Seri B., Doetsch F. (2002). Identification of neural stem cells in the
adult vertebrate brain. Brain Res. Bull. 57: 751-758.

Bernocchi G., Scherini E., Giacometti S., Mares V. (1990). Premitotic DNA synthesis in
the brain of the adult frog (Rana esculenta L): an autoradiographic 3H-thymidine
study. Anat. Rec. 228: 461-470.

Bonifazi A. (2000). Triturus carnifex (Laurenti, 1768). In: Bologna M.A., Capula M.,
Carpaneto G.M. (Eds.) Anfibi e Rettili del Lazio. Fratelli Palombi Editori, Roma,
Pp. 42-43.

Bravo R., Macdonald-Bravo H. (1985). Changes in the nuclear distribution of cyclin
(PCNA) but not its synthesis depend on DNA replication. EMBO J. 4: 655-661.

Bravo R., Macdonald-Bravo H. (1987). Existence of two populations of cyclin/prolif-
erating cell nuclear antigen during the cell cycle: association with DNA replication
sites. J. Cell Biol. 105: 1549-1554.

Bravo R., Frank R., Blundell P.A., Macdonald-Bravo H. (1987). Cyclin /PCNA is the
auxiliary protein of DNA polymerase 6. Nature 326: 515-517.

Capula M. (2000). Rana bergeri (Giinther, 1986) Rana ki. hispanica (Bonaparte, 1839),
Podarcis sicula (Rafinesque-Schmaltz, 1810). In: Bologna M.A., Capula M., Carpane-
to G.M. (Eds.) Anfibi e Rettili del Lazio. Fratelli Palombi Editori, Roma, Pp. 56-57,
86-87.



116 Claudio Chimenti and Vito Margotta

Chetverukhin V.K,, Polenov A.L. (1993). Ultrastructural autoradiographic analysis of
neurogenesis in the hypothalamus of the adult frog, Rana temporaria, with special
reference to physiological regeneration of the preoptic nucleus. I. Ventricular zone
cell proliferation. Cell Tissue Res. 271: 341-350.

Chieffi Baccari G., Minucci S., Chieffi G. (1994). Regional and seasonal variations of RNA
synthesis in the brain of the green frog, Rana esculenta. Eur. J. Histochem. 38: 193-202.

Cowan W.M., Finger T.E. (1982). Regeneration and regulation in the developing nerv-
ous system. In: Spitzer N.C. (Ed.) Neuronal Development. Plenum Press, New
York and London, Pp. 377-415.

Dawley E.M., Fingerlin A., Hwang D., John S.S., Stankiewicz C.A. (2000). Seasonal
cell proliferation in the chemosensory epithelium and brain of red-backed sala-
manders, Plethodon cinereus. Brain Behav. Evol. 56: 1-13.

Del Grande P, Minelli G. (1971). Prime osservazioni sulla rigenerazione del tetto otti-
co di Triturus cristatus carnifex. In: Atti XL Convegno UZI. Boll. Zool. 38: 516-517.
Del Grande P, Minelli G. (1980). Response of the regenerating telencephalon of Lac-

erta viridis to nerve growth factor. Z. mikrosk.anat. Forsch. 94: 785-793.

Del Grande P, Minelli G., Franceschini V., Vighi F. (1981). Regenerative capacity of
the optic tectum in Lacerta viridis. Boll. Zool. 48: 113-119.

Del Grande P, Franceschini V., Londei C., Minelli G. (1982a). Effect of temperature
on the reparative processes in the encephalon of Triturus cristatus carnifex. Arch. It.
Anat. Embriol. 87: 163-172.

Del Grande P, Ciani F., Franceschini V., Minelli G. (1982b). Acetylcholinesterase reap-
pearance in the early reparative process in the optic tectum of newt. An electron
microscopic study. Bas. Appl. Histochem. 26: 271-278.

Del Grande P, Franceschini V., Minelli G., Ciani F. (1984). Matrix area activity in the
regenerating optic tectum of Rana esculenta. Z. mikrosk.-anat. Forsch. 98: 72-80.

Del Grande P, Franceschini V., Minelli G., Ciani F. (1990). Mitotic activity of the tel-
encephalic matrix areas following optic tectum or pallial cortex lesion in newt. Z.
mikrosk.-anat. Forsch. 104: 617-624.

Diffley J.E.X. (1992). Early events in eukaryotic DNA replication. Trends Cell Biol. 2:
298-303.

Fairman M.P. (1990). DNA polymerase d/PCNA: actions and interactions. J. Cell Sci.
95: 1-4.

Franceschini V., Del Grande P, Minelli G., Ciani F. (1992). 6-H? thymidine uptake in
the central nervous system of newt following lesion and cold shock. J. Hirnforsch.
33: 235-239.

Giacoma C., Balletto E. (1988). Phylogeny of the salamandrid genus Triturus. Boll.
Zool. 55: 337-360.

Kiernan J.A. (1979). Hypotheses concerned with axonal regeneration in the mamma-
lian nervous system. Biol. Rev. 54: 155-197.

Kiernan J.A., Contestabile A. (1980). Vascular permeability associated with axonal
regeneration in the optic system of the goldfish. Acta Neuropathol .51: 39-45.

Kirsche W. (1967). Uber postembryonale Matrixzonen im Gehirn verschiedener Verte-
braten und deren Beziehung zur Hirnbauplanlehre. Z. mikrosk.-anat. Forsch. 77:
313-406.

Kirsche W. (1983). The significance of matrix zones for brain regeneration and brain
transplantation with special consideration of lower Vertebrates. In: Wallace R.B.,



Cold shock and encephalic PCNA expression in adult newts 117

Das G.D. (Eds.), Neural Tissue Transplantation Research. Chapter 2. Spring-Ver-
lag, New York Berlin Heidelberg Tokyo, Pp. 65-104.

Jaskulski D., DeRiel J.K., Mercer W.E., Calabretta B., Baserga R. (1988). Inhibition of
cellular proliferation by antisense oligodeoxynucleotides to PCNA cyclin. Science
240: 1544-1546.

Liu Y.C., Marracino R.L., Keng P.C., Bambara R.A., Lord EMM., Chou W.G., Zain S.B.
(1989). Requirement for proliferating cell nuclear antigen expression during stages
of the Chinese hamster ovary cell cycle. Biochemistry 28: 2967-2974.

Lougheed WM., Sweet W.M., White J.C., Brewster W.R. (1960). Use of hypothermia
in surgical treatment of cerebral vascular lesions, preliminary report. J. Neurosurg.
12: 240-248.

Margotta V. (2007). PCNA positivity in the brain of an adult Elasmobranch, Torpedo
marmorata. It. J. Anat. Embryol. 112: 145-156.

Margotta V., Caronti B. (2005). PCNA-negativity in the telencephalon of adult female
songbirds (Serinus serinus): absence of signs of normal proliferation. It. J. Anat.
Embryol. 110: 237-245.

Margotta V., Morelli A. (1996). Encephalic matrix areas and post-natal neurogenesis
under natural and experimental conditions. Anim. Biol. 5: 117-131.

Margotta V., Morelli A. (1997). Contribution of radial glial cells to neurogenesis and
plasticity of central nervous system in adult Vertebrates. Anim. Biol. 6: 101-108
Margotta V., Morelli A., Alfei L. (1999a). PCNA positivity in the telencephalic matrix

areas in the adult of a lizard, Podarcis sicula. J. Brain Res. 39: 271-276.

Margotta V., Morelli A., Alfei L. (1999b). PCNA positivity in the telencephalic matrix
areas in the adult of a newt, Triturus carnifex. J. Brain Res. 39: 525-530.

Margotta V., Morelli A., Alfei L. (2000). PCNA positivity in the telencephalic matrix
areas in the adult of a frog, Rana esculenta L. Rend. Fis. Acc. Lincei s. 9, 11: 185-196.

Margotta V., Morelli A., Gelosi E., Alfei L. (2001). PCNA positivity in the telencephalic
matrix areas in the adult of a Teleost, Carassius carassius L. Rend. Fis. Acc. Lincei s.
9, 12: 105-115

Margotta V., Morelli A., Gelosi E., Alfei L. (2002). PCNA positivity in the mesence-
phalic matrix areas in the adult of a Teleost, Carassius carassius L. It. J. Anat.
Embryol. 107: 185-198.

Margotta V., Morelli A., Gelosi E., Alfei L. (2004). PCNA-positive cerebellar cells in an
adult Teleost, Carassius carassius L. Rend. Fis. Acc. Lincei s. 9, 15: 43-55.

Margotta V., Caronti B., Morelli A., Alfei L. (2005a). Signs of normal proliferation in
the telencephalon of adult male songbirds (Serinus serinus), as shown by PCNA-
positivity. It. J. Anat. Embryol. 110: 33-44.

Margotta V., Morelli A., Caronti B. (2005b). Expression of PCNA positivity in the
brain of normal adult heterothermic Vertebrates: further observations. It. J. Anat.
Embryol. 110: 59-73.

Margotta V., Caronti B., Colombari P.T., Castiglia R. (2007). PCNA immunoreactivity
revealing normal proliferative activity in the brain of adult Lampetra planeri (Bloch,
1784). It. J. Anat. Embryol. 112: 45-58.

Minelli G., Del Grande P. (1974a). Localization and quantitative analysis of the ele-
ments leading to the regeneration of the optic tectum in the adult Triturus cristatus
carnifex. Z. mikrosk.-anat. Forsch 88: 209-224.

Minelli G., Del Grande P. (1974b). Indagine istoautoradiografica delle reazioni ence-



118 Claudio Chimenti and Vito Margotta

faliche nella rigenerazione del tetto ottico di Triturus cristatus carnifex. Arch. It.
Anat. Embriol. 79: 103-115.

Minelli G., Del Grande P. (1980). An hypothesis on the influence of the tempera-
ture on the telencephalic reparative processes in Lacerta viridis. Z. mikrosk.-anat.
Forsch. 94: 209-216.

Minelli G., Del Grande P, Mambelli M.C. (1978). Preliminary study of the regen-
erative processes of the dorsal cortex of the telencephalon of Lacerta viridis. Z.
mikrosk.-anat. Forsch. 91: 241-256.

Minelli G., Del Grande P, Franceschini V. (1982). Uptake of 6-H3 thymidine in the nor-
mal and regenerating CNS of Rana esculenta. Z. mikrosk.-anat. Forsch. 96: 201-213.

Minelli G., Franceschini V., Del Grande P, Ciani F. (1987). Newly-formed neurons in
the regenerating optic tectum of Triturus cristatus carnifex. Bas. Appl. Histochem.
31: 43-52.

Minelli G., Del Grande P, Franceschini V., Ciani F. (1990). Proliferative response of
the mesencephalic matrix areas in the reparation of the optic tectum of Triturus
cristatus carnifex. Z. mikrosk.-anat. Forsch. 104: 17-25.

Miyachi K., Fritzler M.J., Tan E.M. (1978). Autoantibody to a nuclear antigen in prolif-
erating cells. J. Immunol. 121: 2228-2234.

Nieto-Sampedro M., Lewis E.R., Cotman C.W., Manthorpe M., Skaper S.D., Barbin G.,
Longo EM., Varon S. (1982). Brain injury causes a time-dependent increase in neu-
ronotrophic activity at the lesion site. Science 217: 860-861.

Pfister C. (1971/1972a). Die Matrixentwicklung in Tel- und Diencephalon von Lampe-
tra planeri (Bloch) (Cyclostomata) im Verlaufe des Individualzyklus. J. Hirnforsch.
13: 363-376.

Pfister C. (1971/1972b). Die Matrixentwicklung in Mes- und Rhombencephalon von
Lampetra planeri (Bloch) (Cyclostomata) im Verlaufe des Individualzyklus. J. Hirn-
forsch. 13: 377-384.

Polenov A.L., Chetverukhin V.K. (1993). Ultrastructural autoradiographic analysis of
neurogenesis in the hypothalamus of the adult frog, Rana temporaria, with special
reference to physiological regeneration of the preoptic nucleus. IL.Types of neu-
ronal cells produced. Cell Tissue Res. 271: 351-362.

Ramirez C., Nacher J., Molowny A., Sanchez-Sanchez F.,, Irurzun A., Lopez-Garcia
C. (1997). Photoperiod-temperature and neuroblast proliferation-migration in the
adult lizard cortex. NeuroReport 8: 2337-2342.

Rosomoff H.L., Gilbert R. (1955). Brain volume and cerebrospinal fluid pressure dur-
ing hypothermia. Am. J. Physiol. 183: 19-28.

Rothstein H., Van Buskirk R.G., Gordon S.R., Worgul B.V. (1975). Seasonal variation in
mitosis in the frog: a field study. Experientia 31: 939-940.

Stone H.H., Donnelly C., Frobese A.J. (1956). Effect of lowered body temperature on
cerebral hemodynamics and metabolism of man. Surg. Gynec. Obstet. 103: 313-327.

Velasco A., Cid E., Ciudad J., Orfao A., Aijon J., Lara J.M. (2001). Temperature induces
variation in the retinal cell proliferation rate in a cyprinid. Brain Res. 913: 190-194.

Vidal Pizarro I, Swain G.P, Selzer M.E. (2004). Cell proliferation in the lamprey cen-
tral nervous system. J. Comp. Neurol. 469: 298-310.



