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Abstract

Project Code : MRG 4880090
Project Title : D-amphetamine induced nitric oxide synthase expression in microglia
Investigator : Dr.Jiraporn Tocharus

Naresuan University
E-mail Address : jirapornt@hotmail.com
Project Period : 2 year
D-Amphetamine (AMPH) is a well-known drug of abuse and neurotoxin. High dose
exposure of AMPH results in damage of dopaminergic and serotonergic pathways. Low
dose exposure to AMPH over a prolong period is associated with the development of
Parkinson’s disease (PD). AMPH induced massive release of dopamine from synaptic
vesicles and then generated the reactive oxygen species (ROS). Furthermore, reactive
nitrogen species, nitric oxide (NO) which is a short-lived free radical produced in the
central nervous system (CNS) mediated by activation of microglial, appears to play a
critical role in stress-induced brain damage. In the present study, we examined the
involvement of NO in the neurotoxic effects of AMPH, therefore the contribution of
altered nitric oxide synthase (NOS) enzyme function was suspected. AMPH at 0.4 mM
to 3.2 mM concentration has cytotoxic effect on HAPI microglial cells. The effect of
AMPH towards the increment of INOS mRNA in HAPI microglial cells is concentration
dependent. Pretreatment with S-methylisothiourea (S-MT), a selective iINOS inhibitor or
melatonin counteracted the overexpression of iINOS induced by AMPH in a

concentration-dependent manner. These results suggest that AMPH could activate



microglial cells which represent the resident macrophage population within the CNS
similar to other immunogens. Thus, the induction of INOS by AMPH in microglial cells
may be an important source of NO in CNS inflammatory disorders associated with the
death of neurons and oligodendrocytes. Administration of exogeneous melatonin will be
beneficial as it reduces INOS mRNA expression, therefore, it probably can be used as a

neuroprotective agent in AMPH- or other immunogens-induced toxicity.

Keywords : microglia, nitric oxide synthanse, amphetamine, melatonin
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3 1.6 mM 49.06 + 1.6 34+04
4 3.2 mM 75+0.3 34+04
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2. AnwnavadashastNadudam e nitric oxide synthase (iINOS)
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Abstract

D-Amphetamine (AMPH) is a well-known drug of abuse and neurotoxin. High dose
exposure of AMPH results in damage of dopaminergic and serotonergic pathways. Low
dose exposure to AMPH over a prolong period is associated with the development of
Parkinson’s disease (PD). AMPH induced massive release of dopamine from synaptic
vesicles and then generated the reactive oxygen species (ROS). Furthermore, reactive
nitrogen species, nitric oxide (NO) which is a short-lived free radical produced in the
central nervous system (CNS) mediated by activation of microglial, appears to play a
critical role in stress-induced brain damage. In the present study, we examined the
involvement of NO in the neurotoxic effects of AMPH, therefore the contribution of
altered nitric oxide synthase (NOS) enzyme function was suspected. AMPH at 0.4 mM
to 3.2 mM concentration has cytotoxic effect on HAPI microglial cells. The effect of
AMPH towards the increment of INOS mRNA in HAPI microglial cells is concentration
dependent. Pretreatment with S-methylisothiourea (S-MT), a selective iINOS inhibitor or
melatonin counteracted the overexpression of iINOS induced by AMPH in a
concentration-dependent manner. These results suggest that AMPH could activate
microglial cells which represent the resident macrophage population within the CNS
similar to other immunogens. Thus, the induction of INOS by AMPH in microglial cells
may be an important source of NO in CNS inflammatory disorders associated with the
death of neurons and oligodendrocytes. Administration of exogeneous melatonin will be
beneficial as it reduces INOS mRNA expression, therefore, it probably can be used as a

neuroprotective agent in AMPH- or other immunogens-induced toxicity.
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D-amphetamine (AMPH) is a well-known drug of abuse and neurotoxin. It has been
reported that AMPH produce long-term damage to dopaminergic (DA) and
serotonergic nerve terminals in multiple brain areas [1, 2]. AMPH increased the
superoxide and lipid peroxide formation in cortical and hippocampal submitochondrial
particles in vivo [3]. The administration of antioxidants O-phenyl-N-tert-butyl nitrone
and N-acetylcysteine partially prevented amphetamine-induced DA depletion and lipid
peroxide in rat striatum [4]. Recently, it has been suggested that AMPH- induced
neurotoxicity involves not only the production of reactive oxygen species but also
reactive nitrogen species [5]. Microglial cells, the brain macrophages, are the resident
immune cells of the central nervous system (CNS). They are activated in response to
brain injury from inflammation, damage, or disease and then, release neurotoxic

factors including pro-inflammatory cytokines such as tumor necrosis factor (TNF)-Q

and interleukin (IL)-1B as well as the free radicals nitric oxide (NO ') and superoxide
anion (O, ) [6]. Among these, NO has been implicated in the etiopathology of several
neurodegenerative disorders, such as Parkinson’s disease. NO, a short-lived free
radical is formed from arginine by the enzyme nitric oxide synthase (NOS). Three
major isoforms of this enzyme have been identified and characterized in the CNS: the
neuronal (nNOS), the endothelial (eNOS), and the inducible (iNOS) forms [7]. The
induction of iINOS in microglial cells in the CNS may be an important source of NO in
CNS inflammatory disorders associated with the death of neurons and
oligodendrocytes [8]. INOS are inducible after stimulation with immunogens such as

lipopolysaccharide (LPS), cytokines, and amyloid B Thomas et al showed that

methamphetamine could activate microglial in dose and time-dependent response that
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leaded to neurotoxic effect [9]. Moreover, several studies have shown that NOS
inhibitors provide a protection against amphetamine-induced dopaminergic and
serotonergic neurotoxicity [10,11]. The neutralization of free radicals by antioxidant
agents provides significant neuroprotection [12,13]. Melatonin, a multifunctional
signaling molecule predominantly synthesized in the pineal gland, performs several
important physiological roles in mammals such as transmission of photoperiodic
information, regulation of seasonal reproductive cycles, immune enhancement and
inhibition of cell proliferation. Melatonin and its metabolites display important
antioxidant properties by reacting with reactive oxygen and nitrogen species
[14,15,16]. Moreover, it plays a role in the upregulation of antioxidant and
downregulation of prooxidant enzymes [17,18]. The neuroprotective effects of
melatonin on amphetamine-induced neurotoxicity have been shown in cultured human
dopaminergic neuroblastoma SK-N-SH cells by our group [19]. Attempts have been
made in this study to investigate whether amphetamine can induce iINOS expression
and whether melatonin can inhibit this effect in microglial.

In this study, HAPI microglial cells which were generously provided by Dr.
James R. Connor (Hershey Medical Center, Hershey, PA) were used. All chemicals
were obtained from Sigma-Aldrich (St Louis, MO) except Dulbecco’s modified Eagle’s
medium (DMEM) and fetal bovine serum (FBS) obtained from GIBCO-BRL
(Gaitherburg, MD), RNA isolation kit and reverse transcriptase PCR obtained from

Invitrogen (Invitrogen, Calsbad, CA, USA). Cells were maintained in DMEM

supplemented with FBS (10%, v/v), penicillin (100 IU/ml) and streptomycin (100 Llg/ml)

at 37°C under a humidified 5% CO, and 95% air atmosphere. Cells were cultured at a

30



density of 1.5 x 105 cells/ml on 96-well plates. In all experiments, cells were grown
overnight before any treatment. First, we investigated the toxic effects of AMPH on
HAPI microglial cells. Cell viability was measured by quantitative colorimetric assay
with MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). HAPI microglial
cells in 96 well plates were treated with different concentration of AMPH (0.4 — 3.2 mM)
for 24 and 48 h. Then, the medium was removed and 10 mg/ml MTT was added to
each well and further incubated for 4 h at 37°C under a humidified 5% CO,. The
resulting MTT-formazan product was dissolved by the addition of 100 pyl of DMSO. The
amount of formazan was determined by measuring the absorbance at 540 nm with a
microplate reader (Bio-Tek, Instruments, Winoaski, VT). Experimental data were
analyzed using ANOVA (analysis of variance) followed by Student’s t-test to compare
experimental and control groups. Sigma-stat statistical software was employed. All
values are represented as mean+ S.E.M. The significance was taken when p-values
were less than 0.05. The result showed that AMPH induced cell death in a
concentration and time dependent manner. The viability of cells was 100, 91, 49, 7.5 %
and 100, 85, 3.4, 3.4 % when cells were treated with 0.4, 0.8, 1.6 and 3.2 mM AMPH
for 24 and 48 h, respectively (Fig. 1). The maximum cytotoxic effect was observed in
cells treated with AMPH at the concentration of 1.6 and 3.2 mM for 48 h. From this
result, AMPH at the concentration of 0.8 mM was subsequently used to examine the
effects of AMPH on the expression of iNOS further. To investigate the effects of AMPH
on iINOS mRNA, total RNA isolated from AMPH treated HAPI microglial cells were
amplified with iINOS primers. Microglial cells in 6-well plate were incubated with AMPH

for 6 h. Total RNA was isolated using TRIzol according to the manufacturer’s protocol.
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A volume of 1 Llg total RNA from each sample was subjected to reverse transcription

using Superscript First-Strand Synthesis System (Invitrogen, Calsbad, CA, USA). PCR

amplification was performed in a reaction volume of 25 Ll containing 2 LLI of cDNA
product and HotStar TaqTM DNA polymerase (Qiagen, Germany) using Perkin-Elmer
9700 thermal cycler.  Amplification of the constitutively expressed enzyme D-
glyceraldehyde -3-phosphate dehydrogenase (GAPDH) was used as an internal control.
The oligonucleotide primers used were; INOS, 5 TCACTGGGACAGCACAGAAT
(sense) and STGTGTCTGCAGATGTGCTGA (antisense) and GAPDH,
5TCCCTCAAGATTGTGAGCAA (sense) and 5 AGATCCACAACGGATACATT
(antisense). The temperature cycling condition of amplification were as follows : for
iNOS and GAPDH, 15 min at 95°C, then 25 cycles of 94°C for 40s, 55°C for 40 s,
72°C for 60 s, and a final extension at 72°C for 10 min. The amplification products
were electrophoresed on 1.0 % agarose gel, visualized by ethidium bromide staining,
and photographed Gel images were scanned using an image analysis system. Gel
images were scanned using an image analysis system (Gel Doc 1000; Bio-Rad,
Hercules, CA). The intensities of specific PCR bands were quantitated in relation to
GAPDH bands amplified from the same cDNA using Gene Tools analysis software
(Syngene, Cambridge, UK). Data are expressed as mean + S.E.M from three
independent experiments. The result showed that AMPH concentration-dependently
increased iINOS mRNA in HAPI microglial cells after 6 hr of incubation (Fig.2). AMPH
induces iINOS gene expression in microglial cells generate large quantities of nitric oxide
(NO). This result indicated that amphetamine induced iINOS over expression at the

transcriptional level or the pathway upstream of iINOS gene. Activation of microglial
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by LPS or cytokines causes neuronal death in mixed glial/neuron cocultures by a

mechanism involving glial iINOS expression and release of NO [20]. It has been

reported that iINOS is induced in various types of CNS injuries and disease such as

Alzheimer’s disease, Parkinson’s disease [21,22,23]. Our finding indicates that AMPH

could activate microglial cells which represent the resident macrophage population

within the CNS similar to other immunogens. Therefore, induction of INOS by AMPH

in microglial cells may be an important source of NO in CNS inflammatory disorders

associated with the death of neurons and oligodendrocytes.

Inhibition of NO overproduction has been proved to increase cell survival in

several models. For example, addition of iINOS antagonist was able to prevent rat

amoeboid microglial from lysing oligodendrocytes in vitro [24]. Another study reported

that in neuronal cells co-cultured with murine neonatal microglial, administration of iINOS

inhibitor also prolong the survival of neuronal cells [25]. S-methylisothiourea (S-MT), a

selective iINOS inhibitor was used in the present study. The result showed that

pretreated S-MT inhibited the expression of INOS mRNA caused by 0.8 mM AMPH in a

concentration-dependent manner (Fig. 3). The result further supports AMPH-induced

NO over expression in microglial. Higher concentrations, 0.2 and 2 mM S-MT inhibited

the basal level of INOS mRNA. Pretreatment with 1 nM melatonin significantly

counteracted INOS mRNA over expression induced by AMPH. Furthermore, melatonin

at 10 or 100 nM not only abolished the AMPH-induced iNOS mRNA production but also

significantly reduced the basal level of INOS mRNA expression. Our data are

compatible to the previous report [26] demonstrated that 1 nM melatonin which

approximates the physiological concentration of the pineal hormone at night,
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significantly inhibited NOS activity in vitro. Moreover, in vivo studies showed that during
night, when endogenous melatonin levels are elevated, resulted in a significant
decrease of NOS activity. Melatonin reduced both basal and bacterial
lipopolysaccharide-induced lipid peroxidation in vitro [27]. Several studies also reported

that melatonin inhibited iINOS expression caused by a variety of stimuli such as tumor
necrosis factor (TNF-QL), phobal ester, and irradiation [28,29,30]. Melatonin at

concentration in the 1 LM range reduced nitric oxide production in immunostimulated

macrophages. It was due to an inhibition of iINOS associated with inhibition of the

transcription factor nuclear kappa B (NF)B) [31]. The results from the present and
numerous previous studies suggest that melatonin may modulate immune function
either directly or indirectly on the immune cells. The present study showed that the up-
regulated iINOS mRNA expression in response to AMPH stimulation, was inhibited by
the addition of melatonin in cultured microglial. The results give a potentially implication
for the use of melatonin as a neuroprotective agent in AMPH- or other immunogens-
induced toxicity in microglial. The possible therapeutic and physiopathological
implications of immunoenhancing proporties of melatonin remain to be further
investigated.
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Fig.1. Concentration and time dependent effects of amphetamine on cell viability in

HAPI microglial. Cells were treated with various concentration of amphetamine (0.4, 0.8,

1.6 and 3.2 mM) for 24 and 48 hr. Cell viability was assessed by the MTT assay and

presented as percent of untreated controls. Values represent the mean + S.E.M. of

three separate determinations. p <0.05 ** p <0.01 ***

compared with untreated controls.
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Fig. 2. Concentration dependent effect of amphetamine on iINOS mRNA expression in
HAP1 microglial. Cells were treated with various concentration (0.4, 0.8 and 1.6) mM
amphetamine for 6 hr. Cells were harvested, total RNAs were extracted and subjected
to semiquantitative RT-PCR. GAPDH is used as reference to control equal loading.
Values are mean + S.E.M. from three separated experiments which represent relative

iINOS levels normalized with GAPDH . *p < 0.05, *p <0.01
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Fig. 3 The inhibitory effect of S-methylisothiourea/or = melatonin on amphetamine-
induced iINOS mRNA  expression in HAPI microglial. Cells were pretreated with
various concentrations (0.02, 0.2 and 2 mM) of 5-methyl isothiourea (S-MT) or with 1,
10, and 100 nM of melatonin followed by treatment of 0.8 mM amphetamine, for 6 hr.
Cells were harvested, total RNAs, were extracted and subjected to semiquantitative
RT-PCR. Values are mean + SEM from three separate experiments which represent

relative iINOS mRNA levels normalized with GAPDH.
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