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Abstract

From the limbic-reticular coupling theory proposed by Cai for memory, it is herein highlighted the
anterior thalamic nuclei (ATN) mediating both familiarity and recall. For novelty consolidating
both familiarity and recall, it relays theta low-frequency from supramammillary nucleus to septum,
hippocampus and ATN, with novelty impaired by lesion of mammillary bodies or mammillothalamic
tract (MTT) to ATN. For familiarity, it is impaired by lesions of posterior cingulate and retrosplenial
cortices, which interconnect with ATN. Accordingly, it is explained that MTT lesion manifests recall
impairment from the net effects of both impaired novelty from MTT to ATN and spared familiarity from

related cortices to ATN.

Introduction

Cai proposed the limbic-reticular coupling
theory, suggesting that the limbic hippocampus
and amygdala regulate the subcortical
mammillary bodies, septum, hypothalamus
and habenula, and in turn regulate the four
ascending reticular noradrenergic (NA),
serotonergic (5-HT), dopaminergic (DA) and
acetylcholinergic (ACh) systems to consolidate
and recall declarative memories [1,2].

Warrington and Weiskrantz = proposed
the disconnection theory, suggesting that
the diencephalic amnesia result from the
disconnection of memory storage in temporal
lobe and complex cognition in prefrontal cortex
following lesions to the thalamus [3].

Clinical studies have not supported the orbital
frontal cortex for declarative memory. It was
reported that a patient with extensive bilateral
orbitofrontal lesions exhibited no memory
impairment [4]. An earlier report also indicated
that large bilateral orbitofrontal lesions did not
cause amnesia [5].

The anterior thalamic nuclei (ATN) and
mammillothalamic tract (MTT) also correlate
to amnesia from disconnection theory[3],
but lie beyond the limbic-reticular coupling
pathways. Herein, it is attempted to explain
the amnesic lesions of ATN and MTT with the
limbic-reticular coupling theory.

Familiarity and Recall

Aggleton divided the long-term declarative
memory into two components as recall via
hippocampus-MTT-ATN and familiarity via
amygdala-mediodorsal thalamic nuclei [6].

Indeed, restricted MTT lesion only impaired
recall but not familiarity [7]. However,
discrepant from Aggleton’s hypothesis,
selective ATN lesions impaired both recall
and familiarity [8,9].

It is not difficult to explain such discrepancy.
On one aspect, familiarity was impaired in
lesions of posterior cingulate cortex [10,11],
including retrosplenial cortex [11], both
of which interconnected with ATN [12],
explaining the ATN function of familiarity. On
another aspect, selective lesion of MTT, the
main input from mammillary bodies to ATN
[12], only impaired recall but not familiarity
[7]. Taking these two aspects together, it
explains that ATN lesions impaired both recall
and familiarity [8,9].

Novelty, Familiarity and Recall

Recently, Cai applied novelty detection by
hippocampal CA1 and amygdala to the limbic-
reticular coupling theory for declarative
memory consolidation via NA, 5-HT, DA
and ACh, while the theta wave from medial
temporal lobe and hippocampal CA3 coupled
to ACh and DA for declarative memory recall
[2].

Since novelty consolidating memory
encoding via limbic-reticular coupling, it
enhances both familiarity and recall. The
hippocampal CA1 theta was shown necessary
for encoding the novel input under the
regulation by ACh from medial septum [13].
It was further demonstrated that the neurons
of supramammillary nucleus regulated such
rhythmical ACh neurons of medial septum
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[14]. Accordingly, the supramammillary nucleus and MTT
mediate novelty, enhancing both familiarity and recall.
However, restricted MTT lesion only impaired recall but
not familiarity [7]. The explanation herein is that, compared to
the strong spared familiarity of ATN from posterior cingulate
and retrosplenial cortices [10,11], the impaired familiarity
from MTT lesion is negligible, so that grossly the MTT lesion
manifested only impaired recall but not familiarity[7].

Conclusion

It is reconciled the effects of ATN and MTT lesions to
the limbic-reticular coupling theory of declarative memory
consolidation and recall.

Conflicts of Interest
The author declares no conflict of interest for this work.
References

1. Cai Z-J. The neural mechanism of declarative memory
consolidation and retrieval: A hypothesis. Neurosci
Biobehav Rev. 1990; 14(3): 295-304. doi: 10.1016/s0149-
7634(05)80039-9.

2. Cai Z-J. The limbic-reticular coupling theory of memory
processing in the brain and its greater compatibility over
other theories. Dement Neuropsychol. 2018; 12(2): 105-
113. doi: 10.1590/1980-57642018dn12-020002.

3. Warrington EK, Weiskrantz L. Amnesia: A disconnection
syndrome? Neuropsychologia. 1982; 20(3): 233-248. doi:
10.1016/0028-3932(82)90099-9.

4. Fujii T, Suzuki M, Suzuki K, Ohtake H, Tsukiura T, Miura
R. Normal memory and no confabulation after extensive
damage to the orbitofrontal cortex. J Neurol Neurosurg
Psychiatry.  2005; 76(9): 1309-1310. doi:10.1136/
jnnp.2004.061846.

5. Stuss DT, Kaplan EF, Benson DF, Weir WS, Chiulli S,
Sarazin FF. Evidence for the involvement of orbitofrontal
cortex in memory functions: an interference effect. ] Comp
Physiol Psychol. 1982; 96(6): 913-925. doi: 10.1037/0735-
7036.96.6.913.

6. Aggleton JP, Brown MW. Episodic memory, amnesia, and

Neurol Neurosci. (2026) Vol 7 Issue 2

10.

12.

13.

14.

the hippocampal-anterior thalamic axis. Behav Brain Sci.
1999; 22(3): 425-444; discussion 444-489. doi: 10.1017/
S0140525X99002034.

Carlesimo GA, Serra L, Fadda L, Cherubini A, Bozzali
M, Caltagirone C. Bilateral damage to the mammillo-
thalamic tract impairs recollection but not familiarity
in the recognition process: a single case investigation.
Neuropsychologia. 2007; 45(11): 2467-2479. doi:
10.1016/j.neuropsychologia.2007.03.025.

Kishiyama MM, Yonelinas AP, Kroll NE, et al. Bilateral
thalamic lesions affect recollection-and familiarity-based
recognition memory judgments. Cortex. 2005;41(6):778-
88. doi: 10.1016/s0010-9452(08)70296-x.

CipolottiL, HusainM, CrinionlJ, etal. Therole ofthe thalamus
in amnesia: A tractography, high-resolution MRI and
neuropsychological study. Neuropsychologia. 2008; 46(11):
2745-58. doi: 10.1016/j.neuropsychologia.2008.05.009.
Qin P, Liu Y, Shi J, et al. Dissociation between anterior
and posterior cortical regions during self-specificity and
familiarity: a combined fMRI-meta-analytic study. Hum
Brain Mapp. 2012; 33(1): 154-64. doi: 10.1002/hbm.21201.
Shah NJ, Marshall JC, Zafiris O, et al. The neural correlates
of person familiarity. A functional magnetic resonance
imaging study with clinical implications. Brain. 2001;
124(Pt 4): 804-15. doi: 10.1093/brain/124.4.804.

Bubb EJ, Kinnavane L, Aggleton JP. Hippocampal-
diencephalic-cingulate networks for memory and emotion:
An anatomical guide. Brain Neurosci Adv. 2017; 1(1):
2398212817723443. doi: 10.1177/2398212817723443.
Douchamps V, Jeewajee A, Blundell P, Burgess N, Lever
C. Evidence for encoding versus retrieval scheduling
in the hippocampus by theta phase and acetylcholine.
J Neurosci. 2013; 33(20): 8689-8704. doi: 10.1523/
JNEUROSCI.4483-12.2013.

Vertes RP, Kocsis B.  Brainstem-diencephalo-
septohippocampal systems controlling the theta rhythm of
the hippocampus. Neuroscience. 1997; 81(4): 893-926. doi:
10.1016/s0306-4522(97)00239-x.

Page 2 of 2



