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Astrogliosis and HSP 70 activation in neonate rats' brain exposed to sodium
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The effect of sodium metavanadate (NaVO3) exposure on lipid oxidative damage in the CNS of suckling rats
was studied. Using histological markers of cellular injury, we also studied the morphological alterations of
neurons and astroglial cells in different regions of neonate rats CNS after NaVO3 exposure. Dams of treated
litters were intraperitoneally injected with 3 mg NaVO3/kg body weight/day during 12 days starting on
post-natal day (PND) 10. On the 21st PND, four pups of each litter were sacrificed by decapitation and six
brain areas were removed for lipid peroxidation assay by the thiobarbituric acid (TBA) reaction, the other
four were transcardially perfused-fixed and their brains were removed and cut with a cryostat. Brain sections
were processed for: NADPHd histochemistry and anti-HSP70, anti-GFAP and anti-S100 immunohistochemis-
try. The relative optical density of the NADPHd stained layers and of S100 (+) astrocytes and the GFAP (+)
astrocyte surface area in Cer and Hc were measured. Although MDA levels, S100 immunostaining and
NADPHd activity didn't show differences between experimental and control groups, both astrogliosis and
HSP70 activation were detected in Cer, while only the former was detected in Hc of V-exposed pups.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

The general population is increasingly exposed to vanadium (V),
mostly as a result of the increased utilization of V-containing petro-
leum fuels (Byczkowski and Kulkarni, 1996). V is usually found to
be the most abundant trace metal in petroleum samples and can be
found in concentrations reaching 1500 mg kg−1 depending on the
source of the crude oil (Amorim et al., 2007). Furthermore, it was
demonstrated that particulate matter (PM), a component of air pollu-
tion, contains high levels of nickel and V and that both metals could
physically enter the central nervous system (CNS) through the olfac-
tory mucosa (Calderon Garcidueñas et al., 2003; Maciejczyk and
Chen, 2005). Natural sources (continental dust, volcanic eruptions,
sea salt spray, and forest fires) also contribute to V particulate con-
centrations in the atmosphere (Fortoul et al., 2011). General popula-
tion is not exposed to V as sodiummetavanadate but regardless of the
chemical form or the route of administration, at cellular level, vana-
date (V) predominates due to neutral pH. Then vanadate (V) becomes
reduced to vanadyl (IV) mostly by the intracellular glutathione and is
subsequently bound to proteins (Evangelou, 2002).

V-induced developmental toxicity was reported in mice exposed
during pregnancy, but it was limited to skeletal defects (Carlton et
al., 1982; Paternain et al., 1990; Bosque et al., 1993; Sanchez et al.,

1991). V is transferred from pregnant rats to their fetuses crossing
the placental barrier and from nursing rats to their pups via the ma-
ternal milk (Edel and Sabbioni, 1989). Treatment of female rats with
sodium metavanadate (NaVO3) during gestation and lactation alters
the development of the offspring (decreased body weight, body
length and tail length) at 5, 10 and 20 mg/kg/day (Domingo et al.,
1986). Exposure to V during the perinatal period (up to weaning) re-
duced the viability and body growth in the offspring when it was ad-
ministered to dams through drinking water (Poggioli et al., 2001). In
a previous work, we have shown that the administration of NaVO3 to
nursing rats resulted in CNS myelin deficit, delay in eye opening and
decreased muscular strength and locomotion in suckling pups (Soazo
and Garcia, 2007).

The majority of the toxic and molecular effects of V have been re-
lated to oxidative stress caused by free radical generation. V-induced
lipoperoxidation and its effect on antioxidant enzymes in liver, kid-
ney and lung were stated (Donaldson et al., 1985; Elfant and Keen,
1987; Younes and Strubelt, 1991; Russanov et al., 1994). Researchers
have shown that graded doses of NaVO3 induce remarkably high
levels of lipid peroxides in discrete areas of the rat's brain and demon-
strated that V initiated peroxidative reactions with loss of fatty acids,
individual lipid profiles and proteins in different regions of the brain
(Sasi et al., 1994). We have shown that intraperitoneal administration
of NaVO3 to adult rats resulted in changes in locomotor activity and
specific myelin stainings (Garcia et al., 2004), as well as high lipid
peroxidation levels, astrogliosis, heat shock protein expression
(HSP70) and oxide nitric synthase (NOS) activation in hippocampus
(Hc) and cerebellum (Cer) (Garcia et al., 2005). Reactive oxygen
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species formation and alteration of the oxidative defense system in
Hc and Cer, were also detected in adult rats (Cuesta et al., 2011).

Proteins like heat shock protein 70 (HSP70) play an important role
in the development of adaptation to stress, increasing their synthesis
in response to a cellular oxidative stress. Most of the HSPs have a
molecular chaperone activity and participate in protein biogenesis
and in the protection of cells from deleterious environmental stresses
such as heat shock, acute ischemia, acute hypoxia, cooling and some
chemicals (De Maio, 1999; Ohtsuka and Suzuki, 2000). Since normal
brain cells have little detectable HSP70 mRNA or protein, HSP70 ex-
pression is a useful marker of cellular injury and may help to identify
previously unrecognized areas of vulnerability in the nervous system
after a neurotoxic injury (Rajdev and Sharp, 2000). Non heat shock
proteins, like metallothionein and nitric oxide synthase (NOS), are
also activated during oxidative stress. NOS is responsible for the calci-
um dependent synthesis of nitric oxide (NO). Three NOS isoenzymes
are known, two constitutive: nNOS and eNOS (in brain and endothe-
lium respectively), and one inducible iNOS (in several cell types). In
the brain, nNOS is almost selectively localized in neurons and coin-
cides with the distribution of nicotinamide adenine dinucleotide
phosphate diaphorase (NADPHd) (Hope et al., 1991; Vincent and
Kimura, 1992; Vincent, 1994). NO and the product derived from NO
and superoxide anion radical reaction, peroxynitrite (ONOO−), are
considered reactive oxygen species (ROS) (Mates, 2000). As the de-
tection of NOS activity through NADPHd reaction demonstrates po-
tential NO production, it serves as a cellular marker of this very
particular ROS.

Another cellular reaction to CNS damage is astrogliosis. Astrocytic
response with an increase in glial fibrillary acidic protein (GFAP) is in-
duced by many neurotoxicants (O'Callaghan, 1991, 1993). Thus, en-
hanced expression of GFAP appears as a marker of all types of brain
injuries. S100 protein, a glial cell cytoplasmic protein, is also a reliable
indicator of astrogliosis (Gomez et al., 1990; Jesse et al., 2009).

As we have found that NaVO3 induces oxidative stress and lipid
peroxidation in adult rats' Hc and Cer, we were interested in testing
whether the lipid peroxidation observed in adults could also occur
in developing rats. Moreover, using histological markers of cellular in-
jury, we studied the morphological alterations of neurons and
astroglial cells in different regions of lactating rats' CNS after NaVO3

exposure.

2. Materials and methods

2.1. Chemicals

Polyclonal anti-GFAP (G 9269) and anti-S100 (S 2644) and mono-
clonal anti-HSP70 (clone BRM22-H5147) antibodies, anti rabbit IgG,
rabbit peroxidase–antiperoxidase complex (PAP), anti mouse IgG,
mouse PAP complex and diaminobenzidine hydrochloride (DAB) and
all other chemicals were purchased from Sigma Chemical Co. (St.
Louis, MO-USA).

2.2. Animals

Eight litters of newborn rats (Wistar origin), 1 day after birth,
were used. Litters were reduced to eight animals (four males and
four females if possible) to ensure good nutrition. The offspring, to-
gether with their mother, were housed in plastic breeding cages in a
temperature-controlled nursery (22 ± 2 °C, relative humidity 40–
60% and 12-h light/12-h dark cycle) with food and water ad lib. All
the experimental protocols were performed according to the Guide
to the Care and Use of Experimental Animals (Canadian Council on
Animal Care) and according to the Regulation for the Care and Use
of Laboratory Animals (Expedient 6109/012 E.C. Resolution 267/02)
approved by the executive council of the School of Biochemistry and
Pharmaceutical Sciences of Rosario—National University of Rosario.

2.3. Treatment

8 litters were randomly assigned to one of the following groups:
V-treated group: consisted of offspring of 4 dams treated with
NaVO3. Since it was shown that in maternal milk V is transported in
a bio-complex with lactoferrin which is a form of V available for the
newborn during lactation (Edel and Sabbioni, 1989) in this group,
dams were intraperitoneally (i.p.) injected with 3 mg/kg body weight
(bw) of NaVO3 [1.25 mg V/kg bw/day] in distilled water from the
10th to the 21st post natal day (PND). This dose of V was dictated
by previous results, which indicated that the administration of similar
amounts of NaVO3 resulted in a delay in eye opening, decreased mus-
cular strength and locomotion and decreased myelin staining in neo-
nate rats (Soazo and Garcia, 2007). Control group: consisted of
offspring of 4 dams that were injected (i.p.) with an equal volume
(400 to 500 μl) of saline solution during the same period. Control
and NaVO3-exposed pups' body weight was recorded daily.

2.4. Biochemical determinations

2.4.1. MDA detection
Sixteen animals of each group (four pups per litter, two males and

two females) were sacrificed by decapitation and selected brain areas
(hypothalamus, prefrontal cortex, striatum, hippocampus, cerebellum
andmidbrain)were removed according to Heffner et al. (1980). The tis-
sues were weighed using a high precision electronic balance and ho-
mogenized with cold distilled water. The homogenates were sonicated
for fifteen seconds and then centrifuged for 4 min in an Eppendorf cen-
trifuge (10,000 g) at 4 °C. An aliquot of the supernatant was used for
protein determination by the Bradford method (Bradford, 1976) using
bovine serum albumin as a standard. The results were expressed as
mg of protein/g of tissue. Lipid peroxidation was determined by the
thiobarbituric acid (TBA) reaction as follows: two volumes of TCA/
TBA/HCl (15%:0.375%:0.25 N) for each volume of the homogenate
were added and the mixture was incubated at 100 °C for 15 min. After
centrifugation (10 min, 1000 g), absorbance was determined at 535 nm
in a Beckman DU 640 spectrophotometer (Hall and Andrus, 2000).
Malondialdehyde (MDA) concentrationwas obtainedusing themolar ex-
tinction coefficient. Results were expressed as nmol of MDA/mg of
protein.

2.5. Histological studies

Four pups of each litter (selected as in 2.3.1) were i.p. anesthetized
with 50 mg/kg sodium thiopental and transcardially perfused-fixed
with 4% paraformaldehyde in a buffer phosphate 0.1 M (pH 7.4) solu-
tion. A brief wash with saline solution, 0.9% w/v NaCl, with 10 μl of
0.4 M NaNO2 and 50 IU of heparin was passed through their circula-
tory system prior to fixation. Brains were kept in the same fixative so-
lution for 2–4 h and immersed in 20% sucrose overnight or until they
fell down. 40 μm-thick longitudinal brain sections were cut with a
cryostat and kept at −20 °C cryoprotected with 30% sucrose in PBS.

2.5.1. NADPHd histochemistry
Since the histochemical detection of NADPHd-producing neurons

is indicative of NOS activity in fixed tissues (Hope et al., 1991;
Matsumoto et al., 1993), brain free floating sections were stained
with the Nitro Blue Tetrazolium (NBT) modified method of Vincent
and Kimura (1992). Two animals per litter were used. Control and
treated brain sections were simultaneously incubated at 37 °C for
30 min in a 0.1 M phosphate buffer (pH 7.4) solution containing:
1 mg/ml β-NADPH, 0.1 mg/ml NBT and 0.3% Triton X-100. To stop
the reaction, sections were transferred to phosphate buffer and rinsed
with distilled water. Then, they were mounted on gelatinized standard
glass slides, coverslipped and examined using a light microscope.
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2.5.2. Immunohistochemical procedures
Brain floating sections from two exposed and control pups per litter

were simultaneously processed. The same protocol was used for each
step of immunohistochemical staining according to Sternberger's per-
oxidase–antiperoxidase (PAP) technique (Sternberger et al., 1970)
using polyclonal anti-GFAP antibody (developed in rabbit) 1:8000 and
anti-S100 1:8000 and monoclonal anti-HSP70 antibody (developed in
mouse) 1:2000 as primary antibodies. Development of peroxidase ac-
tivity was performed with DAB/nickel ammonium sulfate in acetate
buffer (0.1 M, pH 6) at room temperature for GFAP and S100 and
with DAB in phosphate buffer (0.1 M, pH 7.4) at room temperature
for HSP70. Two to three sections of each animal were mounted on
gelatinized standard glass slides for light microscopy study.

2.6. Computerized image analysis

The relative optical density (ROD) of the NADPHd stained cerebel-
lar molecular and granular layers and of S100 immunoreactive (IR)
astrocytes and the GFAP-(IR) astrocyte surface area in Cer and Hc
were measured using a NIH imaging analysis system. Images were
obtained through an Olympus D-560 zoom digital camera (Olympus
America Inc., New York, USA) attached to an Olympus BX40 micro-
scope (Olympus Optical Co., Ltd. Japan).

The mean gray value of the NBT stained cerebellar molecular and
granular layers was measured using a rectangular area of interest
(AOI). This AOI was located 4–5 times in each layer and the mean
gray values were taken. Relative optical density (ROD) was obtained
after a transformation of mean gray values into ROD using the formu-
la: ROD = log (256/mean gray). The ROD value was chosen to evalu-
ate the intensity of NBT staining. ROD was calculated and averaged
within the experimental group in each animal per layer.

In order to evaluate astrogliosis in Hc and Cer, images from ana-
tomically matched regions of each experimental group were used.
After image segmentation, the cross sectional area of all GFAP-IR as-
trocytes was measured. The average for each experimental group rep-
resents the mean surface area of GFAP-IR cells present per individual.
In S100 immunocytochemistry, ROD of all S100-IR astrocytes was
measured after image segmentation.

2.7. Statistical analysis

Statistical analyses were carried out using the Instat/PC program.
All data are presented as litters' means ± SD. Litters' means were
tested by the Student's t test. Data of each litter were previously eval-
uated by ANOVA looking for interaction between sexes. In all cases,
the significance level was considered to be p b 0.05.

3. Results

3.1. Maternal data

At the end of NaVO3 administration, body weight gain in treated
dams (−6.25 ± 2.87 g) was significantly lower (p = 0.04) compared
to control dams (2.00 ± 5.75 g) without any other sign of illness. This
suppression in body weight increment is typical of V intoxication and
could be related to a reduced food intake (Wang et al., 2001).

3.2. Body and brain weight

Before and during dams' treatment, newborn mortality was not
observed. At the end of NaVO3 administration, there were no signifi-
cant differences in body (p = 0.06) and brain (p = 0.10) weight be-
tween control and NaVO3-exposed pups of both sexes (Table 1). Signs
of overall toxicity such as pallor, asphyxia, lethargy or diarrhea were
not observed.

3.3. MDA detection

No differences in the final concentrations of TBA-reactive material
were observed in any brain area homogenates of NaVO3-exposed
pups when compared to the corresponding control homogenate. As
there were no differences between sexes, data of the four pups
were averaged in order to have the litter's mean. Data expressed as
nmol of MDA/mg protein are shown in Table 2.

3.4. Microscopic studies

3.4.1. NADPHd histochemistry
Histochemical detection of NADPHd activity was assumed as a

measure of NOS activity in brain sections. Computerized image anal-
ysis (CIA) of NBT staining could be interpreted as a specific augmen-
tation of NOS expression in neurons. However, in Cer (p = 0.08),
cortex (p = 0.16) and striatum (p = 0.23) of NaVO3-exposed pups,
NBT staining was not statistically different to control ones (data not
shown).

3.4.2. HSP70 immunohistochemistry
In the Cer, HSP70 immunoreactivity was detected in molecular

and granular layers, and Purkinje cells also became immunostained
after NaVO3 exposition (Fig. 1). In the Hc, HSP70 immunoreactivity
was diffusely distributed in all layers of control and NaVO3-exposed
pups (data not shown).

3.4.3. GFAP immunohistochemistry
GFAP immunostaining specifically labels the intermediate fila-

ments of the astroglial cytoskeleton, allowing the study of astrocyte
morphology. GFAP immunostaining shows the cell body of astrocytes
as well as their numerous processes. GFAP-IR astrocytes in cerebel-
lum, mainly those in the white matter, were markedly larger in the
NaVO3-exposed animals (Fig. 2A). CIA data confirmed these observa-
tions: average GFAP-IR astrocytic surface area was 36.30 ± 3.0 μm2

in NaVO3-exposed pups while it was 30.50 ± 2.8 μm2 for control
pups, p = 0.03 (Fig. 2B). In the Hc, GFAP-IR cells appeared more
densely grouped in the hilus and in the subiculum in both experimen-
tal groups (Fig. 3A and B). In the hippocampal hilus of NaVO3--
exposed pups, astrocytes presented enlarged thick processes and
increased soma size (Fig. 3C), the average GFAP-IR astrocytic surface
area was 33.79 ± 2.60 μm2 in NaVO3-exposed pups, while in the con-
trol group it was 25.53 ± 1.39 μm2, p = 0.010 (Fig. 3D). However, no
differences between NaVO3-exposed and control pups in GFAP-IR as-
trocytic surface area in hippocampal subiculum (p = 0.09) were
detected (data not shown).

3.4.4. S100 immunohistochemistry
S100 proteins appeared to be confined to the cytosol of both normal

and reactive astrocytes. S100 immunostaining labeled the astrocyte cell
body and some cytoplasmic projections. S100 immunostaining was ob-
served in the astroglial cells of every analyzed brain region in control
and treated groups although, the immunostaining intensity was similar
both in control and NaVO3-exposed pups in Cer (p = 0.30) and Hc
[hilus (p = 0.69) and subiculum (p = 0.28)] (data not shown).

Table 1
Body and brain weight in vanadium exposed pups.

Groups Body weight Brain weight

Control 46.30 ± 9.12 1.28 ± 0.03
3 mg NaVO3/kg bw/day 39.23 ± 3.84 1.21 ± 0.05

The weights are expressed in grams. Each value is the mean ± SD of 4 litters.
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4. Discussion

Although MDA levels, S100 immunostaining and NADPHd activity
didn't show differences between experimental and control groups,
both astrogliosis and HSP70 activation were detected in Cer, while
only the former was detected in the hippocampal hilus of V-exposed
pups.

Both normally and after brain injury, astrocytes support neurons by
providing antioxidant protection, substrates for neuronal metabolism,
and glutamate clearance (Barreto et al., 2011). Reactive astrogliosis oc-
curs in response to CNS injury and disease, including subtle perturba-
tions. In the present study a mild to moderate reactive astrogliosis in
NaVO3-exposed pups was observed. Moderate astrogliosis comprises
variable changes in molecular expression and functional activity togeth-
er with variable degrees of cellular hypertrophywith preservation of the
individual nonoverlapping domains of reactive astrocytes (Sofroniew,
2009). Reactive astrocyte changes vary with the nature and severity of
the insult and are regulated by specific signaling events.Molecularmedi-
ators of reactive astrogliosis can be released by any cell type in CNS tis-
sue. Moreover ROS and NO molecules are able to trigger aspects of
reactive astrogliosis (Swanson et al., 2004). Astrocytes changes, during
reactive astrogliosis, alter its activities both through gain and loss of

Table 2
Concentrations of MDA/mg protein in various brain areas.

Brain regions Control NaVO3-exposed p

Hypothalamus 1.18 ± 0.39 1.49 ± 0.78 0.52
Prefrontal cortex 2.06 ± 0.84 1.85 ± 0.62 0.72
Striatum 1.50 ± 0.33 1.43 ± 0.49 0.85
Hippocampus 1.91 ± 0.89 1.66 ± 0.76 0.64
Midbrain 1.18 ± 0.19 1.14 ± 0.17 0.30
Cerebellum 1.67 ± 0.26 1.70 ± 0.47 0.89

Results are expressed as nmol MDA/mg protein. Each value is the mean ± SD of 4
litters.

Fig. 1. HSP70 immunostained cerebellum of control (A) and NaVO3-exposed (B) pups, primary magnification: 100×. Molecular and Purkinge cell layers became stained after NaVO3

exposition (C), primary magnification: 200×.

Fig. 2. A: GFAP immunostained cerebellum of control (C) and NaVO3-exposed (V) pups.
GFAP-IR astrocytes localized in cerebellum white matter are markedly large and with
more tortuous cytoplasmic processes in NaVO3-exposed (V) pups. Primary magnification
400×. B: GFAP-IR astrocytic surface area in cerebellum. Each bar shows themean ± SD of
the GFAP-IR astrocytic surface area of control and NaVO3-exposed pups (n = 4 for each
group). *p b 0.05 with reference to control.
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functions that can impact both beneficially and detrimentally on sur-
rounding neural and non-neural cells. In vitro and in vivo studies show
that astrocytes under different conditions can alter the expression of
molecules involved in oxidative stress (NO, NOS, SOD and GSH) (Chen
et al., 2001; Hamby et al., 2006) and that reactive astrocytes can protect
CNS cells and tissue in various ways, including protection from oxidative
stress via glutathione production (Shih et al., 2003; Swanson et al., 2004;
Vargas et al., 2008; Sofroniew, 2009). In a previouswork, in adult rats ex-
posed to the same dose of NaVO3 for 5 days, we have found lipid perox-
idation, astrogliosis, NADPHd activation and decreased levels in the ratio
GSH/GSSG in Hc and Cer (Garcia et al., 2004, 2005; Cuesta et al., 2011).
However, NaVO3 exposure – in the dose and period used in the present
work – does not induce lipid peroxidation, but astrogliosis andHSP70 ac-
tivationwere detected in suckling rats. Increased activities of antioxidant
enzymes or enhanced glutathione content in reactive astrocytes could
explain these results.

In the present work we assumed that with our dosage V was present
in themilk of NaVO3 treated dams. However, since V is poorly (only about
10%) absorbed from the suckling pups' gastrointestinal tract (Mukherjee
et al., 2004), it could be insufficient to induce lipoperoxidation in their
brains. Furthermore, HSP70 expression is closely linked to redox changes
and higher activities of antioxidant enzymes have been positively corre-
lated with increased HSP70 synthesis in astroglial cell cultures (Barger
andVanEldik, 1992).HSP70by its traditional chaperoning role is involved
in conferring cytoprotective effects to the cellular proteins from oxidative
milieu. Moreover, HSP70 and other heat shock proteins can also serve as
cytoplasmic “antioxidants” by protecting the sensitive sites of target pro-
teins (Papp et al., 2003).

On the other hand, S100 protein may play a dual role in the regu-
lation of cell function being beneficial to cells at low doses but detri-
mental at high doses (Hu et al., 1996). In studies using a neuronal and
astroglial co-culture, a high concentration of S100 upregulated NO re-
lease from the astroglia, which was shown to be neurotoxic (Hu and
Ferreia, 1997; Nawashiro et al., 2000). In a previous work in adult

rats, astrocytes' S-100 intensity, NBT staining and MDA levels were
increased in the Cer and the Hc in NaVO3-exposed animals (Garcia
et al., 2004, 2005). However, NaVO3 exposure – in the dose and peri-
od used in the present work – does not increase S100 intracellular
levels as well as NADPHd activity in NaVO3-exposed pups. S100β
has important autocrine and paracrine, neurotrophic and gliotrophic
actions (Mrak et al., 1995). S100β acts on neurons (paracrine effects)
to induce increased cytoplasmic free calcium levels, to stimulate
neurite outgrowth, and to promote neuronal survival and on astro-
cytes (autocrine effects) to increase intracellular free calcium levels
and to promote astrocytic proliferation and hypertrophy (Barger
and Van Eldik, 1992). In addition to these functions in mature brain,
S100β also has important neurotrophic and gliotrophic roles during
fetal development (Bhattacharyya et al., 1992; Sarnat, 1992).

In NaVO3 exposed pups, a mild to moderate astrogliosis was
detected but without increase in S100 protein synthesis. This fact
could be temporary because, in the one hand, S100 synthesis could
not have been enhanced yet; on the other hand, the absence of an
S100 increase could also be due to its release into the intercellular
space to exert its paracrine and/or autocrine effects.

In the present work, we found that dams' exposure to V during
lactation induced astrogliosis and HSP70 activation in suckling
pups. These results, together with previous ones (Soazo and Garcia,
2007), are indicating that V impairs the physical and neural develop-
ment of the offspring. This developmental neurotoxicity may be
manifested in various ways because it involves alterations in dam
and offspring behavior, neurohistology and neurochemistry and
should receive additional investigation based on the findings of
this report.
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Fig. 3.GFAP immunostained hippocampus of control (A) andNaVO3-exposed (B) pups, primarymagnification: 40×. C:GFAP immunostained astrocytes of control (C) andNaVO3-exposed
(V) pups' hippocampal hilus. Astrocytes presented enlarged thick processes and increased soma size in the NaVO3-exposed pups. Primary magnification 400×. D: GFAP-IR astrocytic sur-
face area in the hippocampal hilus. Each bar shows the mean ± SD of the GFAP-IR astrocytic surface area of control and NaVO3-exposed pups (n = 4 for each group). **p b 0.01 with
reference to control.
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