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Prenatal Curcumin Administration Reverses
Behavioral and Neurochemical Effects and Decreases iNOS and
COX-2 Expressions in Ischemic Rat Pups
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The objectives were to evaluate alterations in ischemic rat pups, from dams administered with curcumin (25 and 50 mg/kg). Ten-
day-old male pups were subjected or not (SO) to brain ischemia and reperfusion, for 1, 7, and 14 days (this last group was submitted
to behavioral evaluation). After that, pups were euthanized for determinations of striatal DA and DOPAC in SO, ischemic from
untreated (ICUD) or curcumin treated (ICTD) dams, as well as hippocampal immunohistochemistry assays for iNOS and COX-2
and cresyl violet staining. At the 14th postischemia day, the ICUD group showed increased locomotor activity and rearing behavior,
which were reversed in ICTD animals. ICUD pups presented decreased striatal DA and DOPAC levels, relatively to SO, mainly at
the 1st postischemia day, but also at the 7th and 14th days which were partially reversed in ICTD pups. A greater number of viable
neurons were observed in ICTD, as related to the ICUD group. Ischemia increased iNOS and COX-2 expressions, in CA1 and
CA3 areas, at the 1st, 7th, and 14th postischemia days, and these effects were minimized in ICTD pups. In conclusion, the prenatal
curcumin treatment was shown to be neuroprotective where the drug anti-inflammatory and antioxidant effects probably play a
role.

1. Introduction

Cerebral ischemia is a very common cerebrovascular disease
and one leading cause of morbidity andmortality worldwide,
whose complex pathology includes inflammatory events,
as aggregation of inflammatory cells and upregulation of
cytokines [1]. Furthermore, hypoxic-ischemic brain damage

is a major cause of acute mortality and chronic neurologic
morbidity, in infants and children. Much of our understand-
ing on mechanisms of hypoxic-ischemic brain damage and
potential therapeutic interventions derive from experimental
models in the adult animal. It is accepted that a cerebral
hypoxic-ischemic event of sufficient severity to deplete tissue
energy reserves is rapidly followed by acidosis, glutamate

Hindawi Publishing Corporation
International Journal of Brain Science
Volume 2014, Article ID 907581, 10 pages
http://dx.doi.org/10.1155/2014/907581



2 International Journal of Brain Science

excitotoxicity, generation of reactive oxygen species, and
oxidative stress, followed by prolonged periods of delayed cell
death and inflammation [2].

However, direct application of adult brain findings to the
newborn animal is not a simple task, since the immature
brain is generally considered resistant to the damaging effects
of hypoxia and ischemia. At the same time, the immature
brain exhibits periods of heightened sensitivity to injury,
dependent upon the brain specific developmental stage [2].
Cerebral ischemia causes disturbances in a variety of cellular
and molecular mechanisms, including oxidative phospho-
rylation, membrane function, neurotransmitter release, and
free radical generation [3]. Evidences [4–6] show that inflam-
mation and immunity play a key role in the pathophysiology
of cerebral ischemia. However, despite the progress in this
area, the translation of all this knowledge to new therapeutic
interventions has largely failed.

Curcumin, a phenolic compound extracted from the rhi-
zomes ofCurcuma longa, is worldwide used as spice, flavoring
agent, food preservative, coloring agent, and, in Asian coun-
tries, herbal medicine. Curcumin is nontoxic, even at high
doses, and is classified by the FDA as “generally recognized
as safe.” A large body of evidence suggests that curcumin has
a wide range of biological activities and potential therapeutic
effects on numerous pathologic disorders, including diabetes,
rheumatoid arthritis, multiple sclerosis, and cancer [7–11].

In the CNS, curcumin is reported to attenuate cog-
nitive deficits, neuroinflammation, and plaque formation
in Alzheimer’s disease (AD) models and other neurode-
generative diseases as well [12–17]. Furthermore, curcumin
decreased beta-amyloid plaques, delayed degradation of neu-
rons, and decreasedmicroglia formation, improvingmemory
in patients with AD [18, 19]. However, another clinical
trial [20] observed that although curcumin was generally
well-tolerated the investigators were unable to demonstrate
clinical or biochemical evidences for the efficacy of Curcumin
C3 Complex in AD patients, in a 24-week placebo-controlled
trial, perhaps due to the limited bioavailability of this com-
pound.

Moreover, curcumin shows neuroprotective potential in
cerebral ischemia and against excitotoxicity in retinal cultures
of cerebral cortical neurons [21–25], although its efficacy
has been object of controversy and its mechanism of action
remains elusive.Thus, the objectives of the present studywere
to evaluate behavior and brain neurochemical alterations
(determination of the striatal levels of dopamine and its
metabolite) in ischemic pups, at different postischemia times,
possibly induced by the curcumin treatments of female rats,
during their gestational period up to the end of lactation.
Furthermore, hippocampal immunohistochemistry for iNOS
and COX-2, besides cresyl violet staining, were also per-
formed.

2. Material and Methods

2.1. Drugs and Reagents. Curcumin, monoamine standards,
andHPLC reagents were from Sigma-Aldrich (St. Louis, MO,
USA); ketamine and xylazine were from König (Santana de

Parnaı́ba, São Paulo, Brazil). Antibodies for immunohisto-
chemistry assays were from Santa Cruz Biotechnology (Dal-
las, TX,USA) orMerck-Millipore (Darmstadt, Germany). All
other reagents were of analytical grade.

2.2. Animals and Experimental Protocol. Male and female
Wistar rats from theAnimalHouse of the Faculty ofMedicine
Estácio of Juazeiro do Norte, Brazil, were maintained under
standard conditions and at a controlled temperature (23 ±
1
∘C), with a 12 h dark/12 h light cycle, and food and water ad
libitum. Female rats (180–200 g) were mated at a ratio of 4
female to 1 male. They were separated from males, as soon
as the pregnancy was assured and placed in individual cages.
Then, female rats were divided into the following groups:
controls (treated with distilled water) or those treated orally
by gavage with curcumin, at the doses of 25 or 50mg/kg.The
daily treatments were carried out from the first day of mating
up to the end of lactation. Soon after birth, female pups were
discarded and male pups divided into four groups: sham-
operated (SO) and ischemic pups (from curcumin untreated
dams—ICUD), that is, both groups from dams treated with
distilled water; and two ischemic groups from curcumin
treated dams (ICTD 25 and ICTD 50mg/kg). Furthermore,
ten days after birth, male pups (18–20 g) were anesthetized
with 25mg/kg, i.p., ketamine (Vetanarcol, König Laborato-
ries, Brazil) and submitted or not to transient global brain
ischemia by the occlusion of the left common carotid artery,
for 15min, followed by 1-, 7-, and 14-day reperfusion. The
sham-operated groups (SO) were submitted to the entire pro-
cedure, except for the artery occlusion. The group submitted
to ischemia at the 14th day was also behaviorally evaluated.
All animals were euthanized (decapitation) for dissection of
striata and hippocampi and neurochemical evaluation (DA
and DOPAC determinations in striata) performed at the
1st, 7th, and 14th days after ischemia. Considering the high
sensitivity of hippocampus to ischemic injury, histological
and immunohistochemical assays in hippocampi were also
performed, at those same periods.The study had the approval
of the Animal Experimentation Committee of the Federal
University of Ceará and the experiments were carried out in
accordance with the current law and the NIH Guide for the
Care and Use of Laboratory Animals.

2.3. Behavioral Evaluation. Open field test: this test evaluates
a stimulant or depressant drug activity and may also indicate
an anxiolytic action. We used an apparatus adapted for mice,
since we worked with rat pups, and the experiments were
performed always in the morning, by a blinded investigator.
The arenawasmade of clear Plexiglas whose dimensionswere
40 cm × 40 cm × 30 cm (length, width, height). The floor
was divided into 9 quadrants of equal size. At the time of
the experiment, the apparatus was indirectly illuminated by a
red light. The following parameters were observed for 5min:
number of crossings with the four paws from one quadrant to
another (this measures the locomotor spontaneous activity)
and the number of rearing (stereotyped vertical exploratory
movements). After each experiment the arena was cleaned
with water.
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2.4. Concentrations of Striatal Dopamine (DA) and Its
Metabolite (DOPAC), by HPLC. The striata from pups of
all groups (SO, ICUD, ICTD 25, and ICTD 50), at the
1st, 7th, and 14th days after ischemia, were used for the
preparation of 10% homogenates in 0.1M perchloric acid.
This mixture was sonicated for 30 s, centrifuged under 4∘C
for 15min, at 15,000 rpm. The supernatants were filtered
in a 0.2 𝜇m pore membrane and 20 𝜇L of the filtered
solution were injected into the HPLC column (Shim-Pack
CLC-ODS, 25 cm) for electrochemical detection (Shimadzu,
model LCD-6A, Japan), with a 0.6mL/min flux. The mobile
phase was prepared in 0.163M citric acid, pH 3.0, contain-
ing 0.02mM EDTA and 0.69mM sodium octanesulfonic
acid, 4% acetonitrile (v/v), and 1.7% tetrahydrofuran (v/v).
Monoamine concentrations were determined by comparison
to standards and the values expressed as mg/g tissue.

2.5. Histological Study for Neuronal Viability (Cresyl Violet
Staining). This is a basic stain used to visualize the cytoplasm
of neurons, which contains several structures, includingNissl
corpuscles made up essentially of RNA. The cresyl violet is
an indicator of neuronal viability, since in the presence of
neuronal lesion these corpuscles may disappear (chromatoly-
sis), making possible the counting of remaining neurons.The
ischemic pups (from either untreated or curcumin-treated
mothers) as well as SO animals were euthanized, at different
times after ischemia, and sections from their hippocampi
and temporal cortices were placed in buffered formalin (pH
7.0) for 24 h. Then, these sections were removed to a 70%
ethanol solution where they stayed for at least another 24 h.
The sections were included into paraffin blocks and used for
the preparation of 10 𝜇 slices. These slices were mounted in
silanized slides andhydratedwith xylol, followed by 100 down
to 50% ethanol and distilled water (2min). After that, the
slides were immersed into the cresyl violet solution (0.5%
in buffered acetate, pH 3.8) and distilled water, followed by
dehydration startingwith 50 up to 100% alcohol andmounted
beneath Entelan.

2.6. Immunohistochemistry Assays for COX-2 and iNOS in
Hippocampi from Rat Pups, at Several Times after Ischemia.
For immunohistochemistry assays, 10 𝜇m sections of hip-
pocampi were deparaffinized, dehydrated in xylol and
ethanol, and immersed in 0.1M citrate buffer (pH 6) under
microwave heating (18min), for antigen recovery. The sec-
tions, after cooling at room temperature for 20min, were
washed with a phosphate buffered saline (PBS), followed
by a 15min blockade of endogenous peroxidase with a 3%
H
2
O
2
solution. The sections were incubated overnight (at

4∘C) with anti-COX-2 p65 antibody (1 : 50) or anti-iNOS
(1 : 400) diluted inPBS-BSA.At the next day, the sectionswere
washed in PBS and incubated for 30minwith the biotinylated
rabbit antibody (anti-IgG), 1 : 400 dilutions in PBS-BSA.
Then, the sections after washing in PBS were incubated for
30min, with the conjugated streptavidin peroxidase complex
(ABC Vectastain complex, Vector Laboratories, Burlingame,
CA, USA). After another washing with PBS, the sections
were stained with 3,3-diaminobenzidine-peroxide (DAB)

chromophore, dehydrated andmounted in microscope slides
for analyses.

2.7. Statistical Analyses. The data are presented as means
± SEM and analyzed by one-way ANOVA followed by
Newman-Keuls as the post hoc test for behavioral evaluation.
For DA and DOPAC measurements at different times after
ischemia, a two-way ANOVA was used followed by multiple
t-tests. The differences were considered statistically signifi-
cant at 𝑃 < 0.05.

3. Results

3.1. Behavioral Evaluation by the Open Field Test, 14 Days
after Ischemia. Our results showed a behavioral alteration in
ischemic pups from curcumin untreated dams (ICUD ani-
mals) that presented a 2-fold increase in locomotor activity,
as related to the SO group. On the other hand, locomotor
activity was completely restored in the ischemic pups from
curcumin treated dams (ICTD animals), with both doses
(Figure 1(a)). A similar profile was noticed with the rearing
behavior (Figure 1(b)).

3.2. DA and DOPAC Striatal Concentrations, at Different
Times after Ischemia, in the SO and Ischemic Pups from
Curcumin Untreated (ICUD) or Treated Dams (ICTD). The
data refer to DA and DOPAC concentrations in the SO
and ischemic groups, analyzed at 1, 7, and 14 postischemia
days. Ischemic pups from curcumin untreated dams (ICUD)
presented 79, 58, and 47% reductions in DA contents, at the
1st, 7th, and 14th days after ischemia, respectively, as related
to the SO group. These decreases were in great part reversed
in the ICTD group, at the three periods after ischemia
(Figure 2(a)). A similar profile was seen in DOPAC contents
where the ICUD groups showed decreases of 58, 64, and 56%,
respectively, as related to the SO group. Data from the ICTD
groups presented a recovery towards the DOPAC values of
the SO group, at all three periods after ischemia (Figure 2(b)).

3.3. DOPAC/DA Ratios in the SO and Ischemic (ICUD and
ICTD)Groups, at Different Postischemia Times. TheDOPAC/
DA ratio increased the most in ischemic animals from the
ICUD group, at the 1st postischemia day and decreased
afterwards, according to the postischemic time. At the 14th
postischemia day, DOPAC/DA values were similar among all
groups (Table 1).

3.4. Histological Analyses: Cresyl Violet Staining. Figures 3(a),
3(b), and 3(c) are representative photomicrographs from
the CA1 and CA3 regions of ICUD (ISC) and ICTD (ISC
+ C25) pups, at the 1st, 7th, and 14th postischemia days,
respectively. The ICUD pup group shows alterations in the
cell morphology and cellular degeneration, as well. However,
the ICTD (ISC + C25) group presents cresyl violet stained
neurons, with lesser alterations in the cell morphology,
indicating the presence of higher number of viable neurons.
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Figure 1: Ischemic pups from curcumin treated dams (ICTD) present decreased locomotor activity (a) and rearing behavior (b), as related to
ischemic pups from curcumin untreated dams (ICUD), at the 14th day after ischemia. (a): A. versus SO, 𝑞 = 5.339; B. versus ISC, 𝑞 = 6.860; C.
versus ISC, 𝑞 = 5.422. (b): A. versus SO, 𝑞 = 4.397; B. versus ISC, 𝑞 = 7.098; C. versus ISC, 𝑞 = 5.984 (one-way ANOVA and Newman-Keuls
for multiple comparisons as the post hoc test).
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Figure 2: Determination of dopamine (DA) and DOPAC concentrations (ng/g tissue) by HPLC (a) and (b), in striatal tissue from 10-day-old
rat pups, at the 1st, 7th, and 14th days after the surgical procedure (SO = sham-operated and ISC = ischemic). The values are means ± SEM
from 5 to 21 animals per group. DA - A. versus SO: 1st day (𝑡 ratio = 16.972, df = 9, 𝑃 = 0.0013); 7th day (𝑡 ratio = 17.256, df = 13, 𝑃 = 0.0001);
14th day (𝑡 ratio = 35.510, df = 31, 𝑃 = 0.00001). B. versus ISC + C25: 7th day (𝑡 ratio = 7.093, df = 16, 𝑃 = 0.006). C. versus SC + C50: 1st day
(𝑡 ratio = 6.137, df = 10, 𝑃 = 0.0001); 7th day (𝑡 ratio = 3.986, df = 13, 𝑃 = 0.0016); 14th day (𝑡 ratio = 2.633, df = 23, 𝑃 = 0.0149). DOPAC
- A. versus SO: 1st day (𝑡 ratio = 7.920, df = 10, 𝑃 = 0.009); 7th day (𝑡 ratio = 14.145, df = 12, 𝑃 = 0.0009); 14th day (𝑡 ratio = 22.682, df = 32,
𝑃 = 0.0003). B. versus ISC + C25: 7th day (𝑡 ratio = 3.846, df = 15, 𝑃 = 0.0016); 14th day (𝑡 ratio = 6.736, df = 27, 𝑃 = 0.003). C. versus ISC +
C50: 7th day (𝑡 ratio = 3.973, df = 12, 𝑃 = 0.0018; 14th day (𝑡 ratio = 5.551, df = 20, 𝑃 = 0.013) (two-way ANOVA and multiple 𝑡-tests of data).

3.5. Immunohistochemical Assays for Cyclooxygenase-2 (COX-
2) and the Inducible Isoform Nitric Oxide Synthase (iNOS).
Changes for COX-2 (Figure 4), showing an increased number
of immunostained cells, were observed since the 1st day (CA1
and CA3 hippocampal areas) and continued up to the 7th
and 14th postischemia days, in the ICUD groups (ISC).These
changes were reversed in the ischemic group from dams

treated with curcumin (ICTD), with the dose of 25mg/kg
(ISC + C25). In the case of iNOS, changes in ischemic
pups from curcumin untreated dams (ICUD) were observed
at all postischemia days. Thus, while an increased number
of immunostained cells were seen in CA1 and CA3 from
ICUD pups, these changes were reversed in the ICTD groups
(Figure 5).
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Figure 3: Representative cresyl violet staining photomicrographs of CA1 and CA3 hippocampal areas (a), (b), (c) from ischemic pups (ISC)
of untreated (ICUD) or curcumin treated dams (ICTD) at three postischemia times. Lower numbers of viable neurons are seen in ischemic
pups from untreated dams, as related to those from curcumin (25mg/kg) treated dams (ISC + C25), at the 1st, 7th, and 14th postischemia
days. The arrows indicate dark or degenerated neurons. Scale bars represent 200𝜇m at the 1st day, 200 and 50 𝜇m at the 7th day, and 200 𝜇m
at the 14th day after ischemia (magnification: ×100).

4. Discussion

In the present work, rat pups (10 days old) from mothers
treated by gavage with water or curcumin (25 and 50mg/kg,
from mating to the end of lactation) were subjected to
transient global brain ischemia. The animals were evaluated
for behavioral, neurochemical, histological, and immuno-
histochemical alterations, at different times after ischemia.
Although some studies [26] show that the unilateral carotid
artery ligation alone does not induce ischemic damage, due
to the intact circle of Willis, others [27, 28] reported that this
procedure was sufficient to cause brain injury in more than
70% of 12-day-old mice.

Although we did not carry out measurements of cur-
cumin levels in pup brains, evidences demonstrated that the
drug crosses the human blood brain barrier and is detected
in the CSF [18]. Besides, curcumin in placental and foetal
rodent membranes is shown to significantly reduce LPS-
stimulated release and gene expression of cytokines IL-6 and
to decrease COX-2 mRNA expression as well [29]. Others

Table 1: DOPAC/DA ratios in striatal tissues of sham-operated (SO)
and ischemic rat pups (ISC) from untreated dams (ICUD) or from
dams treated with curcumin (ICTD), at the doses of 25 or 50mg/kg,
in different postischemia times.

Group SO ICUD ICTD 25 ICTD 50
1st day 0.60 1.19 0.66 0.95
7th day 0.82 0.72 1.02 0.85
14th day 0.66 0.55 0.49 0.41
Rat pups from untreated (ICUD) or curcumin (C, 25 or 50mg/kg) treated
dams (ICTD) were subjected to global cerebral ischemia (ISC), 10 days after
birth, and euthanized for brain dissection and neurochemical determina-
tions, at the 1st, 7th, and 14th postischemia days. The values are from 7 to 21
animals per group.

[30] observed that curcumin (up to 10,000 ppm) added to
the diet of female rats, though producing a small reduction
in preweaning body weight gain of the second generation,
did not affect (at its highest dose level) the offspring. Thus,
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Figure 4: Representative photomicrographs of immunohistochemistry for COX-2, showing a higher number of immunostained cells in the
CA1 and CA3 areas of pups from curcumin untreated dams (ICUD), at the 1st, 7th, and 14th postischemia days, as related to ischemic pups
from curcumin (25mg/kg) treated dams (ICTD). Scale bars represent 500 and 200𝜇m (magnification ×100).

we believe that the drug reached the foetuses under our
experimental conditions.

Locomotor activity is considered a useful predictor
to determine the sensitivity of animals to ischemia [31].
Increased locomotor activity is found in the global ischemic
model when brain ischemia is induced by the short term
(<15min) occlusion of common carotids [32]. In the present
work, ischemic animals showed an increased locomotor
activity as well as an increased rearing behavior, at 14 days
after surgery, as related to the SO group. On the hand,
ischemic pups from curcumin treated dams reversed these
alterations completely. Similarly to our findings, time-
dependent changes were observed in ischemic rats with
increased locomotor activity, at 1, 5, and 30 postreperfusion
days [33]. Other investigators also observed an increased
locomotor activity in rats [34, 35] and mice [36], in hypoxia-
ischemia models.

Our results also showed important alterations in the
dopaminergic system of pups, depending upon the postis-
chemia time.Thus, ischemia alone caused a drastic reduction
in striatal DA and DOPAC levels, mainly at the 1st postis-
chemia day. On the other hand, changes in DA contents

observed in ischemic pups from curcumin untreated dams
(ICUD), at all times after ischemia, were partially or totally
reversed in ischemic pups from curcumin treated dams
(ICTD). Evidences [37] show increased NE but not DA
contents, with a transient brain ischemia model in gerbils,
and the authors concluded that increased NE but not DA
plays probably a significant role in the animals’ increased
locomotor activity.

Striatal DA and DOPAC alterations may vary, according
to the time after ischemia. Interestingly, we showed that
while the DOPAC/DA ratio increases in the ICUD group,
at the 1st postischemia day, it decreases at the 7th and 14th
postischemia days. Although at this last time DOPAC/DA
values were similar among groups (ICUD and ICTD), they
were lower than those of the SO group. Almost three decades
ago, Silverstein and Johnston [38] measured acute alterations
in DA contents in the striatum of rat pups exposed to
hypoxia-ischemia, hypoxia only, or global ischemia. When
exposed to unilateral ligation of the carotid and to 2 h in an
8%O
2
atmosphere, the 7-day-old rat pups presented an asym-

metrical rotational behavior, followed by a 70% reduction in
the striatal DA levels, in the ischemic side. Although this is a
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Figure 5: Representative photomicrographs of immunohistochemistry for iNOS, showing a higher number of immunostained cells in the
CA1 and CA3 areas of ischemic (ISC) pups from untreated dams (ICUD), at the 1st, 7th, and 14th postischemia days, as related to ischemic
pups from curcumin treated (25mg/kg) dams (ICTD). Scale bars represent 200 𝜇m (magnification ×100).

pioneer work in the area, we feel that its great limitation was
the absence of DOPAC determination, considering that this
is the main DA metabolite in the rat brain.

Other studies, performed at the same decade [39],
showed time related alterations in the striatal monoamine
metabolism, after irreversible unilateral ligation of the carotid
and stroke, in gerbils. These authors observed a 30% reduc-
tion ofDA content in the contralateral and nonischemic stria-
tum, around 2 h after the brain insult, while DOPAC levels
increased by 227%. The levels of DOPAC were still higher
in ischemic striata, as related to those of the nonischemic
contralateral striata, at four and sevenhours after stroke.After
16 h, the levels of DA and its metabolites were depleted from
the ischemic striatum, indicating irreversible brain injury
and uptake of the neurotransmitter by dopaminergic nerve
terminals.

In the present study, we used the model of unilateral
carotid occlusion, followed by reperfusion in the absence of
hypoxia, in rat pups. Under this experimental condition, we
observed alterations in DA metabolism and a partial and
even total reversion of the effects, by the prenatal curcumin
administration. These alterations were demonstrated not
only in DA and DOPAC concentrations, but also in the
DOPAC/DA ratio, for ICUD as well as for ICTD groups, as
related to the SO group, indicating changes in DA turnover
and metabolism.

Brain ischemia is known to initiate a cascade of detri-
mental events, including glutamate-induced excitotoxicity,
increased intracellular CA2+, production of reactive oxygen
species, degradation of membrane lipids, and DNA damage.
All these events lead to a rupture in the cellular homeostasis
mechanisms and structural damage to the ischemic brain tis-
sue [40]. Brain ischemia also triggers an acute inflammatory
process, which exacerbates the primary brain damage.

Curcumin (100 and 300mg/kg, i.p.) was shown to
decrease in a dose-dependent manner the infarcted area
volume and edema, in the model of focal brain ischemia
in rats [22]. Curcumin also decreased lipid peroxidation
and increased superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activities. According to these authors,
the neuroprotective action of curcumin in brain ischemia
is mediated by its antioxidant activity. Furthermore, the
oxidative stress is known to contribute to neurodegeneration,
subsequent to ischemic cerebral injury. In this sense, Al-
Omar et al., 2006 [41], studied the possible antioxidant and
neuroprotective actions of curcumin on neurons death, in the
CA1 hippocampal area, after a process of transitory cerebral
ischemia in rats. These authors observed that the curcumin
treatment (200mg/kg, i.p.), at three times (immediately
and at 3 and 24 h after ischemia), reduced the neuronal
damage observed 7 days after the ischemic event. Besides,
curcumin administration to the ischemic rats decreased lipid
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peroxidation and increased the levels of glutathione (GSH),
SOD, and catalase. They concluded that the curcumin treat-
ment attenuates brain-ischemia-induced neuronal injury and
hippocampal oxidative stress.

The anti-inflammatory effects of curcumin are possibly
mediated by its capacity to inhibit the activity of the enzymes,
as cyclooxygenase 2 (COX-2), lipoxygenase (LOX), and
inducible nitric oxide synthase (iNOS), important media-
tors of inflammatory processes. The upregulation of COX-
2 and/or iNOS is associated with the pathophysiology of
some human cancer types, as well as other pathologies where
inflammation is an important factor [42]. Another work [43]
showed that curcumin inhibited the COX-2 expression in
HT-29 colon cancer cells. In this in vitro model, curcumin
inhibited specifically COX-2 and did not present any effect
on COX-1.

We also showed that curcumin presents a cytoprotective
action in the hippocampus (CA1 andCA3 areas), as evaluated
by cresyl violet staining. As related to our immunohistochem-
istry studies, we showed the intensity of immunostaining
for iNOS and COX-2, in the ischemic pup group (from
curcumin untreated dams, ICUD), to be dependent upon the
time elapsed after ischemia. In general, the immunostaining
for iNOS increased in hippocampal CA1 and CA3 areas,
at the 1st, 7th, and 14th postischemia days, and decreased
in the ischemic pup group from curcumin treated dams
(ICTD). Similar results were observed for COX-2 where the
immunostaining increased for ICUDgroups in all hippocam-
pus areas, at all postischemia days, mainly in the CA3 area.
Such effects were reverted in ICTD pup groups.

Arachidonic acid-derived lipid mediators are intimately
involved in inflammation and biosynthesized by pathways
dependent upon COX and LOX enzymes. The role of LOX
and COX isoforms, particularly COX-2, in inflammation, is
well established. At cellular and molecular levels, curcumin
regulates a number of signaling pathways, including the
eicosanoid pathway, involving COX and LOX [44]. An
upregulation of COX-2 and iNOS was demonstrated in
human infarcted brains, which agrees with the hypothesis
that these enzymes and their reaction products contribute
to the progression of postischemic cerebral injury [45].
Furthermore, curcumin is both a nitric oxide (NO) scavenger
and an inhibitor of iNOS expression [46].

We showed that curcumin presents neuroprotective prop-
erties, in the model of global transient brain ischemia in
rat pups, whose mothers were chronically administered with
curcumin (25 and 50mg/kg, p.o.), since the 1st day of mating
up to the end of lactation. It is important to notice that these
doses aremuch lower than the ones used in the greatmajority
of studies presented in the literature. In ischemic pups, we
observed alterations in the contents of DA and its metabolite
DOPAC, as well as cytoprotective actions that are dependent
upon postischemic periods. Curcumin also decreases COX-2
and iNOS expressions upregulated in ischemic brains of pups.
Considering that curcumin possesses anti-inflammatory and
antioxidant actions, and the participation of inflammation
and free radicals production in ischemic events, it is highly
possible that these curcumin properties be involved with its
neuroprotective activity, as demonstrated in the presentwork.

5. Conclusions

We may conclude that neurochemical and immunohisto-
chemical alterations in the brain of ischemic pups can vary,
according to the time elapsed after the ischemic insult.
Furthermore, there is a strong possibility that the treatment
of dams with low doses of curcumin reaches the fetuses,
reversing the effects of ischemia in the pups, since the
drug crosses the blood brain barrier and is detected in the
CSF [18]. Curcumin biodisponibility problems, especially
in humans, and those related to its biphasic dose-response
curve are frequent.Thus, pharmaceutical formulations, as the
recent developments of curcumin in nanoparticulate delivery
systems [47], are urgently needed. This could minimize or
even solve the biodisponibility problems and would certainly
contribute to the inclusion of curcumin into the clinics, as a
neuroprotective drug.
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A, and J. Garćıa-Estrada, “Locomotor activity is a predictive
test after global ischemia-reperfusion in Mongolian gerbils,”
Minimally Invasive Neurosurgery, vol. 51, no. 2, pp. 87–90, 2008.

[32] H. Shen and Y. Wang, “Correlation of locomotor activity and
brain infarction in rats with transient focal ischemia,” Journal of
Neuroscience Methods, vol. 186, no. 2, pp. 150–154, 2010.

[33] M. R. Milot and H. Plamondon, “Time-dependent effects of
global cerebral ischemia on anxiety, locomotion, and habitua-
tion in rats,” Behavioural Brain Research, vol. 200, no. 1, pp. 173–
180, 2009.

[34] K. Plaschke, M. Grant, M. A. Weigand, J. Züchner, E. Martin,
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