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1 Motivation and Gap
Memory updating in the hippocampal-entorhinal system pre-
serves prior traces while changing retrieval access. Distinct
engram populations can persist and compete, with accessibility
shaped by context, inhibitory tone, and network state [100, 10,
2]. The central question is how one learned context-value asso-
ciation gains behavioral control during retrieval while another
association remains accessible but unused.
The medial septum is positioned to regulate this selection pro-
cess because septal GABAergic neurons organize hippocampal
and entorhinal rhythmic state. Septal output supports theta-
promoting circuit dynamics, state transitions between active
processing and replay, and long-range timing control within the
hippocampal formation [103]. Related work on hippocampal-
entorhinal information-sharing networks shows that ensemble
structure can reconfigure across temporal windows, provid-
ing a network-level substrate for switching between active
computational states [80].
The unresolved transformation is how septal GABAergic tim-
ing input becomes a medial entorhinal output-timing signal
that reorganizes downstream CA1 ensemble selection. The
medial septum-to-medial entorhinal cortex pathway is impli-
cated in oscillatory control, arousal-sensitive coordination, and
behavioral switching, but a retrieval model needs the inter-
mediate timing step. A circuit explanation must specify how
medial entorhinal inhibitory microcircuits alter output timing
and how that timing shift changes the CA1 ensemble state
expressed during retrieval.
The primary circuit study motivates this gap by showing
that inhibition of MS GABAergic terminals in MEC reverses
updated behavior and shifts CA1 population activity back
toward the pre-update pattern. The gap sits at timing-based
retrieval selection after sequential learning in the same context.
Memory enhancement, arousal, and locomotor facilitation
become control alternatives rather than the core mechanism.

2 Background
The hippocampal-entorhinal circuit supports memory retrieval
through sparse coding, inhibitory competition, and temporal
coordination. In the dentate gyrus and CA3, inhibitory control
contributes to pattern separation and winner-take-all dynam-
ics, allowing similar inputs to activate distinct population
states [45, 41]. In computational models, context-dependent
gating and sparse hippocampal memory architectures reduce
interference while preserving prior representations [2, 97].
At the CA1 output stage, firing rate is one readout of the
active memory state, while temporal organization provides the
selection-sensitive readout. Several retrieved references treat
CA1 as a temporal and predictive structure in which spike
timing, co-firing relationships, replay, and phase organization
carry sequence and transition information [33, 50, 101]. If
retrieval selection depends on which context-value association
controls CA1 temporal ensemble structure, then disruption of
the mechanism should be visible in timing relationships and

cross-correlated activity in addition to mean rate changes.
The medial entorhinal cortex provides a major route through
which spatial and contextual information reaches CA1. The
temporoammonic pathway supplies direct entorhinal input
to distal CA1 dendrites, where local inhibition can regulate
gain, delay sensitivity, and synchrony [24, 25]. Models of
the entorhinal-hippocampal loop describe CA1 as a compar-
ison and readout layer that balances internal hippocampal
sequences with current entorhinal context [59, 50].
Medial entorhinal inhibitory populations form the transfor-
mation layer between septal input and CA1 output. Me-
dial entorhinal cortex influences CA1 through direct tem-
poroammonic input and indirect pathways via CA3, giving
inhibitory timing multiple routes into CA1 ensemble structure.
Parvalbumin-expressing interneurons and related inhibitory
motifs constrain spike timing, support phase locking, and
shape response distributions in recurrent circuits [51, 56, 57].
Septal GABAergic projections can therefore be treated as an
upstream timing source, medial entorhinal inhibitory micro-
circuits as the local timing transformation, and CA1 temporal
ensemble organization as the retrieval readout that drives
behavior.

3 Research Goal and Hypothesis
The research goal is to explain how medial septum GABAergic
input to medial entorhinal cortex alters CA1 temporal ensem-
ble structure during retrieval after sequential learning in the
same context. The analysis targets retrieval selection among
preserved context-value associations. The behavioral problem
is the expression of the later learned association when prior
and updated associations remain expressible under different
retrieval conditions.
The primary circuit study anchors the hypothesis by showing
that inhibition of MS GABAergic terminals in MEC reverses
updated behavior and shifts CA1 population activity back
toward the pre-update pattern.
The central hypothesis is that medial septum GABAergic pro-
jections regulate retrieval by changing inhibitory microcircuit
timing in medial entorhinal cortex. This local timing change is
expected to alter the phase and precision of entorhinal output
arriving in CA1. The resulting shift in input timing should
reorganize CA1 ensemble structure so that the later learned
context value is expressed during retrieval.
The hypothesis links three mechanisms in sequence. Hip-
pocampal updating preserves competing traces, creating a
retrieval-selection problem [100, 29, 97]. Inhibitory circuits
regulate trace accessibility by adjusting thresholds, synchrony,
and ensemble competition [41, 95, 86]. CA1 expresses the
selected trace through temporal ensemble organization, with
temporal predictive coding, successor-representation models,
and phase-native coding supporting a readout based on struc-
tured timing as well as rate [101, 50, 1].
The falsifiability criterion is the linked timing chain: sep-
tal GABAergic control of medial entorhinal timing, medial
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entorhinal inhibitory control of output precision, and CA1
temporal reorganization during the retrieval decision. Missing
evidence at any link localizes the selection mechanism outside
the proposed pathway.

4 Proposed Approach
The proposed analysis tests a timing chain from MS GABAer-
gic output to MEC inhibitory timing to CA1 temporal ensem-
ble structure. The first level treats medial septum GABAer-
gic output as the upstream timing source. Work on theta-
promoting septal circuits, optogenetic control, and sleep-wake
state transitions establishes that septal activity can regulate
hippocampal-entorhinal rhythmic state at the temporal scale
needed for information routing [103, 75, 104].
The second level treats medial entorhinal inhibitory microcir-
cuits as the transformation layer. Septal GABAergic input
should change the timing of local inhibitory populations that
regulate entorhinal output. Parvalbumin-related and recur-
rent inhibitory motifs can narrow spike windows, normalize
response distributions, and accelerate adaptation to changing
input statistics [51, 56, 57]. Support at this level requires
timing-specific changes in entorhinal output precision.
The third level treats CA1 ensemble dynamics as the retrieval
readout. CA1 should be evaluated through phase relationships,
cross-correlations, replay-like sequence organization, and en-
semble composition. A compact readout for this comparison
is

SCA1(a, b) = corr(Ca, Cb),

where Ca and Cb are pairwise CA1 cross-correlation matrices
from two retrieval conditions. Temporal coding, predictive
coding, and calcium-imaging-based ensemble decoding provide
complementary readouts for testing whether altered entorhinal
timing changes which CA1 temporal ensemble structure is
expressed [33, 101, 17].
Behavioral controls separate retrieval-specific selection from
state effects. Septal manipulation can influence locomotion,
arousal, and anxiety-related state, so movement and state
variables should be measured alongside retrieval behavior [26,
58]. Support for the mechanism requires convergence across
the pathway: septal control alters MEC timing, MEC in-
hibitory control reshapes output precision, and CA1 shows
retrieval-specific temporal reorganization. A dissociation at
any level localizes the selection signal outside the proposed
transformation layer.

5 Outcomes and Significance
The proposed mechanism is supported when perturbing MS
GABAergic input to MEC shifts both retrieval behavior and
CA1 temporal ensemble organization under conditions that
require selection between sequentially learned context-value
associations.
The core support pattern is timing-selection convergence. Sep-
tal perturbation should alter MEC timing, MEC inhibitory
control should reshape output precision, CA1 should shift its
temporal ensemble structure, and behavior should follow the
selected association [26, 75, 80, 33, 17]. Behavioral controls
should track locomotion, arousal, and anxiety-related state so

retrieval-selection effects can be separated from state changes.
Alternative outcomes localize the mechanism. A firing-rate
change with weak temporal reorganization supports a gain-
control account. Behavioral switching with preserved CA1
temporal organization points toward downstream output cir-
cuits or direct CA1 inhibition. MEC timing changes without
behavioral switching indicate an upstream timing effect that
fails to control retrieval [93, 56, 19].
The storage-rule alternative is also testable. Prior and updated
context-value associations should remain expressible under dif-
ferent retrieval conditions while inhibitory timing determines
which association becomes behaviorally expressed. This pat-
tern supports retrieval selection among preserved traces [100,
95, 86].
The significance is that memory updating can be modeled
as a timing-based retrieval-selection problem at the level of
inhibitory control. The hippocampal-entorhinal system can
preserve multiple learned associations while regulating which
association dominates CA1 temporal ensemble structure dur-
ing retrieval. Positive and negative outcomes both constrain
where the selection signal enters the MS-MEC-CA1 pathway.
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