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Abstract
Stroke is one leading cause of mortality and morbidity worldwide where free radicals production and
inflammation play important roles. Curcumin, a curcuminoid from Curcuma longa presents several
biological properties and is a potent anti-inflammatory and antioxidant agent. The objectives were to
study the neuroprotective effects of curcumin on ischemic pups from mothers treated with this drug (25,
50 or 100 mg/kg) during lactation. Twenty-one-day old pups were anesthetized with ketamine and
xylazine, and submitted to global ischemia by clamping the carotid arteries, followed by 15 min
reperfusion of the right artery and cut of the left artery. At the next day, the pups were treated with
curcumin (25, 50 or 100 mg/kg) or vehicle, for 3 days. The sham operated group (SO) was subjected to
the same procedure, except for carotid clamping. After 3 days, the animals were euthanized and brain
areas isolated for neurochemical (monoamines, lipid peroxidation and nitrite determinations), histological
(fluoro-jade staining) and immunohistochemical (TNF-alpha, iNOS and COX-2) assays. The results
show that ischemia decreased DA and DOPAC as well as NE contents in the pups’ striatum, as related to
the SO group, and curcumin treatments reversed these alterations. Brain ischemia decreased hippocampal
neuronal viability also reversed by curcumin. Furthermore, ischemia drastically increased TNF-alpha,
iNOS and COX-2 immunore activities in the hippocampus, and these effects were completely reversed
after curcumin treatments. In conclusion, curcumin treatments reversed brain alterations presented after
ischemia, representing a potential drug to be considered for prevention or treatment of pathological
conditions as stroke.
Keywords: brain ischemia, curcumin, inflammation, oxidative stress

1. Introduction
Brain ischemia is a very important and leading cause of morbidity and mortality worldwide,
producing brain injury through a variety of cellular and molecular mechanisms that impair the
energy requirements to maintain ionic-gradients [1]. Aging is the most important risk for
ischemic stroke and, although being negatively correlated to infarct volumes, is associated
with worsened functional recovery after stroke [2]. Although the immature brain be considered
resistant to the damaging effects of hypoxia and hypoxia-ischemia [3], ischemic brain injury is
an important cause of disability in infants and children, and a major cause of acute mortality
and chronic neurologic morbidity [4]. In addition, clinical evidences demonstrate that the
incidence of perinatal stroke is high, similar to that in the elderly, leading to significant
morbidity and severe long-term neurological and cognitive deficits, including cerebral palsy [5].
The main goal of therapy in acute ischemic stroke is to preserve tissue in the penumbra area by
restoring blood flow. Recanalization strategies, including the administration of intravenous
recombinant tissue-type plasminogen activator (rt-PA) and intra-arterial approaches, attempt to
establish revascularization, so that the cells in the penumbra can be rescued before irreversible
injury occurs. Furthermore, neuroprotective strategies are intended to preserve the penumbral
tissues and to extend the time window for revascularization techniques. At the present time,
however, no neuroprotective agents have been shown to impact outcomes in ischemic stroke.
Thrombolytic therapy designed to restore cerebral perfusion is considered the main therapeutic
strategy for ischemic brain injury.
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However, reperfusion after thrombolytic therapy often leads to
cellular, biochemical and metabolic manifestations of cerebral
ischemia, including ROS(s) generation, calcium overload,
excitotoxicity and inflammation that ultimately lead to
irreversible brain injury. Many natural compounds are
designed to protect the brain from irreversible injury after
ischemia-reperfusion or to retard the pathological process.
Furthermore, by presenting antioxidant, anti-inflammatory and
anti-apoptotic effects and antagonizing calcium some natural
products exhibit protective effects on brain injury and are then
potential candidates for prevention and treatment of brain
ischemia [6, 7].
Curcumin isolated from the rhizomes of Curcuma longa L.
(Zingiberaceae) is a polyphenol compound and a major
component among the turmeric curcuminoids. Evidences
indicate that curcumin presents not only anti-inflammatory,
antioxidant and anti-tumor properties, but also neuroprotective
effects against a wide variety of neurologic disorders [8].
Recently, we showed [9] that curcumin administered prenatally
protects rat pups from ischemic brain injury. Thus, the
objectives of the present study were to extend further those
findings, attempting to clarify the early mechanisms involved
in brain ischemia in young rats. The focus was mainly on
neurochemical (striatal monoamines determinations and
oxidative stress in cerebral cortex and hippocampus),
histological (fluoro-jade staining) and immunohistochemical
assays for TNF-alpha, iNOS and COX-2.
2. Materials and Methods
Drugs and reagents
Curcumin was purchased from Sigma-Aldrich (St. Louis, MO,
USA); ketamine and xylazine were from Konig (Santana de
Parnaíba,
São
Paulo,
Brazil).
Antibodies
for
immunohistochemistry assays were from Santa Cruz
Biotechnology (Dallas, TX, USA) or Merck-Millipore
(Darmstadt, Germany). All other reagents were of analytical
grade.
Animals
Pregnant female Wistar rats (200 g), at its 3rd week of
pregnancy were placed in separated cages until giving birth.
Mothers and litters were maintained at a 24±2 oC temperature,
in a 12 h dark/12 h light cycle, with standard food and water
ad libitum. The study was submitted to the Ethical Committee
for Animal Experimentation of the Faculty of Medicine of the
Federal University of Ceará (Brazil) and was approved under
the number 23/2010. All experiments followed the ethical
principles established in the Guide for the Care and Use of
Laboratory Animals, USA, 1986.
Experimental protocol
Pregnant female Wistar rats were placed in cages individually
and, 1 day after pups birth, they were treated for 21 days with
curcumin (25, 50 or 100 mg/kg, p.o.) or vehicle (1%
Cremophor EL, 10 mL/kg) up to the end of lactation. At this
time, pups from both sexes were separated from their mothers
and placed in different cages. Then, they were anesthetized
with ketamine (75 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.)
and subjected to global cerebral ischemia by clamping both
common carotid arteries. After a 15 min reperfusion, the right
carotid was released and the left carotid was tied at both sides
and cut. The sham-operated (SO) group was subjected to all
the procedure, except for the carotid clamping. In order to
prevent hypothermia, the pups were exposed to an
incandescent light. At the next day, they were treated daily by
gavage with curcumin (25, 50 or 100 mg/kg, p.o.) or vehicle

(SO group), for 3 days, and euthanized for dissection of
striatum, cerebral cortex and hippocampus that were reserved
for neurochemical studies. Besides, hippocampal slices were
used for histological and immunohistochemical assays.
Neurochemical determinations of NE, DA and DOPAC by
HPLC
The striatal contents of NE, DA and DOPAC were determined
by HPLC. Homogenates were prepared in 10% HClO4 and
centrifuged at 4ºC (15,000 rpm, 15 min). The supernatants
were filtered and 20 µL injected into the HPLC column. For
that, an electrochemical detector (model L-ECD-6A from
Shimadzu, Japan) coupled to a column (Shim-Pak CLC-ODS,
25 cm) with a flux of 0.6 mL/min were employed. A mobile
phase was prepared with monohydrated citric acid (150 mM),
sodium octil sulfate (67 mM), 2% tetrahydrofuran and 4%
acetonitrile, in deionized water. The mobile phase pH was
adjusted to 3.0 with NAOH (10 mM). Monoamines were
quantified by comparison with standards, processed the same
manner as the samples. The results are expressed as ng/g
tissue.
TBARS determination
Thiobarbituric acid reactive substances (TBARS) are formed
as a byproduct of lipid peroxidation which can be detected by
the TBARS assay, using thiobarbituric acid as a reagent.
Because reactive oxygen species (ROS) have extremely short
half-lives, they are difficult to measure directly and then can
be measured as several products of the damage produced by
oxidative stress, such as TBARS. Assays of TBARS measure
malondialdehyde (MDA) present in the sample. MDA is one
of several low-molecular-weight end products, formed by
decomposition of lipid peroxidation products. These assays
were carried out in rat cerebral cortices and hippocampi. Lipid
peroxidation is an important indication of oxidative stress,
induced by reactivity of oxygen free radicals. Homogenates at
10% were prepared in 1.15% KCl solution. Samples (250 µL)
were then mixed with 1mL 10% trichloroacetic acid solution,
and added to 1 mL 0.6% thiobarbituric acid. After shaking, the
mixture was maintained in a water-bath at 100 oC for 15 min,
and then cooled in an ice-bath and centrifuged (4000 rpm/5
min). The TBARS content was determined in a plate reader, at
540 nm, and the results expressed as µmol MDA/g tissue. The
standard curve was obtained by using several MDA
concentrations (0.6; 1.2; 2.4; 4.08; 8.16; 16.32 µmol).
Determination of nitrite contents
The Griess test is a chemical analysis test which detects the
presence of organic nitrite compounds. It is based on the
chemical diazotization reaction which uses sulfanilamide and
N-1-napthylethylenediamine dihydrochloride under acidic
(phosphoric acid) conditions. A typical Griess reagent may
contain 0.2% N-1-naphthylethylenediamine dihydrochloride
(NEED), and 2% sulphanilamide in 5% phosphoric acid.
Under this acid condition, nitrites react with sulphanilamide by
means of a diazotization reaction, forming a diazonium salt.
This salt reacts with the NEED reagent forming a pink colored
azo-compound which absorbs at 560 nm. Homogenates (10%)
from brain cortex or hippocampus were prepared in KCl buffer
and centrifuged (12,000 rpm for 10 min). Then, 100 μL
supernatants were added to 100 μL Griess reagent and left at
room temperature for 10 min. The standard curve was obtained
at several NaNO2 decreasing concentrations (from 100
to1.6µM) and the results expressed as µmol nitrite/g tissue.
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Fluoro-jade staining
Fluoro-jade is an anionic fluorescein derivative, useful for the
histological staining of neurons undergoing degeneration.
After paraffin removal (by immersion in xylol), hippocampal
sections (5 µm) were mounted on slides surrounded by gelatin.
The tissue was rehydrated by immersion in ethanol for 3 min,
followed by immersions in 70 and 50% ethanol solutions and
distilled water. The slices were placed into a 0.06% potassium
permanganate solution, for 15 min, washed in distilled water
and transferred to a fluoro-jade solution where they stayed for
30 min (with gentle stirring). After staining, the slices were
washed in distilled water (3 times, 2 min each time). The
excess water was discarded and the dry slices mounted in
Fluoromount® media and examined with a fluorescence
microscope.
Immunohistochemistry assays for TNF-alpha, iNOS and
COX-2
Brain hippocampal sections (5 µm) were fixed in 10%
buffered formol, for 24 h, followed by a 70% ethanol solution.
The sections were embedded into paraffin wax for slices
processing on appropriate glass slides. These were placed in
the oven at 58oC, for 10 min, followed by deparaffinization in
xylol, rehydration in alcohol at decreasing concentrations,
washing in distilled water and PBS (0.1 M sodium phosphate
buffer, pH 7.2), for 10 min. The endogenous peroxidase was
blocked with a 3% hydrogen peroxide solution, followed by
incubation with the appropriate primary anti-antibody for
TNF-alpha, iNOS and COX-2 and diluted according to the
manufacturers’ instructions (Santa Cruz or Millipore, USA),
for 2 h, at room temperature in a moist chamber. The glass
slides were then washed with PBS (3 times, 5 min each) and
incubated with the biotinylated secondary antibody, for 1 h, at
room temperature. Then, they were washed again in PBS and
incubated with streptavidin-peroxidase, for 30 min, at room
temperature. After another wash in PBS, they were incubated
in 0.1% DAB solution (in 3% hydrogen peroxide). Finally, the

glass slides were washed in distilled water and counterstained
with Mayers hematoxylin, washed in tap water, dehydrated in
alcohol (at increasing concentrations), diaphonized in xylol
and mounted on Entelan® for optic microscopy examination.
The data were quantified by the Image J software (National
Institute of Health, USA).
Statistical Analyses
For statistical analyses, One-way ANOVA, followed by the
Newman-Keuls or Tukey as post hoc tests, were used for
multiple comparisons. Whenever needed, the paired or
unpaired Student’s t-test was used for comparisons between
two means. Differences were considered significant at p<0.05.
3. Results
Monoamines determinations in the rat striatum by HPLC
We showed that ischemia decreased by 80% dopamine (DA)
levels in the striatum of young rats, 3 days after ischemia, as
related to the SO group. This effect was completely reversed in
a dose-dependent manner in the ischemic groups, after
curcumin treatments with the doses of 25, 50 and 100 mg/kg.
Interestingly, DA levels in the ISC+C100 group tended to be
even higher than those seen in the SO group (Fig. 1A).
Although to less extent, ischemia also decreased DOPAC
levels (32%), as related to the SO group. Also, similar
decreases were observed in the ischemic groups, after
curcumin treatments with the doses of 25 and 50 mg/kg (58
and 42%, respectively). However, no significant changes were
demonstrated in the ISC+C100 group, as related to the SO
group (Fig. 1B). Decreases of 60 and 54% were demonstrated
in NE contents in the ISC and ISC+C25 groups, as related to
the SO group. These alterations were completely reversed in
the ischemic groups, after curcumin treatments with the doses
of 50 and 100 mg/kg, respectively. NE values in the
ISC+C100 group were even higher than those of the SO group
(Fig. 1C).

Fig 1: Effects of curcumin on monoamine contents in striata from rat pups, at the 3rd post-ischemia day. DA: a. vs. SO, q=5.287;
b. vs. ISC+C50, q=3.486; c. vs. ISC+C100, q=6.010; d. vs. ISC+C100, q=3.836. DOPAC: a. vs. SO, q=5.561; b. vs. ISC+C100,
q=4.805; c. vs. SO, q=4.604; d. vs. ISC+C100, q=3.758; e. vs. SO, t=2.301. df=18, p=0.0336; f. vs. ISC+C25, t=3.214, df=12,
p=0.074. NE: a. vs. SO, q=4.063; b. vs. ISC+C50, q=4.220; c. vs. ISC+C100, q=6.551; d. vs. SO, q=3.847; e. vs. ISC+C50,
q=4.041; f. vs. ISC+C100, q=6.509 (One-way ANOVA and Newman-Keuls as the post hoc test).
TBARS determinations in the rat cerebral cortex and
hippocampus
Our results showed a 1.7-fold increase in TBARS contents in
the cerebral cortex of ischemic groups, as related to those of
the SO group. This increase was similar to that observed in the
ischemic group treated with the lower curcumin dose
(ISC+C25). On the other hand, TBARS values even lower
than those of the SO group were observed in the ischemic
groups, treated with curcumin at the doses of 50 and 100

mg/kg (ISC+C50 and ISC+C100) (Fig. 2A). Similar results
were observed in the rat hippocampus, where ischemia also
significantly increased TBARS levels by 1.8-fold, as related to
the SO group. A smaller but significant increase was seen in
the ischemic group after treatment with the lower curcumin
dose (ISC+C25) which showed 1.3-fold increases. TBARS
values went towards those of the SO group, in the ischemic
groups after curcumin treatments with the two higher doses
(ISC+C50 and ISC+C100) (Fig. 2B).
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Fig 2: Determination of lipid peroxidation (TBARS assay) in brain cortex and hippocampus from ischemic rat pups, at the 3rd post-ischemia day.
Cortex: a. vs. SO, q=9.114; b. vs. ISC+C50, q=10.20; c. vs. ISC+C100, q=9.335; d. vs. ISC+C50, q=4.424. Hippocampus: a. vs. SO, q=8.058;
b. vs. ISC+C25, q=5.265; c. vs. ISC+C50, q=7.143; d. vs. ISC+C100, q=7.863 (One-way ANOVA and Tukey as the post hoc test).

Nitrite determination in rat cerebral cortex and
hippocampus
A 2.4-fold increase were demonstrated in nitrite contents, in
the rat cortex after ischemia, as related to the SO group, also
maintained in the ISC+C25 and ISC+C50 groups (3.0- and
1.6-fold increases, respectively). On the other hand, ischemic
groups treated with the higher curcumin dose (ISC+C100)

showed a 50% increase in nitrite levels, as related to the SO
group (Fig. 3A). In the hippocampus, the ischemic group
presented a 6.5-fold increase in nitrite contents, while a much
lower increase was observed in the ISC+C25 group (2.9-fold),
relatively to the SO group. Values close or even lower than
those shown in the SO group were demonstrated in the
ISC+C50 and ISC+C100 groups (Fig. 3B).

Fig 3: Determination of nitrite contents in brain cortex and hippocampus from ischemic rat pups, at the 3rd post-ischemia day. Cortex: a. vs. SO,
q=7.373; b. vs. ISC+C50, q=6.704; c. vs. ISC+C100, q=8.241. Hippocampus: a. vs. SO, q=7.811; b. vs. ISC+C25, q=4.458; c. vs. ISC+C50,
q=8.110; d. vs. ISC+C100, q=8.612 (One-way ANOVA and Tukey as the post hoc test).

Histological studies (Fluoro-jade staining)
We showed a 48% decrease in cell viability after ischemia in
the CA1 area, as related to the SO group. Interestingly, the
decrease in cell viability was somewhat less (38% decrease) in
the CA3. On the other hand, even higher percentage decreases
in cell viability were observed in the temporal cortex (55%

decreases) and in the DG (53% decreases), relatively to the SO
group (not shown). In all cases, complete reversions of
neuronal degeneration were demonstrated in the ischemic
groups, after curcumin treatments (ISC+C50 and ISC+C100),
and no differences between each of these groups and the SO
group (Fig. 4A, B, C, and D).
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Fig 4: Representative photomicrographs (magnification x400, scale bars=200 µm) of fluoro-jade staining in hippocampal CA1 and CA3 areas.
The data were analyzed by the Image J software (NIH, USA). CA1: a. vs. SO, q=50.91; b. vs. ISC+C50, q=49.20; c. vs. ISC+C100, q=51.57;
CA3: a. vs. SO, q=56.56; b. vs. ISC+C50, q=59.10; c. vs. ISC+C100, q=57.36. (One-way ANOVA and Tukey as the post hoc test).

Immunohistochemistry assays for TNF-alpha
While ischemia increased by 6.5-fold TNF-alpha
immunostaining in the CA1 area, as related to the SO group,
treatments with curcumin at the doses of 25 and 50 mg/kg
decreased TNF-alpha immunoreactivity by 68 and 49%,

respectively, and thus to values even lower than those of the
SO group. Similar increases (6.8-fold) were observed in the
temporal cortex (TC) in the ischemic group, in relation to the
SO group (Fig. 5).

Fig 5: Representative photomicrographs (magnification x400, scale bars=200 µm) of immunostaining for TNF-alpha in hippocampal CA1 and
temporal cortex (TC) areas. The data were analyzed by the Image J software (NIH, USA). CA1: a. vs. SO, q=20.80; b. vs. ISC+C25, q=24.51;
c. vs. ISC+C50, q=23.39; TC: a. vs. SO, q=23.74; b. vs. ISC+C25, q=25.67; c. vs. ISC+C50, q=27.01 (One-way ANOVA and Tukey as the post
hoc test).
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Immunohistochemistry assays for iNOS
A 4.9-fold increase in the immunostaining for TNF-alpha was
seen in the CA1 area after ischemia, as related to the SO
group. An even higher increase (19-fold) was observed in the
CA3 area. These alterations were reversed in the ischemic
pups after curcumin treatments, mainly with the higher dose
(50 mg/kg), and sometimes the values were lower than those
of the SO group. The highest increases (111-fold) were

detected in the temporal cortex, after ischemia, suggesting that
this area is very sensitive to brain injury and this alteration was
partially reversed after curcumin treatments. A similar profile,
although a less intense increase (42-fold) was seen in the
dentate gyrus, in the ischemic group, and also a partial
recovery towards the SO group values, after curcumin
treatments. These last results are not shown (Fig. 6).

Fig 6: Representative photomicrographs (magnification x400, scale bars=200 µm) of immunostaining for iNOS in hippocampal CA1 and CA3
areas. The data were analyzed by the Image J software (NIH, USA). CA1: a. vs. SO, q=9.519; b. vs. ISC+C25, q= 8.162; c. vs. ISC+C50,
q=8.267; CA3: a. vs. SO, q=26.75; b. vs. ISC+C25, q=22.84; c. vs. ISC+C50, q=24.33 (One-way ANOVA and Tukey as the post hoc test).
~ 25 ~
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Immunohistochemistry assays for COX-2.
We showed that ischemia increased by 9-fold the
immunoreactivity for COX-2 in the CA1, relatively to the SO
group. These alterations were reversed by curcumin
treatments. A similar profile was observed in the CA3 area
and, at the higher dose, the values were even lower than those

of the SO group. While smaller increases in the
immunoreactivity for COX-2 were seen after ischemia, in the
dentate gyrus (DG), as related to the SO group, higher
increases (33-fold) were demonstrated in the pups’ cerebral
cortex (TC). Again, in both areas these increases were reversed
after curcumin treatments, mainly at its higher dose (Fig. 7).

Fig 7: Representative photomicrographs of immunostaining for COX-2 in hippocampal CA1 and CA3 areas. CA1: a. vs. SO, q=37.78; b. vs.
ISC+C25, q=34.40; c. vs. ISC+C50, q=41.50; d. vs. ISC+C50, q=4.357; CA3: a. vs. SO, q=34.12; b. vs. ISC+C25, q=27.84; c. vs. ISC+C50,
q=37.86; d. vs. SO, q=6.592; e. vs. ISC+C50, q=10.51 (One-way ANOVA and Tukey as the post hoc test).
~ 26 ~
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4. Discussion
Stroke is one of the most significant health problems in the
world. Considering that the majority of strokes occur in the
elderly, its prevalence is expected to increase dramatically
with the increased life expectancy and advancing age of the
population. Evidences [10] indicate that the incidence of stroke
more than doubles in each successive decade, for people over
the age of 55. A few therapeutic options are available in the
clinic, as the thrombolytic tissue plasminogen activator (tPA)
which has been proven effective for the stroke treatment, when
given within 3 h after the onset of neurological symptoms.
Furthermore, the high costs associated with stroke point out to
the increased need for preventive therapy, early critical care
and rehabilitation [11].
Furthermore, the hypoxic-ischemic brain injury is one of the
main causes of disabilities in term-born infants, with a
complex and multifactorial etiology [5, 12-14]. In addition,
evidences indicate that the incidence of perinatal stroke is high
and similar to that in the elderly [5]. It is considered the single
most important cause of acute mortality and chronic disability
in newborns worldwide [15-17]). However, there are differences
between the adult and neonatal brain injuries after hypoxiaischemia. Thus, the immature brain may be more vulnerable to
oxidative damage than the adult brain, due to the high
concentration of unsaturated fatty acids and the availability of
redox-active iron in the developing brain [14, 18, 19].
It is widely accepted that inflammation plays an important role
in the pathogenesis of ischemic stroke, and evidences from
experimental and clinical studies show that the brain respond
to ischemic injury with an inflammatory process characterized
by rapid activation of resident cells, production of proinflammatory mediators and infiltration of various types of
inflammatory cells [20]. In addition, the involvement of
oxidative stress in ischemic reperfusion injury is well
established [21].
Curcumin, a main curcuminoid from Curcuma longa, besides
being used since ancient times as food spice in Asian
countries, is known to possess several biological properties,
including antioxidant, anti-inflammatory and anti-tumor ones
[22, 23]
. Curcumin has been shown to present a neuroprotective
effect in experimental models of ischemic brain injury in
rodents [24-27].
In the present study, we showed curcumin neuroprotective
actions in a global ischemia model, in young rats treated with
this drug for a short period of time. While ischemia
significantly decreased monoamines (DA, DOPAC and NE)
contents in the striatum, this effect was reversed by curcumin
treatments. Earlier studies [28] demonstrated that carotid
ligations and 2 h of 8%-oxygen environment in 7-day-old rat
pups led to a 70% decrease in endogenous striatal dopamine
levels. According to these authors, their data suggest that
dopamine release from striatal nerve terminals is associated
with events causing brain injury during perinatal hypoxiaischemia. Although in our study we used a slight different
model, our results are similar to the above ones.
The levels of DA, DOPAC and HVA were shown to increase
sharply after 1 h, in a model of transient brain ischemia in
adult rats. They remained high after 24 h and normalized after
72 h of recirculation [29]. According to these authors, the
increased DA metabolism in striatal nerve terminals, in
response to ischemic injury, may reflect an early degenerative
change in DA terminals. Recently [30], others have also
observed that brain ischemia triggers excessive release of
neurotransmitters that mediate neuronal damage, following
ischemic injury. The release of DA from ischemic neurons
directly contributes to cell death in compromised areas. Our

group has already demonstrated significant decreases in striatal
DA contents, 3 and 7 days after global ischemia, in adults as
well as in rat pups. The reason for this discrepancy is probably
due to the time windows for monoamine measurements.
We also showed a high percentage of non-viable neurontin the
hippocampus after brain ischemia, visualized as an intense
fluorescence, as evaluated by fluoro-jade staining. The
neuronal degeneration was observed not only in the CA1 and
CA3 areas, but also in the dentate gyrus and brain cortex, as
related to the SO group. These effects were completely
reversed in the ischemic group after curcumin treatments.
The immunoreactivity for the pro-inflammatory cytokine
TNF-alpha increased by almost 7-foldin the CA1 and CA3
areas, after ischemia, and went to values even lower than those
of the SO group, in ischemic groups after curcumin treatments.
Previously [31], curcumin was shown to inhibit expression of
pro-inflammatory cytokines, including TNF-alpha in HaCaT
cells, and blocked the activation of NF-kappaB by TNF-alpha,
in TNF-alpha-stimulated human endothelial cells [32].
Evidences [31] indicated that TNF-alpha induces proinflammatory cytokines, as IL-1beta, IL-6, IL-8, and itself by
activation of NF-kappaB or MAPKs. According to these
authors, curcumin exerts anti-inflammatory and growth
inhibitory effects in TNF-alpha-treated HaCaT cells through
inhibition of those pathways.
In addition, in the present study we showed that
immunoreactivities for iNOS and COX-2 were drastically
increased in several hippocampal areas, after ischemia, and
these changes were reversed by curcumin treatments.
Interestingly, in both cases the greatest effects were observed
in the temporal cortices, followed by CA1 and CA3 areas.
Similar data were recently observed by us, after prenatal
curcumin administration in a model of global ischemia in rat
pups [9].
Evidences [33-35] have already indicated curcumin to be a potent
scavenger of free radicals and nitric oxide as well. Curcumin
also reduces oxidative damage, in a model of Alzheimer
disease in transgenic mice [36], and suppressed iNOS activity
by promoting the ubiquitination and degradation of iNOS,
after LPS stimulation in RAW 264.7 cells [37]. Besides,
curcumin also inhibits COX-2 expression in HL-60 cells
stimulated by LPS [38]. Furthermore, the anti-inflammatory
effect of curcumin is probably mediated by its ability to
inhibitCOX-2, LOX and iNOS, important enzymes that
mediate inflammatory processes [39]. Curcumin has also been
shown to regulate a number of inflammation signaling
pathways, including the eicosanoid pathway involving COX
and LOX enzymes [40].
Much of our understanding on the pharmacological effects of
Curcuma longa derives from researches on curcumin. It can
protect DNA against single strand breaks induced by a single
oxygen, and is a potent anti-inflammatory agent [41]. Orally, it
inhibits neutrophil function, platelet aggregation and
lymphocyte activity [42]. Curcumin also promotes fibrinolysis,
stabilizes lysosomal membranes and inhibits NF-kappaB
activation (resulting in downregulation of multiple
inflammatory genes) [43].
In conclusion we showed that, besides modulating brain
monoamines, curcumin is a potent antioxidant and antiinflammatory drug, inhibiting not only pro-inflammatory
cytokines as TNF-alpha but also enzymes involved in
inflammation signaling pathways. These effects associated to
the safety profile point out to the potential of curcumin for
prevention and treatment of diseases associated to
inflammation responses, as brain ischemia, and should
stimulate pharmaceutical industries to find a curcumin
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derivative presenting a better bioavailability.
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