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Abstract:

Studies have implicated methamphetamine exposure as a contributor to the development of Parkinson’s disease. There is a signifi-

cant degree of striatal dopamine depletion produced by methamphetamine, which makes the toxin useful in the creation of an animal

model of Parkinson’s disease. Parkinson’s disease is a progressive neurodegenerative disorder associated with selective degenera-

tion of nigrostriatal dopaminergic neurons. The immediate need is to understand the substances that increase the risk for this debili-

tating disorder as well as these substances’neurodegenerative mechanisms. Currently, various approaches are being taken to develop

a novel and cost-effective anti-Parkinson’s drug with minimal adverse effects and the added benefit of a neuroprotective effect to fa-

cilitate and improve the care of patients with Parkinson’s disease. A methamphetamine-treated animal model for Parkinson’s disease

can help to further the understanding of the neurodegenerative processes that target the nigrostriatal system. Studies on widely used

drugs of abuse, which are also dopaminergic toxicants, may aid in understanding the etiology, pathophysiology and progression of

the disease process and increase awareness of the risks involved in such drug abuse. In addition, this review evaluates the possible

neuroprotective mechanisms of certain drugs against methamphetamine-induced toxicity.
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Introduction

Methamphetamine is a psychostimulant and a com-

mon drug of abuse. Recently, increased methampheta-

mine use, which leads to dependence or addiction, has

become a major health concern worldwide. However,

methamphetamine has been used in clinical settings

as a treatment for narcolepsy and attention deficit hy-

peractivity disorder (ADHD) in children, [85]. For

these pathological conditions, it is considered a sec-

ond line of treatment that is used when amphetamine

and methylphenidate cause severe and numerous ad-

verse effects. It is also used for weight loss and to

maintain alertness, focus, motivation, and mental

clarity for extended periods of time, as well as for rec-

reational purposes. Methamphetamine easily crosses

the blood-brain barrier, enters the brain and triggers an

immediate signaling cascade, which releases mono-

amines (dopamine, norepinephrine and serotonin). It

can also act as a dopaminergic and adrenergic reup-

take inhibitor and, at high concentrations, as a monoamine

oxidase inhibitor. The major dopaminergic pathways

in the brain are the nigrostriatal, mesolimbic, meso-
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cortical and tuberoinfundibular pathways. Metham-

phetamine significantly stimulates the mesolimbic re-

ward and nigrostriatal pathways. Stimulation of the

mesolimbic reward pathway by methamphetamine

causes euphoria and excitement; thus, people are prone to

abuse the drug and become addicted to it. [27].

Methamphetamine affects the biochemical mecha-

nisms responsible for regulating heart rate, body tem-

perature, blood pressure, appetite, attention, mood

and responses associated with alertness and alarm

conditions. The acute physical effects of the drug closely

resemble the physiological and psychological effects of

an epinephrine-provoked fight-or-flight response, in-

cluding increased heart rate and blood pressure, vaso-

constriction, bronchodilation, and hyperglycemia.

Methamphetamine is a neurotoxin, as evidenced by

the dopaminergic neurodegeneration it causes in ro-

dents and primates [19, 47]. It has been proposed that

dopamine plays a crucial role in methamphetamine-

induced neurotoxicity because experiments that re-

duce dopamine production or block its release demon-

strate a decrease in the toxic effects of methampheta-

mine. High doses as well as chronic administration

(low dose) of methamphetamine produce losses in

several markers of central monoaminergic neurons,

specifically the dopaminergic and serotoninergic neu-

rons. Dopamine and serotonin concentrations, their

uptake sites and their precursor enzyme activities (ty-

rosine and tryptophan hydroxylase) are reduced by

methamphetamine. Dopamine metabolism generates

reactive oxygen species such as hydrogen peroxide,

hydroxyl radicals, semiquinones and superoxide ani-

ons. Hence, there is a strong possibility that oxidative

stress, which occurs immediately after methampheta-

mine administration, mediates neurotoxicity [114].

The long-lasting damage to nigral neurons mimics the

neurodegenerative process of Parkinson’s disease.

Therefore, methamphetamine is an ideal toxic candi-

date to produce an animal model of Parkinson’s dis-

ease. Gaining a better understanding of the neurode-

generation in the nigrostriatal system associated with

Parkinson’s disease may be useful in investigating

pharmacological agents for neuroprotective or neuror-

estorative effects. This may lead to the development

of much needed novel therapeutic agents and even to

a proactive treatment strategy for Parkinson’s disease.

Hence, a methamphetamine-treated animal model

may be used to study the mechanisms of dopaminer-

gic neurodegeneration and aid in the development of

therapeutic interventions for Parkinson’s disease [34,

57, 62, 63, 86, 105].

Methamphetamine

Methamphetamine is a central nervous system (CNS)

stimulant that can be synthetically prepared by cata-

lytic hydrogenation of ephedrine or pseudoephedrine.

Methamphetamine is similar in structure to other CNS

stimulants such as amphetamine and methcathinone,

which are also produced from ephedrine and pseu-

doephedrine by chemical reduction. Thus, metham-

phetamine is a synthetic stimulant, as opposed to

drugs obtained from natural resources, such as can-

nabinoids (derived from Cannabis sativa) and cocaine

(derived from Erythroxylon coca).

The methyl group present in methamphetamine

makes the molecule more lipophilic and thus facili-

tates transport across the blood-brain barrier. It also

increases the resistance against enzymatic degrada-

tion by monoamine oxidase. Methamphetamine

causes the dopamine, norepinephrine and serotonin

(5-HT) transporters to reverse their direction of flow.

This inversion leads to a release of these transmitters

from the vesicles to the cytoplasm and from the cyto-

plasm to the synapse, causing increased stimulation of

post-synaptic receptors. Methamphetamine also indi-

rectly prevents the monoamine reuptake of these neu-

rotransmitters, causing them to remain in the synaptic

cleft for a prolonged period [84, 87]. Methampheta-

mine effects on the body include acute central nerv-

ous system stimulation and cardiotoxicity, including

induction of tachycardia, arrhythmias, hypertension

and cardiovascular collapse (Fig. 1). The drug has

a high risk of dependency and abuse, and its wide-

spread abuse has been a growing problem in recent

years. It is a highly addictive stimulant with acute and

chronic neurotoxic properties. The effects of abuse of

this drug include memory loss, aggression, psychotic

symptoms and behavioral abnormalities, and potential

heart and brain damage [76]. Effects on the CNS in-

clude tremors, restlessness, agitation, insomnia, in-

creased motor activity, headache, convulsions, and

coma. Psychiatric side effects include agitation, con-

fusion, mood elevation, delusions, paranoia, increased

wakefulness, talkativeness, irritability and panic at-

tacks.

A withdrawal syndrome occurs after abrupt cessa-

tion following chronic use [9]. Moreover, withdrawal

from methamphetamine dependence is distinguished

by protracted anhedonia, dysphoria and severe crav-

ings, and is also characterized by excessive sleeping,
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eating, and depression-like symptoms, often accom-

panied by anxiety [71]. Withdrawal symptoms of

methamphetamine can be reduced by pharmacologi-

cal or non-pharmacological approaches. Psychosocial

behavioral therapy and contingency reward therapy

have been successfully used in patients addicted to meth-

amphetamine. Similarly, opioid receptor antagonists and

antidepressants have been used to reduce the severe with-

drawal symptoms related to methamphetamine.

Mechanisms of methamphetamine

toxicity

Methamphetamine increases the auto-oxidation of do-

pamine, leading to increased signaling of oxidative

stress [99, 118]. As methamphetamine is a cationic

lipophilic molecule, it can diffuse into the mitochon-

dria and be retained in the mitochondrial cytoplasm

for an extended period of time. As such, it enters into

the brain rapidly and displaces dopamine in the vesi-

cles, releasing it into the synaptic cleft via dopamine

transporter (DAT)-mediated outward transport. Be-

cause methamphetamine displaces the dopamine in

the vesicles, large amounts of dopamine are released

into the synaptic cleft and cytosol, where it then un-

dergoes auto-oxidation. During the auto-oxidation,

synthesis and metabolism of dopamine, hydrogen per-

oxide is produced as a by-product by tyrosine hy-

droxylase and monoamine oxidase. The hydrogen

peroxide, which can react nonenzymatically to form

highly reactive hydroxyl radicals, then takes part in

a positive feedback loop, causing further progression

of oxidative damage [48]. In addition, dopamine can

be rapidly oxidized into quinones and semiquinones,

which are then converted into toxic radicals such as

superoxide and nitrogen radicals through redox cy-

cling. These radicals create further oxidative stress

[37, 99, 118]. Once formed, free radicals interact with

sugars, proteins and lipids, creating a number of

modifications. Mitochondrial DNA is sensitive to re-

active oxygen species because mitochondria have

only a limited arsenal of DNA repair processes.

Therefore, mitochondrial DNA mutations can cause

defects in the respiratory chain function, leading to

severe cellular damage. Several studies on metham-

phetamine have shown the generation of reactive radi-

cals that are capable of causing mitochondrial dys-

function, reduced energy metabolism, apoptosis and

eventual cell death [32, 45, 82, 86].

Further studies have demonstrated a link between

oxidative damage and protein aggregates, which are

characteristic features of Parkinson’s disease [49].

Evidence shows that oxidative damage impairs ubiq-

uitination and degradation of proteins by proteasomes.

This may aid in the aggregation of �-synuclein, which

is the main protein that forms eosinophilic inclusions

known as Lewy bodies, a pathological hallmark of

Parkinson’s disease. The formation of these Lewy

bodies is a key determinant that differentiates this dis-

order from other neurodegenerative diseases [66].

Upregulation and increased aggregation of �-syn-

uclein was also seen after the administration of neuro-

toxins [11].

Methamphetamine is thought to cause mitochon-

drial dysfunction by disrupting the electron transfer

chain. Mitochondrial dysfunction has long been

thought to play a significant role in the depletion of

nigral neurons, leading to dopaminergic depletion.

Oxidative stress can cause an inhibition of mitochon-

drial ATP production, a major determinant of lethal

cell injury. Various studies have shown that cells can

be protected from injury as long as ATP levels are

maintained at a steady state. This hypothesis has been

supported by a study that used fructose to maintain

ATP and, thus, increased cell survival [46]. The study,

therefore, indicates that the loss of ATP is a central

mechanism of cell death. Due to its physical property,

methamphetamine diffuses into the mitochondria, and

the buildup of positively charged particles in the mito-
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chondria interferes with the chemical gradient needed

by the electron transport chain. Displacement of Ca��

ions stored in the endoplasmic reticulum causes an in-

flux into the mitochondria. The release of these ions

results in the activation of pro-apoptotic factors such

as caspase-3 and cytochrome-c and disrupts cellular

metabolism [12, 19]. This interferes with both the mi-

tochondrial membrane and ATP synthetase, which

then causes the initiation of the apoptotic process [16,

19]. This apoptotic process is particularly harmful be-

cause the central dopaminergic system, which plays

an important role in motor activity, is comprised of

a surprisingly small number of neurons. Thus, it is es-

pecially vulnerable and even minor insults may lead

to irreparable functional deficits [31].

Excitotoxicity is strongly suggested to be involved

in the pathogenesis of Parkinson’s disease and in

methamphetamine-induced neurotoxicity [65]. High

levels of oxidative stress set off a chain of events that

lead to deficits in mitochondrial function, disruption

of the electron transport chain and initiation of excito-

toxicity [25]. Excitotoxicity is a process whereby the

prolonged or excessive activation of excitatory amino

acid receptors leads to an irreversible process of cell

death. It is caused when excessive glutamate is re-

leased to activate receptors of the N-methyl-D-

aspartic acid (NMDA) subtype. Dopaminergic neu-

rons in the substantia nigra are rich in glutamate re-

ceptors and are thus highly susceptible to excitotoxic-

ity. Normal stimulation of these receptors enhances

dopamine release and synthesis within the striatum,

which is important for striatal function. However, if

released in excess, glutamate becomes cytotoxic.

Methamphetamine causes a release of excess gluta-

mate into the striatum via a direct pathway. Mitochon-

drial dysfunction, as seen in both Parkinson’s disease

and methamphetamine toxicity, can lead to excitotox-

icity as a reduction in ATP results in a loss of the

ATP-dependent Mg-blockade of NMDA receptors,

causing physiological concentrations of glutamate to

mediate a calcium influx into the cell [5, 90]. The re-

sulting rise in calcium increases nitric oxide synthase.

This increases the production of nitric oxide (NO),

which reacts with the superoxide radical to form per-

oxynitrite and the hydroxyl radical, both powerful

oxidizing agents [22]. This increase in free radical

formation has been seen in other toxins used to create

animal models for Parkinson’s disease. For example,

it has been shown that excessive MPP� concentrations

promote excitotoxicity by enhancing glutamate re-

lease [14]. As mentioned previously, dopaminergic

neurons in the substantia nigra are rich in glutamate

receptors and thus are highly susceptible to excitotox-

icity. This emphasizes the importance of a greater un-

derstanding of the role of excitotoxicity in Parkin-

son’s disease and methamphetamine toxicity. It also

supports the idea of NMDA receptors as possible tar-

gets for therapeutic intervention.

Neuroinflammation is another mechanism thought

to be involved in neurodegeneration. Neuroinflamma-

tion involves the activation of the brain immune cells

microglia. Activation of these cells can be beneficial

in the protection of the cells, but it can also release

neurotoxic cytokines, which could have a deleterious

effect and produce neurodegeneration [64]. The neu-

rodegeneration seen with acute administration of

methamphetamine has been suggested to be associ-

ated with the induction of cyclooxygenase (COX),

which causes a neuroinflammatory process that result

in deleterious events in the cell [117]. Similarly, there

is increasing evidence that one contributor to the later

stages of Parkinson’s disease is the inflammation of

neuronal tissue caused by exposure to microorgan-

isms, toxicants, or environmental factors in early life.

Researchers have examined neuroinflammation as

a risk factor for Parkinson’s disease for quite some

time [59]. The substantia nigra has the highest density

of microglia in the brain, and studies have shown that

Parkinson’s disease patients have an even higher

number of reactive glial cells than do patients without

the disease [70]. The involvement of inflammation in

neurodegeneration is supported by several studies.

Rotenone, a dopaminergic neurotoxin, increases neu-

rodegeneration in the presence of glia, and non-

steroidal anti-inflammatory drugs have been shown to

provide neuroprotection against this neurotoxin [104].

Apoptosis, or programmed cell death, is a gradual,

progressive cell death. It is characterized by marked

cell shrinkage, fragmentation of nuclear DNA and

phagocytosis [63]. Because of its central position in

the metabolism of the cell, the mitochondrion plays

a central role in apoptosis. Mitochondria affect apop-

tosis through their roles in regulating ATP levels,

maintaining the mitochondrial membrane potential,

and the release of proapoptotic factors. Mitochondrial

dysfunction leads to the cessation of electron trans-

port, which causes an energy crisis followed by apop-

tosis/necrosis. The depletion of ATP initiates an apop-

totic cell death mechanism [61]. Methamphetamine-

induced toxicity is thought to occur through a process
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that resembles apoptosis. This is evidenced by studies

that show that p53 transcription factor, which is asso-

ciated with the induction of cell death, accumulates

following the administration of methamphetamine

[43]. The damage to the nigral cell bodies and striatal

terminals observed in methamphetamine users is in-

dicative of all of the above discussed toxic mecha-

nisms. Oxidative stress, inhibition of electron trans-

port chain, excitotoxicity, inflammation and apoptosis

all play a significant role in methamphetamine-induced

toxicity. These mechanisms are also indicated in Parkin-

son’s disease [46, 51]. Therefore, blocking the disrup-

tion of these mechanisms could prevent cell damage and

death.

Methamphetamine toxicity: relevance to

Parkinson’s disease

Parkinson’s disease is the most common of all neuro-

degenerative movement disorders [96]. It is a com-

mon cause of disability in the elderly, with approxi-

mately 800 of 100,000 individuals over age 65 af-

fected [89]. Parkinson’s disease causes a significant

economic impact. It is estimated that the medical

costs alone amount to approximately 25 billion dol-

lars per year [21]. Investigation of the neurotoxicity

of methamphetamine, its role in dopamine depletion,

and implications for Parkinson’s disease could aid in

closing the gap in understanding the disease, which

could lead to proactive strategies to combat it [50,

48]. The abuse of drugs, such as methamphetamine,

also has a significant economic impact worldwide.

The cost of drug abuse around the world is estimated

at approximately one trillion dollars per year [12, 76].

A better understanding of the mechanistic properties

of this drug could also aid in strategies to combat ad-

diction. Therefore, the investigation of these proper-

ties has a two-fold beneficial effect for the world’s

economy.

The risk of Parkinson’s disease increases with age,

which poses a significant problem with today’s pro-

longed life span. In Parkinson’s disease, nigrostriatal

dopaminergic neurons undergo selective neuronal de-

generation, leading to a shortage or depletion of dopa-

mine in the striatum [13, 44]. Neurons in the striatum

require dopamine to effectively control movement.

Thus, the neurodegeneration in Parkinson’s disease

causes motor deficits such as slowness in initiation

and execution of voluntary movements, increased

muscle tone, increased resistance to movement, shuf-

fling of feet, stooped posture and equilibrium and

righting reflex. These deficits are evidenced by vari-

ous motor symptoms including resting tremors, bra-

dykinesia, muscular rigidity, and abnormalities in

posture and gait.

Parkinson’s disease is a progressive disorder and

complete immobility typically occurs, despite treat-

ment [58, 67, 91]. The specific cause of Parkinson’s

disease is unknown, but numerous studies have

shown that age, genetics and environmental factors all

contribute to the disease [39, 67, 80, 91]. Parkinson’s

disease can be either a sporadic or a familial form of

disease. The genes that can cause the familial form of

Parkinson’s disease are �-synuclein, parkin, DJ-1,

PINK-1, PTN, and LRRK2. Environmental toxins have

repeatedly been shown to contribute to the develop-

ment of Parkinson’s disease [10, 20, 23, 80, 92, 110].

Studies have implicated exposure to toxins, such as

the synthetic heroin compound l-methyl-4-phenyl-

tetrahydropyridine (MPTP) [10, 20, 23, 92], herbi-

cides/pesticides [23] and the highly abused drug

methamphetamine [8], as a contributor to the devel-

opment of Parkinson’s disease. It is well known that

a significant degree of striatal dopamine depletion is

produced by such neurotoxins [24]. This fact makes

toxins useful in the creation of animal models to study

the different aspects of Parkinson’s disease. Levodopa

with carbidopa, dopamine agonists, and monoamine

oxidase inhibitors are the current major class of drugs

used for the therapeutic treatment of Parkinson’s dis-

ease. There are also few surgical approaches used in

current treatment. With no proven neurorestorative or

neuroprotective treatment strategies for this disease,

animal models are essential to discovering treatments

that are not merely symptomatic and to lowering the

mortality rate of this disease [21].

Major markers evidenced in Parkinson’s disease

are nigral neuronal loss and reduced tyrosine hy-

droxylase activity, leading to dopamine depletion in

the striatum. Similarly, in humans, examination of

post-mortem brain tissue from methamphetamine us-

ers has shown a significant decrease in striatal dopa-

mine and dopamine transporter density [113]. Inter-

estingly, repeated administration of methamphetamine

also caused neurotoxicity in both rodents and non-

human primates [41, 116]. Methamphetamine treatment

depletes dopamine as well as its metabolite, 3,4-
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dihydroxyphenylacetic acid (DOPAC), in the striatum

[8]. It has been further shown that repeated admini-

stration of methamphetamine reduces DAT binding

affinity and, in extreme cases, causes apoptosis [12,

19, 57]. Toxicological studies on the brain tissue of

human methamphetamine users have shown long-

term and possibly irreversible damage to dopaminer-

gic neurons and loss of striatal dopamine transporters

even after three years of abstinence from the drug

[12]. Researchers have found dopaminergic toxicity

in mice after a single dose of methamphetamine (25

mg/kg) [42] or after multiple doses of methampheta-

mine varying from 2.5 to 10 mg/kg given at two-hour in-

tervals [15, 78, 97]. After such doses of methampheta-

mine, there was a long- lasting decrease in nigrostriatal

dopamine similar to that seen in Parkinson’s disease [98].

Although the exact mechanism of the neurotoxicity

caused by methamphetamine use is unclear, oxidative

stress and mitochondrial dysfunction, as well as NMDA

receptor-mediated excitotoxicity and neuroinflammation

are all mechanisms commonly implicated in this neuro-

toxicity. In addition, the long-lasting damage to striatal

neurons mimics the scenario seen in the neurodegenera-

tive process in Parkinson’s disease. Hence, these fea-

tures make the methamphetamine animal model a valid

tool for exploring the neuropathological features of

Parkinson’s disease [34, 57, 62, 63, 86, 105].

Novel neuroprotective approaches

In summary, the previous sections provide literature

support for the neurotoxic effects of methampheta-

mine and discuss the mechanisms implicated in caus-

ing damage to dopaminergic cells. Methamphetamine

use significantly increases the risk for nigrostriatal

neurodegeneration. The mechanistic similarity of

methamphetamine toxicity to the dopaminergic neu-

rodegeneration seen in Parkinson’s disease indicates

the usefulness of this model for testing pharmacologi-

cal agents for neuroprotective properties against this

neurodegeneration. The literature supports the idea

that in Parkinson’s disease, oxidative stress and mito-

chondrial dysfunction are primary mediators of exci-

totoxicity, neuroinflammation and apoptosis [74].

Thus, if a pharmacological agent blocks these neuro-

toxic mechanisms, it could provide protection from

the resulting neurodegeneration.

Antioxidants

Oxidative stress and mitochondrial dysfunction play

a key role in neurodegeneration. Research on coen-

zyme Q�� (antioxidant and mitochondrial energy en-

hancer) and other antioxidants has shown that they

could possibly be neuroprotective against the neuro-

degeneration found in Parkinson’s disease as well as

other neurodegenerative diseases [95]. Coenzyme Q��

has been shown to provide neuroprotection against

both MPTP [2] and rotenone [93]. Also, clinical stud-

ies have shown that Q�� can provide some protection

for the nigrostriatal dopaminergic system and slow

the progressive disability of Parkinson’s disease [95].

In addition, free radical scavengers have been shown

to provide neuroprotection against toxin-induced oxi-

dative stress such as that caused by MPTP and meth-

amphetamine [53, 73]. Ramelteon is a novel mela-

tonin receptor agonist that is used to treat insomnia.

Melatonin is known to have neuroprotective effects

such as antioxidant and antiapoptotic properties. If ra-

melteon possesses the same capacity for free radical

scavenging as melatonin, it could provide much

needed neuroprotection against oxidative stress that

leads to neurodegeneration and reduce the oxidative

damage seen in Parkinson’s disease.

Ramelteon is an orally active sleep agent (for in-

somnia) and a hypnotic substance that is commer-

cially available as rozerem from Takeda Pharmaceuti-

cals, North America [100, 101]. Ramelteon is ap-

proved by the FDA for long-term use in the treatment

of insomnia and is the first in a new class of sleep

agents that selectively binds to MT� and MT� recep-

tors [79], which is believed to contribute to its sleep-

promoting properties as these receptors are thought to

be involved in the maintenance of the circadian

rhythm underlying the normal sleep-wake cycle [72].

The significance of ramelteon’s lack of affinity for the

MT� receptor is not clear; however, the MT� receptor

appears almost exclusively in the gut and does not ap-

pear to have a relationship with sleep or wakefulness

[28, 115]. Unlike other hypnotic drugs such as zolpi-

dem, eszopiclone, and zaleplon, ramelteon does not

show appreciable binding to GABA� receptors. These

receptors are associated with the anxiolytic, myore-

laxant, and amnesic effects of other sleep agents

[111]. Hence, ramelteon has not been shown to pro-

duce dependence and potential for abuse. Further-

more, the withdrawal and rebound insomnia that is
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typical with other GABA modulators is not present

with ramelteon. It is currently the only non-scheduled

prescription drug for the treatment of insomnia avail-

able in the United States [54, 101].

Ramelteon possesses structural similarities with

melatonin and, therefore, has similar physiological ef-

fects. It is possible that some of these shared effects

are the antioxidant and antiapoptotic properties previ-

ously shown in melatonin research. Melatonin is an

antioxidant that easily crosses cell membranes and the

blood-brain barrier [39, 102]. Research has established

that melatonin is a direct scavenger of reactive oxy-

gen species (ROS), such as OH, O�
�, and NO [81]. It

has also been found to be effective in protecting

against brain injury caused by ROS release in experi-

mental hypoxic brain damage in newborn rats [74,

107]. In animal models, melatonin has been demon-

strated to prevent some carcinogens from damaging

DNA, stopping the mechanism by which they cause

cancer [52]. Its antioxidant activity may reduce the

neuronal damage found in several neurodegenerative

disorders, including Parkinson’s disease [77]. Whether

ramelteon has functional similarities with melatonin

besides induction of sleep has not been fully studied.

However, besides the primary function of regulating

the sleep cycle, both may exert powerful antioxidant

activity [103]. If ramelteon possesses the same free

radical scavenging properties and anti-apoptotic ef-

fect as melatonin [83], then it could prove to be a neu-

roprotective drug and reduce the oxidative damage

found in Parkinson’s disease.

NMDA receptor antagonists

Since NMDA receptors are especially harmful factors

in excitotoxicity, antagonists of the receptors show

promise for the treatment of conditions that involve

excitotoxicity, including traumatic brain injury,

stroke, and neurodegenerative diseases such as Alz-

heimer’s disease, Parkinson’s disease and Hunting-

ton’s disease [65]. Research has shown that excito-

toxic effects of glutamic acid can be blocked by

NMDA receptor antagonists [17]. In experiments us-

ing MPTP, an NMDA receptor antagonist (meman-

tine) protected rats from the toxic effects of this toxin

[106]. Memantine is proposed to counteract cellular

damage due to pathological activation of NMDA re-

ceptors by glutamate and has been approved in

Europe as the first treatment of its type for moderately

severe to severe Alzheimer’s disease [26]. Further stud-

ies have shown that antagonists of mGluR1 prevented

NMDA-induced neurotoxicity. A selective mGluR1 an-

tagonist, (RS)-1-aminoindan-1,5-dicarboxylic acid

(AIDA), protected against MPTP-induced injury of

dopaminergic nigral cells [1]. In addition, the mGluR5

antagonist, 2-methyl-6-(phenylethynyl)pyridine (MPEP),

prevented the degeneration of dopaminergic neurones

induced by methamphetamine in rats [35].

Amantadine is sold commercially as amantadine

hydrochloride, under the name symmetrel, for use

both as an antiviral and an antiparkinsonian drug [88].

Amantadine was approved by the FDA in October

1966 as a prophylactic agent against Asian influenza

and eventually received approval for the treatment of

influenzavirus A in adults [68, 69]. In terms of the

mechanism of its antiviral properties, amantadine in-

terferes with the viral protein M2 (an ion channel),

which is required for the viral particle to become “un-

coated” once it is taken inside the cell by endocytosis.

In 1969, the drug was also accidently discovered to

help reduce the symptoms of Parkinson’s disease. The

mechanisms for its antiviral and antiparkinsonian ef-

fects seem to be unrelated. The mechanism of its anti-

parkinsonian effect is poorly understood. The drug

appears to induce the release of dopamine from the

nerve endings of the brain cells, together with stimu-

lation of the norepinephrine response. Furthermore, it

appears to be a weak NMDA receptor antagonist and

an anticholinergic [7]. As an antiparkinsonian, it can

be used as monotherapy or together with levodopa to

treat levodopa-related motor fluctuations, shorten levo-

dopa’s duration of clinical effect, and treat levodopa-

related dyskinesias, such as choreiform movements as-

sociated with long-term levodopa use [88].

Amantadine also has several off-label uses and is

frequently used to treat the characteristic fatigue often

experienced by patients with multiple sclerosis [18].

Additionally, there have been anecdotal reports that

low-dose amantadine has been successfully used to

treat ADHD [38]. Amantadine has also been shown to

relieve selective serotonin reuptake inhibitors-induced

sexual dysfunction [4, 55, 94]. It is amantadine’s ef-

fectiveness as an NMDA receptor antagonist that led

to its inclusion in this study as possibly neuroprotec-

tive. As previously mentioned, because NMDA recep-

tors are especially harmful factors in excitotoxicity,

antagonists of the receptors show promise for the treat-
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ment of conditions that involve excitotoxicity [65].

Excitotoxicity is commonly seen in Parkinson’s dis-

ease and the defective mitochondrial energy metabo-

lism found in Parkinson’s disease patients may predis-

pose them to excessive glutamate- evoked calcium in-

flux. This could cause toxicity to the nigral neuronal

cells [5, 6]. MPTP-induced parkinsonism is attenuated

by a blockade of NMDA receptors [60, 75]. Aman-

tadine is the only NMDA receptor antagonist that is

actively used to treat Parkinson’s disease. If it is

proved to be neuroprotective against methamphetamine-

induced toxicity in addition to its well-established

therapeutic use, then it would be cost-effective as well

as ground-breaking.

Anti-inflammatory agents

Salicylic acid belongs to a class of drugs known as an-

algesics or antipyretics. It is a metabolite produced in

the body following ingestion of aspirin, acetylsalicylic

acid [40]. Aspirin was the first member of the class of

drugs known as non-steroidal anti-inflammatory drugs

(NSAIDs) to be discovered; NSAIDS all have similar

effects, and most inhibit the enzyme cyclooxygenase

as their mechanism of action [112]. Aspirin sup-

presses the production of prostaglandins and throm-

boxanes. Prostaglandins are local hormones produced

in the body that have diverse effects, including the

transmission of pain information to the brain, modula-

tion of the hypothalamic thermostat, and inflamma-

tion. Thromboxanes are responsible for the aggrega-

tion of platelets that form blood clots. Aspirin’s abil-

ity to suppress the production of prostaglandins and

thromboxanes is due to its irreversible inactivation of

the COX enzyme. COX is required for prostaglandin

and thromboxane synthesis. Aspirin acts as an acety-

lating agent through which an acetyl group is cova-

lently attached to a serine residue in the active site of

the COX enzyme. Thus, aspirin differs from other

NSAIDs, such as ibuprofen, which are reversible in-

hibitors. There are at least two different types of cyclo-

oxygenase: COX-1 and COX-2. Aspirin irreversibly

inhibits COX-1 and modifies the enzymatic activity of

COX-2. Normally, COX-2 produces prostanoids, most

of which are proinflammatory. Aspirin-modified COX-2

produces lipoxins, most of which are anti-inflam-

matory [108, 109]. The administration of metham-

phetamine is associated with the induction of COX,

which causes a neuroinflammatory process that re-

sults in deleterious events in the cell [117]. Since non-

steroidal anti-inflammatory drugs have shown neuro-

protection against other neurotoxins [104], this sup-

ports the use of anti-inflammatory therapeutic agents

for reducing neurodegeneration. Salicylic acid and ke-

toprofen have been shown to provide neuroprotection

against MPTP-induced neurotoxicity [3, 53, 73].

Thus, these agents could play a much needed neuro-

protective role in numerous other neurodegenerative

disorders.

Other therapies

There are other relevant therapeutic models in the

methamphetamine model of Parkinson’s disease. Do-

pamine receptor agonists are currently in use as anti-

parkinsonian treatments. Pramipexole, a dopamine

D�/D� receptor agonist, has been shown to provide

neuroprotection against methamphetamine-induced

degeneration of nigrostriatal neurons [36]. Also,

adenosine receptor agonists are of interest due to evi-

dence that the microglial activation by methampheta-

mine is related to the downregulation of the adenosine

glial transporter [29]. Other treatments of interest in-

clude selenium, which has shown antioxidant proper-

ties [56], and apomorphine, which has shown free re-

dical scavenging properties [33].

Conclusion

Specific animal models have been developed to ob-

tain insight into the selective loss of nigral dopamin-

ergic neurons. These models are designed to repro-

duce the clinical and pathological features of Parkin-

son’s disease, and can be quite helpful in dissecting

the many different molecular and biochemical path-

ways. As such, the methamphetamine animal model

can facilitate a greater understanding of the neurode-

generation in the nigrostriatal system associated with

Parkinson’s disease, and can be used to investigate

pharmacological agents to determine what, if any,

neuroprotective or neurorestorative effects they ex-
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hibit. Such investigations may lead to the develop-

ment of much needed novel therapeutic agents and

even to a proactive treatment strategy for Parkinson’s

disease. A more complete understanding of the pro-

gressive and selective loss of nigrostriatal dopaminer-

gic neurons that occurs in aging and in Parkinson’s

disease could advance treatment. The discovery of

novel pharmacological agents that provide neuropro-

tection in the substantia nigra against oxidative stress,

scavenge hydroxyl radicals or upregulate antioxidant

defense enzymes or the identification of a therapy that

protects dopaminergic neurons from apoptosis may

improve the duration and quality of life of all patients

with Parkinson’s disease.

��������������	

*��� ����� +�� ��������� �� ��� ���������� �	 
�������


��������� �������� �����
 �	 
�������� ������ ����������� �������

�!� ���(

References:

1. Aguirre JA, Andbjer B, Gonzalez-Baron S, Hansson A,

Stromberg I, Agnati LF, Fuxe K: Group I mGluR antago-

nist AIDA protects nigral DA cells from MPTP-induced

injury. NeuroReport, 2001, 12, 2615–2617.

2. Akaneya Y, Takahashi M, Hatanaka H: Involvement of

free radicals in MPP� neurotoxicity against rat dopaminer-

gic neurons in culture. Neurosci Lett, 1995, 193, 53–56.

3. Asanuma M, Tsuji T, Miyazaki I, Miyoshi K, Ogawa N:

Methamphetamine-induced neurotoxicity in mouse brain

is attenuated by ketoprofen, a non-steroidal anti-

inflammatory drug. Neurosci Lett, 2003, 352, 13–16.

4. Balogh S, Hendricks SE, Kang J: Treatment of fluoxet-

ine-induced anorgasmia with amantadine. J Clin Psy-

chiatry, 1992, 53, 212–213.

5. Beal MF: Does impairment of energy metabolism result

in excitotoxic neuronal death in neurodegenerative ill-

nesses? Ann Neurol, 1992, 31, 119–130.

6. Blandini F, Porter RH, Greenamyre JT: Glutamate and

Parkinson’s disease. Mol Neurobiol, 1996, 12, 73–94.

7. Blanpied TA, Clarke RJ, Johnson JW: Amantadine inhib-

its NMDA receptors by accelerating channel closure dur-

ing channel block. J Neurosci, 2005, 25, 3312–3322.

8. Bondy SC, Ali SF, Kleinman MT: Exposure of mice to

tobacco smoke attenuates the toxic effect of metham-

phetamine on dopamine systems. Toxicol Lett, 2000,

118, 43–46.

9. Budavari S: The Merck Index: an encyclopedia of

chemicals, drugs, and biologicals, 12th edn., Merck and

Co., New Jersey, 1996.

10. Burns RS, Markey SP, Phillips JM, Chiueh CC: The neu-

rotoxicity of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

in the monkey and man. Can J Neurol Sci, 1984, 11,

166–168.

11. Bus JS, Gibson JE: Paraquat: model for oxidant-initiated

toxicity. Environ Health Perspect, 1984, 55, 37–46.

12. Cadet JL, Jayanthi S, Deng X: Speed kills: cellular and

molecular basis of methamphetamine-induced nerve ter-

minal degeneration and neuronal apoptosis. FASEB J,

2003, 17, 1775–1788.

13. Caine DB, Langston JW: Aetiology of Parkinson’s dis-

ease. Lancet, 1983, 2, 1457–1459.

14. Carboni S, Melis F, Pani L, Hadjiconstantinou M, Ros-

sett ZL: The non-competitive NMDA-receptor antago-

nist MK-801 prevents the massive release of glutamate

and aspartate from rat striatum induced by 1-methyl-4-

phenylpyridinium (MPP�). Neurosci Lett, 1990, 117, 129–133.

15. Chan P, Di Monte DA, Luo JJ, DeLanney LE, Irwin I,

Langston JW: Rapid ATP loss caused by methampheta-

mine in the mouse striatum: relationship between energy

impairment and dopaminergic neurotoxicity. J Neuro-

chem, 1994, 62, 2484–2487.

16. Chance B, Williams GR: The respiratory chain and oxi-

dative phosphorylation. Adv Enzymol, 1956, 17, 65.

17. Choi DW: Glutamate neurotoxicity and diseases of the

nervous system. Neuron, 1988, 1, 623–634.

18. Cohen RA, Fisher M: Amantadine treatment of fatigue

associated with multiple sclerosis. Arch Neurol, 1989,

46, 676–680.

19. Davidson C, Gow AJ, Lee TH, Ellinwood EH: Metham-

phetamine neurotoxicity: necrotic and apoptotic mecha-

nisms and relevance to human abuse and treatment.

Brain Res Rev, 2001, 36, 1–22.

20. Davis GC, Williams AC, Markey SP, Ebert MH, Caine

ED, Reichert CM, Kopin IJ: Chronic parkinsonism sec-

ondary to intravenous injection of meperidine analogues.

Psychiat Res, 1979, 1, 249–254.

21. Dawson TM, Dawson VL: Molecular pathways of neu-

rodegeneration in Parkinson’s disease. Science, 2003,

302, 819–822.

22. Dawson VL, Dawson TM, London ED, Bredt DS, Sny-

der SH: Nitric oxide mediates glutamate neurotoxicity in

primary cortical cultures. Proc Natl Acad Sci USA,

1991, 88, 6368–6371.

23. Di Monte DA, Lavasani M, Manning-Bog AB: Environ-

mental factors in Parkinson’s disease. Neurotoxicology,

2002, 23, 487–502.

24. Dluzen DE, McDermott JL, Anderson LI: Tamoxifen di-

minishes methamphetamine-induced striatal dopamine

depletion in intact female and male mice. J Neuroendo-

crinol, 2001, 13, 618–624.

25. Doble A: The role of excitotoxicity in neurodegenerative

disease: implications for therapy. Pharmacol Ther, 1999,

81, 163–221.

26. Doraiswamy PM: Non-cholinergic strategies for treating

and preventing Alzheimer’s disease. CNS Drugs, 2002,

16, 811–824.

27. Doyle D: Hitler’s Medical Care. J R Coll Physicians Ed-

inb, 2005, 35, 75–82.

28. Erman M, Seiden D, Zammit G, Sainati S, Zhang J: An

efficacy, safety, and dose-response study of Ramelteon in

patients with chronic primary insomnia. Sleep Med,

2006, 7, 17–24.

974 �����������	��� 
����
�� ����� ��� �������



29. Escubedo E, Guitart L, Sureda FX, Jimenez A, Pubill D,

Pallas M, Camins A, Camarasa J: Microgliosis and

down-regulation of adenosine transporter induced by

methamphetamine in rats. Brain Res, 1998, 814, 120–126.

30. Fahn S, Cohen G: The oxidant stress hypothesis in Park-

inson’s disease: evidence supporting it. Ann Neurol,

1992, 32, 804–812.

31. Fariello RG, Ghilardi O, Peschechera A, Ramacci MT,

Angelucci L: Regional distribution of ubiquinones and

tocopherols in the mouse brain: lowest content of ubiqui-

nols in the substantia nigra. Neuropharmacology, 1988,

27, 1077–1080.

32. Fibiger HC, Mogeer EG: Effect of acute and chronic

methamphetamine treatment on tyrosine hydroxylase ac-

tivity in brain and adrenal medulla. Eur J Pharmacol,

1971, 16, 176–180.

33. Fornai F, Battaglia G, Gesi M, Orzi F, Nicoletti F, Rug-

gieri S: Dose-dependent protective effects of apomor-

phine against methamphetamine-induced nigrostriatal

damage. Brain Res, 2001, 898, 27–35.

34. Gluck MR, Moy LY, Jayatilleke E, Hogan KA, Manzino

L, Sonsalla PK: Parallel increases in lipid and protein

oxidative markers in several mouse brain regions after

methamphetamine treatment. J Neurochem, 2001, 79,

152–160.

35. Go³embiowska K, Konieczny J, Wolfarth S, Ossowska

K: Neuroprotective action of MPEP, a selective mGluR5

antagonist, in methamphetamine-induced dopaminergic

neurotoxicity is associated with a decrease in dopamine

outflow and inhibition of hyperthermia in rats. Neuro-

pharmacology, 2003, 45, 484–492.

36. Hall ED, Andrus PK, Oostveen JA, Althaus JS, Von-

Voigtlander PF: Neuroprotective effects of the dopamine

D�/D� agonist pramipexole against postischemic or

methamphetamine-induced degeneration of nigrostriatal

neurons. Brain Res, 1996, 742, 80–88.

37. Halliwell B: Free radicals, reactive oxygen species and

human disease: a critical evaluation with special reference

to atherosclerosis. Br J Exp Pathol, 1989, 70, 737–757.

38. Hallowell EM, Ratey JJ: Delivered from Distraction:

Getting the Most out of Life with Attention Deficit Dis-

order. Ballantine, New York, 2005.

39. Hardeland R: Antioxidative protection by melatonin:

multiplicity of mechanisms from radical detoxification to

radical avoidance. Endocrine, 2005, 27, 119–130.

40. Hardman JG, Limbard LE, Molinoff PB, Rudden RW,

Gilman RG: Goodman and Gilman’s The Pharmacologi-

cal Basis of Therapeutics, 9th edn., McGraw-Hill, New

York, 1996.

41. Hashimoto K, Tsukada H, Nishiyama S, Fukumoto D,

Kakiuchi T, Shimizu E: Protective effects on N-acetyl-

L-cysteine on the reduction of dopamine transporters in

the striatum of monkeys treated with methamphetamine.

Neuropsychopharmacology, 2004, 29, 2018–2023.

42. Hayashi T, Hirata H, Asanuma M, Ladenheim B, Tsao

LI, Cadet JL, Su TP: Delta opioid peptide (D-Ala�, D-

Leu�) enkephalin causes a near complete blockade of the

neuronal damage caused by a single high dose of meth-

amphetamine: examining the role of p53. Synapse, 2001,

39, 305–312.

43. Hirata H, Cadet JL: Methamphetamine-induced sero-

tonin neurotoxicity is attenuated in p53-knockout mice.

Brain Res, 1997, 768, 345–348.

44. Hornykiewicz O: Parkinson’s disease: from brain ho-

mogenate to treatment. Fed Proc, 1973, 32, 183–190.

45. Imam SZ, el-Yazal J, Newport GD, Itzhak Y, Cadet JL,

Slikker W, Ali SF: Methamphetamine-induced dopamin-

ergic neurotoxicity: role of peroxynitrite and neuropro-

tective role of antioxidants and peroxynitrite decomposi-

tion catalysts. Ann NY Acad Sci, 2001, 939, 366–380.

46. Imberti R, Nieminen AL, Herman B, Lemasters JJ: Mito-

chondrial and glycolytic dysfunction in lethal injury to

hepatocytes by t-butylhydroperoxide: protection by fruc-

tose, cyclosporin A and trifluoperazine. J Pharmacol Exp

Ther, 1993, 265, 392–400.

47. Itzhak Y, Martin J, Ali S: Methamphetamine-induced do-

paminergic neurotoxicity in mice: long-lasting sensitiza-

tion to the locomotor stimulation and desensitization to

the rewarding effects of methamphetamine. Prog Neurop-

sychopharmacol Biol Psychiatry, 2002, 26, 1177–1183.

48. Jenner P: Oxidative mechanisms in nigral cell death in

Parkinson’s disease. Mov Disord, 1998, 13, 24–34.

49. Jenner P: Oxidative stress in Parkinson’s disease. Ann

Neurol, 2003, 53, S26–S361.

50. Jenner P, Schapira AHV, Marsden CD: New insights into

the cause of Parkinson’s disease. Neurology, 1992, 42,

2241–2250.

51. Jones GM, Vale JA: Mechanisms of toxicity, clinical fea-

tures, and management of diquat poisoning: a review.

J Toxicol Clin Toxicol, 2000, 38, 123–128.

52. Karbownik M, Reiter R, Cabrera J, Garcia J: Compari-

son of the protective effect of melatonin with other anti-

oxidants in the hamster kidney model of estradiol-

induced DNA damage. Mutat Res, 2001, 474, 87–92.

53. Kataoka M, Tonooka K, Ando T, Imai K, Almato T: Hy-

droxyl radicals scavenging activity of nonsteroidal anti-

inflammatory drugs. Free Radic Res, 1997, 27, 419–427.

54. Kato K, Hirai K, Nishikawa K, Uchikawa O, Fukatsu K,

Ohkawa S, Kawamata Y et al.: Neurochemical properties

of ramelteon (TAK-375), a selective MT�/MT� receptor

agonist. Neuropharmacology, 2005, 48, 301–305.

55. Keller AA, Hamer R, Rosen RC: Serotonin reuptake

inhibitor-induced sexual dysfunction and its treatment:

a large-scale retrospective study of 596 psychiatric out-

patients. J Sex Marital Ther, 1997, 23, 165–175.

56. Kim H, Jhoo W, Choi D, Im D, Shin E, Suh J, Floyd RA,

Bing G: Protection of methamphetamine nigrostriatal tox-

icity by dietary selenium. Brain Res, 1999, 851, 76–86.

57. Kita T, Wagner GC, Nakashima T: Current research on

methamphetamine-induced oxidative stress in cultured

mouse astrocytes. J Pharmacol Sci, 2003, 92, 178–195.

58. Kopin IJ: Parkinson’s disease: past, present and future.

Neuropsychopharmacol, 1992, 9, 1–12.

59. Landrigan PJ, Sonawane B, Butler RN, Trasande L, Cal-

lan R, Droller D: Early environmental origins of neuro-

degenerative disease in later life. Environ Health Per-

spect, 2005, 113, 1230–1233.

60. Lange KW, Loschmann P, Sofic E, Burg M, Horowski R,

Kalveram KT, Wachtel H, Riederer P: The competitive

NMDA antagonist CPP protects substantia nigra neurons

�����������	��� 
����
�� ����� ��� ������� 975

Methamphetamine-induced toxicity & neuroprotective strategies
����� ������ �	 �
�



from MPTP-induced degeneration in primates. Naunyn

Schmiedebergs Arch Pharmacol, 1993, 348, 586–592.

61. Langston JW, Ballard P, Tetrud JW, Irwin I: Chronic

parkinsonism in humans due to a produce of meperidine-

analog synthesis. Science, 1983, 219, 979–980.

62. Lau JW, Senok S, Stadlin A: Methamphetamine-induced

oxidative stress in cultured mouse astrocytes. Ann NY

Acad Sci, 2000, 914, 146–156.

63. LaVoie MJ, Card JP, Hastings TG: Microglial activation

precedes dopamine terminal pathology in

methamphetamine-induced neurotoxicity. Exp Neurol,

2004, 187, 47–57.

64. Liu B, Gao H, Hong J: Parkinson’s disease and exposure

to infectious agents and pesticides and the occurrence of

brain injuries: role of neuroinflammation. Environ

Health Perspect, 2003, 111, 1065–1073.

65. Maas AI: Neuroprotective agents in traumatic brain in-

jury. Expert Opin Inv Drug, 2001, 10, 753–767.

66. Manning-Bog AB, McCormack AL, Li J, Uversky VN,

Fink AL, Di Monte DA: The herbicide paraquat causes

up-regulation and aggregation of �-synuclein in mice:

paraquat and �-synuclein. J Biol Chem, 2002, 277,

1641–1644.

67. Marsden CD: Parkinson’s disease. J Neurol Neurosurg

Psych, 1994, 57, 672–681.

68. Maugh TH: Amantadine: an alternative for prevention of

influenza. Science, 1976, 192, 130–131.

69. Maugh TH: Panel urges wide use of antiviral drug. Sci-

ence, 1979, 206, 1058–1060.

70. McGeer PL, Itagaki S, Boyes BE, McGeer EG: Reactive

microglia are positive for HLA-DR in the substantia ni-

gra of Parkinson’s and Alzheimer’s disease brains. Neu-

rology, 1988, 38, 1285–1291.

71. McGregor C, Srisurapanont M, Jittiwutikarn J, Laobhri-

patr S, Wongtan T, White J: The nature, time course and

severity of methamphetamine withdrawal. Addiction,

2005, 100, 1320–1329.

72. Miyamoto M, Nishikawa H, Doken Y, Hirai K, Uchi-

kawa O, Ohkawa S: The sleep-promoting action of ra-

melteon (TAK-375) in freely moving cats. Sleep, 2004,

27, 1319–1325.

73. Mohanakumar KP, Muralikrishnan D, Thomas B: Neuro-

protection by sodium salicylate against 1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine-induced neurotoxicity.

Brain Res, 2000, 864, 281–290.

74. Nam E, Lee SM, Koh SE, Joo WS, Maeng S, Im HI,

Kim YS: Melatonin protects against neuronal damage in-

duced by 3-nitropropionic acid in rat striatum. Brain Res,

2005, 1046, 90–96.

75. Nash JE, Fox SH, Henry B, Hill MP, Peggs D, McGuire

S, Maneuf Y et al.: Antiparkinsonian actions of ifenpro-

dil in the MPTP-lesioned marmoset model of Parkin-

son’s disease. Exp Neurol, 2000, 165, 136–142.

76. NIDA Research Report. Methamphetamine abuse and

addiction. NIDA, USA, 2002.

77. Oaknin-Bendahan S, Anis Y, Nir I, Zisapel N: Effects of

long-term administration of melatonin and a putative an-

tagonist on the ageing rat. Neuroreport, 1995, 6,

785–788.

78. O’Callaghan JP, Miller DB: Neurotoxicity profiles of

substituted amphetamines in the C57BL/6J mouse.

J Pharmacol Exp Ther, 1994, 270, 741–751.

79. Owen RT: Ramelteon: profile of a new sleep-promoting

medication. Drugs Today, 2006, 42, 255–263.

80. Patel S, Singh V, Kumar A, Gupta YK, Singh MP: Status

of antioxidant defense system and expression of toxicant

responsive genes in striatum of maneb- and paraquat-

induced Parkinson’s disease phenotype in mouse:

Mechanism of neurodegeneration. Brain Res, 2006,

1081, 9–18.

81. Poeggeler B, Saarela S, Reiter RJ: Melatonin – a highly

potent endogenous radical scavenger and electron donor:

new aspects of the oxidation chemistry of this indole ac-

cessed in vitro. Ann NY Acad Sci, 1994, 738, 419–420.

82. Pubill D, Chipana C, Camins A, Pallas M, Camarasa J,

Escubedo E: Free radical production induced by meth-

amphetamine in rat striatal synaptosomes. Toxicol Appl

Pharmacol, 2005, 204, 57–68.

83. Reiter RJ, Acuna-Castroviejo D, Tan DX, Burkhardt S:

Free radical-mediated molecular damage. Mechanisms

for the protective actions of melatonin in the central

nervous system. Ann NY Acad Sci, 2001, 939, 200–215.

84. Remington JP: Remington’s Pharmaceutical Sciences,

17th edn., Mack Pub. Co., Easton, 1985.

85. Reynolds J: The extra pharmacopoeia, 31st edn., Phar-

maceutical Press, London, 1996.

86. Riddle EL, Fleckenstein AE, Hanson GR: Mechanisms

of methamphetamine-induced dopaminergic neurotoxic-

ity. AAPS J, 2006, 8, E413–E418.

87. Rothman RB, Baumann MH, Dersch CM, Romero DV,

Rice KC, Carroll FI, Partilla JS: Amphetamine-type cen-

tral nervous system stimulants release norepinephrine

more potently than they release dopamine and serotonin.

Synapse, 2001, 39, 32–41.

88. Sandoz: Amantadine hydrochloride drug information

sheet. Sandoz Inc., USA, 2008.

89. Savitt JM, Dawson VL, Dawson TM: Diagnosis and

treatment of Parkinson disease: molecules to medicine.

J Clin Invest, 2006, 116, 1744–1754.

90. Schwarcz R, Meldrum B: Excitatory amino acid antago-

nists provide a therapeutic approach to neurological dis-

orders. Lancet, 1985, 2, 140–143.

91. Sethy VH, Ellerbrock BR, Wu H: U-95666E: A potential

anti-parkinsonian drug with anxiolytic activity. Prog Neuro-

psychopharmacol Biol Psychiatry, 1997, 21, 873–883.

92. Sherer TB, Betarbet R, Greenamyre JT: Environment,

mitochondria, and Parkinson’s disease. Neuroscientist,

2002, 8, 192–197.

93. Sherer TB, Kim JH, Betarbet R, Greenamyre JT: Subcu-

taneous rotenone exposure causes highly selective dopa-

minergic degeneration and �-synuclein aggregation. Exp

Neurol, 2003, 179, 9–16.

94. Shrivastava RK, Shrivastava S, Overweg N, Schmitt M:

Amantadine in the treatment of sexual dysfunction asso-

ciated with selective serotonin reuptake inhibitors. J Clin

Psychopharm, 1995, 15, 83–84.

95. Shults CW: Therapeutic role of coenzyme Q10 in Park-

inson’s disease. Pharmacol Ther, 2005, 107, 120–130.

96. Siderowf A, Stern M: Update on Parkinson disease. Ann

Intern Med, 2003, 138, 651–658.

976 �����������	��� 
����
�� ����� ��� �������



97. Sonsalla PK, Heikkila RE: Neurotoxic effects of 1-methyl-

4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and meth-

amphetamine in several strains of mice. Prog Neurop-

sycopharmacol Biol Psychiatry, 1988, 12, 345–354.

98. Sonsalla PK, Jochnowitz MD, Zeevalk GD, Oostveen

JA, Hall ED: Treatment of mice with methamphetamine

produces cell loss in the substantia nigra. Brain Res,

1996, 738, 172–175.

99. Stokes AH, Hastings TG, Vrana KE: Cytotoxic and

genotoxic potential of dopamine. J Neurosci Res, 1999,

55, 659–665.

100. Takeda: Ramelteon drug information sheet. Takeda Phar-

maceuticals, North America, 2008.

101. Takeda: ROZEREM® (ramelteon) tablets highlights of

prescribing information. Takeda Pharmaceuticals, North

America, 2008.

102. Tan D, Manchester L, Reiter R, Qi W, Karbownik M,

Calvo J: Significance of melatonin in anti oxidative de-

fense system: reactions and products. Biol Signals Re-

cept, 2000, 9, 137–159.

103. Tan D, Manchester LC, Terron MP, Flores LJ, Reiter RJ:

One molecule, many derivatives: a never-ending interac-

tion of melatonin with reactive oxygen and nitrogen spe-

cies? J Pineal Res, 2007, 42, 28–42.

104. Thiruchelvam M, Richfield EK, Baggs RB, Tank AW,

Cory-Slechta DA: The nigrostriatal dopaminergic system

as a preferential target of repeated exposures to com-

bined paraquat and maneb: implications for Parkinson’s

disease. J Neuroscience, 2000, 20, 9207–9214.

105. Thomas DM, Walker PD, Benjamins JA, Geddes TJ,

Kuhn DM: Methamphetamine neurotoxicity in dopamine

nerve endings of the striatum is associated with micro-

glial activation. J Pharmacol Exp Ther, 2004, 311, 1–7.

106. Turski L, Bressler K, Rettig K J, Loschmann PA: Protec-

tion of substantia nigra from MPP1 neurotoxicity by

N-methyl-D-aspartate antagonists. Nature, 1991, 349,

414–418.

107. Tutunculer F, Eskiocak S, Basaran UN, Ekuklu G, Ayvaz

S, Vatansever U: The protective role of melatonin in ex-

perimental hypoxic brain damage. Pediatr Int, 2005, 47,

434–439.

108. Vane JR: Inhibition of prostaglandin synthesis as

a mechanism of action for aspirin-like drugs. Nat New

Biol, 1971, 231, 232–235.

109. Vane JR, Botting RM: The mechanism of action of aspi-

rin. Thromb Res, 2003, 110, 255–258.

110. Ungerstedt U: Postsynaptic supersensitivity after 6-

hydroxydopamine induced degeneration of the nigro striatal

dopamine system. Acta Physiol Scand, 1971, 82, 69–93.

111. Wang F, Li J, Wu C, Yang J, Xu F, Zhao O: The GABA�

receptor mediates the hypnotic activity of melatonin in

rats. Pharmacol Biochem Behav, 2003, 74, 573–578.

112. Warner TD, Mitchell JA: Cyclooxygenase-3 (COX-3):

filling in the gaps toward a COX continuum? Proc Natl

Acad Sci USA, 2002, 99, 13371–13373.

113. Wilson JM, Kalasinsky KS, Levey AI, Bergeron C, Rei-

ber G, Anthony RM: Striatal dopamine nerve terminal

markers in human, chronic methamphetamine users. Na-

ture Med, 1996, 2, 699–703.

114. Yamamoto B, Zhu W: The effects of methamphetamine

on the production of free radicals and oxidative stress.

J Pharmacol Exp Ther, 1998, 287, 107–114.

115. Zammit G, Erman M, Wang-Weigand S, Sainati S,

Zhang J, Roth T: Evaluation of the efficacy and safety of

ramelteon in subjects with chronic insomnia. J Clin

Sleep Med, 2007, 3, 495–504.

116. Zhang L, Kitaichi K, Fujimoto Y, Nakayama H, Shimizu

E, Iyo M, Hashimoto K: Protective effects of mino-

cycline on behavioral changes and neurotoxicity in mice

after administration of methamphetamine. Prog Neurop-

sychopharmacol Biol Psychiatry, 2006, 30, 1381–1393.

117. Zhang X, Dong F, Mayer GE, Bruch DC, Ren J, Culver

B: Selective inhibition of cyclooxygenase-2 exacerbates

methamphetamine-induced dopamine depletion in the

striatum in rats. J Neurosci, 2007, 150, 950–958.

118. Zhu JPQ, Xu W, Angulo JA: Methamphetamine induced

cell death: selective vulnerability in neuronal subpopula-

tions of the striatum in mice. Neuropharmacology, 2006,

140, 607–622.

��������	

$���� ,-� ,��#. �� ������� 	���& /������ ,#� ,��#(

�����������	��� 
����
�� ����� ��� ������� 977

Methamphetamine-induced toxicity & neuroprotective strategies
����� ������ �	 �
�


	957	Review Œ Nicotine dependence Œ human and animal studies, current pharmacotherapies and future perspectives.
	Magdalena Zaniewska, Edmund Przegaliñski, Ma³gorzata Filip

	966	Review Œ Methamphetamine-induced neurotoxicity: the road to Parkinson™s disease.
	Bessy Thrash, Kariharan Thiruchelvan, Manuj Ahuja, V
ishnu Suppiramaniam, Muralikrishnan Dhanasekaran

	978	Review Œ Tramadol as an analgesic for mild to moderate cancer pain.
	Wojciech Leppert

	993	Review Œ Polymer-based non-viral gene delivery 
as a concept for the treatment of cancer.
	Anna Halama, Micha³ Kuliñski, Tadeusz Librowski, Stanis³aw Lochyñski

	1000	Cannabinoid CB1 receptors in rat medial prefrontal cortex are colocalized with calbindin- but not parvalbumin- and calretinin-positive GABA-ergic neurons.
	Krzysztof Wêdzony, Agnieszka Chocyk

	1008	ERK signalling pathway is not involved in PSA- NCAM-dependent alterations of hippocampal 
plasticity evoked by CB1 receptor activation.
	Marzena Maækowiak, Dorota Dudys, Krzysztof Wêdzony

	1017	Influences of chronic venlafaxine, olanzapine 
and nicotine on the hippocampal and cortical concentrations of brain-derived neurotrophic factor (BDNF).
	Anna Czubak, El¿bieta Nowakowska, Krzysztof Kus, Kinga Burda, Jana Metelska, Wanda Baer-Dubowska, Micha³ Cichocki

	1024	Role of silent polymorphisms within the dopamine D1 receptor associated with schizophrenia on D1ŒD2 receptor hetero-dimerization.
	Katarzyna Grymek, Sylwia Lukasiewicz, Agata Faron-Górecka, Magdalena Tworzydlo, Agnieszka Polit, Marta Dziedzicka-Wasylewska

	1034	Impact of postnatal dexamethasone on psychotomimetic effects of MK-801 measured on adult rats.
	Krzysztof Wêdzony, Katarzyna Markowicz-Kula, Agnieszka Chocyk Katarzyna Fija³, Aleksandra Przyborowska, Marzena Maækowiak

	1042	Effects of GABAB receptor agonists on cocaine hyperlocomotor and sensitizing effects in rats.
	Ma³gorzata Frankowska, Ewa Nowak, Ma³gorzata Filip

	1050	Effect of co-administration of fluoxetine and amantadine on immunoendocrine parameters in rats subjected to a forced swimming test.
	Zofia Rogó¿, Marta Kubera, Katarzyna Rogó¿, Agnieszka Basta-Kaim, Bogus³awa Budziszewska

	1061	Gestational manganese intoxication and anxiolytic-like effects of diazepam and the 5-HT1A receptor agonist 8-OH-DPAT in male Wistar rats.
	Adam Kwieciñski, Przemys³aw Nowak 

	1069	Concomitant administration of fluoxetine and amantadine modulates the activity of peritoneal macrophages of rats subjected to a forced swimming test.
	Adam Roman, Zofia Rogó¿, Marta Kubera, Dominika Nawrat, Irena Nalepa 

	1078	Effect of N-methyl-D-aspartate (NMDA) receptor antagonists on a-synuclein-evoked neuronal nitric oxide synthase activation in the rat brain.
	Agata Adamczyk, Grzegorz A. Czapski, Anna Ka�mierczak, Joanna B. Strosznajder

	1086	Peripheral antinociceptive effects of MC4 receptor antagonists in a rat model of neuropathic pain 
Œ a biochemical and behavioral study.
	Katarzyna Starowicz, Shaaban A. Mousa, Ilona Obara, Agnieszka Chocyk, Ryszard Przew³ocki, Krzysztof Wêdzony, Halina Machelska, Barbara Przew³ocka

	1105	Inhibitory effects of amantadine on the production of pro-inflammatory cytokines by stimulated in vitro human blood.
	Marta Kubera, Michael Maes, Bogus³awa Budziszewska, Agnieszka Basta-Kaim, Monika Leœkiewicz, Beata Grygier, Zofia Rogó¿, W³adys³aw Lasoñ

	1113	Age-dependent stimulatory effect of desipramine and fluoxetine pretreatment on metastasis formation by B16F10 melanoma in male C57BL/6 mice.
	Marta Kubera, Beata Grygier, Beatriz Arteta, Krystyna Urbanska, Agnieszka Basta-Kaim, Boguslawa Budziszewska, Monika Leskiewicz, Elzbieta Kolaczkowska, Michael Maes, Marian Szczepanik, Monika Majewska, Wladyslaw Lason

	1127	m-Trifluoromethyl-diphenyl diselenide attenuates pentylenetetrazole-induced seizures in mice by inhibiting GABA uptake in cerebral cortex slices.
	Marina Prigol, César A. Brüning, Benhur Godoi, Cristina W. Nogueira, Gilson Zeni

	1134	Effect of atorvastatin and fenofibric acid on adipokine release from visceral and subcutaneous adipose tissue of patients with mixed dyslipidemia and normolipidemic subjects.
	Robert Krysiak, Krzysztof £abuzek, Bogus³aw Okopieñ

	1146	Sildenafil increases the force of right atrial contractions in vitro via the NO-guanylyl cyclase pathway involving b-adrenoceptor linked mechanisms.
	Sadhana Kanoo, Shripad B. Deshpande

	1153	Tumor anti-initiating activity of some novel 3,4-dihydropyrimidinones.
	Hanaa A. Tawfik, Fatma Bassiuni, Amira M. Gamal-Eldeen, Mona A. Abo-Zeid, Wageeh S. El-Hamouly

	1163	Study of the cytotoxicity and antioxidant capacity of N/OFQ(1Œ13)NH2 and its structural analogues.
	Margarita Kirkova, Rositsa Zamfirova, Monika Leœkiewicz, Marta Kubera, W³adys³aw Lasoñ, Simeon Todorov

	SHORT COMMUNICATIONS
	1173	Potentiation of the antidepressant-like effect of desipramine or reboxetine by metyrapone in the forced swimming test in rats.
	Zofia Rogó¿


	content
	cont
	contents_3'2005
	contents
	abstract
	index6
	spis tresci
	A
	Adamczyk Agata1223,1230
	Albrecht Jan1245,1250
	Aschner Michael1245

	B
	Ba³kowiec Agnieszka1236
	Ba³kowiec-Iskra Ewa1236
	Bany-Laszewicz Urszula1243
	Barcikowska Maria1223 - 1225
	Barczak Anna1225
	Berdyñski Mariusz1224 - 1225
	Berêsewicz Ma³gorzata1237
	Bernacki Jacek1241
	Bia³opiotrowicz Emilia1224,1237
	Bielarczyk Hanna1229,1233
	Bielecka Anna1241
	Biernacka-£ukanty Justyna1238
	Bizon-Zygmañska Dorota1229
	Brodacki Bogdan1239
	Bu¿añska Leonora1253

	C
	C¹ka³a Magdalena1226
	Chabik Grzegorz1242
	Chalimoniuk Ma³gorzata1239
	Chodakowska-¯ebrowska Ma³gorzata1224 - 1225
	Cieœlik Magdalena1226,1239
	Colpo Pascal1253
	Czapski Grzegorz A1240
	Czapski Grzegorz A.1226,1230,1245
	Czernicki Zbigniew1231
	Cz³onkowska Anna1242

	D
	Dezor Mateusz1241
	Domañska-Janik Krystyna1243 - 1244,1249,1253
	Domasiewicz Anna1231
	Domek- £opaciñska Katarzyna1245
	Dorszewska Jolanta1241
	Dyœ Aleksandra1233
	Dziubina Anna1227

	F
	Florczak Anna1241
	Florczak Jolanta1241
	Florczak Ma³gorzata1241
	Friedman Andrzej1227
	Frontczak-Baniewicz Ma³gorzata1231

	G
	Gabryel Bo¿ena1241
	Gabryelewicz Tomasz1224
	Gadamski Roman1231
	Gajkowska Barbara1226,1248 - 1249
	Gêbarowska Jolanta1247
	Golan Maciej 1243
	Go³embiowska Krystyna1227,1251
	Górecki Dariusz C.1237
	Grieb Pawe³1228,1247
	Gromadzka Gra¿yna1242
	Grygorowicz Tomasz1243
	Grzywaczewska El¿bieta1247
	Gul-Hinc Sylwia1233

	H
	Habich Aleksandra1243,1249

	J
	Jab³oñska Anna1244,1249
	Jacewicz Maria1226,1239,1245
	Jankowska-Kulawy Agnieszka1229,1233
	Janowski Miros³aw1249
	Jêœko Henryk1226
	Jiang Haiyan1245
	Juszczak Ma³gorzata1246

	K
	Kabziñska Dagmara1250
	Kachamakova-Trojanowska Neli1224,1237
	Kamiñska Bo¿ena1229
	Karaszewska Anna1247
	Katkowska Inna1245
	Ka�mierczak Anna1223,1230
	Klimczak-Jajor Edyta1243
	Kobryœ Ma³gorzata1224
	Kochañski Andrzej1250
	Kolasiewicz Wac³aw1251
	Kowalska Anna1231,1247
	Koz³owska Hanna1237,1244
	Kozubski Wojciech1241
	Ko�niewska Ewa1231
	Krajewska Dorota1244
	Kratochvil F. James III1236
	Kuter Katarzyna1251
	Ku�nicki Jacek1224,1237
	Ku�niewska Bo¿ena1224,1237

	L
	Langfort Józef1239,1241
	Langner Ewa1246
	Lorenc-Koci El¿bieta1232

	!
	£ukomska Barbara1244,1249

	M
	Ma³gorzata Ziemka-Na³êcz1252
	Matyja Ewa1247
	Matysiak Joanna1246
	Mehn Dora1253
	Michalik Rados³aw1231
	Micha³owska-Wender Gra¿yna1238
	Morelli Micaela1227
	Muller Christa E.1251

	N
	Nagañska Ewa1247

	O
	Obara-Michlewska Marta1245
	Orzechowski Arkadiusz1249
	Ossowska Krystyna1232

	P
	Paj¹k Beata1248 - 1249
	Pawlak El¿bieta1249
	Piotrowski Piotr1231

	R
	Radecka Urszula1240
	Rafa³owska Janina1231,1247
	Rajewski Andrzej1247
	Ronowska Anna1229,1233
	Rosmanowska K1231
	Rossi Francois1253
	Rudnicka Magdalena1242
	Ruiz Ana1253
	Rzeski Wojciech1246

	S
	Sienkiewicz B.1224
	Sikora Ewa1234
	Sikorska Jolanta1225
	Sinkiewicz-Darol Elena1250
	Skowroñska Marta1250
	S³owik Agnieszka1234
	Sobów Tomasz1224
	Soko³owska Anna1251
	Songin Martyna1248 - 1249
	Staszewski Jacek1239
	Steinborn Barbara1247
	Stolecka Anna1241
	Strosznajder Joanna B1249
	Strosznajder Joanna B.1223,1226,1230,1232,1239 - 1240,1245,1248
	Strosznajder Robert1226,1245
	Struzynska Lidia1243
	Sulejczak Dorota1243
	Sulkowski Grzegorz1243
	Sypecka Joanna1251
	Szutowicz Andrzej1229,1233
	Szymczak Patrycja1251

	T
	Tarsa Leila1236
	Tokarz-Kupczyk El¿bieta1238

	W
	Walczak Katarzyna1246
	Walski Micha³1231
	Wanacka El¿bieta1244
	Wardas Jadwiga1251
	Wender Mieczys³aw1238
	Weso³owska Jowita1239
	Wojda Renata1231
	Wojda Urszula1224,1237
	Wójcik Luiza1252
	Wygl¹dalska-Jernas Halina1238

	Z
	Zab³ocka Barbara1237
	Zab³ocki Krzysztof 1235
	Zalewska Teresa1251 - 1252
	Zapa³a Ma³gorzata1251
	Zieliñska Magdalena1250
	Zychowicz Marzena1253

	¯
	¯ekanowski Cezary1224


	Adamczyk A 1223, 1230
	Albrecht J 1245, 1250
	Aschner M 1245
	Ba³kowiec A 1236
	Ba³kowiec-Iskra E 1236
	Bany-Laszewicz U 1243
	Barcikowska M 1223Œ1225
	Barczak A 1225
	Berdyñski M 1224Œ1225
	Berêsewicz M 1237
	Bernacki J 1241
	Bia³opiotrowicz E 1224, 1237
	Bielarczyk H 1229, 1233
	Bielecka A 1241
	Biernacka-£ukanty J 1238
	Bizon-Zygmañska D 1229
	Brodacki B 1239
	Bu¿añska L 1253
	C¹ka³a M 1226

	Chabik G 1242
	Chalimoniuk M 1239
	Chodakowska-¯ebrowska M 1224Œ1225
	Cieœlik M 1226, 1239
	Colpo P 1253
	Czapski GA 1226, 1230, 1240, 1245
	Czernicki Z 1231
	Cz³onkowska A 1242
	Dezor M 1241
	Domañska-Janik K 1243Œ1244, 1249, 1253
	Domasiewicz A 1231
	Domek-£opaciñska K 1245
	Dorszewska J 1241
	Dyœ A 1233
	Dziubina A 1227
	Florczak A 1241

	Florczak J 1241
	Florczak M 1241
	Friedman A 1227
	Frontczak-Baniewicz M 1231
	Gabryel B 1241
	Gabryelewicz T 1224
	Gadamski R 1231
	Gajkowska B 1226, 1248Œ1249
	Gêbarowska J 1247
	Golan M 1243
	Go³embiowska K 1227, 1251
	Górecki DC 1237
	Grieb P 1228, 1247
	Gromadzka G 1242
	Grygorowicz T 1243
	Grzywaczewska E 1247
	Gul-Hinc S 1233
	Habich A 1243, 1249
	Jab³oñska A 1244, 1249

	Jacewicz M 1226, 1239, 1245
	Jankowska-Kulawy A 1229, 1233
	Janowski M 1249
	Jêœko H 1226
	Jiang H 1245
	Juszczak M 1246
	Kabziñska D 1250
	Kachamakova-Trojanowska N   1224, 1237
	Kamiñska B 1229
	Karaszewska A 1247
	Katkowska I 1245
	Ka�mierczak A 1223, 1230
	Klimczak-Jajor E  1243
	Kobryœ M 1224
	Kochañski A 1250
	Kolasiewicz W 1251
	Kowalska A 1231, 1247
	Koz³owska H 1237, 1244
	Kozubski W 1241
	Ko�niewska E 1231
	Krajewska D 1244
	Kratochvil FJ III 1236
	Kuter K 1251
	Ku�nicki J 1224, 1237
	Ku�niewska B 1224, 1237
	Langfort J 1239, 1241

	Langner E 1246
	Lorenc-Koci E 1232
	£ukomska B 1244, 1249
	Matyja E 1247
	Matysiak J 1246
	Mehn D 1253
	Michalik R 1231
	Micha³owska-Wender G 1238
	Morelli M 1227
	Müller ChE 1251
	Nagañska E 1247
	Obara-Michlewska M 1245
	Orzechowski A 1249
	Ossowska K 1232
	Paj¹k B 1248Œ1249
	Pawlak E 1249
	Piotrowski P 1231
	Radecka U 1240
	Rafa³owska J 1231, 1247
	Rajewski A 1247
	Ronowska A 1229, 1233
	Rosmanowska K 1231
	Rossi F 1253
	Rudnicka M 1242
	Ruiz A 1253
	Rzeski W 1246
	Sienkiewicz B 1224
	Sikora E 1233
	Sikorska J 1225
	Sinkiewicz-Darol E 1250
	Skowroñska M 1250
	S³owik A 1234
	Sobów T 1224
	Soko³owska A 1251
	Songin M 1248Œ1249
	Staszewski J 1239
	Steinborn B 1247
	Stolecka A 1241
	Strosznajder R 1226, 1245
	Stru¿yñska L 1243
	Sulejczak D 1243
	Sulkowski G 1243
	Sypecka J 1251
	Szutowicz A 1229, 1233
	Szymczak P 1251
	Tarsa L 1236
	Tokarz-Kupczyk E 1238
	Walczak K 1246
	Walski M 1231
	Wanacka E 1244
	Wardas J 1251
	Wender M 1238
	Weso³owska J 1239
	Wojda R 1231
	Wojda U 1224, 1237
	Wójcik L 1252
	Wygl¹dalska-Jernas H 1238
	Zab³ocka B 1237

	Zab³ocki K 1234
	Zalewska T 1251Œ1252
	Zapa³a M 1251
	Zieliñska M 1250
	Zychowicz M 1253
	¯ekanowski C 1224
	Contents
	A
	Adamczyk Agata1225,1232
	Albrecht Jan1247,1252
	Aschner Michael1247

	B
	Ba³kowiec Agnieszka1238
	Ba³kowiec-Iskra Ewa1238
	Bany-Laszewicz Urszula1245
	Barcikowska Maria1225 - 1227
	Barczak Anna1227
	Berdyñski Mariusz1226 - 1227
	Berêsewicz Ma³gorzata1239
	Bernacki Jacek1243
	Bia³opiotrowicz Emilia1226,1239
	Bielarczyk Hanna1231,1235
	Bielecka Anna1243
	Biernacka-£ukanty Justyna1240
	Bizon-Zygmañska Dorota1231
	Brodacki Bogdan1241
	Bu¿añska Leonora1255

	C
	C¹ka³a Magdalena1228
	Chabik Grzegorz1244
	Chalimoniuk Ma³gorzata1241
	Chodakowska Ma³gorzata1226
	Chodakowska-¯ebrowska Ma³gorzata1227
	Cieœlik Magdalena1228,1241
	Colpo Pascal1255
	Czapski Grzegorz A1242
	Czapski Grzegorz A.1228,1232,1247
	Czernicki Zbigniew1233
	Cz³onkowska Anna1244

	D
	Dezor Mateusz1243
	Domañska-Janik Krystyna1245 - 1246,1251,1255
	Domasiewicz Anna1233
	Domek- £opaciñska Katarzyna1247
	Dorszewska Jolanta1243
	Dyœ Aleksandra1235
	Dziubina Anna1229

	F
	Florczak Anna1243
	Florczak Jolanta1243
	Florczak Ma³gorzata1243
	Friedman Andrzej1229
	Frontczak-Baniewicz Ma³gorzata1233

	G
	Gabryel Bo¿ena1243
	Gabryelewicz Tomasz1226
	Gadamski Roman1233
	Gajkowska Barbara1228,1250 - 1251
	Gêbarowska Jolanta1249
	Golan Maciej 1245
	Go³embiowska Krystyna1229,1253
	Górecki Dariusz C.1239
	Grieb Pawe³1230,1249
	Gromadzka Gra¿yna1244
	Grygorowicz Tomasz1245
	Grzywaczewska El¿bieta1249
	Gul-Hinc Sylwia1235

	H
	Habich Aleksandra1245,1251

	J
	Jab³oñska Anna1246,1251
	Jacewicz Maria1228,1241,1247
	Jankowska-Kulawy Agnieszka1231,1235
	Janowski Miros³aw1251
	Jêœko Henryk1228
	Jiang Haiyan1247
	Juszczak Ma³gorzata1248

	K
	Kabziñska Dagmara1252
	Kachamakova-Trojanowska Neli1226,1239
	Kamiñska Bo¿ena1231
	Karaszewska Anna1249
	Katkowska Inna1247
	Ka�mierczak Anna1225,1232
	Klimczak-Jajor Edyta1245
	Kobryœ Ma³gorzata1226
	Kochañski Andrzej1252
	Kolasiewicz Wac³aw1253
	Kowalska Anna1233,1249
	Koz³owska Hanna1239,1246
	Kozubski Wojciech1243
	Ko�niewska Ewa1233
	Krajewska Dorota1246
	Kratochvil F. James III1238
	Kuter Katarzyna1253
	Ku�nicki Jacek1226,1239
	Ku�niewska Bo¿ena1226,1239

	L
	Langfort Józef1241,1243
	Langner Ewa1248
	Lorenc-Koci El¿bieta1234

	!
	£ukomska Barbara1246,1251

	M
	Ma³gorzata Ziemka-Na³êcz1254
	Matyja Ewa1249
	Matysiak Joanna1248
	Mehn Dora1255
	Michalik Rados³aw1233
	Micha³owska-Wender Gra¿yna1240
	Morelli Micaela1229
	Muller Christa E.1253

	N
	Nagañska Ewa1249

	O
	Obara-Michlewska Marta1247
	Orzechowski Arkadiusz1251
	Ossowska Krystyna1234

	P
	Paj¹k Beata1250 - 1251
	Pawlak El¿bieta1251
	Piotrowski Piotr1233

	R
	Radecka Urszula1242
	Rafa³owska Janina1233,1249
	Rajewski Andrzej1249
	Ronowska Anna1231,1235
	Rosmanowska K1233
	Rossi Francois1255
	Rudnicka Magdalena1244
	Ruiz Ana1255
	Rzeski Wojciech1248

	S
	Sienkiewicz B.1226
	Sikora Ewa1236
	Sikorska Jolanta1227
	Sinkiewicz-Darol Elena1252
	Skowroñska Marta1252
	S³owik Agnieszka1236
	Sobów Tomasz1226
	Soko³owska Anna1253
	Songin Martyna1250 - 1251
	Staszewski Jacek1241
	Steinborn Barbara1249
	Stolecka Anna1243
	Strosznajder Joanna B1251
	Strosznajder Joanna B.1225,1228,1232,1234,1241 - 1242,1247,1250
	Strosznajder Robert1228,1247
	Struzynska Lidia1245
	Sulejczak Dorota1245
	Sulkowski Grzegorz1245
	Sypecka Joanna1253
	Szutowicz Andrzej1231,1235
	Szymczak Patrycja1253

	T
	Tarsa Leila1238
	Tokarz-Kupczyk El¿bieta1240

	W
	Walczak Katarzyna1248
	Walski Micha³1233
	Wanacka El¿bieta1246
	Wardas Jadwiga1253
	Wender Mieczys³aw1240
	Weso³owska Jowita1241
	Wojda Renata1233
	Wojda Urszula1226,1239
	Wójcik Luiza1254
	Wygl¹dalska-Jernas Halina1240

	Z
	Zab³ocka Barbara1239
	Zab³ocki Krzysztof 1237
	Zalewska Teresa1253 - 1254
	Zapa³a Ma³gorzata1253
	Zieliñska Magdalena1252
	Zychowicz Marzena1255

	¯
	¯ekanowski Cezary1226


	spis tresci N
	A
	Adamczyk Agata1225,1232
	Albrecht Jan1247,1252
	Aschner Michael1247

	B
	Ba³kowiec Agnieszka1238
	Ba³kowiec-Iskra Ewa1238
	Bany-Laszewicz Urszula1245
	Barcikowska Maria1225 - 1227
	Barczak Anna1227
	Berdyñski Mariusz1226 - 1227
	Berêsewicz Ma³gorzata1239
	Bernacki Jacek1243
	Bia³opiotrowicz Emilia1226,1239
	Bielarczyk Hanna1231,1235
	Bielecka Anna1243
	Biernacka-£ukanty Justyna1240
	Bizon-Zygmañska Dorota1231
	Brodacki Bogdan1241
	Bu¿añska Leonora1255

	C
	C¹ka³a Magdalena1228
	Chabik Grzegorz1244
	Chalimoniuk Ma³gorzata1241
	Chodakowska Ma³gorzata1226
	Chodakowska-¯ebrowska Ma³gorzata1227
	Cieœlik Magdalena1228,1241
	Colpo Pascal1255
	Czapski Grzegorz A1242
	Czapski Grzegorz A.1228,1232,1247
	Czernicki Zbigniew1233
	Cz³onkowska Anna1244

	D
	Dezor Mateusz1243
	Domañska-Janik Krystyna1245 - 1246,1251,1255
	Domasiewicz Anna1233
	Domek- £opaciñska Katarzyna1247
	Dorszewska Jolanta1243
	Dyœ Aleksandra1235
	Dziubina Anna1229

	F
	Florczak Anna1243
	Florczak Jolanta1243
	Florczak Ma³gorzata1243
	Friedman Andrzej1229
	Frontczak-Baniewicz Ma³gorzata1233

	G
	Gabryel Bo¿ena1243
	Gabryelewicz Tomasz1226
	Gadamski Roman1233
	Gajkowska Barbara1228,1250 - 1251
	Gêbarowska Jolanta1249
	Golan Maciej 1245
	Go³embiowska Krystyna1229,1253
	Górecki Dariusz C.1239
	Grieb Pawe³1230,1249
	Gromadzka Gra¿yna1244
	Grygorowicz Tomasz1245
	Grzywaczewska El¿bieta1249
	Gul-Hinc Sylwia1235

	H
	Habich Aleksandra1245,1251

	J
	Jab³oñska Anna1246,1251
	Jacewicz Maria1228,1241,1247
	Jankowska-Kulawy Agnieszka1231,1235
	Janowski Miros³aw1251
	Jêœko Henryk1228
	Jiang Haiyan1247
	Juszczak Ma³gorzata1248

	K
	Kabziñska Dagmara1252
	Kachamakova-Trojanowska Neli1226,1239
	Kamiñska Bo¿ena1231
	Karaszewska Anna1249
	Katkowska Inna1247
	Ka�mierczak Anna1225,1232
	Klimczak-Jajor Edyta1245
	Kobryœ Ma³gorzata1226
	Kochañski Andrzej1252
	Kolasiewicz Wac³aw1253
	Kowalska Anna1233,1249
	Koz³owska Hanna1239,1246
	Kozubski Wojciech1243
	Ko�niewska Ewa1233
	Krajewska Dorota1246
	Kratochvil F. James III1238
	Kuter Katarzyna1253
	Ku�nicki Jacek1226,1239
	Ku�niewska Bo¿ena1226,1239

	L
	Langfort Józef1241,1243
	Langner Ewa1248
	Lorenc-Koci El¿bieta1234

	!
	£ukomska Barbara1246,1251

	M
	Ma³gorzata Ziemka-Na³êcz1254
	Matyja Ewa1249
	Matysiak Joanna1248
	Mehn Dora1255
	Michalik Rados³aw1233
	Micha³owska-Wender Gra¿yna1240
	Morelli Micaela1229
	Muller Christa E.1253

	N
	Nagañska Ewa1249

	O
	Obara-Michlewska Marta1247
	Orzechowski Arkadiusz1251
	Ossowska Krystyna1234

	P
	Paj¹k Beata1250 - 1251
	Pawlak El¿bieta1251
	Piotrowski Piotr1233

	R
	Radecka Urszula1242
	Rafa³owska Janina1233,1249
	Rajewski Andrzej1249
	Ronowska Anna1231,1235
	Rosmanowska K1233
	Rossi Francois1255
	Rudnicka Magdalena1244
	Ruiz Ana1255
	Rzeski Wojciech1248

	S
	Sienkiewicz B.1226
	Sikora Ewa1236
	Sikorska Jolanta1227
	Sinkiewicz-Darol Elena1252
	Skowroñska Marta1252
	S³owik Agnieszka1236
	Sobów Tomasz1226
	Soko³owska Anna1253
	Songin Martyna1250 - 1251
	Staszewski Jacek1241
	Steinborn Barbara1249
	Stolecka Anna1243
	Strosznajder Joanna B1251
	Strosznajder Joanna B.1225,1228,1232,1234,1241 - 1242,1247,1250
	Strosznajder Robert1228,1247
	Struzynska Lidia1245
	Sulejczak Dorota1245
	Sulkowski Grzegorz1245
	Sypecka Joanna1253
	Szutowicz Andrzej1231,1235
	Szymczak Patrycja1253

	T
	Tarsa Leila1238
	Tokarz-Kupczyk El¿bieta1240

	W
	Walczak Katarzyna1248
	Walski Micha³1233
	Wanacka El¿bieta1246
	Wardas Jadwiga1253
	Wender Mieczys³aw1240
	Weso³owska Jowita1241
	Wojda Renata1233
	Wojda Urszula1226,1239
	Wójcik Luiza1254
	Wygl¹dalska-Jernas Halina1240

	Z
	Zab³ocka Barbara1239
	Zab³ocki Krzysztof 1237
	Zalewska Teresa1253 - 1254
	Zapa³a Ma³gorzata1253
	Zieliñska Magdalena1252
	Zychowicz Marzena1255

	¯
	¯ekanowski Cezary1226



