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1. Introduction 
Turmeric, derived from the plant Curcuma longa, is a gold-

colored spice commonly used in the Indian subcontinent, not only for 

health care but also for the preservation of food and as a yellow dye 

for textiles. Curcumin, which gives the yellow color to turmeric, since 

the time of Ayurveda numerous therapeutic activities have been 

assigned to turmeric for a wide variety of diseases and conditions, 

including those of the skin, pulmonary, and gastrointestinal systems, 

aches, pains, wounds, sprains, and liver disorders. Extensive research 

within the last half century has proven that most of these activities, 

once associated with turmeric, are due to curcumin. Curcumin has 

been shown to exhibit antiviral [1,2], antibacterial [3], anti-fungal [4], 

antimalarial [5,6], antiparasitic [7-10], anti-AIDS [11], antidepressant 

[12.13], anti-spasmodic [14], antivenomic [15], antiatherosclerosis 

[16], contraceptive [17], anticataract [18,19], anti-cyctic fibrosis 

[20,21], antiepilepsy [22], anti-hyalinen membrane disease (HMD) 

[23], antihypolipidemic [24], hepatoprotectives [25], effective in lung 

disease [26], antiosteoprosis [27], antiparkinson [28] and effective in 

renal diseases [29-31] etc. curcumin also exhibited antioxidant, anti-

inflammatory, anticancer activities and thus has a potential against 

various malignant diseases, diabetes, allergies, arthritis, Alzheimer’s 

disease, and other chronic illnesses. These effects are mediated 

through the regulation of various transcription factors, growth 

factors, inflammatory cytokines, protein kinases, and other enzymes. 

Curcumin exhibits activities similar to recently discovered tumor 

necrosis factor blockers, a vascular endothelial cell growth factor 

blocker, and human epidermal growth factor receptor blockers. 

Considering the recent scientific band wagon that multi targeted 

therapy is better than mono targeted therapy for most diseases [32-

40]. 

Curcumin is one such medicine. Its history goes back over 

5000 years, to the heyday of Ayurveda (which means the science of 

long life). Turmeric derived from the rhizome of the plant Curcuma 

longa has been used by the people of the Indian subcontinent for 

centuries with no known side effects, not only as a component of food 

but also to treat a wide variety of ailments. Turmeric is a spice of 

golden color that is used in cooking in the Indian subcontinent. 

Because of its color and taste, turmeric was named “Indian saffron” in 

Europe. Today, India is the primary exporter of turmeric (known as 

haldi in India). Although its ability to preserve food through its 

antioxidant mechanism, to give color to food, and to add taste to the 

food is well known, its health promoting effects are less well 

recognized or appreciated. It was once considered a cure for jaundice, 

an appetite suppressant, and a digestive. In Indian and Chinese 

medicines, turmeric was used as an anti-inflammatory agent to treat 

gas, colic, toothaches, chest pains, and menstrual difficulties. This 

spice was also used to help with stomach and liver problems, to heal 

wounds and lighten scars, and as a cosmetic. Turmeric was 

mentioned in the writings of Marco Polo concerning his 1280 journey 

to China and India and it was first introduced to Europe in the 13th 

century by Arab traders.  

Although Vasco de Gama (a Portugeese sailor) during 15th 

century, after his visit to India, truly introduced spices to the West, it 

was during the rule of British in India that turmeric was combined 

with various other spices and renamed “curry powder,” as it is called 

in the West. Epilepsy affects approximately 50 million people of 

whom about 40 million people lack appropriate treatment and is 

emerging fast as a hindrance to many lives. On the other hand, the 

abundant side effects of the existing antiepileptic drugs (AEDs) are of 

great concern for both patients and physicians. The long term use of 

traditional medicines for prophylaxis is ruled out in the treatment of 

epilepsy, since the unpredictability of seizure occurrence limits their 

therapeutic efficacy. Furthermore, cognitive defects pose a serious 

threat in epileptic patients and the worsening effects of the existing 

AEDs are anchoring the cognitive deficits of the epileptic patients. 

Although extensive research on the neurobiological bases was 

performed to understand the role of neurochemicals in regulation of 

epilepsy, studies showing the involvement of brain catecholoamines 

and indoleamines in seizure reduction are meager. However, a few 

studies have reported the protective effect of norepinephrine (NE) 

against electroshock induced GTC seizures, and serotonin (5-HT) 

against pentylenetetrazole (PTZ) induced absence seizures, throw 

some light on the role of neurotransmitters in the treatment of 

seizures, involvement of brain monoamines, mainly the NE and 

dopamine (DA), in mediating the cognitive tasks in patients with 

Alzheimer’s disease. Additionally, several publications have provided 

information on seizures and their treatment, although very few 

attempts have been made to study the effect of drugs on memory 

after seizure inductement, the role of monoamines in protection from 

seizure occurrence and memory impairment, and the effect of 

standard AED treatment on memory. In view of these findings, we 

have chosen curcumin–the active constituent of Curcuma longa–

which has been claimed to possess efficacy in the treatment of 
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Alzheimer’s disease , MAO-A & B inhibitory activity enhancement of 

brain monoamine levels, and rhizomes being cited in the database for 

Indian medicinal plants in the treatment of epilepsy, for which no 

reported evidence was available, all these factors had made us to 

focus on the objectives of the present study, to evaluate: 1) the 

protective effect of curcumin on the Maximal electro shock (MES) 

induced seizures; 2) effect on memory retention after seizure 

induction; and 3) effect on the neurotransmitter levels in various 

regions of rat brain [40-56]. 

 

2. Composition of turmeric 
Turmeric contains a wide variety of phytochemicals, 

including curcumin, demethoxycurcumin, bisdemethoxycurcumin, 

zingiberene, curcumenol, curcumol, eugenol, tetrahydro curcumin, 

triethylcurcumin, turmerin, turmerones, and turmeronols. 1) 

Curcumin, demethoxycurcumin, and bisdemethoxycurcumin have 

also been isolated from Curcuma mangga, 2) C. longa, C. cassia C. 

zedoaria, 3) Costus speciosus, 4) C. xanthorrhiza, C. aromatica, 5) C. 

phaeocaulis, Etlingera elatior, 6) and Zingiber cassumunar 7) 

Curcumin is the phytochemical that gives a yellow color to turmeric 

and is now recognized as being responsible for most of the 

therapeutic effects. It is estimated that 2–5% of turmeric is 

curcumin [57,58].  

 

3. Curcumin and its analogues 
Curcumin was first isolated from turmeric in 1815, and 

structure was elucidated in 1910 as diferuloylmethane. Curcumin is 

hydrophobic in nature and frequently soluble in dimethylsulfoxide, 

acetone, ethanol, and oils. When exposed to acidic conditions, the 

color of turmeric/curcumin turns from yellow to deep red, and the 

form in which it is used routinely for various religious ceremonies. 

Turmeric contains three different analogues of curcumin (i.e., 

diferuloylmethane, also called curcumin, demethoxycurcumin, and 

bisdemothycurcumin. Whether all three analogues exhibit equal 

activity is not clear. Although in most systems curcumin was found to 

be most potent, in some systems bisdemethoxycurcumin was found 

to exhibit higher activity. There are also suggestions that the mixture 

of all three is more potent than either one alone. When administered 

orally, curcumin is metabolized into curcumin glucuronide and 

curcumin sulfonate. However, when administered systemically or 

intraperitoneally, it is metabolized into tetrahydrocurcumin, 

hexhyrdrocurcumin, and hexhydrocurcuminol. Tetrahydrocurcumin 

has been shown to be active in some systems and not in others 

[57,58].   

 

4. Uses of curcumin 

The use of turmeric for health purposes is nothing new. As 

a folklore medicine, its use has been documented in both Indian and 

Chinese cultures. The long list of uses include antiseptic, analgesic, 

anti-inflammatory, antioxidant, antimalarial, insect repellant, and 

other activities associated to turmeric.[4,20–27]. Perhaps one of the 

most often prescribed uses is for wound-healing.[28] This activity is 

well known to people from the Indian subcontinent. Modern research 

has provided considerable evidence, and the mechanism by which 

turmeric/curcumin could accelerate wound-healing has been 

described.[29–36] It is now well recognized that most chronic 

diseases are the result of disregulated inflammation,[37,38] Turmeric 

has been traditionally described as an anti-inflammatory agent. 

Recent scientific evidence has indeed demonstrated that turmeric, 

and curcumin in particular, exhibits potent anti-inflammatory 

activities as determined by a wide variety of systems.[39–49] 

Therefore, it is not too surprising that turmeric displays activities 

against a variety of diseases. Because curcumin also exhibits potent 

antioxidant activity, whether the anti-inflammatory activity of 

curcumin is mediated through its antioxidant mechanism is not clear. 

Since most well-characterized antioxidants do not exhibit 

antinflammatory activity, it is unlikely that the anti-inflammatory 

activity of curcumin is due to its antioxidant activity [40-56]. 
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Figure 1. Chemical structures of curcumin and its analogues 
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5. Disease targets of curcumin 
The research has revealed that curcumin has potential 

against a wide variety of diseases, both malignant and nonmalignant. 

The potential of curcumin, however, has not been systematically 

examined through the modern multicenter, randomized, doubleblind, 

placebo-controlled clinical trial. Its potential in humans is indicated 

either through preclinical studies, some pilot studies in humans, 

anecdotal studies in patients, or epidemiological studies. Curcumin 

has been shown to exhibit activity against numerous inflammatory 

diseases, including pancreatitis, arthritis, inflammatory bowel disease 

(IBD), colitis, gastrititis, allergy, and fever, possibly through the 

downregulation of inflammatory markers, as indicated earlier. The 

effect of curcumin against various autoimmune diseases has also 

been demonstrated; they include scleroderma, psoriasis, multiple 

sclerosis, and diabetes. Again, these effects of curcumin are through 

the regulation of pro-inflammatory signaling. Although once thought 

to be distinct, the molecular targets for both the prevention and 

therapy of cancer are now considered the same. Numerous lines of 

evidence suggest the potential of curcumin against various types of 

cancer. First, curcumin has been shown to suppress the proliferation 

of a wide variety of tumor cells through the down regulation of 

antiapoptotic gene products, activation of caspases, and induction of 

tumor suppressor genes such as. Second, curcumin has also been to 

shown to suppress the invasion of tumors through the down 

regulation of matrix metalloproteinases (MMPs) and cell surface 

adhesion molecules. Third, curcumin suppresses the angiogenesis of 

tumors through the suppression of angiogeneic cytokines. Fourth, the 

anti-inflammatory effects of curcumin contribute to its antitumor 

activity as well. Curcumin has also been shown to play a role in 

diabetes mellitus type II, in which the patient develops a resistance to 

insulin. Several animal studies have demonstrated that curcumin can 

overcome insulin resistance. That curcumin prevents myocardial 

infarction and other cardiovascular diseases has also been 

demonstrated. The effects of curcumin in cardiovascular diseases are 

linked to its ability to inhibit platelet aggregation inhibit 

inflammatory response lower LDL and elevate HDL, inhibit fibrinogen 

synthesis, and inhibit oxidation of LDL. All of these activities 

contribute to the cardiovascular effects of curcumin. Because 

curcumin can suppress amyloid-induced inflammation, curcumin has 

also been linked to the suppression of Alzheimer’s disease [33-56]. 

Epilepsy affects approximately 50 million people of whom 

about 40 million people lack appropriate treatment [59] and is 

emerging fast as a hindrance to many lives. On the other hand, the 

abundant side effects of the existing antiepileptic drugs (AEDs) are of 

great concern for both patients and physicians. The long term use of 

traditional medicines for prophylaxis is ruled out in the treatment of 

epilepsy, since the unpredictability of seizure occurrence limits their 

therapeutic efficacy. Furthermore, cognitive defects pose a serious 

threat in epileptic patients [60] and the worsening effects of the 

existing AEDs are anchoring the cognitive deficits of the epileptic 

patients. Although extensive research on the neurobiological bases 

was performed to understand the role of neurochemicals in 

regulation of epilepsy, studies showing the involvement of brain 

catecholoamines and indoleamines in seizure reduction are meager. 

However, a few studies have reported the protective effect of 

norepinephrine (NE) against electroshock induced GTC seizures, and 

serotonin (5-HT) against pentylenetetrazole (PTZ) induced absence 

seizures [61], throw some light on the role of neurotransmitters in 

the treatment of seizures, involvement of brain monoamines, mainly 

the NE and dopamine (DA), in mediating the cognitive tasks in 

patients with Alzheimer’s disease. Additionally, several publications 

have provided information on seizures and their treatment, although 

very few attempts have been made to study the effect of drugs on 

memory after seizure inductement, the role of monoamines in 

protection from seizure occurrence and memory impairment, and the 

effect of standard AED treatment on memory. In view of these 

findings, we have chosen curcumin–the active constituent of Curcuma 

longa-which has been claimed to possess effi cacy in the treatment of 

Alzheimer’s disease [62], MAO-A & B inhibitory activity [63] 

enhancement of brain monoamine levels, and rhizomes being cited in 

the database for Indian medicinal plants in the treatment of epilepsy 

[64], for which no reported evidence was available, all these factors 

had made us to focus on the objectives of the present study, to 

evaluate: 1) the protective effect of curcumin on the MES induced 

seizures; 2) effect on memory retention after seizure induction; and 

3) effect on the neurotransmitter levels in various regions of rat 

brain. Epilepsy is a serious and common neurological disease. Nearly 

70% of patients with epilepsy achieve seizure control with 

antiepileptic drugs. Pharmacological treatment of seizures has 

primarily involved modulation of voltage-gated ion channels, 

enhancement of GABAergic inhibition, and reduction of glutamatergic 

excitation [65]. Phytochemical and pharmacological studies have 

been done on anticonvulsant plants, and an increasing number of 

patients use herbal medicines as a supplement to or substitute for 

prescription drugs. Such treatments are considered to be gentle and 

safe alternatives to synthetic drugs [66]. Curcumin, the major 

component of the spice turmeric, can reduce oxidative and 

inflammatory damage [67]. Several studies have shown that 

curcumin has anticonvulsant effects against seizures induced by 

kainic acid (KA) [68] and FeCl3 [69] in rats. We have previously 

shown that high doses (100 and 300 mg/kg, i.p.), but not low doses 

(10 and 30 mg/kg), of curcumin inhibited amygdala-kindled seizures 

in rats [70,71]. The aim of this study was to test the effects of 

curcumin on pilocarpine-induced seizures in rats, to confirm its 

anticonvulsant effects in an additional typical seizure model. Seizures 

can induce the generation of epoxide and free radicals, and this has 

been suggested to contribute to the recurrence of seizures [72]. Lipid 

peroxidation, resulting from an increase in free radicals, causes 

cellular membrane damage, which can also increase the recurrence of 

seizures [73]. Therefore, we also investigated the generation of 

epoxide and free radicals in the hippocampus during pilocarpine-

induced seizures and its modulation by curcumin treatment. 

Curcumin, an active ingredient of turmeric with 

antioxidant and anti-inflammatory properties has recently been 

reported to have anticonvulsant effects in several animal models of 

epilepsy. This study aimed to investigate the effects of curcumin on 

the pilocarpine rat model of status epilepticus. The effect of 

intraperitoneal administration of curcumin (30, 100, and 300 mg/kg) 

on pilocarpine-induced seizures in rats was tested. The correlation 

between seizure activity and hippocampal levels of nitric oxide 

synthase and free radicals was quantified. Whether curcumin 

treatment modulated these parameters was also investigated. 

Curcumin significantly increased seizure threshold at doses of 100 

and 300 mg/kg. Rats with pilocarpineinduced seizures showed 

significantly elevated levels of malonaldehyde, nitric oxide synthase, 

and lactate dehydrogenase, but decreased levels of superoxide 

dismutase and glutathione compared with normal control rats. At 

doses of 100 and 300 mg/kg, curcumin reversed the effects of 

pilocarpine-induced seizures on nitric oxide synthase, lactate 

dehydrogenase, glutathione, and superoxide dismutase. However, 

curcumin did not restore the elevated malonaldehyde levels. 

Curcumin has anticonvulsant activity in the pilocarpine rat model of 

seizures, and that modulation of free radicals and nitric oxide 

synthase may be involved in this effect [74]. 

5.1 Epileptic behaviors 

All the rats in the control group exhibited generalized 

limbic seizures after pilocarpine administration, at a latency of 

minutes. Pretreatment with curcumin significantly delayed the onset 

of seizures at doses of 300 mg/kg and 100 mg/kg compared with 

control. The 30 mg/kg dose of curcumin had no significant effect. 

Similarly, the mean seizure severity score was significantly reduced 

compared with control at curcumin doses of 300 mg/kg and 100 

mg/kg, but not at 30 mg/kg. Pretreatment with curcumin at 300 and 

100 mg/kg also decreased the occurrence of pilocarpine-induced 



Mohammad Asif / Role of curcumin in epilepsy and memory impairment 

 

© ASD Publisher All rights reserved.                                                                                                                                                                                                         11 

status epilepticus. Several rats died before the onset of status 

epilepticus (2/15 rats treated with 300 mg/kg, 2/15 rats treated with 

100 mg/kg, 4/15 rats treated with 30 mg/kg. In the remaining rats, 

curcumin significantly delayed the onset of status epilepticus at doses 

of 300 mg/kg and 100 mg/kg minutes, compared with control. 

Curcumin at 30 mg/kg did not delay the onset of status epilepticus 

compared with control. 

5.2 Biochemical analysis 

Pilocarpine-induced seizures significantly increased 

malonaldehyde (MDA) content, and treatment with curcumin did not 

normalize this effect. Animals treated with pilocarpine showed an 

elevation in lactate dehydrogenase (LDH) activity that was restored 

by curcumin at 100 or 300 mg/kg. Pilocarpine also caused an 

increase in NOS activity, and curcumin at 100 and 300 mg/kg 

prevented this effect. Both glutathione (GSH) and superoxide 

dismutase (SOD) levels were decreased in pilocarpine-treated rats. 

GSH content was restored to near normal in animals treated with 

curcumin at 100 and 300 mg/kg. Curcumin at 30 mg/kg failed to 

restore SOD activity, but the 100 and 300 mg/kg doses significantly 

increased it towards normal levels. 

 

6. Discussion 
We have demonstrated that pretreatment with curcumin at 

doses of 100 and 300 mg/kg significantly delayed the onset of 

pilocarpine-induced limbic seizures and status epilepticus. These 

doses of curcumin also counteracted pilocarpine-induced changes in 

hippocampal Nitric oxide synthase (NOS), SOD, and LDH activity and 

GSH content. Taken together, these results indicate that the 

anticonvulsant properties of curcumin may at least in part be 

mediated by the central nitric oxide system and free radical 

production. Recent research has shown that curcumin exerted 

anticonvulsant effect against acute generalized seizures induced by 

MES [75], KA [68], and FeCl3 [69], and delayed the development of 

amygdala kindling [70]. These findings suggest that curcumin has 

anticonvulsant activity in a range of models. The mechanisms 

underlying the potential anticonvulsant effects of curcumin are not 

yet fully understood. Previous research has indicated that curcumin 

has antioxidant and anti-inflammatory activity. Epidemiological 

studies showed that curcumin also had antioxidant effects after the 

injury of central nervous system [76]. Curcumin was reported to be 

several times more potent than vitamin E as a free radical scavenger, 

and effective against nitric oxide-based radicals [77]. Oxidative stress 

is known to play a role in epileptogenesis. Free radicals such as 

oxygen, superoxide, and nitrite, are generated during epileptogenesis 

[78]. In lead-induced neurotoxicity in rats, curcumin (100 mg/kg, 

p.o.) has been shown to significantly decrease lipid peroxidation, and 

increase the levels of reduced glutathione and activity of superoxide 

dismutase and catalase [79]. Thus, curcumin is an effective 

antioxidant, and this action may be responsible for its anticonvulsive 

activity. An increase in MDA has been observed in the brain of rats 

with seizures induced by FeCl3 [80] and N-methyl-D-aspartate 

(NMDA) [81]. The MDA level in the hippocampus was also 

significantly increased after pilocarpine-induced seizures. However, 

administration of curcumin could not reverse this effect. Recent 

research has shown that curcumin may trigger intracellular signaling 

responsible for modulation of NMDA receptor function [82] and 

expression of brain-derived neurotrophic factor [83]. Our previous 

research has indicated that curcumin modulates the influx of calcium 

mediated by 2-amino-3-(5-methyl-3-oxo-1,2-oxazol-4-yl) propanoic 

acid (AMPA) and kainate in cultured hippocampal neurons from 

rats.19 Thus, it is likely that the suppression of pilocarpine-induced 

seizures and status epilepticus is associated with modulation of 

neuronal excitability. Curcumin has anticonvulsant potential in the 

pilocarpine model of temporal lobe seizures. Curcumin is abundant, 

inexpensive, and relatively safe in humans. It can cross the blood-

brain barrier and directly exert its effect on the brain [84].  

 

Effects on various phases of GTC seizures 

Treatment with curcumin at doses of 5 mg/kg and 10 

mg/kg exhibited a percentage protection of 50 and 66, respectively. 

Whereas, PHT treated rats showed a 100% protection against the 

MES induced seizures by inhibiting HLTE. Neither of the 2 doses of 

curcumin nor the PHT treated rats had shown any significant changes 

in the duration of tonic flexion and clonic convulsions, but a 

significant reduction was observed in the time taken for the righting 

reflex in curcumin 10 mg/kg and PHT treated rats, respectively. 

Effect on the performance in conditioned avoidance response 

after induction of seizures 

Rats that received MES (epileptic control) exhibited a 

signifi cant decrease in memory retention when compared to the 

control animals (not exposed to MES). Whereas, a significant increase 

in the retention of memory was observed in both the dose levels of 

curcumin. PHT treated rats also had showed a significant 

performance impairment in the conditioned avoidance response. 

Effect on Dopamine, Norepinephrine and Serotonin levels in 

different regions of rat brain: The monoamine levels. 

Effect on brain Dopamine 

A significant decrease in the DA levels were observed in 

cortex, pons, hippocampus and hypothalamus in rats exposed to MES. 

Rats treated with curcumin 5 and 10 mg/kg showed a significant 

increased in DA levels in cortex, pons, hippocampus and 

hypothalamus. PHT treated rats showed a significant increase in 

cortex, hippocampus and hypothalamus. Whereas, no significant 

change was observed in the cerebellum when compared to epileptic 

control (MES) rats. 

Effect on brain Norepinephrine 

A significant decrease in the NE levels of the hippocampus 

and hypothalamus was observed in rats exposed to MES. Curcumin at 

5 and 10 mg/kg showed a significant increase in the NE levels of 

cortex, hippocampus, hypothalamus and pons, respectively, while 

PHT treated rats showed a significant increase in NE levels of the 

cortex, pons and hippocampus. No significant changes were observed 

in the NE levels of cerebellum when compared to epileptic control 

(MES) rats. Values of curcumin (5 & 10 mg/kg) PHT treatments were 

compared with control individually for each phase. 

Effect on brain Serotonin  

A significant decrease in brain serotonin levels were 

observed in cerebellum, hippocampus and hypothalamus of epileptic 

control rats (MES). Curcumin treatment at 5 mg/kg showed an 

increase in the levels of 5-HT in cerebellum, hippocampus and 

hypothalamus. 

Curcumin at doses of 5 mg and 10 mg/kg/p.o. exhibited a 

significant protection against the MES-induced GTC seizures, this 

might be due to the observed increase in the NE and DA levels in 

various parts of the brain substantiating reports that drug treatment 

which increases brain monoamine levels by inhibiting MAO tends to 

raise the seizure threshold [61], as Curcuma longa has been reported 

to increase the brain monoamine levels by inhibiting MAO-A and B in 

mice brain [63]. On the other hand, low concentrations of DA in 

cerebellum had been reported to show an inhibitory effect on 

glutamate, causing blockade of calcium channels, indicating a possible 

mechanism involved in the antiepileptic effect of curcumin, i.e. a 

decreased influx of calcium ions into the neuronal cells, thereby 

inhibiting neurotransmitter re-uptake. This could be effective in the 

treatment of CNS disorders as epileptic depolarizations in single 

motor cortical and hippocampal neurons and focal epileptic 

discharges in neuronal cortical preparations have been reported to be 

decreased by calcium channel blockers. As theoretical considerations 

suggest that calcium channel blockers posses anticonvulsant activity, 

the protective effect of curcumin against MES induced convulsions 

might be due to the decreased calcium influx, resulting in a decrease 

in NE mediated glutamate inhibition. At both the dose levels of 

curcumin, a good memory retentive effect in seizure induced animals 

was observed when compared to the epileptic control and PHT 
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treated rats. This increase in memory retention can be interpreted to 

the increased NE and DA concentrations in brain regions as drugs like 

L-Dopa have shown an improvement in cognitive test of patients of 

Alzheimer’s disease by increasing DA levels. Other possible 

mechanism for the memory retentive effect of curcumin can be 

attributed to the MAO-B inhibitory activity of curcumin [85], as 

selegelline a MAO-B inhibitor has demonstrated mild but significant 

improvement in cognitive tasks in a double blind placebo controlled 

trial in addition to its capacity to increase brain NE and DA 

concentrations [86] and in the treatment of Alzheimer’s disease. 

Pathological abnormalities in serotonergic and noradrenergic 

innervations are known to exist in addition to cholinergic 

innervations in the brain of Alzheimer’s patients. This also indicates 

the rationality of a combination therapy of cholinergic and 

monoaminergic drugs in Alzheimer’s disease, as forebrain 

dopaminergic system is related to cognitive functions. However the 

role of NE and DA on memory retention is also controversial as 

psycho stimulants such as methyl phenidate and amphetamine, which 

are known to increase cerebral catecholamine turnover, have proven 

to be of little value in Alzheimer’s disease [86]. Our studies and the 

data obtained allowed us to substantiate the use of curcumin in 

protection from GTC seizures and enhancing memory. Of particular 

interest are the effects of curcumin on the brain monoaminergic 

system, since it has been suggested that monoamines are of great 

clinical significance in the treatment of seizures and memory 

disorders [87-89]. 

 

7. Conclusion 

The results of the presented study, that the brain 

monoamines (NE, DA & 5 HT) play an important role in protection 

from epilepsy and memory impairment. The effect of curcumin on 

chemically-induced absence seizures and the effect on the threshold 

for generalized and localized seizures have to be interpreted for 

understanding the anti-epileptic activity of curcumin, and the role of 

monoamines in chemically-induced seizures are to be performed for 

meaningful extrapolations of anti-epileptic activity of curcumin [90-

93]. The curcumin has enormous potential for a variety of diseases. 

Serum levels of curcumin tend to be low, which might be responsible 

for its pharmacological safety and has low bioavailability. Second, the 

tissue concentration of curcumin and how it compares to what is seen 

in cell culture conditions are not known. Some agents such as 

piperine (black pepper) can enhance the bioavailability of curcumin 

through suppression of its glucuronidation occurring primarily in the 

liver and in the intestine. Third, whether there are components of 

turmeric other than curcumin that have beneficial effects either alone 

or in combination with curcumin needs to be determined. For 

instance, numerous activities have been assigned to turmeric oil. 

Fourth, what effect do other spices have on the pharmacology and the 

biology of curcumin needs to be determined. Fifth, structural 

analogues of curcumin that are more bioavailable and efficacious are 

needed. However, this might compromise the safety of curcumin. 

Sixth, well-controlled large clinical trials are required to determine 

the potential of curcumin both in the prevention and therapy of a 

disease. All of these studies should further add to the usefulness of 

curcumin. Overall, the biological safety, combined with its cost and 

efficacy, and thousands of years of experimentation. Curcumin may 

thus be a good supplement to or substitute for antiepileptic drugs. 

Further studies focusing on the mechanism of its antiepileptic effects 

should be conducted. 

 

References 
[1] Chai H, Yan S, Lin P, Lumsden AB, Yao Q, and Chen C. Curcumin 

blocks HIV protease inhibitor ritonavir-induced vascular 

dysfunction in porcine coronary arteries. J Am Coll Surg 2005; 

200, 820–830. 

[2] Vajragupta O., Boonchoong P., Morris G. M., and Olson A. J., 

Active site binding modes of curcumin in HIV-1 protease and 

integrase. Bioorg Med Chem Lett 2005; 15, 3364–3368. 

[3] Mahady G. B., Pendland S. L., Yun G., and Lu, Z. Z. Turmeric 

(Curcuma longa) and curcumin inhibit the growth of 

Helicobacter pylori, a group 1 carcinogen. Anticancer Res 2002; 

22, 4179–4181. 

[4] Kim M. K., Choi, G. J. and Lee H. S., Fungicidal property of 

Curcuma longa L. rhizome-derived curcumin against 

phytopathogenic fungi in a greenhouse. J Agric Food Chem 2003; 

51, 1578–1581. 

[5] Reddy R. C., Vatsala P. G., Keshamouni V. G., Padmanaban G., and 

Rangarajan P. N. Curcumin for malaria therapy. Biochem Biophys 

Res Commun 2005; 326: 472–474. 

[6] Nandakumar D. N., Nagaraj V. A., Vathsala P. G., Rangarajan P., 

and Padmanaban G. Curcumin-artemisinin combination therapy 

for malaria. Antimicrob Agents Chemother 2006; 50, 1859–1860. 

[7] Chan M. M., Adapala N. S. and Fong D. Curcumin overcomes the 

inhibitory effect of nitric oxide on Leishmania. Parasitol Res 

2005; 96, 49–56. 

[8] Dutta S. Padhye S., Priyadarsini K. I., and Newton C. Antioxidant 

and antiproliferative activity of curcumin semicarbazone. Bioorg 

Med Chem Lett 2005; 15, 2738–2744. 

[9] Du Z. Y., Bao Y. D., Liu Z., Qiao W., Ma L., Huang Z. S., Gu L. Q., and 

Chan A. S. Curcumin analogs as potent aldose reductase 

inhibitors. Arch Pharm (Weinheim) 2006; 339, 123–128. 

[10] Hoehle S. I., Pfeiffer E., Solyom A.M., and Metzler M., Metabolism 

of curcuminoids in tissue slices and subcellular fractions from 

rat liver. J Agric Food Chem 2006; 54, 756–764. 

[11] Mazumder A., Gazit A., Levitzki A., Nicklaus M., Yung J., 

Kohlhagen G., and Pommier Y., Effects of tyrphostins, protein 

kinase inhibitors, on human immunodeficiency virus type 1 

integrase. Biochemistry 1995; 34(15): 111–15,122. 

[12] Xu Y., Ku B. S., Yao H. Y., Lin Y. H., Ma X., Zhang Y. H., and Li X. J. 

The effects of curcumin on depressive-like behaviors in mice. 

Eur J Pharmacol 2005; 518, 40–46. 

[13] Xu Y., Ku B. S., Yao H. Y., Lin Y. H., Ma X., Zhang Y. H., and Li X. J. 

Antidepressant effects of curcumin in the forced swim test and 

olfactory bulbectomy models of depression in rats. Pharmacol 

Biochem Behav 2005; 82, 200–206. 

[14] Itthipanichpong C., Ruangrungsi N., Kemsri W., and 

Sawasdipanich A. Antispasmodic effects of curcuminoids on 

isolated guinea-pig ileum and rat uterus. J Med Assoc Thai 2003; 

86(Suppl 2), S299–S309. 

[15] Girish K. S. and Kemparaju K., Inhibition of Naja naja venom 

hyaluronidase by plant derived bioactive components and 

polysaccharides. Biochemistry (Mosc) 2005; 70, 948–952. 

[16] Olszanecki R., Jawien J., Gajda M., Mateuszuk L., Gebska A., 

Korabiowska M., Chlopicki S., and Korbut R., Effect of curcumin 

on atherosclerosis in apoE/LDLR-double knockout mice. J 

Physiol Pharmacol 2005; 56, 627–635. 

[17] Rithaporn, Monga M., and Rajasekaran M., Curcumin: A potential 

vaginal contraceptive. Contraception 2003; 68, 219–223. 

[18] Kumar P. A. T., Suryanarayana P., Reddy P. Y., and Reddy G. B., 

Modulation of alphacrystallin chaperone activity in diabetic rat 

lens by curcumin. Mol Vis 2005; 11, 561–568. 

[19] Suryanarayana P., Saraswat M., Mrudula T., Krishna T. P., 

Krishnaswamy K., and Reddy G. B., Curcumin and turmeric delay 

streptozotocin-induced diabetic cataract in rats. Invest 

Ophthalmol Vis Sci 2005; 46, 2092–2099. 

[20] Berger A.L., Randak C. O., Ostedgaard L. S., Karp P. H., Vermeer D. 

W., and Welsh M. J., Curcumin stimulates cystic fibrosis 

transmembrane conductance regulator Cl− channel activity. J 

Biol Chem 2005; 280, 5221–5226. 

[21] Lipecka J., Norez C., Bensalem N., Baudouin-Legros M., Planelles 

G., Becq F., Edelman A., and Davezac N., Rescue of {delta}F508-

CFTR (cystic fibrosis transmembrane conductance regulator) by 



Mohammad Asif / Role of curcumin in epilepsy and memory impairment 

 

© ASD Publisher All rights reserved.                                                                                                                                                                                                         13 

curcumin: Involvement of the keratin 18 network. J Pharmacol 

Exp Ther 2006; 317, 500–505. 

[22] Sumanont Y., Murakami Y., Tohda M., Vajragupta O., Watanabe 

H., and Matsumoto K., Prevention of kainic acid-induced changes 

in nitric oxide level and neuronal cell damage in the rat 

hippocampus by manganese complexes of curcumin and 

diacetylcurcumin. Life Sci 2006; 78, 1884–1891. 

[23] Literat B., Su F., Norwicki M., Durand M., Ramanathan R., Jones C. 

A., Minoo P., and Kwong K. Y., Regulation of pro-inflammatory 

cytokine expression by curcumin in hyaline membrane disease 

(HMD). Life Sci 2001; 70, 253–267. 

[24] Babu P. S. and Srinivasan K., Hypolipidemic action of curcumin, 

the active principle of turmeric (Curcuma longa) in 

streptozotocin induced diabetic rats. Mol Cell Biochem 1997; 

166, 169–175. 

[25] Kamalakkannan N., Rukkumani R., Varma P. S., Viswanathan P., 

Rajasekharan K. N., and Menon V. P., Comparative effects of 

curcumin and an analogue of curcumin in carbon tetrachloride-

induced hepatotoxicity in rats. Basic Clin Pharmacol Toxicol 

2005; 97, 15–21. 

[26] Gilani B. H., Shah A. J., Ghayur M. N., and Majeed K., 

Pharmacological basis for the use of turmeric in gastrointestinal 

and respiratory disorders. Life Sci 2005; 76, 3089–3105. 

[27] Notoya M., Nishimura H., Woo J.T., Nagai K., Ishihara Y., and 

Hagiwara H., Curcumin inhibits the proliferation and 

mineralization of cultured osteoblasts. Eur J Pharmacol 2006; 

534, 55–62. 

[28] Zbarsky V., Datla K. P., Parkar S., Rai D. K., Aruoma O. I., and 

Dexter D. T., Neuroprotective properties of the natural phenolic 

antioxidants curcumin and naringenin but not quercetin and 

fisetin in a 6-OHDA model of Parkinson’s disease. Free Radical 

Res 2005; 39, 1119–1125. 

[29] Kuwabara N., Tamada S., Iwai T., Teramoto K., Kaneda N., 

Yukimura T., Nakatani T., Miura K., Attenuation of renal fibrosis 

by curcumin in rat obstructive nephropathy. Urology 2006; 67, 

440–446. 

[30] Maheshwari R. K., Singh A. K., Gaddipati J., Srimal R. C., Multiple 

biological activities of curcumin: A short review. Life Sci 2006; 

78, 2081–2087. 

[31] Singh S., Khar A., Biological effects of curcumin and its role in 

cancer chemoprevention and therapy. Anticancer Agents Med 

Chem 2006; 6, 259–270.  

[32] Lantz R. C., Chen G. J., Solyom A. M., Jolad S. D., and Timmermann 

B. N., The effect of turmeric extracts on inflammatory mediator 

production. Phytomedicine 2005; 12, 445–452. 

[33] Weber W. M., Hunsaker L. A., Roybal C. N., Bobrovnikova-Marjon 

E. V., Abcouwer S. F., Royer R. E., Deck L. M., and Vander Jagt D. 

L., Activation of NFkappa B is inhibited by curcumin and related 

enones. Bioorg Med Chem 2006; 14, 2450–2461. 

[34] Park C. H., Hahm E. R., Park S., Kim H. K., and Yang C. H., The 

inhibitory mechanism of curcumin and its derivative against 

beta-catenin/Tcf signaling. FEBS Lett 2005; 579, 2965–2971. 

[35] Hu M., Du Q., Vancurova I., Lin X., Miller E. J., Simms H. H., and 

Wang P., Proapoptotic effect of curcumin on human neutrophils: 

activation of the p38 mitogen-activated protein kinase pathway. 

Crit Care Med 2005; 33, 2571–2578. 

[36] Rushworth S. A., Ogborne R. M., Charalambos C. A., and O’Connell 

M. A., Role of protein kinase C delta in curcumin-induced 

antioxidant response element-mediated gene expression in 

human monocytes. Biochem Biophys Res Commun 2006; 341, 

1007–1016. 

[37] Kang J., Chen J., Shi Y., Jia J., and Zhang Y. Curcumin-induced 

histone hypoacetylation: The role of reactive oxygen species. 

Biochem Pharmacol 2005; 69, 1205–1213. 

[38] Narang H. and Krishna M., Inhibition of radiation induced 

nitration by curcumin and nicotinamide in mouse macrophages. 

Mol Cell Biochem 2005; 276, 7–13. 

[39] Durgaprasad S., Pai C. G., Vasanthkumar, J. F. Alvres, and S. 

Namitha, A pilot study of the antioxidant effect of curcumin in 

tropical pancreatitis. Indian J Med Res 2005; 122, 315–318. 

[40] Weber W. M., Hunsaker L. A., Abcouwer S. F., Deck L. M., and. 

Vander Jagt D. L, Anti-oxidant activities of curcumin and related 

enones. Bioorg Med Chem 2005; 13, 3811–3820. 

[41] Wei Q.Y., Chen W. F., Zhou B., Yang L., and Liu Z. L., Inhibition of 

lipid peroxidation and protein oxidation in rat liver 

mitochondria by curcumin and its analogues. Biochim Biophys 

Acta 2006; 1760: 70–77. 

[42] Hsuuw Y. D., Chang C. K., Chan W. H., and Yu J. S., Curcumin 

prevents methylglyoxalinduced oxidative stress and apoptosis 

in mouse embryonic stem cells and blastocysts. J Cell Physiol 

2005; 205, 379–386. 

[43] Mahesh T., Balasubashini M. S., and Menon V. P., Effect of photo-

irradiated curcumin treatment against oxidative stress in 

streptozotocin-induced diabetic rats. J Med Food 2005; 8, 251–

255. 

[44] Schallreuter K. U. and Rokos H., Turmeric (curcumin): A widely 

used curry ingredient, can contribute to oxidative stress in Asian 

patients with acute vitiligo. Indian J Dermatol Venereol Leprol 

2006; 72, 57–59. 

[45] Cleary K. and McFeeters R. F., Effects of oxygen and turmeric on 

the formation of oxidative aldehydes in fresh-pack dill pickles. J 

Agric Food Chem 2006; 54, 3421–3427. 

[46] Fang J., Lu J., and Holmgren A., Thioredoxin reductase is 

irreversibly modified by curcumin: A novel molecular 

mechanism for its anticancer activity. J Biol Chem 2005; 280, 

25,284–25,290. 

[47] Jiao Y., Wilkinson J. T., Christine Pietsch E., Buss J. L., Wang W., 

Planalp, R. Torti F. M., and Torti S. V., Iron chelation in the 

biological activity of curcumin. Free Radical Biol Med 2006; 40, 

1152–1160. 

[48] Holt P. R., Katz S., and Kirshoff R., Curcumin therapy in 

inflammatory bowel disease: A pilot study. Dig Dis Sci 2005; 50, 

2191–2193. 

[49] Kim D. C., Kim S. H., Choi, B. H. Baek N. I., Kim D., Kim M. J., and 

Kim K. T., Curcuma longa extract protects against gastric ulcers 

by blocking H2 histamine receptors. Biol Pharm Bull 2005; 28, 

2220–2224. 

[50] Shishodia S., Sethi G., and Aggarwal B. B., Curcumin: Getting back 

to the roots. Ann NY Acad Sci 2005; 1056, 206–217. 

[51] Sun C., Liu X., Chen Y., and Liu F., Anticancer effect of curcumin 

on human B cell non-Hodgkin’s lymphoma. J Huazhong Univ Sci 

Technolog Med Sci 2005; 25, 404–407. 

[52] Shi M., Cai Q., Yao L., Mao Y., Ming, Y. and Ouyang G., 

Antiproliferation and apoptosis induced by curcumin in human 

ovarian cancer cells. Cell Biol Int 2006; 30, 221–226. 

[53] Belakavadi M. and Salimath B. P., Mechanism of inhibition of 

ascites tumor growth in mice by curcumin is mediated by NF-kB 

and caspase activated DNase. Mol Cell Biochem 2005; 273, 57–

67. 

[54] Park S. D., Jung J. H., Lee H. W., Kwon Y. M., Chung K. H., Kim, M. 

G. and Kim C. H., Zedoariae rhizoma and curcumin inhibits 

platelet-derived growth factor-induced proliferation of human 

hepatic myofibroblasts. Int Immunopharmacol 2005; 5, 555–

569. 

[55] Fan C., Wo X., Qian Y., J. Yin, and L. Gao, Effect of curcumin on the 

expression of LDL receptor in mouse macrophages. J 

Ethnopharmacol 2006;  105, 251–254. 

[56] Ringman J. M., Frautschy S. A., Cole, G. M.. Masterman D. L, 

Cummings and J. L., A potential role of the curry spice curcumin 

in Alzheimer’s disease. Curr Alzheimer Res 2005; 2, 131–136. 

[57] Braga M. E., Leal P. F., Carvalho J. E., and. Meireles M. A, 

Comparison of yield, composition, and antioxidant activity of 

turmeric (Curcuma longa L.) extracts obtained using various 

techniques. J Agric Food Chem 2003; 51, 6604–6611. 



Mohammad Asif / Role of curcumin in epilepsy and memory impairment 

 

© ASD Publisher All rights reserved.                                                                                                                                                                                                         14 

[58] Bruzell E. M., Morisbak E., and Tonnesen H. H., Studies on 

curcumin and curcuminoids. XXIX. Photoinduced cytotoxicity of 

curcumin in selected aqueous preparations. Photochem 

Photobiol Sci 2005; 4, 523–530. 

[59] Ndoye N, Sow A, Diop A, Sessouma B, Sene diouf F, Boissy L, 

Wone I, Toure K, Ndiaye M, Ndiaye P: Prevalence of epilepsy its 

treatment gap and knowledge, attitude and practice of its 

population in suburban Senegal an ILAE/IBE/WHO study. 

Seizure 2005; 14: 7-12. 

[60] Kulkarni SK, George B: Signifi cance of long term potentiation in 

cognitive functions and epilepsy. Ind J Pharmacol 1999; 31:14-

22. 

[61] Srinivas V, Haranath babu M, Narendra Reddy T, Diwan AV: 

Modulation of neuotransmitters in mice brains by an 

anticonvulsant principle from cuttle bone. Ind J Pharmacol 1997; 

29: 296-300. 

[62] Ringman JM, Frautschy SA, Cole GM, Masterman DL, Cummings 

JL: A potential role of the curry spice curcumin in Alzheimer’s 

disease. Curr Alzheimer Res 2005; 2: 131-136. 

[63] Yu ZF, Kong LD, Chen Y: Antidepressant activity of aqueous 

extracts of Curcuma longa in mice. J Ethnopharmacol 2002; 83: 

161-165. 

[64] Sharma PC, Yelne MB, Dennis: Database on medicinal plants 

used in ayurveda (1st ed.). Central council for research in 

Ayurveda and Siddha, New Delhi 2002, 152-178. 

[65] Rogawski MA, Löscher W. The neurobiology of antiepileptic 

drugs. Nat Rev Neurosci 2004; 5: 553-564. 

[66] Kaiboriboon K, Guevara M, Alldredge BK. Understanding herb 

and dietary supplement use in patients with epilepsy. Epilepsia 

2009; 50: 1927-1932. 

[67] Menon VP, Sudheer AR. Antioxidant and anti-inflammatory 

properties of curcumin. Adv Exp Med Biol 2007; 595: 105-125. 

[68] Gupta YK, Briyal S, Sharma M. Protective effect of curcumin 

against kainic acid induced seizures and oxidative stress in rats. 

Indian J Physiol Pharmacol 2009; 53: 39-46. 

[69] Jyoti A, Sethi P, Sharma D. Curcumin protects against 

electrobehavioral progression of seizures in the iron-induced 

experimental model of epileptogenesis. Epilepsy Behav 2009; 14: 

300-308. 

[70] Du P, Guo X, Peng WF, Ma Y, Fan W, Lin HJ, et al. The effect of 

curcumin on the AMPA/KA induced calcium influx in 

hippocampal neurons of rats. Chin J Neurol (Chin) 2009; 8: 258-

261. 

[71] Du P, Li X, Lin HJ, Peng WF, Liu JY, Ma Y, et al. Curcumin inhibits 

amygdaloid kindled seizures in rats. Chin Med J 2009; 122: 

1435-1438. 

[72] Meador KJ. Neurodevelopmental effects of antiepileptic drugs. 

Curr Neurol Neurosci Rep 2002; 2: 373-378. 

[73] Adibhatla RM, Hatcher JF. Altered lipid metabolism in brain 

injury and disorders. Subcell Biochem 2008; 49: 241-268.  

[74] Peng D, Hai-yan T, Xin L, Hao-jie L, Wei-feng P, Yu M, Wei F, Xin 

W. Anticonvulsive and antioxidant effects of curcumin on 

pilocarpine-induced seizures in rats. Chin Med J, 2012; 125(11): 

1975-1979. 

[75] Bharal N, Sahaya K, Jain S, Mediratta PK, Sharma KK. Curcumin 

has anticonvulsant activity on increasing current electroshock 

seizures in mice. Phytother Res 2008; 22: 1660-1664. 

[76] Das KC, Das CK. Curcumin (diferuloylmethane), a singlet oxygen 

((1)O(2)) quencher. Biochem Biophys Res Commun 2002; 295: 

62-66. 

[77] Sreejayan N, Rao MN. Free radical scavenging activity of 

curcuminoids. Arzneimittelforschung 1996; 46: 169-171. 

[78] Maertens P, Dyken P, Graf W, Pippenger C, Chronister R, Shah A. 

Free radicals, anticonvulsants, and the neuronal ceroid-

lipofuscinoses. Am J Med Genet 1995; 57: 225-228. 

[79] Shukla PK, Khanna VK, Khan MY, Srimal RC. Protective effect of 

curcumin against lead neurotoxicity in rat. Hum Exp Toxicol 

2003; 22: 653-658. 

[80] Gupta YK, Chaudhary G, Sinha K, Srivastava AK. Protective effect 

of resveratrol against intracortical FeCl3-induced model of 

posttraumatic seizures in rats. Methods Find Exp Clin Pharmacol 

2001; 23: 241-244. 

[81] Cicek E, Sutcu R, Gokalp O, Yilmaz HR, Ozer MK, Uz E, et al. The 

effects of isoniazid on hippocampal NMDA receptors: protective 

role of erdosteine. Mol Cell Biochem 2005; 277: 131-135. 

[82] Matteucci A, Cammarota R, Paradisi S, Varano M, Balduzzi M, Leo 

L, et al. Curcumin protects against NMDA-induced toxicity: a 

possible role for NR2A subunit. Invest Ophthalmol Vis Sci 2011; 

52: 1070-1077. 

[83] Wang R, Li YB, Li YH, Xu Y, Wu HL, Li XJ. Curcumin protects 

against glutamate excitotoxicity in rat cerebral cortical neurons 

by increasing brain-derived neurotrophic factor level and 

activating TrkB. Brain Res 2008; 1210: 84-91. 

[84] Kaur C, Ling EA. Blood brain barrier in hypoxic-ischemic 

conditions. Curr Neurovasc Res 2008; 5: 71-81. 

[85] Ying Xu, Bao Shan Ku, Hai Yan Yao, Yan Hua Lin, Xing Ma, Yong 

He Zhang, Xue Jun Li: Antidepressant effects of curcumin in the 

forced swim test and olfactory bulbectomy models of depression 

in rats. Pharmacol Biochem Behav 2005, 82, 200-206. 

[86] Sharma A, Parikh V, Singh M: Pharmacological basis of drug 

therapy of Alzheimer’s disease. Ind J Exp Biol 1997, 35, 1146-

1155. 

[87] Jithendra C, Murthy TEGK, Upadyay L. Protective role of 

curcumin in maximal electroshock induced seizures, memory 

impairment and neurotransmitters in rat brain. Journal of Pre-

Clinical and Clinical Research, 2008; 2(1): 035-039. 

[88] Ahmed AE, Hussein GI, Loh J, Abdel-Rahman SZ. Studies on the 

mechanism of haloacetonitrile-induced gastrointestinal toxicity: 

interaction of dibromo-acetonitrile with glutathione and 

glutathione-Stransferase in rats. J Biochem Toxico 1991; 6: 115-

121. 

[89] Balakrishnan S, Pandhi P, Bhargava VK: Effects of Nimodipine on 

the efficacy of commonly used antiepileptic drugs in rats. Ind J 

Exp Biol, 1998; 36: 51-54. 

[90] Carpy JA, Aldenkamp AP, Cavan DS: Complaints associated with 

the use of antiepileptic drugs – results from a community based 

study. Eur J Epilepsy 2005; 14: 67-75. 

[91] Kazue Takahato, Akikominami, Haruko Kusumoto, Seilchiro 

Shimazu, Fumio Yoneda: Effects of selegelline alone or with 

donepzil on memory impairment in rats. Eur J Pharmacol 2005; 

518: 140-144. 

[92] Knowels RG, Merrett M, Salter M, Moncada S. Differential 

induction of brain, lung and liver nitric oxide synthase by 

endotoxin in the rat. Biochem J 1990; 270: 833-836. 

[93] Ravindran R, Sheela Devi R, Samson J, Senthilvelan M: Noise 

stress induced brain neurotransmitter changes and the effect of 

Ocimum sanctum Linn treatment in albino rats. Jap Phamacol Sci 

2005; 98: 354-360. 

 


