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ÖZET 
Amaç: Metilfenidat DEHB tedavisinde etkinli¤i gösterilmifl olan ve en s›k reçete
edilen psikostimuland›r. Uzun süreli metilfenidat kullan›m›n›n beyin üzerine olas›
yan etkileri ile ilgili kayg›lar bulunmaktad›r. Bu çal›flman›n amac› metilfenidat›n
beyin üzerine olas› yan etkilerini de¤erlendirmek için antioksidan sistemin ve lipid
peroksidasyonunun araflt›r›lmas›d›r. 
Yöntemler: Çal›flma dört-haftal›k 30 erkek Wistar s›çan› üzerinde yap›ld›. S›çanlar
üç gruba ayr›ld›, s›ras›yla ilk iki gruba 2 mg/kg (n=10) ve 10 mg/kg (n=10) metilfe-
nidat, kontrol grubuna ise (n=10) serum fizyolojik verildi. Uygulama befl hafta bo-
yunca, ilac›n insanlara uygulama flekline uyumlu olarak gavaj ile oral yoldan ve
günde iki kez yap›ld›. Çal›flman›n sonunda s›çanlar›n hipokampus, serebellum,
striatum ve frontal kortekslerinde süperoksit dismutaz, glutatyon peroksidaz ve
malondialdehid düzeyleri ölçüldü. 
Bulgular: Kontrol grubu ile karfl›laflt›r›ld›¤›nda 2 mg/kg ve 10 mg/kg dozlar›nda
metilfenidat striatumdaki malondialdehid düzeylerini art›rd› (p <0.01). 2 mg/kg me-
tilfenidat verilen grupla karfl›laflt›r›ld›¤›nda 10 mg/kg metilfenidat verilen grupta
sadece frontal kortekste süperoksit dismutaz aktivitesinde bir azalma gözlendi (p
<0.05). Bununla birlikte, glutatyon peroksidaz aktivitesinde gruplar aras›nda bir
farkl›l›k bulunmad›. 
Tart›flma: Bu çal›flma 2 mg/kg ve 10 mg/kg dozlarda metilfenidat›n uzun süreli kul-
lan›m›nda genç s›çan beyinlerinin striatumunda lipid peroksidasyonuna neden ol-
du¤unu ileri sürmektedir. Buradan yola ç›karak olas› metilfenidat kaynakl› oksida-
tif stresin önlenmesi için antioksidanlar›n tedaviye eklenmesinin uygunlu¤unun
araflt›r›lmas› gerekli görünmektedir. (Nöropsikiyatri Arflivi 2009; 46: 163-8)
Anahtar kelimeler: Metilfenidat, lipit peroksidasyonu, oksidatif stres, striatum,
yan etkiler

Introduction

Attention-deficit hyperactivity disorder (ADHD) is the 
most-commonly diagnosed neurobehavioral disorder of childhood,
which is estimated to affect between 3% and 7% of school-age
children, making it a major public health concern (1). The use of

amphetamine-like stimulants, particularly methylphenidate
(MPH), is considered as the best pharmacotherapy available in
the treatment of children with ADHD (2,3), and their efficacy and
tolerability in children have been reported in numerous studies (4).
Furthermore, the psychostimulants represent the first stage of
medication intervention for ADHD (5). Treatment with MPH can
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begin early in the preschool period and often continues into
adulthood (6,7). Therefore, much research is conducted to gain a 
thorough understanding of the exact mechanisms underlying 
therapeutic and potential adverse long-term effects of MPH 
treatment on the brain. 

The amphetamine family of psychostimulants has been 
associated with long-term deficits in dopaminergic and 
serotonergic systems in the brain. Specifically, these deficits
have been demonstrated in studies of rodents and primates
using numerous measurements of dopaminergic and 
serotonergic functions including monoamine transporters,
tyrosine and tryptophan hydroxylase, and nerve terminal 
degradation (8-10). Some studies suggested that this 
might result from dopamine and glutamate-generated reactive
oxygen species (11,12). However, the possible adverse effects
of long-term MPH exposure on brain and its long-lasting 
neurochemical or behavioral adaptations are poorly known. 

MPH blocks the dopamine transporters, and this indirect
dopamine agonist effect may be critical for its therapeutic 
effects (13,14). Several studies showed that MPH does not 
cause permanent changes in regional brain catecholamine
axon markers of animals (15-17). However, some studies 
demonstrated that MPH alters brain metabolic activity (18-20)
and increases mitochondrial respiratory chain enzymes 
differentially from that during adulthood (21). Moreover, 
a number of preclinical studies in recent years found that 
chronic exposure to MPH during early developmental period
induces oxidative stress (22-24). 

Previously, our group showed that, long-term MPH 
treatment (single dosage of 10 mg/kg daily) caused an 
increase in the activity of superoxide dismutase (SOD), but did
not noticeably influence the activity of glutathione peroxidase
(GSH-Px) and the level of malondialdehyde (MDA) in total 
brain of rat (22). However, our previous study had some 
limitations; we did not examine specific brain regions and the
potential effects of different MPH dosages. Therefore, in the
present study we evaluated the activities of antioxidants and 
lipid peroxidation from various parts of rat brain after chronic
administration of MPH with an intermediate (2 mg/kg) and a
high dose (10 mg/kg).

Methods

Animals 
The study was carried out using 30 four-week-old male 

Wistar rats weighing 100 to 135 g that were randomly assigned to
three equal groups and housed in wire-topped plastic cages, as
five animals per cage. Subsequently, two study groups of animals
were exposed to MPH via gavage: group 1 (n=10) at 2 mg/kg and
group 2 (n=10) at 10 mg/kg. The control group (n=10) received 
saline solution via gavage. Control and experimental rats 
received a standard diet of rodent chow (12-15 g/d) and water ad
libitum. All rats were kept on an alternating 12-hour-light and 
12-hour-dark cycle. The temperature inside the chambers was 
22°C (±2) with relative humidity from 40 to 60%. 

All experiments were performed in the light period between
9.00-11.00 AM for a period of 8 weeks. The experiments have

been carried out according to the rules in the Guide for the 
Care and Use of Laboratory Animals adopted by the National
Institutes of Health (USA) and the Declaration of Helsinki. This
study was approved by the Ethics Committee of Gülhane 
Military Medical Academy Research Center.

MPH Administration
MPH and saline solution were given to young rats starting on

28th postnatal day, for 5 weeks. MPH and saline solution were 
given orally and twice daily to match human medication. To 
prevent uncontrollable conditions such as drug loss, the oral 
administration was performed by gavage that was similar to that
of Wheeler et al. (25). These investigators emphasized that plama
MPH concentrations achieved with their oral dosing method
correspond with those reported previously for the same MPH 
doses administered via gavage (26,27). The animals were trained
with distilled water for 3 days prior to receiving MPH.

MPH (Ritalin®, 10 mg tablets) was suspended in 1 ml 
vehicle and stirred for 3 min using a magnetic stirring rod until
completely dissolved. In order to simplify dosing, the 
concentration of MPH was prepared so that the dose could 
easily be controlled by volume of solution administered 
(i.e., a 100 g animal received 100μL of solution). The study 
groups were administered 2 mg/kg/d or 10 mg/kg/d of MPH,
whereas the control group was administered saline solution.
The dosages of MPH administration to rats were similar to 
those of Gerasimov et al. (28) and Wheeler et al. (25). Solutions
were administered via gavage between 9.00 AM and 11.00 AM
to each rat. 

Tissue and Homogenate Preparation
Three rats from the study groups died because of severe

trauma during application of the gavage (one rat) and excessive
fluid loss due to diarrhea (two rats). Diarrhea was assumed to 
result from fluid overload by giving 0.5 ml solutions at initial days,
so we adjusted the fluid volume according to the weight of the
rats. Finally, the study was completed with 27 rats.

At the end of 5th week, one day after the last MPH 
administration, the animals were sacrificed by decapitation
and the striatum, cerebellum, frontal cerebral cortex, and 
hippocampus were immediately dissected out and stored 
at -80°C for later assays. Before the analysis, the frozen 
tissues were homogenized in phosphate buffer (pH 7.4) by 
means of a homogenizator (Heidolph Diax 900; Heidolph Elektro
GmbH, Kelhaim, Germany). 

Biochemical Analysis 
First of all, the protein contents of homogenates were 

measured by the method of Lowry (29) with bovine serum 
albumin as standard. 

Lipid peroxidation levels were measured with the 
thiobarbituric acid (TBA) reaction by the method of Ohkawa
(30). This method was used to obtain a spectrophotometric 
measurement of the color produced during the reaction of 
thiobarbituric acid with malondialdehyde (MDA) at 535 nm. For
this purpose, 2.5 ml of 100 g/L trichloroacetic acid solution was
added to 0.5 ml homogenate in each centrifuge tube and placed
in a boiling water bath for 15 min. The mixture was cooled and
centrifuged at 1000 g for 10 min. Next, 2 ml of the supernatant
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was added to 1 ml of 6.7 g/L TBA solution in a test tube, and 
placed in a boiling water bath for 15 min. The solution was 
then cooled and its absorbance was measured with a 
spectrophotometer (Helios, Epsilon, USA). MDA levels were
expressed as mmol/g protein. 

Superoxide dismutase (SOD) activity was assayed using the
nitroblue tetrazolium (NBT) method of Sun (31). The stock 
solution contained 10 mg of CuZn-SOD from bovine liver, 
dissolved in 10 ml of isotonic saline and diluted to 600 μg/L with
distilled water before it was used in the assay. The SOD assay
reagent consisted of a combination of the following reagents:
80 ml of 0.3 mmol/L xanthine solution, 40 ml of 0.6 mmol/L 
ethylenediaminetetraacetic acid (EDTA) solution, 40 ml of 150
μmol/L NBT solution, 24 ml of 400 mmol/L Na2CO3 solution, and
12 ml of bovine serum albumin. The samples were subjected to
ethanol-chloroform (62.5/37.5%) extraction prior to the assay of
enzyme activity. Briefly, 400 μL of ice-cold ethanol/chloroform
mixture was mixed thoroughly with 250 μL of sample. After 
vortexing for 30 s and centrifugation at 3000 g at 4°C for 5 min,
the upper aqueous layer was collected. The collected 
supernatant was diluted by a factor of 100, and 0.5 ml of the 
diluted solution was used for the assay by adding it to 2.5 ml of
SOD assay reagent. NBT was reduced to blue formazan by 
O2-, which has a strong absorbance at 560 nm. One unit (U) of
SOD is defined as the amount of protein that inhibits the rate of
NBT reduction by 50%. The calculated SOD activity was 
expressed as U/g protein. 

Glutathione peroxidase (GSH-Px) activity was measured
using the method described by Paglia and Valentine (32) in
which GSH-Px activity was coupled with the oxidation of
NADPH by glutathione reductase. The oxidation of NADPH was
spectrophotometrically followed up at 340 nm at 37°C. The 
reaction mixture consisted of 50 mmol potassium phosphate

buffer (pH 7), 1 mmol EDTA, 1 mmol NaN3, 0.2 mmol NADPH, 
1 mmol glutathione and 1 U/ml of glutathione reductase. The
absorbance at 340 nm was recorded for 5 min. The activity was
the slope of the lines as mmol of NADPH oxidized per minute.
GSH-Px activity was presented as U/g protein. 

Statistical Analysis
Normality of data could not be guaranteed, so nonparamet-

ric methods of analysis were adopted, and all data are presen-
ted as medians together with interquartile ranges. Differences
among the groups were determined using Kruskal-Wallis vari-
ance analysis, followed by the post hoc Bonferroni-Dunnett’s
test to evaluate the statistical difference between the study
groups and the control group, whereas comparisons between
the study groups were performed by the Mann-Whitney U test.
A value of p<0.05 was considered to be statistically significant. 

Results

At baseline, the mean weights of the groups were similar
(100.50±19.05 g for control group, 111.70±14.72 g for MPH 
2 mg/kg, and 112.70±14.49 g for MPH 10 mg/kg; p=0.27). No 
significant difference was found in final weights among the
groups at the end of week 5 (194.00±22.00 g for control group,
206.67±29.64 g for MPH 2 mg/kg, and 205.88±19.72 g for MPH 
10 mg/kg; p=0.46). 

As seen in Table 1, MPH at doses of 2 mg/kg and 10 mg/kg
increased the lipid peroxidation (MDA) in striatum compared to
the control group (p<0.01), but there was no significant diffe-
rence between MDA levels in other brain parts of the rats by
chronic administration of MPH. At a dose of 10 mg/kg MPH,
decreased SOD activity was observed in the frontal cortex
compared to the dose of 2 mg/kg MPH (p<0.05). However, in the
analyzed brain structures, the chronic MPH treatment had no
effect on GSH-Px activity.

Table 1. Brain antioxidant enzyme activities and MDA levels in the study and the control groups £

Parameters Controls MPH (2mg/kg) MPH (10 mg/kg)
(n=10) (n=9) (n=8) p

MDA (mmol/g protein)
Hippocampus 2.20 (1.64-3.57) 2.08 (1.27-2.68) 1.89 (1.31-2.55) 0.206
Cerebellum 0.67 (0.35-1.96) 0.59 (0.44-1.05) 0.75 (0.31-1.40) 0.781
Striatum 1.47 (1.02-1.85) 2.42 (2.01-2.66) 2.75 (2.09-3.62) 0.000**
Frontal cortex 0.96 (0.65-1.50) 0.77 (0.64-1.27) 0.67 (0.49-1.13) 0.107

SOD (U/g protein)
Hippocampus 154.64 (108.46-316.10) 167.05 (68.77-297.47) 193.40 (157.71-334.47) 0.205
Cerebellum 646.80 (19.22-713.32) 576.53 (386.74-784.71) 668.92 (451.02-750.15) 0.690
Striatum 502.30 (288.43-794-78) 570.17 (294.82-835.89) 685.81 (576.21-894.91) 0.060
Frontal cortex 763.63 (640.17-845.47) 799.78 (577.56-891.09) 692.59 (606.26-789.26) 0.042*

GSH-Px (U/g protein)
Hippocampus 19.72 (3.37-34.73) 22.21 (0.92-39.47) 18.62 (1.97-35.42) 0.723
Cerebellum 8.63 (2.06-27.67) 22.29 (9.36-31.37) 24.03 (7.6-28.28) 0.074
Striatum 25.76 (8.51-39.74) 27.76 (12.55-37.30) 28.22 (15.41-39.76) 0.580
Frontal cortex 19.01 (11.50-24.16) 17.83 (3.29-19.34) 16.30 (9.43-31.27) 0.543

£ Values are indicated by median (min-max), GSH-Px: Glutathione peroxidase; SOD: Superoxide dismutase; MDA: Malondialdehyde
*p<0.05, ** p<0.01
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Discussion

In the present study, we evaluated the activities of 
antioxidant enzymes and oxidative degradation by measurement
of lipid peroxidation products in hippocampus, cerebellum, 
striatum, and frontal cortex of young male rats after chronic
administration of MPH. We showed that intermediate (2 mg/kg)

and high (10 mg/kg) doses of MPH only lead to an increased ra-
te of oxidative degradation in the rat striatum. Additionally, 
10 mg/kg dose of MPH induced a decrease in SOD activity only
in the frontal cortex, but did not affect the MDA levels of the 
frontal cortex. The activities of antioxidant enzymes including
SOD and GSH-Px seem to be insufficient to prevent the oxidative
stress, particularly in the striatum of rats, induced by both 
2 mg/kg and 10 mg/kg doses of MPH.

No neurotoxic action of MPH has been reported so far 
(15-17,33). In a preclinical study, Yuan and colleagues evaluated
the dopamine neurotoxic potential of MPH with various doses
(10-120 mg/kg); the highest doses of MPH (80 and 120 mg/kg)
caused marked increases in dopamine efflux, yet did not 
engender dopamine neurotoxicity. The major finding of their
study was that MPH, unlike amphetamine, produces short- but
not long-term changes in dopamine terminal markers in the
mouse striatum (16). However, a number of animal studies in
recent years have shown that chronic MPH administration 
increases the production of reactive oxygen species (ROS) in
young rat brains. In other words, MPH induces oxidative stress
(22-24). ROS are continuously produced as a by-product of 
normal metabolism. The balance between ROS and endogenous
antioxidants is important in maintaining healthy tissues. When
produced in excess, ROS injure tissues through peroxidation of
membrane lipids, and lead to DNA strands breakage, alteration
of amino acids, and disruption of cellular metabolism. ROS has
been implicated in a variety of acute and chronic neuropsychiatric
conditions (34,35). In our present study, we found an increased
lipid peroxidation in the striatum of rats, and this indicates that
MPH increases ROS.

Recently, three preclinical studies have emphasized that
chronic MPH administration could increase ROS production 
in young rat brains (22-24). Martins and colleagues investigated
the oxidative damage in specific brain regions of young 
(25 days old) and adult (60 days old) male Wistar rats after 
acute and chronic exposure to MPH (1, 2 or 10 mg/kg, intrape-
ritoneal injections). These investigators demonstrated that
chronic MPH exposure produced a dose-dependent increase
in lipid peroxidation in cerebellum, prefrontal cortex, 
hippocampus, and striatum in young animals, differentially from
during adulthood (23). The results of our present study confirm
that MPH produces a dose-dependent increase in lipid 
peroxidation in the striatum of young male rats, but we did not
find oxidative degradation in other brain regions mentioned in
the study of Martins et al. (23).

There might be few possible reasons for increasing oxidative
stress although its related mechanisms during chronic exposure
to MPH are uncertain. Firstly, this might be result from dopamine-
and glutamate-generated ROS (11,12,36) due to the fact that
MPH blocks the dopamine transporter, and therefore induces

dose-dependent increases in dopamine levels in brain 
pathways (13,37). Secondly, MPH can alter brain metabolism.
In this context, it has been demonstrated that MPH increased
mitochondrial respiratory chain enzyme activities in the rat 
brain. Recently, it has also been reported that MPH increased
brain creatine kinase activity, which is important for normal
energy homeostasis (20,21). Fagundes and colleagues speculate
that MPH may enhance ATP production by activating 
mitochondrial respiratory chain, possibly for neurotransmitter
reuptake and ionic gradient reestablishment. Consequently,
more oxygen is consumed and ROS are produced (21). Thirdly,
MPH can cause a significant increase in both resting and 
postprandial energy expenditure (38), which can in turn 
generate ROS.

The major finding of our present study is that the striatum
was the only region of rat brain that MPH induced lipid 
peroxidation. The striatum is one of the richest sources of 
dopaminergic synapses, and dopamine is important in the 
regulation of striatal functions (39). MPH is assumed to be a 
dopamine reuptake inhibitor, which blocks the dopamine 
transporter, thereby increasing extracellular dopamine levels
in the brain, particularly in the striatum (40,41). Volkow et al.
confirmed that the distribution of MPH in brain was 
heterogeneous, and the maximum concentration occurred in
striatum, cortex, and cerebellum (42). Furthermore, striatum is
one of the most vulnerable regions in the brain (43,44). 
Likewise, Martins and colleagues found a significant 
dose-dependent increase in the lipid peroxidation in the 
striatum of young rats chronically exposed to MPH (23). 
Furthermore, Fagundes et al. showed that chronic MPH 
treatment induces mitochondrial respiratory chain enzyme 
activities, especially in striatum and prefrontal cortex (21).
Scaini and colleagues also showed that MPH administration 
increased the creatine kinase activity in striatum, prefrontal
cortex, hippocampus, and cerebral cortex of rats (20). In a 
number of studies it has been reported that high-dose 
administration of amphetamine and amphetamine analogues
increases free radicals (45,46) and pretreatment with 
antioxidants attenuates the amphetamine induced dopaminergic
deficits (47,48). Overexpression of the free radical scavenger
superoxide dismutase blocks methamphetamine induced 
neuronal deficits (49). Previously, several studies underlined
that methamphetamine induced neurotoxicity in rat striatum
(50,51,52). Interestingly, Fukami and colleagues also 
demonstrated that antioxidant N-acetyl-L-cisteine protects
against methamphetamine-induced neurotoxicity in rat 
striatum (52).

Our study had some limitations. First, we only measured 
lipid peroxidation levels, but oxidative damage to proteins was
not assessed. Additionally, we did not evaluate the efficacy of
antioxidant supplementation in preventing lipid peroxidation.
Despite these limitations, our study is, to our knowledge, the
one of the few to suggest an effect of MPH on lipid peroxidation
in the striatum of rat brains. In addition, in most preclinical 
studies MPH has been administered via injection (i.p., s.c., or i.v.)
which is different from human administration (given orally).
Many studies have shown that injection yields different 
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pharmacokinetics and pharmacodynamics of MPH than oral
administration, leading to profound differences in the subjective
experience (13,28,53). Our study is important, because we
matched humans in terms of therapeutic administration of MPH
in giving twice daily and orally. Besides these, most studies 
have been carried out in adult animals precluding an 
assessment of effects on the developing brain (53,54). Our
study is also important because we investigated the effects of
MPH in the brains of young rats. 

Considering the previous findings and the results of our pre-
sent study, we suggest that the long-term MPH treatment at
doses of 2 and 10 mg/kg MPH causes lipid peroxidation in the
striatum of rat brains. Future human studies are definitely nee-
ded to confirm these findings. Our results also suggest that the
implementation of antioxidant supplementation could help to
prevent the MPH-induced oxidative stress.

Acknowledgements

This work was supported by grants from Gülhane Military
Medical Academy Research Center. 

Note: This investigation was presented as poster at the 19th
National Congress of Child and Adolescent Psychiatry, April
2009, Antakya.

References

1. American Psychiatric Association. Attention-deficit and disruptive
behavior disorders. In: American Psychiatric Association. Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition, Text 
Revision. Washington, DC, 2000: pp.85-93.

2. Biederman J, Mick E, Faraone SV. Age-dependent decline of 
symptoms of attention deficit hyperactivity disorder: impact of 
remission definition and symptom type. Am J Psychiatr 2000; 157:816-8.
(Abstract) / (Full Text) / (PDF)

3. Challman TD, Lipsky JJ. Methylphenidate: its pharmacology and
uses. Mayo Clin Proc 2000; 75:711-21. (Abstract)

4. Rappley MD. Clinical practice. Attention deficit-hyperactivity 
disorder. N Engl J Med 2005; 352:165-73. (Abstract) / (Full Text) / (PDF)

5. Pliszka SR, Crismon ML, Hughes CW et al. for the Texas Consensus
Conference Panel on Pharmacotherapy of Childhood Attention-
Deficit/Hyperactivity Disorder. The Texas Children’s Medication 
Algorithm Project: Revision of the algorithm for pharmacotherapy of
attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc
Psychiatry 2006; 45:642-57. (Abstract) / (PDF)

6. Spencer T, Biederman J, Wilens T et al. Pharmacotherapy of attention-
deficit hyperactivity disorder across the life cycle. J Am Acad Child
Adolesc Psychiatry 1996; 35:409-32. (Abstract) 

7. Zito JM, Safer DJ, dosReis S et al. Trends in the prescribing of
psychotropic medications to preschoolers. JAMA 2000; 283:1025-30.
(Abstract) / (Full Text) / (PDF)

8. Axt KJ, Molliver ME. Immunocytochemical evidence for methamphe-
tamine-induced serotonergic axon loss in the rat brain. Synapse 1991;
9:302-13. (Abstract) / (PDF)

9. Frey K, Kilbourn M, Robinson T. Reduced striatal vesicular monoamine
transporters after neurotoxic but not after behaviorally-sensitizing
doses of methamphetamine. Eur J Pharmacol 1997; 334:273-9.
(Abstract) / (PDF)

10. Villemagne V, Yuan J, Wong DF et al. Brain dopamine neurotoxicity in 
baboons treated with doses of methamphetamine comparable to 
those recreationally abused by humans: evidence from [11C]
WIN-35,428 positron emission tomography studies and direct in vitro 
determinations. J Neurosci 1998; 18:419-27. (Abstract) / (Full Text) / (PDF)

11. LaVoie MJ, Hastings TG. Dopamine quinone formation and protein
modification associated with the striatal neurotoxicity of methamphe-
tamine: evidence against a role for extracellular dopamine. J Neurosci
1999; 19:1484-91. (Abstract) / (Full Text) / (PDF)

12. Page G, Peeters M, Najimi M et al. Modulation of the neuronal 
dopamine transporter activity by the metabotropic glutamate 
receptor mGluR5 in rat striatal synaptosomes through phosphorylation
mediated processes. J Neurochem 2001; 76:1282-90. (Abstract) / (Full
Text) / (PDF)

13. Volkow ND, Wang GJ, Fowler JS et al. Dopamine transporter 
occupancies in the human brain induced by therapeutic doses of 
oral methylphenidate. Am J Psychiatry 1998; 155:1325-31. (Abstract) /
(Full Text) / (PDF)

14. Greenhill LL. Clinical effects of stimulant medication in attention 
deficit/hyperactivity disorder (ADHD). In: Solanto MV, Arnsten AFT,
Castellanos FX, editors. Stimulant drugs and ADHD: basic and clinical
neuroscience. New York: Oxford University Press, 2001: pp. 37-71.

15. Zaczek R, Battaglia G, Contrera JF et al. Methylphenidate and 
pemoline do not cause depletion of rat brain monoamine markers 
similar to that observed with methamphetamine. Toxicol Appl 
Pharmacol 1989; 100:227-33. (Abstract) / (PDF)

16. Yuan J, McCann U, Ricaurte G. Methylphenidate and brain dopamine
neurotoxicity. Brain Res 1997; 767:172-5. (Abstract) / (PDF)

17. Reneman L, De Bruin K, Lavalaye J et al. Addition of a 5-HT receptor
agonist to methylphenidate potentiates the reduction of [123I] FP-CIT
binding to dopamine transporters in rat frontal cortex and hippocampus.
Synapse 2001;39: 193-200. (Abstract) / (PDF)

18. Porrino LJ, Lucignani G. Different patterns of local brain energy 
metabolism associated with high and low doses of methylphenidate,
Relevance to its action in hyperactive children. Biol Psychiatr 1987;
22:126-38. (Abstract) / (PDF)

19. Adriani W, Canese R, Podo F et al. 1H MRS-detectable metabolic 
brain changes and reduced impulsive behavior in adult rats exposed
to methylphenidate during adolescence. Neurotoxicol Teratol 2007;
29:116-25. (Abstract) / (PDF)

20. Scaini G, Fagundes AO, Rezin GT et al. Methylphenidate increases
creatine kinase activity in the brain of young and adult rats. Life Sci
2008; 83:795-800. (Abstract) / (PDF)

21. Fagundes AO, Rezin GT, Zanette F et al. Chronic administration of
methylphenidate activates mitochondrial respiratory chain in brain of
young rats. Int J Dev Neurosci 2007; 25:47-51. (Abstract) / (PDF)

22. Cöngölo¤lu A, Türkbay T, Doruk A et al. Long-term methylphenidate
treatment causes increased superoxide dismutase activity and 
unchanged lipid peroxidation in rat brain. Bull Clin Psychopharmacol
2006; 16:79-83. (Abstract) 

23. Martins MR, Reinke A, Petronilho FC et al. Methylphenidate treatment
induces oxidative stress in young rat brain. Brain Res 2006; 1078:189-97.
(Abstract) / (PDF)

24. Gomes KM, Petronilho FC, Mantovani M et al. Antioxidant enzyme 
activities following acute or chronic methylphenidate treatment in 
young rats. Neurochem Res 2008; 33:1024-7. (Abstract) / (PDF)

25. Wheeler TL, Eppolito AK, Smith LN et al. A novel method for oral 
stimulant administration in the neonate rat and similar species. 
J Neurosci Methods 2007; 159:282-5. (Abstract) / (PDF)

26. Aoyama T, Kotaki H, Iga T. Dose-dependent kinetics of methylphenidate
enantiomers after oral administration of racemic methylphenidate to
rats. J Pharmacobio Dynam 1990; 13:647-52. (Abstract) 

27. Kuczenski R, Segal DS. Exposure of adolescent rats to oral 
methylphenidate: preferential effects on extracellular norepinephrine
and absence of sensitization and cross-sensitization to methamphe-
tamine. J Neurosci 2002; 22:7264-71. (Abstract) / (PDF)

28. Gerasimov MR, Franceschi M, Volkow ND et al. Comparison 
between intraperitoneal and oral methylphenidate administration: 
a microdialysis and locomotor activity study. J Pharmacol Exp Ther
2000; 295: 51-7. (Abstract) / (Full Text) / (PDF)

29. Lowry OH, Rosebrough NJ, Farr AL et al. Protein measurement with
the folin-phenol reagent. J Biol Chem 1951; 193:265-75. (Abstract) 

Archives of Neuropsychiatry 2009; 46: 163-8
Nöropsikiyatri Arflivi 2009; 46: 163-8

Türkbay et al.
Chronic Administration of Methylphenidate Induces Lipid Peroxidation in the Striatum of Young Rats 167

http://ajp.psychiatryonline.org/cgi/content/abstract/157/5/816
http://ajp.psychiatryonline.org/cgi/content/full/157/5/816
http://ajp.psychiatryonline.org/cgi/reprint/157/5/816
http://mayoclinicproceedings.com/content/75/7/711.short
http://content.nejm.org/cgi/content/extract/352/2/165
http://content.nejm.org/cgi/content/full/352/2/165
http://content.nejm.org/cgi/reprint/352/2/165.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16721314
http://www.ncbi.nlm.nih.gov/pubmed/16721314http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?issn=0890-8567&volume=45&issue=6&spage=642
http://www.ncbi.nlm.nih.gov/pubmed/8919704
http://jama.ama-assn.org/cgi/content/abstract/283/8/1025
http://jama.ama-assn.org/cgi/content/full/283/8/1025
http://jama.ama-assn.org/cgi/reprint/283/8/1025
http://www3.interscience.wiley.com/user/accessdenied?ID=109702705&Code=4727&Page=http://www3.interscience.wiley.com/journal/109702705/references
http://www3.interscience.wiley.com/user/accessdenied?ID=109702705&Act=2138&Code=4727&Page=/cgi-bin/fulltext/109702705/PDFSTART
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T1J-3R7BGPK-N&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057419595&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=bfd6454ea760e370f64e31cfbf1ce8d9
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T1J-3R7BGPK-N-F&_cdi=4892&_user=10&_orig=search&_coverDate=09%2F10%2F1997&_sk=996659997&view=c&wchp=dGLbVlW-zSkzS&md5=f153966ec2351960043a95ad8f8f3eb6&ie=/sdarticle.pdf
http://www.jneurosci.org/cgi/content/abstract/18/1/419
http://www.jneurosci.org/cgi/content/full/18/1/419
http://www.jneurosci.org/cgi/reprint/18/1/419
http://neuro.cjb.net/cgi/content/abstract/19/4/1484
http://neuro.cjb.net/cgi/content/full/19/4/1484
http://neuro.cjb.net/cgi/reprint/19/4/1484
http://www3.interscience.wiley.com/journal/118974810/references
http://www3.interscience.wiley.com/journal/118974810/references
http://www3.interscience.wiley.com/cgi-bin/fulltext/118974810/PDFSTART
http://ajp.psychiatryonline.org/cgi/content/abstract/155/10/1325
http://ajp.psychiatryonline.org/cgi/content/full/155/10/1325
http://ajp.psychiatryonline.org/cgi/reprint/155/10/1325
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WXH-4DDNKRN-4N&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057443594&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=860a2c8afb045e607c1100589602eadf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6WXH-4DDNKRN-4N-1&_cdi=7159&_user=10&_orig=search&_coverDate=09%2F01%2F1989&_sk=998999997&view=c&wchp=dGLbVtz-zSkzV&md5=0fcf5f26392533272bd96315a8601b2e&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6SYR-3RBYH5J-W&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057444990&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=feda5112813afbf3d307ff74f0c4d802
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6SYR-3RBYH5J-W&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057444990&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=feda5112813afbf3d307ff74f0c4d802
http://www.ncbi.nlm.nih.gov/pubmed/11169768
http://www3.interscience.wiley.com/user/accessdenied?ID=76506565&Act=2138&Code=4727&Page=/cgi-bin/fulltext/76506565/PDFSTART
http://www.journals.elsevierhealth.com/periodicals/bps/article/PII000632238790223X/abstract
http://www.journals.elsevierhealth.com/periodicals/bps/article/0006-3223(87)90223-X/pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T9X-4MH7TNB-2&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057447180&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=3a014ca85ed49d897dfecee81b687f5a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T9X-4MH7TNB-2&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057447180&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=3a014ca85ed49d897dfecee81b687f5a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T99-4TKX0M9-7&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057451561&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=ce0bd49c799f0a8833cfe76f087d1392
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T99-4TKX0M9-7-9&_cdi=5109&_user=10&_orig=search&_coverDate=12%2F05%2F2008&_sk=999169976&view=c&wchp=dGLbVtz-zSkWb&md5=fd6f1cdff7c9bda4de6792c1b23056d6&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T01-4MMP2F0-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057453542&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=d3015efab85191221f562f72b8003720
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T01-4MMP2F0-1-7&_cdi=4849&_user=10&_orig=search&_coverDate=02%2F28%2F2007&_sk=999749998&view=c&wchp=dGLbVlz-zSkzS&md5=5d6488098c8479a5e0f2d7d167bd77af&ie=/sdarticle.pdf
http://www.psikofarmakoloji.org/html/16_2_1/index.htm
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6SYR-4J9X340-2&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057455842&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=e02d18de0229aec4c18811d75908ab63
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6SYR-4J9X340-2-9&_cdi=4841&_user=10&_orig=search&_coverDate=03%2F17%2F2006&_sk=989219998&view=c&wchp=dGLzVtb-zSkWz&md5=f8bed17e12f07a84dc2b2555749fff5a&ie=/sdarticle.pdf
http://www.springerlink.com/content/q437g56767373376/
https://commerce.metapress.com/content/q437g56767373376/resource-secured/?target=fulltext.pdf&sid=qdmcsce23slqfn45etafdh55&sh=www.springerlink.com
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T04-4KSD80N-6&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057460078&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8e912c3d04e2609416523f1d928f9279
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T04-4KSD80N-6-1&_cdi=4852&_user=10&_orig=search&_coverDate=01%2F30%2F2007&_sk=998409997&view=c&wchp=dGLbVlz-zSkWz&md5=cc52f987cc31037c9a8a5fa93e25715d&ie=/sdarticle.pdf
http://ci.nii.ac.jp/naid/110003637070/
http://www.ncbi.nlm.nih.gov/pubmed/12177221
http://www.jneurosci.org/cgi/content/full/22/16/7264
http://jpet.aspetjournals.org/cgi/content/abstract/295/1/51
http://jpet.aspetjournals.org/cgi/content/full/295/1/51
http://jpet.aspetjournals.org/cgi/reprint/295/1/51
http://www.life.illinois.edu/biochem/355/articles/LowryJBC193_265.pdf


30. Okhawa H, Ohshi N, Yagi K. Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Anal Biochem 1979; 95:351-8.
(Abstract) / (PDF)

31. Sun Y, Oberley LW, Ying L. A simple method for clinical assay of 
superoxide dismutase. Clin Chem 1988; 34:497-500. (Abstract) / (PDF)

32. Paglia DE, Valentine WN. Studies on the quantitative and qualitative
characterization of erythrocyte glutathione peroxidase. J Lab Clin
Med 1967: 70:158-69. (Abstract) 

33. Wagner GC, Ricaurte GA, Johanson CE et al. Amphetamine induces
depletion of dopamine and loss of dopamine uptake sites in caudate.
Neurology 1980; 30:547-50. (Abstract) / (PDF)

34. Dal-Pizzol F, Klamt F, Vianna M et al. Lipid peroxidation in hippocampus
early and late after status epileticus induced by pilocarpine or kainic
acid in Wistar rats. Neurosci Lett 2000; 291:179-82. (Abstract) / (PDF)

35. Klamt F, Dal-Pizzol F, Conte da Frota ML JR et al. Imbalance of 
antioxidant defence in mice lacking cellular prion protein. Free Radic
Biol Med 2001; 30:1137-44. (Abstract) / (PDF)

36. Spina MB, Cohen G. Dopamine turnover and glutathione oxidation:
implications for Parkinson disease. Proc Natl Acad Sci USA 1989;
86:1398-400. (Abstract) 

37. Schweri MM, Skolnick P, Rafferty MF et al. [3H]Threo-(+/_)-
methylphenidate binding to 3,4-dihydroxyphenylethylamine uptake 
sites in corpus striatum: correlation with the stimulant properties of
ritalinic acid esters. J Neurochem 1985; 45:1062-70. (Abstract) 

38. Lorello C, Goldfield GS, Doucet E. Methylphenidate hydrochloride 
increases energy expenditure in healthy adults. Obesity (Silver
Spring) 2008; 16:470-2. (Abstract) / (Full Text) / (PDF)

39. Dougherty DD, Bonab AA, Spencer TJ et al. Dopamine transporter
density in patients with attention deficit hyperactivity disorder. 
Lancet 1999; 354:2132-3. (Abstract) / (Full Text) / (PDF)

40. Izenwasser S, Werling LL, Cox BM. Comparison of the effects of 
cocaine and other inhibitors of dopamine uptake in rat striatum, 
nucleus accumbens, olfactory tubercle, and medial prefrontal cortex.
Brain Res 1990; 520:303-9. (Abstract) / (PDF)

41. Kuczenski R, Segal DS. Effects of methylphenidate on extracellular
dopamine, serotonin, and norepinephrine: comparison with 
amphetamine. J Neurochem 1997; 68:2032-7. (Abstract) / (PDF)

42. Volkow ND, Wang G, Fowler JS et al. Imaging the effects of 
methylphenidate on brain dopamine: new model on its therapeutic
actions for attention-deficit/hyperactivity disorder. Biol Psychiatr
2005; 57:1410-5. (Abstract) / (Full Text) / (PDF)

43. Nishino H, Hida H, Kumazaki M et al. The striatum is the most 
vulnerable region in the brain to mitochondrial energy compromise: a
hypothesis to explain its specific vulnerability. J Neurotrauma 2000;
17:251-60. (Abstract) 

44. Biederman J, Faraone SV. Attention-deficit hyperactivity disorder.
Lancet 2005; 366:237-48. (Abstract) / (Full Text) / (PDF)

45. Fleckenstein AE, Wilkins DG, Gibb JW et al. Interaction between
hyperthermia and oxygen radical formation in the 5-hydroxytryptami-
nergic response to a single methamphetamine administration. 
J Pharmacol Exp Ther 1997; 283:281-5. (Abstract) / (Full Text) / (PDF)

46. Yamamoto BK, Zhu W. The effects of methamphetamine on the
production of free radicals and oxidative stress. J Pharmacol Exp
Ther 1998; 287:107-14. (Abstract) / (Full Text) / (PDF)

47. Wagner GC, Carelli RM, Jarvis MF. Pretreatment with ascorbic acid
attenuates the neurotoxic effects of methamphetamine in rats. Res
Commun Chem Pathol Pharmacol 1985; 47:221-8. (Abstract) 

48. Shankaran M, Yamamoto BK, Gudelsky GA. Ascorbic acid prevents
3,4-methylenedioxymethamphetamine (MDMA)-induced hydroxyl 
radical formation and the behavioral and neurochemical
consequences of the depletion of brain 5-HT. Synapse 2001; 40:55-64.
(Abstract) 

49. Hirata H, Ladenheim B, Carlson E et al. Autoradiographic evidence for
methamphetamine-induced striatal dopaminergic loss in mouse 
brain: attenuation in CuZn-superoxide dismutase transgenic mice.
Brain Res 1996; 714:95-103. (Abstract) 

50. Açikgöz O, Gönenç S, Kayatekin BM et al. Methamphetamine causes
lipid peroxidation and an increase in superoxide dismutase activity in
the rat striatum. Brain Res 1998; 813:200-2. (Abstract) / (PDF)

51. McCann UD, Wong DF, Yokoi F et al. Reduced striatal dopamine transporter
density in abstinent methamphetamine and methcathinone users: 
evidence from positron emission tomography studies with [11C]WIN-
35,428. J Neurosci 1998; 18:8417-22. (Abstract) / (Full Text) / (PDF)

52. Fukami G, Hashimoto K, Koike K et al. Effect of antioxidant N-acetyl-
L-cysteine on behavioral changes and neurotoxicity in rats after 
administration of methamphetamine. Brain Res 2004; 1016:90-5.
(Abstract) / (PDF)

53. Kuczenski R, Segal DS. Stimulant actions in rodents: implications for 
attention deficit/hyperactivity disorder treatment and potential 
substance abuse. Biol Psychiatry 2005; 57:1391-6. (Abstract) / (Full Text) /
(PDF)

54. Volkow ND, Insel TR. What are the long-term effects of methylphenidate
treatment? Biol Psychiatry 2003; 54:1307-9. (Abstract) / (Full Text) / (PDF)

Türkbay et al.
Chronic Administration of Methylphenidate Induces Lipid Peroxidation in the Striatum of Young Rats

Archives of Neuropsychiatry 2009; 46: 163-8
Nöropsikiyatri Arflivi 2009; 46: 163-8168

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W9V-4DYM9Y1-84&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057529054&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=d3123de68b9be3d70c2d0280fe34cb1e
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6W9V-4DYM9Y1-84-1&_cdi=6692&_user=10&_orig=search&_coverDate=06%2F30%2F1979&_sk=999049997&view=c&wchp=dGLbVlW-zSkWA&md5=467eff1e92f2b592182cec9d00e23172&ie=/sdarticle.pdf
http://www.ncbi.nlm.nih.gov/pubmed/3349599
http://www.clinchem.org/cgi/reprint/34/3/497
http://www.ncbi.nlm.nih.gov/pubmed/6066618
http://www.neurology.org/cgi/content/abstract/30/5/547
http://www.neurology.org/cgi/reprint/30/5/547
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T0G-41531RH-F&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057534739&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=89f2ac021f48c86da31988cc5544876a
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T0G-41531RH-F-5&_cdi=4862&_user=10&_orig=search&_coverDate=09%2F22%2F2000&_sk=997089996&view=c&wchp=dGLzVtb-zSkzk&md5=49b9ef3992219422c0360701ab1f85d5&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T38-430NRYJ-B&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057535186&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=0da924a3ac5b0d8d3010aada50003dcf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6T38-430NRYJ-B-F&_cdi=4940&_user=10&_orig=search&_coverDate=05%2F15%2F2001&_sk=999699989&view=c&wchp=dGLzVlz-zSkzS&md5=cbef7780fa7c1b5e6b71e50284c38d98&ie=/sdarticle.pdf
http://www.pnas.org/content/86/4/1398.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/4031878
http://www.nature.com/oby/journal/v16/n2/abs/oby200745a.html
http://www.nature.com/oby/journal/v16/n2/full/oby200745a.html
http://www.nature.com/oby/journal/v16/n2/pdf/oby200745a.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10609822
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)04030-1/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)04030-1/fulltext#article_upsell
http://www.ncbi.nlm.nih.gov/pubmed/2145054
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6SYR-4834KY6-1GW-1&_cdi=4841&_user=10&_orig=search&_coverDate=06%2F18%2F1990&_sk=994799998&view=c&wchp=dGLbVlz-zSkWz&md5=8fd0fad53d078621038dfd13cf054322&ie=/sdarticle.pdf
http://www3.interscience.wiley.com/journal/119147801/abstract
http://www3.interscience.wiley.com/journal/119147801/abstract
http://www.journals.elsevierhealth.com/periodicals/bps/article/PIIS0006322304011631/abstract
http://www.journals.elsevierhealth.com/periodicals/bps/article/PIIS0006322304011631/fulltext
http://www.journals.elsevierhealth.com/periodicals/bps/article/S0006-3223(04)01163-1/pdf
http://www.ncbi.nlm.nih.gov/pubmed/10757330
http://www.ncbi.nlm.nih.gov/pubmed/16023516
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)66915-2/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)66915-2/fulltext#article_upsell
http://jpet.aspetjournals.org/cgi/content/abstract/283/1/281
http://jpet.aspetjournals.org/cgi/content/full/283/1/281
http://jpet.aspetjournals.org/cgi/content/full/283/1/281
http://jpet.aspetjournals.org/cgi/content/abstract/287/1/107
http://jpet.aspetjournals.org/cgi/content/full/287/1/107
http://jpet.aspetjournals.org/cgi/reprint/287/1/107
http://www.ncbi.nlm.nih.gov/pubmed/3992009
http://www.ncbi.nlm.nih.gov/pubmed/11170222
http://www.ncbi.nlm.nih.gov/pubmed/8861613
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6SYR-3V5KM2R-10&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057645818&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5820d9763d2844b6be6bc8e2128b75a6
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6SYR-3V5KM2R-10-3&_cdi=4841&_user=10&_orig=search&_coverDate=11%2F30%2F1998&_sk=991869998&view=c&wchp=dGLzVzz-zSkWb&md5=6007e34dbd36a4951589a20bee0c508d&ie=/sdarticle.pdf
http://www.jneurosci.org/cgi/content/abstract/18/20/8417
http://www.jneurosci.org/cgi/content/full/18/20/8417
http://www.jneurosci.org/cgi/reprint/18/20/8417
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6SYR-4CPDP38-2&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1057655393&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4bb064af9f0edac288bf734660d3691c
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6SYR-4CPDP38-2-9&_cdi=4841&_user=10&_orig=search&_coverDate=07%2F30%2F2004&_sk=989839998&view=c&wchp=dGLbVtz-zSkWz&md5=4dd764883c74eccd85085ac6dfdf88f7&ie=/sdarticle.pdf
http://www.journals.elsevierhealth.com/periodicals/bps/article/PIIS0006322304013794/abstract
http://www.journals.elsevierhealth.com/periodicals/bps/article/PIIS0006322304013794/fulltext
http://www.journals.elsevierhealth.com/periodicals/bps/article/S0006-3223(04)01379-4/pdf
http://www.journals.elsevierhealth.com/periodicals/bps/article/S0006-3223(03)01131-4/abstract
http://www.journals.elsevierhealth.com/periodicals/bps/article/PIIS0006322303011314/fulltext
http://www.journals.elsevierhealth.com/periodicals/bps/article/S0006-3223(03)01131-4/pdf

