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Abstract

The electrophysiology of hippocampus demonstrated by O’Keefe and Mosers is yet unattainable to explain the
same memory function of mammillary bodies. The limbic-reticular coupling theory I proposed previously suggested
the descending limbic system regulate the ascending reticular systems to consolidate and recall declarative
memories. On electrophysiology, the hippocampal CA3 neurons can regulate the raphe nuclei and ventral tegmental
area in their activities, while the cholinergic-mediated gamma wave is also coupled to theta activities. In this way,
through these limbic-reticular electrophysiological couplings, the hippocampus can synchronously recall several
components of a memory dispersed in various cortical areas. Therefore, here is outlined the alternative part of
hippocampal electrophysiology on memory recall different from O’Keefe and Mosers.

Keywords: Hippocampus; Mammillary body; Acetylcholine;
Dopamine; Theta wave; Gamma wave

Communicated Opinion
The 2014 Nobel Laureates O’Keefe and Mosers demonstrated with

electrophysiology that the cells in entorhinal cortex and hippocampus
directly encoded and associated information on place and direction [1]
including those from the prefrontal cortex, with which to explain the
memory function of hippocampal formation. However, this is an
oversimplified explanation about the hippocampal role in human
memory. First, the hippocampal amnesia manifests general rather than
spatial memory impairment on declarative objects and events [2].
Second, alike to the hippocampal amnesia, the amnesia from lesions of
either fornix or mammillary bodies also manifests the same memory
impairment as deficit in recall [3,4]. Third, the orbitofrontal cortex
manifests clinically irrelevant to memory recall [5,6].

The limbic-reticular coupling theory suggests that the hippocampus
and amygdala control and regulate such descending limbic structures
as the mammillary bodies, septum, hypothalamus and epithalamus,
and in turn regulate the ascending noradrenergic, serotonergic,
dopaminergic and cholinergic systems to accomplish declarative
memory consolidation and recall [2]. There are a lot of anatomical,
neuropsychological, behavioral and pharmacological evidences in
support of this theory [2].

On electrophysiology, the hippocampal CA3 activation has been
shown to regulate the activity of serotonergic neurons in raphe nuclei
[7,8], while the hippocampal CA3 theta wave has been shown to
activate the dopaminergic neurons in ventral tegmental area in
contextual recall [9]. Besides, the cholinergic-mediated gamma wave
has been shown to be modulated by theta activities from the medial
temporal lobe [10,11], and to be responsible for recalling memories in
cortex [10-12]. In this way, through regulation on the ascending
serotonergic, dopaminergic and cholinergic systems, the hippocampal
CA3 neurons can synchronously recall several components of a

memory dispersed in various cortical areas via theta-gamma coupling.
This is the alternative story of hippocampal electrophysiology on
memory recall which is different from O’Keefe and Mosers.

It is necessary to point out that the hippocampal activities
demonstrated by O’Keefe and Mosers are activated directly by external
cues, and are not the unretrieved signals waiting for hippocampus to
recall. As believed by the world people, the unretrieved signals for
hippocampus to recall are most likely present together with other
signals within hippocampus, and are certainly most likely present as
hippocampal CA3 theta activities.

It is noted that the noradrenergic and serotonergic systems stop
discharge while the dopaminergic and cholinergic systems continue
their activities during REM sleep which processes memories [13,14].
Decrease in serotonergic while maintenance in dopaminergic and
cholinergic activities during REM sleep is alike to the above
electrophysiological recall of memory.

In all, the limbic-reticular theta-gamma coupling is more
appropriate to elucidation of the memory recall function from
hippocampus to mammillary bodies, as the alternative part of
hippocampal electrophysiology different from O’Keefe and Mosers.
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