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Summary

The spinal cords and brains — comprising dorsal cortex proliferation in the CNS of turtles. Double- and triple-
(DC), medial cortex (MC) and diencephalon (Dien) — of labeling experiments involving anti-BrdU antibody
juvenile turtles acclimated to warm temperature together with anti-glial protein antibodies revealed that
[27-30°C; warm-acclimated turtles (WATSs)] revealed temperature modulates not only cell populations
higher density values of bromodeoxyuridine-labeled cells expressing glial markers but also other cells that do not
(BrdU-LCs) than those acclimated to a cooler express them. As expected, in the case of short post-
environment [5-14°C; cold-acclimated turtles (CATs)]. injection (BrdU) surviving time points, no cells were found
Both populations were under the influence of the seasonal colabeling for BrdU and NeuN (neuronal marker). The
daily light-dark rhythms. Pronounced differences probable direct effect of temperature on the cell division
between WATs and CATs (independent-test; confidence rate should be analyzed together with potential indirect
level, P<0.01) were found in the central area of the spinal effects involving increased motor activity and increased
gray matter and in the ependymal epithelium lining the food intake. The fate of the increased BrdU-LCs (death,
brain ventricles. Forebrain regions (DC, MC and Dien) permanence as progenitor cells or differentiation
also revealed significant differences between WATs and following neuronal or glial lines) remains a matter for
CATs (independentt-test; confidence levelP<0.01-0.05). further investigation. Results are discussed in the light of
Unexplored biological clocks that may be affecting cell current opinions concerned with post-natal neurogenesis
proliferation were equalized by performing paired in vertebrates.
experiments involving one WAT and one CAT. Both
animals were injected on the same day at the same time
and both were sacrificed 24 later. These experiments Key words: neurogenesis, cell proliferation, temperature acclimation,
confirmed that a warm environment increased cell brain, spinal cord, BrdU, turtl€hrysemys d’orbigny

Introduction

Since the pioneering studies by Altman and Kaplar2001) and hormones (Cameron and Gould, 1994; Cameron and
(Altman, 1962, 1963; Altman and Das, 1965; Kaplan andvicKay, 1999; review by Gould and Gross, 2002). In this
Hinds, 1977; Kaplan, 1985), recent conceptions dealing withontext, findings demonstrating that seasonal variation
the organization of the vertebrate central nervous systemodulates neurogenesis in the vocal centers of canaries
(CNS) have subscribed to the idea that neurons and glial celisnstitute a paradigmatic landmark (Nottebohm et al., 1994;
continue to be produced throughout life (Gross, 2000; MommBarnea and Nottebohm, 1994; review by Nottebohm, 2002).
et al.,, 2000; Rakic, 2002a,b; Gould and Gross, 2002Concomitantly, important advances have been made to explore
Nottebohm, 2002). It is now well known that, at least in somexperimentally the identity of the cells that retain post-natal
regions of the CNS, there are not permanent neuronaleurogenic properties. To date, common views tend to indicate
assemblies but changing cell populations in which newhat primary neuronal precursors are cedlsntained in the
neurons replace older ones (Carleton et al., 2003). Moreovereuroepithelium—radial-glia—astrocyte linedge (Alvarez-
this novel conceptual framework has revealed additionaBuylla et al., 2001).
complexities. Information is accumulating indicating that post- Despite important advances made in the field, information
natal neurogenesis may be modulated by diverse factoc®ncerned with environmental factors influencing cell
including enriched environment living (Nilsson et al., 1999),proliferation in the CNS of ectotherm vertebrates is still scarce.
stress (Gould et al., 1998; Jacobs et al., 2000; Tanapat et &ince metabolic activity in these animals is largely dependent
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on heat transfer from the environment (Prosser, 1952ith the fixative solution 24 later. It should be noted that,
temperature appeared to be a plausible external factor thatcording to our test experimentd=@4), a dose as high as
could affect post-natal cell proliferation in the CNS.800mgkg?! seems to be innocuous and does not induce
Confirming this hypothesis, Ramirez et al. (1997) and Pefafiébeling of non-mitotic cells.

et al. (2001) have reported that temperature increasesWe also performed ‘paired experiments=@) in which one
neurogenesis and neuroblast migration in the brain of aduWAT and one CAT received the BrdU pulse on the same day
lizards. at the same time, and both animals were sacrificdd|2ter.

The purpose of the present paper is to demonstrate th@hese experiments were designed to rule out unexplored
environmental temperature modulates cell proliferation in thdiological rhythms (Cermakian and Sassone-Corsi, 2001) that
CNS, including the spinal cord, of juvenile turtles. Here, wemight be affecting cell proliferation in the CNS. To minimize
employed bromodeoxyuridine (BrdU) to label proliferating potential variations during immunostaining, tissues from both
cells and other immunostaining procedures to identify théurtles were processed together.
temperature-affected cell population. Our studies have Fixation procedures were always performed in anesthetized
revealed that warm-acclimated turtles (WATs) showed animals unresponsive to nociceptive stimuli. To achieve
statistically significant increase in proliferating cells whencomplete anesthesia, nigkgl of sodium methohexitone
compared with cold-acclimated turtles (CATs). Multiple- (Brietal, Lilly, Basingstoke, UK) were injected
labeling experiments showed that an important percentage witraperitoneally. Saline used to wash the blood vessels as well
the proliferating cells exhibited the morphological andas the fixative fluids were propelled into the vascular bed using
immunostaining characteristics of glial cells, including typicala peristaltic pump. Brains and spinal cords were
radial glia (RG). Since unanimously accepted criteria formlbumin—gelatin embedded and cross-sectioned using a
identifying stem/progenitor cells are still lacking (Scheffler etvibrating microtome (each section was|68 thick). Sections
al., 1999; Seaberg and van der Kooy, 2003), we have preferragre hydrolyzed (2nol I=1 HCI for 1 h), passed through three
to use a purely descriptive term such as ‘proliferating cells’ tavashing buffered solutions and incubated overnight in a
name the cell population that incorporated BrdU. buffered solution containing 0.3% Triton X-100 and the anti-

BrdU antibody (1:500 monoclonal; Dako A/S, Glostrup,
Denmark). Detection of nuclei that had incorporated BrdU was
Materials and methods achieved using horseradish peroxidase (HRP)-conjugated or

Turtles Chrysemys d’orbignly.) were obtained from a local fluorophore-conjugated secondary antibodies (anti-mouse
dealer following the guidelines established by the Ministerionade in goat; 1:500; Chemicon International, Inc., Temecula,
de Agricultura y Pesca, Division Fauna de Uruguay. Juvenil€A, USA). The HRP was revealed using diaminobenzidine or
specimens ofC. d'orbigny (carapace length, 7-¢€9n) were the peroxidase substrate kit from Vector Labs (Burlingame,
maintained according to protocols approved by theCA, USA).

Institutional Animal Committee at the Instituto de Densities of BrdU-labeled nuclei (BrdU-LN) were
Investigaciones Bioldgicas Clemente Estable (which conformealculated in the following spinal cord regions: lateral

to NIH guidelines). funiculus (LF), dorsal funiculus (DF), ventral funiculus (VF),
_ _ _ dorsal horn (DH), ventral horn (VH), intermediate region (IR)
BrdU-labeling of proliferating cells and central region (CR). Densities of BrdU-labeled nuclei were

Twenty turtles were divided into two groups of 10 animalsalso calculated in the dorsal cortex (DC) and medial cortex
and each group was maintained in separate aquaria at differdMC) of the brain and in paraventricular zones of the
temperatures. WATs were maintained in a warm, controllediencephalon (Dien). In the case of the spinal cord, BrdU-LCs
environment (27-30°C), while CATs were maintained in arwere counted within the limits of circles (radii, ffh)
outdoor aquarium under the influence of the seasonalistributed to explore the main gray matter and white matter
fluctuating temperature (5—-14°C). Since recent investigationggions. In these counts, marked endothelial or blood cells
performed in mammals indicate the adverse influence of stresgere discarded. A similar procedure, but adapted to the
on post-natal neurogenesis (Gould et al., 1998), a fixedjeometry of the organ (using squares of the same area instead
temperature cold environment was avoided. On the other hanaf, circles), was employed to study different regions of the brain
the selected warm temperature range was revealed to parenchyma. The circle or square, reproduced at the
stimulating for turtles, increasing their motor activity, food appropriate magnification on a transparent sheet, was overlaid
intake and body mass. Both groups were under seasonal dailgto the screen of a high-resolution monitor displaying images
light—dark rhythms and were provided with abundant foodf the spinal cord or brain sections. Densiy ¢f labeled cells
(living Tubifex and small earthworms). In experimentswas calculated in each spinal cord region from counts made in
performed with CATs, the mean temperature duringsamples of eight sections obtained at each segment from
measurements made six days before the injection time poinérvical to lumbar levels. Density of labeled cells in the brain
was considered to be the environmental temperature for eawlas calculated from three samples (R1-R3) taken from the
of the experiments. Turtles from both groups received a singkpendymal epithelium (EpE) towards the nervous parenchyma
intraperitoneal dose of BrdU (190g kg-1) and were perfused in each of the eight explored sections; homologous regions of
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WATs and CATs were sampled. For the spinal cord, thd:500; Chemicon International, Inc.), rabbit anti-S100 proteins
algorithm wasD=) N /(Nsax32), in whichN_ is the number (S100; 1:200; Sigma—Aldrich, Inc., St Louis, MO, USA),

of marked nuclei in each sampldsa is the number of sampled mouse anti-oligodendrocyte (1:200; Chemicon International,
areas, and 32 is the number of sections (eight) multiplied bipic.), mouse anti-neuronal nuclei proteins (NeuN; 1:500;
the four spinal cord segments explored (C1, C2, T and L). A@hemicon International, Inc.). GFAP stains cytoskeleton
analogous algorithm was used when dealing with the brain bgroteins of supporting cells in the brain and spinal cord; S100
the multiplier was 24 instead of 32, since eight sections frorfeacts with the S100 family of proteins present in glial and

three zones (DC, MC and Dien) were explored (Fg. ependymal cells; and NeuN reacts with most neuronal cell
types in the CNS of vertebrates (staining is primarily localized
Multiple immunostaining in the nucleus, extending in some cases into the cytoplasm). It

Using appropriated fluorophore/cromophore combinationsshould be noted that reliable results were not obtained with the
we obtained differential staining between nuclei thatnti-oligodendrocyte antibody. 50-100 nuclei were examined
incorporated BrdU and the nuclear or cytoplasmic protein#) the sections incubated in each antibody; single- and double-
characterizing neurons or glial cells. For these purposes, Wiabeled cells were counted separately. The percentage of BrdU-
employed eight turtles. Two basic criteria were established fd¢Cs immunolabeled with a second antibody was defined as the
proper identification of double-labeled (BrdU—glial/neuronaldouble-labeling index (DLI) for that cell marker. When dealing
marker) and single-labeled (BrdU) cells in WATs and CATsWith the spinal cord, we also made triple-labeling experiments
(1) close focus coincidence of BrdU-stained nuclei and th#? WATs (N=2) involving BrdU, GFAP and S100. After
glial/ineuronal-specific staining (cytoplasmic or nuclear) androcessing for BrdU detection, the sections were incubated in
(2) visualization of unstained cell compartments, alternating Selution containing GFAP and S100 primary antibodies. The

between epi-fluorescence and Nomarski illumination (HorneP€ctions were sequentially processed with two fluorophore-
et al., 2000). For quantification studies, sections wer&onjugated secondary antibodies emitting light at different

processed for revealing BrdU-marked nuclei [we have selectetiavelengths. In these preparations, we looked for single BrdU-
sections from spinal cords and brains of WARs4) and LCs, alternating, as described, between epi-fluorescence and

CATs (N=4)]. Sections processed for revealing BrdU (SpmalNomarski illumination. In this particular case, quantification

cords and brains) were incubated in the following primary/2S expressed as the single-labeling index (SLI),_representing
antibodies: rabbit anti-glial fibrillary acidic protein (GFAP; the percentage of BrdU-LCs that do not express either S100 or

GFAP. Control experiments were performed by omitting or
replacing primary antibodies with normal serum. In these
experiments, no detectable staining of cell structures was
observed. Bright-field images were captured indistinctly with
a photographic camera (using fine grain film) or with a CCD
camera. In the latter, the images were processed with
commercially available software.

(1 1]
Results
Spinal cord
D BrdU-labeled cells — density distribution
As reported in a previous paper (Fernandez et al., 2002),
injection of a single dose of BrdU resulted, R4ater, in cell
U labeling throughout the gray matter and white matter of the

spinal cord. Differences between mean densities of BrdU-LCs
in WATs and CATs were easily perceived by examining the
Fig.1. Schematic drawings showing the regions of the centrdnistological preparations (Fi@A-D). However, a proper
nervous system explored. (A) Spinal cord: cervical (C1, C2)evaluation needed topological quantitative studies. When mean
thoracic (T) and lumbar (L) segments. (B) Sampled areas wergensity values of BrdU-LCs obtained from WATs and CATs
circles (radius, 5qum) distributed as shown in the cross section ofyyere compared, WATs showed a significant increase in BrdU-
the spinal cord. Bromodeoxyuridine-labeled cells were counted angCS within the limits of the central and intermediate regions
densities were calculated for each of the following spinal cord~p_|r. independent-test P<0.01: Fi 2F). Statisticall
regions: central region (CR), intermediate region (IR), dorsal. .. " be! . ’ O% Fl9.cb). aly
significant density differences were also observed in other

funiculus (DF), ventral funiculus (VF), lateral funiculus (LF), ventral . o .
horn (VH) and dorsal homn (DH). (C,D) Forebrain regions: dorsaf€9ions of the cord but these exhibited lower confidence levels.

cortex (DC), medial cortex (MC), diencephalon (Dien); to better':_Or example, the DF and LF of WATS were §ignificantly
adapt to the geometry of the explored regions the circles werdifferent from the DF and LF of CATs with a confidence level
substituted by squares of the same area (1-3). of 95% (P<0.05). However, mean values from the VF, VH and
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Fig. 2. (A) Low-power micrograph from a cross section through the spinal cord of a turtle acclimated to a warm environment (&WA§. No
presence of numerous bromodeoxyuridine-labeled cells (BrdU-LCs) mainly distributed in the gray matter. The area enclosethiglénés
shown in B at a higher magnification. The arrow indicates one of the BrdU-LCs. Scale bam 28D or 5Cum (B). (C) Low-power
microphotograph from a cross section through the spinal cord of a turtle acclimated to a cooler environment (CAT). Oriéi apperrcin this
section, one enclosed in the rectangular area and the other located in the white matter (arrow). (D) The rectangulateatéa @dscshown
here at a higher magnification. One BrdU-stained nucleus is indicated by an arrow. Scalebar(@p0r 50um (D). (E) Quantitative studies
revealed that the difference of means of BrdU-LCs reached a maximum corresponding to the central gray matter (CR—IRjluesreigrdU-
LCs are indicated on theaxis; the spinal cord regions are displayed orxtaris: VF, ventral funiculus; VH, ventral horn; CR—IR, central and
intermediate regions (averaged value); DH, dorsal horn; DF, dorsal funiculus; LF, lateral funiculus. Density values cogéspoadtR—IR are
means + Z.EM. in both WATs (black bardy=6) and CATs (gray bar$y=6). Independertttest: P<0.01 for the CR-IR anB<0.05 for DF and
LF. Differences between WATs and CATs for VF, VH and DH were statistically non-significant. (F) The effect of temperatige aiadesit
when density values of BrdU-LCs corresponding to the central and intermediate rgepais (vere compared in four paired experiments
(P1-P4). Black bars indicate values corresponding to WATS, while gray bars indicate values from CATs. Temperature valuesdoofahe
paired experiments were as follows: P1, WAT 29°C/CAT 5°C; P2, WAT 29°C/CAT 10°C; P3, WAT 28.5°C/CAT 8°C; P4, WAT 29°C/CAT
11.4°C. Asterisks indicate where the WAT is significantly different from the corresponding CAT in eacliPg@ifat(Fisher exact test).
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DH obtained from WATSs were not statistically different from confirmed that a warm environment increases cell proliferation
values of homologous regions in CATSs. It is worth noting thatn the brain of juvenile turtles (Fisher exact t€stp.01).
the CR-IR comprises the EpE lining of the central canal. Since
the peri-ependymal cell mantle erases the limits between tHeouble-labeling experiments
CR and the IR in these animals, data from both regions wereIn the EpE lining the brain cavities, immunostaining
averaged and shown as a single value in the plots. experiments involving both BrdU and S100 antibodies
Data resulting from paired experiments (R2§) were of revealed cells colabeling for BrdU and S100 and also cells only
particular interest since, in these cases, the influence efained for BrdU (Fig6A—C). For WATS, the DLI was 42%
unexplored biological rhythms should be ruled out. As alreadyN=100 nuclei) and for CATs the DLI was 12%I<100
stated, in these circumstances tissues from both turtles wemaclei). The morphological characteristics of the double-
processed together to neutralize inherent variability of thé&abeled cells were coincident with those of typical RG (nuclei
immunostaining procedure. The obtained results also revealetbse to ventricle lumen, apical surface of the cells contacting
significant differences (Fisher exact teB&0.01) between the ventricle lumen and a fine radial process extending to the
density values of BrdU-LCs in members of each paitbrain parenchyma). Double-labeling experiments also showed

(Fig. 2E). the occurrence of RG cells with BrdU-stained nuclei
_ _ _ expressing GFAP (FiggD—F). As in the double-labeling
Multiple-labeling experiments experiments involving S100, RG with BrdU-stained nuclei but

To determine the identity of the cell populations affected byot expressing GFAP were also found in the EpE (not shown).
temperature, we performed double-labeling experimentsor WATS, the DLI was 74%\N=100 nuclei), while for CATs
involving BrdU and specific cell markers. BrdU/S100-the DLI was 12% N=50 nuclei).
colabeled cells were found in different spinal cord regions
including the EpE (Fig3A-D). For WATS, the DLI was 49%

(N=100 nuclei), while for CATs the DLI was 11%£100). Discussion
Close inspection revealed that colabeled cells found in the EpE As reported in previous papers (Garcia-Verdugo et al., 1986,
were radial glia (RG) lining the central canal. Thesel989; Lopez-Garcia et al., 1988; Pérez-Cariellas and Garcia-
experiments also revealed BrdU-LCs that did not express S10@rdugo, 1996; Pérez-Cafiellas et al., 1997; Fernandez et al.,
(Fig. 3E—H). Double-labeling experiments involving BrdU and2002), the CNS of lizards and turtles retains post-natal
GFAP also revealed BrdU/GFAP-colabeled cells coexistingneurogenic and gliogenic potentialities. In lizards, the
with single BrdU-LCs (Fig3I-K). For WATS, the DLI was regenerative neurogenic activity of the MC is influenced by
22.5% (N=100 nuclei) and for CATs the DLI was 52%=100  photoperiod temperature (Ramiréz et al., 1997). These authors
nuclei). Triple-labeling experiments involving BrdU, S100 andfound that Long (summer) photoperiods increased the number
GFAP also revealed cells showing single BrdU labeling (nobf proliferating neuroblasts in the ependymal neuroepithelium.
shown; SLI=29%,N=50 nuclei). As expected, for short Cold (winter) temperature prevents migration of the newly
surviving time points after BrdU administration, BrdU/NeuN- generated immature neurdndore recently, Pefafiel et al.
colabeled cells were not found (Fernandez et al., 2002; Coop&2001) reported, using BrdU-LCs, that in the telencephalon of
Kuhn and Kuhn, 2002). the lizardPsammodromus algirusw temperature decreased
. the generation and migratory activity of new neurons. These

Forebrain results suggested that some CNS cells that appear to remain
BrdU-labeled cells — density distribution outside the cell cycle (in a somewhat dormant-like stage called

Similar to results obtained from studies in the spinal cordz0) are induced by warm temperature to initiate mitotic
the density of BrdU-LCs was significantly greater in animalsactivity.
maintained in a warmer than in a cooler environment. The Our studies on the CNS of turtles of the ge@hsysemys
difference was noticed in the histological preparationsevealed a significant increase in the density of BrdU-LCs in
(Fig.4A,B) and validated by the quantitative topologicalturtles acclimated to 27-30°C when compared with turtles
studies. For R1 (the sample area closest to the EpE), the meatposed to temperature fluctuating within the 5-14°C range.
density value of BrdU-LCs in WATs was significantly In the spinal cord, differences between WATs and CATs were
different (independertttest,P<0.01) from the corresponding particularly evident when exploring the central gray matter.
mean value of CATs. Most BrdU-LCs occurred within theThese results suggest that the CR—-IR contains the major cell
limits of R1, but a few marked nuclei were found in the othepopulation sensitive to the direct or indirect temperature
sampled areas of the nervous parenchyma (R2—-R3). Howeveffects. It has to be emphasized that within the limits of the
in the latter regions, the differences between means were nGR—IR lies the central canal lined by the EpE. If the data
statistically significant (FigdC). Differences between WATs obtained from the spinal cord are compared with those of the
and CATs were also evident when comparing mean densifprebrain, we find that differences between WATs and CATs
values from particular brain zones such as the B<D05), are significant at the level of R1 (the zone containing the EpE)
MC (P<0.01) and DienK<0.01) (Fig.5A). As occurred when and not significant in other regions of the nervous parenchyma.
studying the spinal cord, the paired experiments @BJ. This also points to the cell-proliferative capacity of the EpE
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Fig. 3. (A-D) Double labeling with anti-bromodeoxyuridine (BrdU) and anti-S100 antibodies revealed the occurrence of colabieledicglls

part of the ependymal epithelium lining the central canal (CC) of the spinal cord. The nucleus of the cell marked by ithé\ gNMowarski
illumination) appears red in B due to BrdU labeling (arrow; Nomarski and epi-fluorescence). In C, the cell cytoplasm wasaimeainogreen

with anti-S100 (arrow). The nuclear and the cytoplasmic images are shown merged in D. Scalgrba(E281) BrdU-labeled cells that do not
express S100 proteins were also found in the same preparations; the unstained cell compartments are shown in E (arisi); ane &stHo-
labeled nucleus is shown in F (arrow) and the S100 immunoreactivity is shown in G [asterisk; the same panel shows thpiplhdey dloe
unstained nucleus (arrow)]. E, F and G are shown merged in H; the nucleus is indicated by an arrow and the S100-pgséivastlisk.

Scale bar, fim. (I-K) Double-labeling immunostaining with anti-BrdU and anti-GFAP (glial fibrillary acidic protein) antibodies also revealed
double-stained (BrdU/GFAP; arrow in panel I) and single-stained (BrdU; arrows in panels J-K) cells. ScalgrhaAlRéicrographs were
obtained from warm-acclimated turtles.

but does not exclude the presence of cells retaining mitoticells with the characteristics of pleomorphic neuroglia and
activity in other regions of the CNS. These results wergypical RG [it should be noted that mammalian-like astrocytes
confirmed by paired experiments in which more elusive factorare uncommon in reptiles (De Castro, 1920)]. The RGs reside
that might be affecting cell proliferation (Cermakian andin the EpE lining the brain cavities, including the central canal
Sassone Corsi, 2001) were equalized. of the spinal cord. Recent studies indicate that GFAP-positive
To identify the cell population affected by temperature, wecells with the characteristics of astrocytes behave as neuronal
combined BrdU-labeling with the labeling of glial and precursors in the subventricular zone of rodents (Doetsch et al.,
neuronal markers. Our results indicate that temperature maini99; Seri et al., 2001; Alvarez-Buylla and Garcia-Verdugo,
affected a population of GFAP-positive and S100-positive2002). In addition, in the case of embryonic development,
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Fig.5. (A) This plot shows mean density values of
% bromodeoxyuridine-labeled cells in the dorsal cortex (DC), medial
S 4 cortex (MC) and diencephalon (Dien) samples of turtles acclimated
a to a warm environment (WATS; black bars) and turtles acclimated to

3 a cooler environment (CATs; gray bars). Mean values st=21.
were significantly different in all the examined regions. Independent
t-test: P<0.05 for the DC;P<0.01 for both MC and diencephalon

2 (N=6). (B) The influence of temperature was also shown in data
obtained from the paired experiments (P1-P4). Asterisks indicate

1 where the WAT (black bars) is significantly different from the
corresponding CAT (gray bars) in each paiP&0.01 (Fisher exact

0 - . test).

R1 R2 R3

Fig. 4. Influence of temperature was also noticed in the histologice

preparations showing the distribution of bromodeoxyuridine-labeleddistinction between radial glial cells and neuronal
cells (BrdL_J-LCs) in the forebrain_regions. (A) The media_ll cortex of aprogenitors has recently collapse¢Fishell and Kriegstein,
turtle acclimated to a warm environment (WAT) contains a greate2003)_ The same line of thought is maintained by Noctor et al.
number of BrdU-LCs than (B) the homologous region of the corte . . . e

of a turtle acclimated to a cooler environment (CAT). Most Brdu_)fazx(t)gr%()j’ezu?n%gssggt:[:;[arl]e;er?i(g)ggIcvsgtigt\llzhz(lassoozoiﬁ dear 3&85

LCs (arrows) were seen distributed within the limits of the . .
ependymal epithelium in both WATs and CATs. Scale bargin0 LCs that do not express either GFAP or S100. Since our

(C) Density values from WATSNE6; black bars) are significantly double-labeling experiments with NeuN have excluded the
different from density values from CATBI£6; gray bars) when data Nneuronal nature of these cells, it seems reasonable to consider

from sampled region 1 (R1) were compared (indepenti¢est:  them to be either oligodendrocytes or perhaps cells close to a
P<0.01). The observed minor differences between other regions (RRore primitive undifferentiated lineage. (To test this
and R3) were not statistically significant. hypothesis we tried oligodendrocyte markers, but available
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A B

Fig.6. (A-C) Double labeling with anti-bromodeoxyuridine (BrdU) and anti-S100 antibodies revealed the occurrence of colabeled cells
forming part of the ependymal epithelium (EpE) lining the brain cavities. These cells showed the characteristics of (Rl Gheo BrdU-

marked nuclei are shown by an arrow and an asterisk in A. The cell body stained with S100 is indicated by an asteristnio Bhages are

shown merged in C; the arrow indicates the BrdU/S100-colabeled cell, and the asterisk indicates the single BrdU-labelgubmurciaus.

The inset shows a single BrdU-labeled cell (arrow) and a typical S100-stained RG without nuclear labeling (asterisk)s,Sdxlenb@nain

panels and inset). (D—F) In the EpE lining the brain cavities, there are numerous RG that express GFAP (glial fibrillargtarijliand that

are able to incorporate BrdU. Two BrdU-stained nuclei are shown in D (arrows), two GFAP-positive cells that have inconplbfadeel B
shown in E (arrows), and F shows the merged image of BrdU/GFAP colabeling (arrows). Microphotographs are from cross s&ntjons pa
through the main axis of the RGs. Scale bay25

antibodies do not work properly when assayed in turtlesglia—astrocyte lineage(Alvarez-Buylla et al., 2001). This is
Therefore, differences in the DLIs observed between WATgarticularly evident when dealing with the RG lining the brain
and CATs have to be considered as suggestive clues to bavities and the central canal of the spinal cord.
explored in detail in future work. Moreover, the current There is little doubt that, within physiological limits,
absence of modern glia cell descriptions in turtles contributeemperature could increaper sethe cell metabolism and the
to the difficulties in assessing the identity of the BrdU-LCs nomitotic rate ['..the duration of the metaphase pause becomes
expressing glial markers. As mentioned above, we have nehorter as the temperature is increasg@uPraw, 1970)].
found BrdU-LCs expressing NeuN. This is consistent with ouiThere are, however, indirect factors that may be affecting cell
previous results in turtles (Fernandez et al., 2002) and with thdivision. For example, WATs displayed an increased motor
systematic studies performed by Cooper-Kuhn and Kuhactivity and were more voracious than CATs. Consequently,
(2002) in rats. In both species, BrdU/NeuN-colabeled cellboth behavioral (van Praag et al., 1999, 2000) and nutritional
appear several days after BrdU administration. factors should be taken into account when dealing with possible
Our results are in agreement with current views thamechanisms that could be operating in the temperature-induced
emphasize the role played by glial cells in the process of calicrease of cell proliferation. With respect to the biological
proliferation and neural differentiation after birth. It can besignificance of this phenomenon, it is reasonable to relate it to
concluded that temperature mainly affects cells that have to llee changing activity of turtles throughout the year. During
considered ascontained within the neuroepithelial-radial- winter, turtles of the genuShrysemysave a reduced motor
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activity and a reduced food intake. These behavioral pattermuld, E., Tanapat, P., McEwen, B. S., Fugge, G. and Fuchs, @998).

are dramatically increased in summertime. If, as suggested, cel roIifera_ltion of granule cell precursors in th(_e dentate gyrus of adult monkeys
y 99 E diminished by stres®roc. Natl. Acad. Sci. US85, 3168-3171.

proliferatiorfn may be reflected in an increased number of r?(_arV@ross, C. G.(2000). Neurogenesis in the adult brain: death of the dogata.
cells (Fernandez et al., 2002), the new neurons may facilitateRev. Neuroscil, 67-73.

the operation of circuits vinculated with more-demandingiomer, P. J. Power, A. E., Kempermann, G., Kuhn, H. G., Palmer, T.
P d—| D., Winkler, J., Thal, L. J. and Gage, F. H.(2000). Proliferation and

behavioral tasks _SUCh _a§ prey captur_e and reprOdUCt'Vedif“ferentiation of progenitor cells throughout the intact adult rat spinal cord.
maneuvers. The differentiation fate of the increased number ofJ. Neurosci20, 2218-2228.

BrdU-LCs remains a subject for further studies. Jacobs, B. L., van Praag, H. and Gage, F. H2000). Adult brain
neurogenesis and psychiatry: a novel theory of depreddioin.Psych.5,
262-269.
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