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CURCUMIN REDUCES OXIDATIVE STRESS IN
OVARIECTOMIZED RAT BRAIN SUBJECTED TO
CHRONIC CEREBRAL HYPOPERFUSION

ABSTRACT

Introduction: Curcumin, the major constituent of turmeric, exhibits both antioxidant and
anti-inflammatory activities. In the present study, we investigated whether or not curcumin
reduces oxidative stress in ovariectomized female rat brain by using a model of chronic cerebral
hypoperfusion.

Materials and Method: Chronic cerebral hypoperfusion was induced by permanent ligation
of both common carotid arteries. Animals (a total of 30 adult female Wistar Albino rats, 4-6
months old) were randomly divided into three groups: sham control, ischemia, and ischemia plus
daily curcumin treatment (100 mg/kg) for 14 days. At day 14 after the ligation, malondialdehyde
(MDA) and reduced glutathione (GSH) contents of brain tissues were measured in all groups.

Results: Ischemia caused a significant increase in MDA content but a meaningful decrease
in GSH levels. Treatment with curcumin, however, lowered MDA and elevated GSH contents
significantly in ischemic brain tissue, bringing their levels back to that of the sham group.

Conclusion: Our results suggest that curcumin attenuates both oxidative stress and lipid
peroxidation in chronic cerebral hypoperfusion, which is an animal model of vascular dementia.
Following further in depth investigations into underlying molecular mechanism(s), we believe
that therapeutic efficacy of curcumin deserves to be tested for potential clinical application
especially in postmenopausal elderly women suffering from vascular dementia.
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Oz

Giris: Turmerigin majér komponenti olan kurkumin hem antioksidan hem de antiinflamatu-
ar aktivite gostermektedir. Calismamizda, kronik serebral hipoperflizyon modelini kullanarak,
overleri alinmis disi sican beyininde, kurkuminin oksidatif stresi azaltip azaltmadigini arastirdik.

Gere¢ ve Yéntem: Kronik serebral hipoperftizyon, her iki karotid komunis arterin kalici ligas-
yonu ile saglandi. Denekler (4-6 aylik toplam 30 adet yetiskin Wistar Albino disi sicanlar) rastge-
le Ui¢ gruba ayrildi: sham kontrol, iskemi ve 14 glin boyunca guinltik kurkumin (100 mg/kg) veri-
len iskemi grubu. Ligasyon sonrasi 14lincu glinde tim gruplardaki beyin dokularinin malondial-
dehid (MDA) ve indirgenmis glutatyon (GSH) icerikleri dlctild.

Bulgular: iskemi, MDA iceriginin ileri dercede ytikselmesine neden olurken GSH seviyesini an-
lamli derecede azaltti. Diger yandan, kurkumin tedavisi iskemik beyin dokusunda anlamli derece-
lerde MDA dUzeyini dstirerek ve GSH icerigini yukselterek, degerlerin sham grubundakiler sevi-
yesine geri dénmesini sagladi.

Sonug: Elde ettigimiz sonuglar, vasktler demansin deneysel hayvan modeli olan kronik sereb-
ral hipoperflizyonda kurkuminin hem oksidatif stresi hem de lipid peroksidasyonunu azalttigini
O6nermektedir. Altta yatan molekiler mekanizmalarin derinlemesine daha fazla arastirimasi son-
rasinda inaniyoruz ki kurkuminin tedavideki verimliligi, klinik uygulamalar icin &zellikle de vasku-
ler demansl menopoz sonrasi yasl kadinlarda test edilmesine layik olacaktir.

Anahtar Sézciikler: Kurkumin; Kronik serebral hipoperflizyon; Oksidatif stres.
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INTRODUCTION

erebrovascular diseases, manifesting cerebral arteriosclero-
Csis and infarction, result in chronic cognitive impairment,
which constitutes the second most common form of dementi-
a in the elderly: vascular dementia (1,2). A persistent decrea-
se in cerebral blood flow is observed not only in Alzheimer’s
disease (AD) but also in vascular dementia and post-stroke
hypoperfusion. Decreased cerebral blood flow correlates well
with the extent of memory impairment (3). Recent studies
show that decrease in cerebral blood flow precedes onset of
vascular dementia and that chronic cerebral hypoperfusion
may be a trigger for vascular dementia and the accompanying
cognitive decline (1,4). Permanent occlusion of both common
carotid arteries generates a moderate but chronic ischemia as-
sociated with cognitive alterations and neuronal degeneration
in rats. The model has been a valuable tool that provides in-
sight into the pathophysiology of chronic cerebrovascular di-
sorders in general and of vascular dementia in particular (2,4).
A number of different biochemical pathways and mechanisms
appear to participate in development of hypoxic-ischemic bra-
in injury. Oxidative stress has an especially important contri-
bution to hypoperfusion-induced neuronal damage (2,5-7).

During menopause, ovarian estrogen production ceases,
potentially influencing functions of the central nervous sys-
tem (CNS). Moreover, women are dramatically affected by va-
rious neurological disorders during postmenopausal ages,
such as memory loss, mild cognitive impairment, ischemic
stroke, Parkinson’s disease, and AD (8,9). Acute loss of ovari-
an hormones were reported to cause damage to neuronal
membranes. Furthermore, suppression of ovarian function
correlates with reduced activation of brain regions that are as-
sociated with memory processing (10).

Curcumin, a yellow-orange dye extracted from the spice
turmeric, has many beneficial effects such as anti-inflammati-
on, anti-oxidation, and anti-carcinogenesis (11-13). Several
animal studies show that curcumin has neuroprotective effects
in both global (14) and focal (11,15,16) cerebral ischemia. Se-
veral lines of work also demonstrate that curcumin has free ra-
dical scavenging activity; thus, protecting against reactive
species (11,17). Moreover, curcumin could prevent or reduce
oxidative stress-induced progression of age-related neurode-
generative disorders such as AD (17).

Pharmacological treatment of cognitive disorders in de-
mentia has been lacking despite extensive efforts for effective
therapy at both neuronal and vascular level. Targeting vascu-
lar mechanisms in dementia may be an important therapeutic
option (18). Recent studies have focused mainly on dietary
antioxidants and plant-derived polyphenolic compounds for
preventing neurons from harmful effects of both aging and ot-

her neurodegenerative processes. The second most common
cause of cognitive impairment and dementia is stroke. Diag-
nosing stroke promptly and determining an appropriate tre-
atment that can help or substantially delay onset and progres-
sion of cognitive impairment/dementia, has been quite a chal-
lenge. Previous studies demonstrated that curcumin exhibits
remarkable neuroprotective effects in global and focal cereb-
ral ischemia through its antioxidant and anti-inflammatory
effects. On the other hand, the effect of curcumin on oxidant
status in chronic cerebral hypoperfusion has not been reported
so far. The purpose of the present study is, therefore, to eva-
luate whether long term administration of curcumin could at-
tenuate oxidative stress induced by chronic cerebral hypoper-
fusion in ovariectomized female rats. Based on the previous
studies in literature, the model used in the present study mi-
mics vascular dementia in postmenopausal women.

MATERIALS AND METHOD

Animals

A total of 30 adult female Wistar Albino rats (4-6 months
old, 200-250 g) were used for the experiments. At 4 to 6 we-
eks prior to the study, animals were bilaterally ovariectomi-
zed under ketamine (70 mg/kg, i.p.) anesthesia to eliminate
endogenous estradiol and progesterone production. Animals
were maintained in their cages at constant room temperature
using a 12 h: 12 h light/dark cycle and housed under standard
conditions. All protocols followed in the present study were
approved by the animal care and use committee of the insti-
tution where the work was carried out. Animals had free ac-
cess to food and water before and after surgery.

Surgery

Chronic cerebral hypoperfusion was generated by bilateral li-
gation of common carotid arteries. Following anesthesia with
ketamine (90 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.) a
midline cervical incision was made in which both common
carotid arteries were exposed and gently separated from caro-
tid sheath and vagus nerve. Then, in the ischemic groups,
each artery was ligated with a 5/0 silk suture. In the sham
control group, animals were subjected to the same operation
without ligation. The rectal temperature was maintained at
37 °C during the surgical procedure with a heating lamp. Af-
ter the surgical operation, rats were kept in cages with food
and water ad libitum.

Experimental Design

Rats were randomly divided into groups of sham, ischemia
and ischemia treated with curcumin (100 mg/kg). Once-daily
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oral administration of curcumin was started on day 1 and ter-
minated on the day of sacrificing (day 14). On day 14, brain
tissues were carefully collected and stored at 40 °C. In the tre-
atment procedure, curcumin was mixed with peanut butter,
while animals in control groups received only peanut butter.
All animals showed remarkable adjustment for eating the
newly introduced food. The curcumin dosage was based on
previous studies showing its neuroprotective effects in the rat
model of focal cerebral ischemia (14,16).

Biochemical Analysis

Oxidant and antioxidant status of rat brain subjected to hypo-
perfusion was assessed by measuring levels of lipid peroxida-
tion and reduced glutathione (GSH).

Lipid peroxidation was evaluated by measuring the level
of malondialdehyde (MDA), a by-product of lipid peroxidati-
on (19). Briefly, by using a motor-driven pestle, tissue samp-
les were homogenized in ice-cold trichloroacetic acid (TCA)
by adding 10 ml of 10% TCA per 1g of tissue. After centri-
fugation, 750pl supernatant was added to an equal volume of
0.67% thiobarbituric acid and heated to 100 °C for 15 min.
The absorbance of the samples was measured spectrophoto-
metrically at 535 nm.

The GSH content of the samples was measured by a mo-
dified Ellman method (20). To the 0.5 ml of supernatant ob-
tained by using the same homogenization procedure as descri-
bed above, 2 ml of 0.3 M Na,HPOj, solution was added. A
0.2 ml solution of dithiobisnitrobenzoate was added into the
mixture, and the absorbance at 412 nm was measured imme-
diately after vortexing.

Data Analysis

Each data point represents mean = SEM. (# = 10 for each
group in all experiments). For statistical evaluation, SPSS
11.0 statistical software package program was used (SPSS
Inc., Chicago, IL, USA). One-way analysis of variance (ANO-
VA) was applied for statistical comparison of groups, followed
by analysis with post-hoc Tukey test to determine differences
between the groups. Probability values of 0.05 or less were
considered statistically meaningful.

ResuLTS

schemia increase the average MDA content significantly
I(75.14 + 5.63 nmol/g tissue) compared to that measured in
the sham group (44.97 + 4.79 nmol/g tissue). However, tre-
atment with curcumin significantly reduced the MDA con-
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Figure 1— Effect of curcumin on lipid peroxidation of brain tissue sub-
jected to chronic cerebral hypoperfusion. Data is shown as mean +
S.EM. (n=10). "*" and “+" (p < 0.05) indicate statistical significance
compared to sham and hypoperfused groups, respectively.

Table 1— Values of MDA and GSH, Measured in Each Experimental
Group as Mean + SE

MDA nmol/g GSH umol/g
Groups tissue tissue
Sham control (n=10) 44.97 + 4.79a 0.61 +0.02a
Ischemia (n=10) 75.14 £ 5.63b 0.28 £ 0.030
Curcumin-treated 54.35 + 6.41¢ 0.66 = 0.06¢

ischemia (n=10)

Analysis with Tukey post hoc test. (a,b), (b,c) p <0.05.

tent of the cerebral tissue to control levels, averaging 54.35 =
6.41 nmol/g tissue (Figure 1, Table 1).

Average GSH content of the tissues in the ischemia group
was approximately 46% of that of the sham control group
(0.28 + 0.03 vs. 0.61 + 0.02 mmol/g tissue) and the differen-
ce between the groups were statistically meaningful (p < 0.01)
(Figure 2). Average GSH contents in sham control and curcu-
min-treated animals (0.66 + 0.06 mmol/g tissue) were indis-
tinguishable (P = 0.70). The treatment caused a remarkable
increase in the GSH content (Table 1).
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Figure 2— Effect of curcumin on GSH content of brain tissue subjected
to chronic cerebral hypoperfusion. Data is shown as mean + S.E.M. (n
=10). "*" and "+" (p < 0.05) indicate statistical significance compared
to sham and hypoperfused groups, respectively.
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DiscussION

he present study demonstrates that postischemic treat-
Tment with curcumin prevents oxidative stress and lipid
peroxidation in brain tissue of rats subjected to chronic cereb-
ral hypoperfusion. We evaluated tissue MDA levels produced
by peroxidation of unsaturated fatty acids in cell membranes.
This biochemical reaction is catalyzed by free radicals produ-
ced by ischemia (i.e. chronic hypoperfusion). We also exami-
ned tissue content of GSH which plays an important role in
protection against ischemic neuronal injury caused by oxida-
tive stress. Postischemic curcumin administration (100
mg/kg, p.o.) prevented not only depletion of GSH but also
elevation of MDA content. In another words, curcumin redu-
ced both oxidative stress and lipid peroxidation. Because oxi-
dative stress is closely linked to ischemic neuronal death, cur-
cumin with its potent antioxidant property is anticipated to
exert neuroprotective effects in our model.

Both the rate of cerebral perfusion and morphological in-
tegrity of the cerebral circulatory network play crucial roles
for the physiological functioning of neurons and memory pro-
cesses (1). A reduction in cerebral blood flow is implicated not
only in vascular dementia but also in other types of dementi-
a, such as AD (21). In the rat model of AD, two factors were
proposed to be present before cognitive dysfunction and ne-
urodegeneration is evident in the brain: advanced aging and a
condition that decreases cerebral perfusion (5). Free radical
generation, oxidative stress, and inflammation possibly con-
tribute to the injury resulting from chronic cerebral hypoper-
fusion in animal models (2,5-7). Clinical findings also de-
monstrate that free radicals are able to mediate degeneration
and death of neurons. Therefore, free radicals are likely asso-
ciated with the pathogenesis of such neurodegenerative disea-
ses as AD and vascular dementia (1,2). Oxygen free radicals
are toxic to neurons, triggering chain reactions that result
eventually in CNS injury (22). In the current study, whole
brain tissue was used for measurements of MDA and GSH.
This might be a pitfall for the study since dementia is invol-
ved with some areas of the brain (i.e. hippocampus). However,
assuming that average amounts of MDA and GSH in the rest
of the brain are in the same narrow range for each animal,
whole brain would be safe for the measurements.

At menopause, circulating levels of estrogens decrease
dramatically, influencing many brain processes that increase
the prevalence of AD, stroke, and other forms of cerebrovas-
cular diseases (9). There is some evidence that estrogen in
CNS provides neuroprotection against various types of neuro-
toxicity in cellular and animal models (23). Functions of the
brain were reported to be modulated by physiological variati-

ons in ovarian function. Thus, acute loss of ovarian hormones
increases the fragility of neuron membranes. Furthermore,
acute suppression of ovarian function possibly reduces activa-
tion of brain regions associated with memory (10,24). There-
fore, the purpose of the current study was to evaluate whether
long term administration of curcumin could attenuate oxida-
tive stress and neuronal injury in chronic cerebral hypoperfu-
sion of ovariectomized female rats. Our data showed that the
tissue levels of GSH decreased while those of MDA increased
in response to chronic cerebral hypoperfusion. Our results al-
so showed that MDA content was markedly decreased and
that GSH content significantly increased in the treatment
group, suggesting curcumin may provide an efficient neurop-
rotection at least through attenuation of both oxidative stress
and lipid peroxidation.

Neurons are very susceptible to ischemic events since oxi-
dative metabolism and content of polyunsaturated fatty acids
are high, whereas activities of antioxidant enzymes are relati-
vely low in the CNS (25). In the present study, a significant
increase in lipid peroxidation was observed as a result of free
radical generation induced by chronic cerebral hypoperfusion.
Furthermore, the concomitant decrease in GSH content was
significant. Postischemic administration of curcumin remar-
kably reversed the tissue contents of MDA and GSH. Previo-
us studies in the treatment of stroke show that curcumin
exerts some beneficial effects through various processes, such
as keeping intracellular Ca+2 at low levels, reducing nitric
oxide-induced peroxynitrite and apoptosis (26), inhibiting li-
pid peroxidation (17), preventing endothelial cell damage in
cerebral capillaries, alleviating vasogenic edema, and enhan-
cing the stability of the blood-brain barrier (12). In addition,
curcumin augments activities of such antioxidant enzymes as
SOD, GSH, glutathione-s-transferase, catalase, and glutathio-
ne peroxidase (27). Moreover, Wu et al. (20006) reports that
curcumin decreases oxidative stress in traumatic brain injury
possibly via the BDNF system (28).

GSH is the most abundant non-protein thiol in the brain
tissue (29). It is an endogenous antioxidant that participates
in elimination of free radicals; thus, providing protection aga-
inst oxidative stress (30). Therefore, the most important and
significant alteration in antioxidant system is the decrease in
GSH content. Depleted GSH or genetically deleted GSH pe-
roxidase exacerbate the infarct size in transient focal ischemi-
a which provides further evidence that preservation of GSH-
mediated antioxidant defense is very important for cell survi-
val (31). In the present study, chronic cerebral hypoperfusion
decreased the GSH content in the brain tissue. However, tre-
atment with curcumin reversed the disturbed level of GSH.
Curcumin leveled off GSH content during chronic cerebral
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hypoperfusion, an effect that may be related to its free radical
scavenging action, thus minimizing the amount of these radi-
cals, synergizing the enzymes and normalizing their activity.
The data collected in the current study are consistent with
those from previous studies in which treatment with curcu-
min increased GSH content, enhanced SOD activity, and lo-
wered lipid peroxidation in both global and focal cerebral isc-
hemia (14,17).

Besides oxidative stress, chronic cerebral hypoperfusion is
also associated with reactive atrogliosis and activation of mic-
roglial cells (21,32). Reactive gliosis can produce excess amo-
unts of cytokines, inflammatory products, and oxygen free ra-
dicals that exacerbate ischemic injury. Curcumin is reported
to exert anti-inflammatory effect in many studies. This effect
of curcumin is possibly mediated by its ability to inhibit
cyclooxygenase-2 (COX-2), lipoxygenase (LOX), and indu-
cible nitric oxide synthase (iNOS) (12,17,33). Moreover, it
inhibits expression of proinflammatory cytokines by nuclear
factor-kappa-Beta (12,34). Therefore, the anti-inflammatory
effect of curcumin is assumed to contribute to the beneficial
effects observed in the current study possibly through redu-
cing the amount of free radicals released by leukocytes.

Many studies have focused on antioxidants for developing
neuroprotective agents in treatment of stroke, which is an
acute and progressive neurodegenerative disorder and the se-
cond leading cause of death in the world. Curcumin is able to
cross the blood- brain barrier. Moreover, it potentially inhi-
bits formation of amyloid beta oligomers and fibrils in mice
(35). Therefore, curcumin has been recommended for clinical
trials to prevent or treat AD and other types of neurodegene-
rative diseases. Results of the present study indicate that cur-
cumin provides protection against oxidative stress and lipid
peroxidation triggered by chronic cerebral hypoperfusion,
which imitates vascular dementia. Thus, curcumin treatment
appears to be a promising pharmacological agent to develop
therapeutic approaches for prevention or treatment of cereb-
rovascular diseases such as vascular dementia, especially in
women of advanced age and women experiencing menopause.
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