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ABSTRACT

Methamphetamine (METH) is an illicit CNS stimulant, commonly used in
Thailand and worldwide. METH has long been known to cause neurotoxicity, specifically to
dopaminergic neurons, resulting in the loss of neurons in substantia nigra and the development
of Parkinson’s disease later in life. Recent study demonstrated that caffeine potentiates the
toxic effect of METH in neuroblastoma cells possibly via an increase in ROS production and
an increase in the induction of apoptosis. However, the underlying mechanism is not clearly
understood. METH could also induce autophagy, an intracellular degradation process
important for cellular homeostasis. Therefore we aimed to investigate the involvement of
autophagy and apoptosis pathways on the potentiating effect of caffeine on METH-induced
neurotoxicity. The effects of caffeine could be produced in vitro using SH-SY5Y,
a dopaminergic neuroblastoma cell line. Combined treatment of caffeine and METH
increased the induction of apoptosis, as shown by expression of cleaved caspase-3. Inhibition
of autophagy by PI3K inhibitor, 3- Methyladenine (3-MA) increased the toxicity of METH
with the increasing of caspase-3 activation, in METH treatment alone and in combination with
caffeine. However, study of proteins involved in autophagy pathways, including LC3lIl,
p-mTOR, and p-4Ebpl revealed that, in fact, caffeine induces autophagy and enhancing
autophagic flux in METH treated cells. It is also noted that 3-MA did not significantly alter
the viability of caffeine treated-cells. The result demonstrated the protective role of autophagy
against apoptotic cell death, which we proposed as a major toxic mechanism of METH. The
study also revealed the dual roles of caffeine in the toxic effect of METH. Caffeine
potentiates METH-induced neurotoxicity by enhancing apoptosis cell death. Another side is
that caffeine causes an increase of autophagic flux, which is considered a protective
mechanism that can antagonize apoptotic cell death. Nonetheless, in the setting of Ya-Ba,
which contains both caffeine and METH, the induction of apoptosis is predominated. Further
study of the significance of the dual properties of caffeine in clinical circumstances is of
necessity.
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