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Introduction: A significant interaction exists between hippocampal circuitry and several modulatory
neurotransmitters, such as dopamine (DA). In recent studies, dopaminergic fibers from the locus coeruleus (LC) to
the hippocampus have been emphasized. In particular, it has been shown that axons are terminating in the dorsal
hippocampus from the LC, which, in addition to norepinephrine, also release DA. Considering the firing patterns
(tonic and phasic) of LC neurons and the dorsal hippocampus’s role in spatial learning and memory, the effects of
unilateral patterned electrical stimulation of mouse locus coeruleus on spatial learning and memory were studied.

Methods and Materials: In this study, C57BL/6 mice were used. A tripolar stainless steel electrode was implanted
into the LC, and a head socket was fitted. After surgery, the animal is connected to a miniature buffer head stage for
electrical stimulation. LC was stimulated with tonic (1 Hz) or phasic (24 Hz) stimulation protocol. To assess
behavioral tasks and LC stimulation interaction effects, we conducted multiple experiments combining behavior and
electrical neuromodulator activation. For this, mice were trained with electrical stimulation in the Barnes task (4D
stimulation).

Results: We found that phasic LC modulation treatment enhanced spatial learning and memory, but tonic
stimulation impaired it.

Conclusion: It is concluded that LC stimulation by phasic pattern, not tonic, improved spatial learning and
memory. Using a phasic pattern might affect the hippocampal dopaminergic fibers, releasing a high amount of
dopamine and activating D1-like receptors with low affinity. Furthermore, dopamine D1-like receptor activation
increases synaptic strength and relates to long-term potentiation. This finding indicates the effectiveness of the phasic
stimulation pattern in activating dopamine release and the involvement of dopamine D1 receptors in spatial memory
by LC phasic activation.
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