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Background: Dopamine transmission includes dopamine synthesis, 

release of dopamine from axonal boutons or dendrites, dopamine 

receptor activation, dopamine reuptake into the presynaptic neuron, 

enzymatic degradation or vesicular transport. Transporter-mediated 

uptake determines the duration and physical spread of released 

dopamine. Uptake of dopamine is mediated by uptake-1 transporters, 

such as dopamine and norepinephrine transporter (DAT and NET) 

characterized by dependence on Na+ / Cl− ions with low capacity and 

high affinity, and Na+ / Cl−-independent uptake-2 transporters with 

lower affinity and higher capacity such as organic cation transporters 

(OCTs) and plasma membrane monoamine transporter (PMAT). The 

role of astrocytes, which ensheath the synapse in the dopamine 

homeostasis, has never been investigated in detail; however, it has 

been established that astrocytes mainly express enzymes for 

dopamine metabolism and receptors for neurotransmitters, and have 

been shown to respond to neuronal activity by changes in intra-

cellular concentration of Ca2+. 

Methods: Astrocytes were cultured by a well-established protocol in 

our laboratory. Neonatal rat cortices and striata were excised and 

prepared to produce primary astrocytic cells that were grown on  

12-well plates for three weeks. Kinetic uptake studies were 

performed by 20-minute incubation of various concentrations of 

[3H]dopamine at 37  °C and 4 °C to determine the specific and non-

specific uptake of dopamine. Inhibitory studies included the use of 

the antidepressants desipramine, nortriptyline and amitriptyline, as 

well as the DAT-specific inhibitor GBR 12909 and the substances 

decynium-22 and corticosterone. Total RNA was extracted from 

astrocytic cells as well as from cortical, striatal and kidney neonatal 

rat tissue. The quantity of mRNA of the transporters DAT, NET, 

OCT1, OCT2, OCT3 and PMAT was determined by quantitative poly-

merase chain reaction (qPCR). Actin was used as an endogenous 

control. Protein expression of DAT, NET and PMAT was determined 

by western blot. Neonatal rat tissue samples (cortex, striatum and 

kidney) were used as positive controls. 

Results: Dopamine uptake into cultured striatal and cortical neonatal 

rat astrocytes is time-, temperature- and concentration-dependent. 

Saturation and inhibition curves of dopamine uptake show charac-

teristics of transport involving multiple carriers. Further on we found 

mRNA for NET, PMAT, OCT1, OCT2 and OCT3 in cortical and 

striatal astrocytes. mRNA expression of NET and PMAT appears to 

be most abundant in both types of glial cells. Western blot confirmed 

the presence of NET only. mRNA as well as protein expression of 

DAT appears to be very slight. 

Discussion: Astrocytes perfom a variety of homeostatic functions; 

however, their role in the dopamine synapse has yet to be estab-

lished. Dopamine is taken up into cultured striatal and cortical rat 

astrocytes by both uptake-1 and uptake-2 transporters. NET appears 

to have a greater role in astrocytic dopamine uptake than DAT. 

Keywords: astrocytes – dopamine uptake – monoamine transporters 

– dopamine transporter – norepinephrine transporter 

 

 _______________________________  

 *Corresponding author e-mail: vesna.socan@mf.uni-lj.si 

https://doi.org/10.25006/IA.10.S2-A2.9
mailto:vesna.socan@mf.uni-lj.si

