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Protective effects of luteolin and curcumin on oxidative stress induced by
sodium nitroprusside in the brain
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Free radicals can cause oxidative damage to several biomolecules in the cells such as proteins, DNA,
and lipids, resulting in an increased risk for neurodegenerative diseases. Polyphenolic compounds have
been inversely associated with risk of major diseases such as neurodegenerative disease in human.
Therefore, there is a need for more investigations about the health benefits and efficacy of polyphenolic
compounds. In this study, | established in vivo and in vitro oxidative stress models by sodium
nitroprusside (SNP) and then evaluated the protective effects of luteolin and curcumin against oxidative

damage. It was found that these compounds had potent protective effects against oxidative stress.

Chapter 1: In vivo oxidative stress model induced by microinjection of sodium nitroprusside in mice
brain.

SNP is a vasodilator substance which releases several potentially toxic products such as cyanide anion,
NO and iron during its decomposition. The mechanism of cell death and motor dysfunction induced by
microinjection of SNP in mice was investigated to establish a brain oxidative stress model in order to
evaluate protective effects of antioxidant substances. Intrastriatal microinjection of SNP (1-10 nmol)
induced brain damage and motor dysfunction in a dose-dependent manner when the effects were evaluated
with behavior tests and histological analysis. NOC-18 (10 nmol), a NO-donor substance, and KCN (10
nmol) did not cause brain damage and motor dysfunction, but FeCl, (10 nmol) caused motor dysfunction.
In addition, deferoxamine (10 nmol), an iron-chelating agent, prevented SNP-induced brain damage and
motor dysfunction. These results suggest that cell death induced by injection of SNP is caused by iron-

related radical reactions, but not by NO and cyanide anion.

Chapter 2: Protective effects of luteolin on oxidative stress model induced by microinjection of
sodium nitroprusside in mice brain.

Previous reports showed that luteolin, a polyphenolic compound has anti oxidant, anti cancer and anti-
inflammatory effects. However, there is less report about the effects of luteolin on the central nervous
system (CNS) associated with neurologic disorders. | evaluated whether administration of luteolin can
protect SNP-induced oxidative damage in mice brain. Luteolin was administered by intrastriatal or oral
and brain damage was evaluated by behavior tests and histological analysis. Intrastriatal co-injection of
luteolin (3 - 30 nmol) with SNP (10 nmol) dose-dependently prevented brain damage and motor
dysfunction. RP-HPLC analysis determined the luteolin level in the plasma which was sufficiently
absorbed after oral administration. Oral administrations of luteolin (600 - 1200 mg/kg) dose-dependently

protected brain damage and motor dysfunction induced by striatal injection of SNP. Furthermore, luteolin




(1 - 100 pg/ml) showed potent DPPH radical scavenging abilities, when compared to the positive control
ascorbic acid and glutathione. lron chelating assay showed that luteolin has iron chelating activity by
higher concentrations (30 — 100 ug/ml) when compared with control. These results suggest that luteolin

potently protects mice brain from SNP-induced toxicity by radical scavenging and iron chelating effects.

Chapter 3: Protective effect of curcumin against oxidative stress induced by sodium nitroprusside in
vivo and in vitro.

Curcumin, a polyphenolic compound extracted from Curcuma longa has been reported to have several
activities such as anti cancer, anti-inflammatory and antioxidant. However, the bioavailability of curcumin
is lower by oral administration. | investigated the protective effects of the standard formulation of
curcumin (SF-Cur) and nano-formulation of curcumin (NF-Cur) against SNP-induced oxidative damage
in vivo and in vitro. Intrastriatal microinjections of SF-Cur or NF-Cur prevented SNP-induced brain
damage and motor dysfunction. Pre-administration of NF-Cur (1 - 3 g containing 100 - 300 mg/kg
curcumin, p.o.) for 24 h, dose-dependently protected brain damage and motor dysfunction induced by
striatal injection of SNP. However, oral administrations of the same concentrations of SF-Cur did not
prevented SNP-induced brain damage and motor dysfunction, suggesting higher bioavailability of NF-Cur
following oral administration.

Then, I investigated the protective effects and mechanisms of protective effects of SF-Cur and NF-Cur
against SNP-induced damage in rat primary striatal cell culture in vitro. Treatment of rat striatal cell
culture with SF-Cur or NF-Cur (10 uM) significantly protected SNP-induced cytotoxicity. SF-Cur and
NF-Cur (10 uM) significantly elevated intracellular GSH level in the striatal cell culture. However,
treatment of cell culture by SNP (300 uM) significantly depleted GSH content of the cells, but curcumin
attenuated the SNP-induced GSH depletion. Moreover, SF-Cur (1 - 100 pg/ml) showed
potent DPPH radical scavenging abilities, when compared to the positive control. Finally, iron chelating
assay showed that SF-Cur has iron chelating ability with higher concentrations (10 - 100 ug/ml). These

results suggest that curcumin protected SNP-induced toxicity, by scavenging and chelating effects.

In summary, | established in vivo brain oxidative stress model by SNP-toxicity and found that iron
moiety of SNP was involved in cell death induced by SNP. Using this in vivo model, I found that luteolin
induces a potent protective effect against SNP-toxicity by its radical scavenging and iron chelating effects.
Moreover, local administration of SF-Cur and NF-Cur or oral administration of NF-Cur, potently
protected brain damage induced by SNP-toxicity. It is suggested that NF-Cur increases its bioavailability
following oral administration.

In conclusion, this study suggests that luteolin and curcumin protected CNS neurons against oxidative

stress.
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