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Abstract 

Neurons are the cells that send and receive signals in the central nervous system. 

Neuronal signaling is the base for all the complex tasks the human brain is capable of, 

from the detection of a smell to the composition of a symphony. Neurons are 

continuously receiving input from the periphery and from other neurons and need to 

integrate these into their own output. One key factor in this process is the neurons’ 

excitability, how prone they are to be excited over a threshold level for the initiation of 

a signal. Of fundamental importance for the excitability of a neuron is the 

concentration of ions in the surrounding environment. This PhD project has studied 

the effects of shifts in the concentration of extracellular ions on fundamental neuronal 

behavior such as excitation and synaptic transmission. In the first article, we show that 

the concentration of biologically active calcium in human cerebrospinal fluid (hCSF) 

is 1 mM, which is about 85% of the total concentration. Since a concentration of 2 

mM calcium, or higher, is traditionally used in in vitro electrophysiological research, 

we then demonstrate the marked differences in intrinsic excitability and synaptic 

transmission that is caused by using 2 mM calcium as opposed to the physiological 

concentration. We also demonstrate the critical impact of the extracellular 

concentration of calcium for the induction of long-term potentiation, further 

underscoring the importance of carefully considering the extracellular calcium 

concentration. In the second article, we examine the elusive mechanism behind the 

inhibitory effect extracellular calcium ions have on neuronal excitability. By excluding 

mechanisms related to changes of the membrane potential, in intracellular calcium and 

G protein activation, we conclude that the main mechanism in the concentration range 

between 1.2-2 mM is neutralization of negatively charged residues in the extracellular 

part of voltage-gated sodium channels. In the last article, we collected hCSF from 

healthy volunteers after sleep, sleep deprivation or wakefulness and we show that the 

concentration of potassium in hCSF varies with the circadian rhythm, indicating a role 

for extracellular ions in the regulation of the behavioral states of sleep and 

wakefulness. 
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