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ABSTRACT

Memory is far from a simple recording process; it is a complex, three-part act of encoding, storage,
and subsequent retrieval. What often determines retrieval success is a subtle yet critical factor: the
contextual match, particularly concerning the learner's internal state, across both the moment of
learning and the moment of recall. This dynamic is captured by the concept of State-Dependent
Memory (SDM), which is essentially a specialized form of Context-Dependent Memory (CDM).
Simply put, stored information is recalled most efficiently when the individual’s physiological or
mental condition at retrieval closely mirrors the state present during the initial encoding stage. This
review seeks to synthesize contemporary understanding of SDM's neurobiological basis, the various
factors that modulate this effect, and its profound, though hypothesized, translational significance
for disorders like Dissociative Amnesia (DA).

Keywords: Memory, State-Dependent, Context-Dependent, Mental, Hippocamp, Dissociative Amnesia,
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1. INTRODUCTION

It's a widely accepted principle that a shared context provides a powerful boost to recall, a
phenomenon broadly known as Context-Dependent Memory (CDM) (Bogdanovsky, n.d.). However,
the term "context" itself is quite fluid, encompassing a spectrum of internal and external cues. For
instance, context might be an environmental cue, such as the physical room where learning took
place. It can also be an internal, purely psychological context like a specific mood (mood-
congruence) or a broader cognitive state (e.g., speaking a particular language). In contrast, the
Jfocus of SDM, which is often used interchangeably with the term State-Dependent Learning (SDL),
is defined strictly by the internal physiological or psychological status of the individual
(Bogdanovsky, n.d.).
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Fig. 1. Flowchart illustrating the mechanism of State-Dependent Memory (SDM). Successful recall occurs
when the "Retrieval State (A)" Matches the "Encoding State (A)." A state Mismatch (e.g., "Retrieval State
(B)") leads to "Retrieval Failure," even though the "Memory Trace" remains intact.

This internal status can be something naturally occurring within the body, which researchers
refer to as endogenous compounds or states, or it can be a state intentionally induced by an
exogenous compound, such as drug intoxication. One of the earliest and clearest experimental
confirmations of this effect came from Weingartner and colleagues, who demonstrated how the
consumption of alcohol influenced the specificity of imagery used during encoding and subsequent
recall, providing foundational evidence for the phenomenon of state-dependence (Weingartner et
al., 1976). A significant analytical advantage of the SDM framework is its power to help researchers
definitively separate an acute drug-induced retrieval failure from a genuine retrieval failure caused
by a state mismatch (Radulovic et al., 2018).
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Fig. 2. State-Dependent Memory (SDM) model for explaining Dissociative Amnesia (DA). The trauma
memory is stored during a "Traumatic Encoding State" and is inaccessible in the "Normal Retrieval State"
due to a "Psychological Barrier," which represents the state mismatch between encoding and retrieval.
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1.1 The Evolving View of Memory Systems and Neural Architecture

The classic concept that a single, neat brain structure is exclusively dedicated to a single memory
function has largely been supplanted by sophisticated modern neuroscientific findings (Sherman et al., 2024).
Contemporary research, frequently crossing species boundaries, strongly challenges the notion of a simple,
direct one-to-one mapping between structure and function, which was central to the traditional multiple-
memory-systems taxonomy. What has emerged instead is a theoretical framework called the Multiple
Memory Subsystems (MMSS) (Sherman et al., 2024,).

What is particularly interesting about the MMSS perspective is the assertion that memory functions
which might seem functionally opposed can actually be physically colocated within the same overall brain
structures, yet parceled out to distinct substructures. For instance, key memory hubs like the hippocampus,
striatum, and amygdala are all capable of rapidly forming both separated (specific) and integrated
(generalized) representations (Sherman et al., 2024). Given this deeply complex and highly interconnected
underlying structure, it becomes entirely logical that internal, contextual cues exert such a powerful
modulatory influence on memory processes. The core functions of memory the initial creation of a stable
neural representation (encoding) and the later access to that stored information (retrieval) are intensely
regulated by whether the original contextual cues are successfully re-encountered.

1.1.1 Hippocampal and Amygdala Subsystems

While the hippocampus is broadly recognized as the central hub for episodic memory (Sridhar et al.,
2023, p. 3), its various subsystems are showcasing a remarkable degree of functional flexibility. This
includes the ability to manage seemingly mutually exclusive tasks, such as handling highly specific, distinct
episodic coding alongside a more generalized, statistical pattern detection (Sherman et al., 2024). It is this
unique architectural flexibility that makes the hippocampus so acutely sensitive to internal state shifts.

The CAI region of the hippocampus is perhaps the most highlighted area in research specifically
focused on drug-induced and endogenous SDM (Zarrindast & Khakpai, 2020, Radulovic et al., 2018).
Furthermore, for the memory to possess both strength and specificity, the intricate communication pathways
between the hippocampus and the amygdala are considered paramount.

Within the amygdala, two primary substructures play distinct roles in defining memory:

- The Basolateral Amygdala (BLA) is considered indispensable for forming high-fidelity memories and
highly precise stimulus-outcome associations. It works cooperatively with the hippocampus to effectively
cement specific episodic details (Sherman et al., 2024).

- Conversely, the Central Nucleus of the Amygdala (CeA) appears to be strongly associated with
promoting more global, integrated emotional states, such as generalized motivation and broader anxiety
(Zarrindast & Khakpai, 2020).

Other key structures that are fully integrated into this overarching SDM network, and which are often
cited in animal model studies of pharmacological SDM, include the septum, the Ventral Tegmental Area
(VTA), and the Nucleus Accumbens (NAc) (Zarrindast & Khakpai, 2020).
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Fig. 3. Schematic view of the brain highlighting key structures in State- Dependent Memory. The blue-teal
area represents parts of the limbic system (including the Hippocampus), the core hub for episodic memory
highly sensitive to internal state shifts. The orange-yellow area is the Cerebellum, which is involved in
various motor and memory learning processes.

1.1.2 Neurotransmitters: The Chemical Inducers of State

The final induction of SDM, whether it originates from an external pharmacological agent or an
internal endogenous shift, is ultimately modulated by specific, critical neurotransmitter systems (Radulovic et
al., 2018). The core systems involved govern the precise balance between specific, detailed memory and
generalized, integrated associations.

- Noradrenergic System: This system is frequently implicated in the facilitation of memory subsystems
that prioritize fast acquisition and the formation of highly specific, detailed associations. It is thought to
support the precise, detailed recall of episodic material by encouraging the quick formation of robust
associations across various necessary brain regions for accurate memory recapitulation (Zarrindast &
Khakpai, 2020).

- Dopaminergic System: Dopamine, on the other hand, seems to promote memory subsystems that are
concerned with integrated, generalized associations, thereby underpinning processes like general
conditioning and automatic habit formation (Zarrindast & Khakpai, 2020). Its involvement extends
powerfully into memory stabilization, largely by encouraging the synthesis of plasticity-related proteins
(PRPs) which are essential for long-term storage (Zarrindast & Khakpai, 2020). The critical role of
dopamine receptors has been repeatedly demonstrated in the hippocampal CAI region (Zarrindast et al.,
2012a, p. 102), the nucleus accumbens (Zarrindast et al., 2012b, p. 166), and the dorsal hippocampus, often
in experiments studying drug-induced SDM and specific inhibitory avoidance tasks (Zarrindast et al., 2008,
Zarrindast et al., 2010, Zarrindast et al., 2009; Zarrindast et al., 2014).
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Fig. 4. A neural cell (Neuron) with its intricate dendrites and axons, forming the physical basis of the
memory trace. The electrical and chemical signals (e.g., neurotransmitters) transmitted through these
structures fundamentally modulate state-dependent memory encoding and retrieval.

1.1.3 Diverse Triggers for SDM

While pharmaceutical agents offer clear-cut experimental models for state induction (Weingartner et
al., 1976), a host of naturally occurring, endogenous factors also powerfully induce state-dependence.
- Acute Stress: The body’s stress response is a significant modulator. Acute stress, for example, is well-
known to dramatically impair the process of long-term potentiation (LTP) in the hippocampus, which is the
cellular mechanism underlying memory formation (Radulovic et al., 2018, p. 3; Yamada et al., 2003).
- Other Endogenous States: Other crucial internal states, such as the natural, physiological fluctuations of
the sleep-wake cycle and the subjective experience of chronic pain, are also considered key modulatory
factors (Radulovic et al., 2018).
- Emotional States: Emotional states demonstrably influence both the initial intake (encoding) and the
subsequent recovery of information (retrieval) (Tyng et al., 2017, p. 2), which directly underpins the mood-
congruence effects observed within the broader CDM framework (Bogdanovsky, n.d.). Even seemingly
trivial, mild behaviors, such as the act of chewing gum, have been experimentally explored as possible subtle
state-inducers, highlighting just how startlingly attuned the memory system is to these internal changes
(Stephens & Tunney, 2004)

1.2 SDM and Dissociative Amnesia

The powerful insights gleaned from SDM research are translating directly into the realm of clinical
psychopathology, especially when considering the devastating effects of psychological trauma. Dissociative
Amnesia (DA) is commonly defined as a profound failure in memory processing, overwhelmingly observed in
individuals who have endured acute, overwhelming traumatic stress (Radulovic et al., 2018). What
characterizes the disorder is the affected individual’s loss of the conscious ability to access or recall specific
traumatic memories, presenting as a textbook retrieval failure (Whitfield, 1995, Wolf & Nochajski, T. H.,
2013).
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SDM offers the leading, most coherent hypothesis to explain this otherwise puzzling retrieval failure in
DA (Radulovic et al., 2018). The central idea hinges on the fact that traumatic memories are encoded and
stored while the person is locked into a highly unique, often emotionally or physiologically "dissociated,”
psychological state. The actual memory trace remains stored and intact, yet it becomes functionally
inaccessible once the individual reverts to their normal, non-traumatized state of awareness. Retrieval,
logically, is thought to become fully possible only if the individual can be safely guided back into an internal
state that is substantially similar to the original encoding state.

The process of dissociation itself this dramatic shift in normal awareness and conscious functioning is
frequently theorized to be an adaptive defense mechanism. This defense effectively creates a powerful,
internal psychological barrier, separating the overwhelming threat and distress from the individual’s
conscious awareness, thereby aiding in emotional survival and immediately reducing acute distress
(Radulovic et al., 2018). Therefore, understanding this unique SDM-Dissociation link is absolutely essential
for the development of targeted therapeutic strategies that are sensitive enough to safely access and integrate
these highly state-dependent, traumatic memories.

Conclusion

State-Dependent Memory is compelling evidence that an organism's ability to access stored memories is
fundamentally, and powerfully, tethered to its internal state. The phenomenon compels us to focus beyond
simple external, physical location, clearly demonstrating how astonishingly sensitive the processes of
memory consolidation and retrieval truly are to the internal milieu of the body and mind (Zarrindast &
Khakpai, 2020).

Neurobiologically, it’s clear that a widespread network of brain regions is involved. However, the
intricate circuit involving the CAl region of the hippocampus and the distinct subsystems of the amygdala,
specifically the BLA and CeA, appears to be critically important (Sherman et al., 2024, p. 109; Zarrindast &
Khakpai, 2020). The constant, delicate interplay between the noradrenergic and dopaminergic systems seems
to exert a pivotal chemical control over whether memory associations are highly specific and episodic or
broadly integrated and generalized (Zarrindast & Khakpai, 2020, p. 1085—1086).

Clinically, the SDM concept provides a deeply useful, coherent theoretical framework for tackling the
therapeutic puzzle of Dissociative Amnesia. It strongly suggests that any successful therapeutic effort aimed
at recovering trauma memories must, by necessity, safely account for and attempt to revisit the unique state
in which the original trauma was encoded to ensure the possibility of safe and successful retrieval (Radulovic
etal., 2018). Continued, targeted research on the precise molecular and circuit-level mechanisms of SDM
holds the key to advancing not only cognitive theory but, most importantly, the clinical treatment of severe
trauma-related memory disorders.
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