
	If our experiences make us who we are, we surely need to remember said experiences, at least somewhat, to have any form of self-concept. In the provided image, the left hippocampus is highlighted and said to be damaged. To understand how this may affect a patient with this particular condition, we must first understand the function of the hippocampus as a whole. The hippocampus is located in the medial temporal lobe and is commonly associated with memory. Specifically, declarative memory. These are memories that involve the recollection of facts, figures and events (Tulving & Markowitsch, 1998). They require specific recollection whereas procedural memories are memories of how to do actions, often subconscious in nature. The left hippocampus in particular is focused on the episodic verbal memory, the memories that involve declarative memories that are derived and processed verbally (Ezzati et al., 2016). 

	Hippocampal damage has been shown to cause issues in episodic memories, which is a specific type of declarative memory. Episodic memory refers to the recalling of specific events from one’s own experiences. On the flipside, semantic memory, the other type of declarative memory, refers to the memories about the world like general facts or ideas. Individuals with hippocampal damage have been shown to have an adverse effect on episodic memory but seem to have a functional semantic memory, within a normal range (Knierim, 2015).  Specific to the left hippocampus, an inverse relationship between left hippocampal volume and immediate verbal memory performances in tests exists (Travis, et al., 2014). It is notable that many contemporary studies like MacLullich et al, (2002) and Toga & Thompson, (2003), are unable to actually damage the hippocampus of volunteers due to obvious ethical concerns, so measures of hippocampal damage may not be perfectly accurate as many researchers use animal testing instead. 

	A famous example of an individual with hippocampal damage is patient H.M. who had his hippocampus removed to stop him from experiencing terrible seizures. While this did end up stopping the seizures, H.M.’s side effect from the procedure infamously taught us much of what we know about the hippocampus. While fully remembering past experiences, he lost the ability to retain new memories, allowing us to understand the link between hippocampal function and the storing or encoding process of new memories. This anterograde amnesia points towards hippocampal function being specifically important for formation of new memories, or the encoding process. This is consistent with findings commonly found in contemporary research such as by Geng et al, (2021) and Fell et al, (2003). 

	Biologically, it seems that synaptic plasticity in the hippocampus is a critical component of learning and memory. Synaptic plasticity is the ability of neurons to alter their activity in response to stimuli by reorganizing and specifying for function (Avchalumov & Mandyam, 2021). What this means is that when a stimulus is experienced, our hippocampus learns about it by forming stronger synaptic connections. When the same stimulus is experienced again, this is called reactivation, which allows for the synaptic connections to become even stronger over time and with more exposure to said stimulus, a process known as Long term potentiation. Damage to the hippocampus is said to cause similar results as found in H.M. including anterograde amnesia. Overall, this is the Synaptic Plasticity and Memory (SPM) hypothesis. Plasticity in this context describes how the strength and nature of the synaptic connections within the brain can become stronger or weaker depending on internal and external factors, making it changeable or ‘plastic’ (Morris et al., 2004). 

	So what does the SPM hypothesis have to suggest about hippocampal function on memory of a person with a damaged left hippocampus? The SPM hypothesis indicates that Long-term potentiation of synapses in the hippocampus is the main model for understanding the basis of learning and memory in vertebrates, especially mammalian vertebrates. The best researched form of long-term potentiation (LTP) is caused by activation of the N-methyl-D-aspartate (NMDA) receptor complex. Glutamate must bind to NMDA receptors for them to respond. Neurons are partially depolarized and as a result, Calcium cations (Ca2+) channels will open completely. This influx of Ca2+ triggers action potentials and other activities in the postsynaptic neuron which induces LTP (Paula-Lima et al., 2014). This allows electrical transmission at the postsynaptic membrane to be converted into chemical signals which are thought to strengthen synaptic functions to generate a consistent increase in synaptic strength (Bliss & Collingridge, 1993). The NMDA receptor complex is shown to become progressively diminished in function as the brain ages, which in turn causes decreases in memory and learning performances (Newcomer et al., 2000). Additionally, the hippocampus’ influence on episodic memory is much more defined than semantic memories, with the latter being a topic of considerable debate (Duff et al., 2020). As a result, based on contemporary research, it is notable that patients with left hippocampal damage will face issues with retaining new memories, especially verbal. This explains many notable findings regarding memory and other diseases like Alzheimer's disease. For example, it explains why individuals who have a genetic predisposition to Alzheimer’s as well as older patients were shown to have a more severe level of NMDA Receptor Hypofunction than in similarly aged control groups (Ułas & Cotman, 1997). Some research has shown that specific to the left hippocampus, verbal memory is affected especially. Words elicited a negative event-related potential (ERP) in the anterior temporal lobe (AMTL-N400). An event-related potential is the emission of electrical signals as brain responses from specific stimuli. Ketamine, an NMDA receptor inhibitor, reduces AMTL-N400 amplitude during initial application and causes significant memory problems. Among the different sections of the hippocampus, only the density of cornu ammonis 1 neurons (CA1) that correlate with word-related ERPs was reduced by ketamine which is congruent with the hypothesis of the left hippocampus being specifically important for verbal episodic memory and that NMDA receptors facilitate the memory encoding process with CA1 neurons. (Grunwald et al., 1999). 

	Fascinatingly, although a topic of much debate, hippocampal damage may impair spatial learning as shown in a study by Bye & McDonald (2019), where blockades for NMDA receptors negatively influenced the rapid spatial learning of rats in a maze. Moreover, patients with encephalitis (a condition where the part of the brain is inflamed) that inhibit NMDA receptors is also more at risk to altered brain activity during the memory encoding process. Specifically, patients with anti-NMDA receptor encephalitis tend to have decreased memory retrieval performance, which may be a result of said abnormal activity in the hippocampus. This further supports the hypothesis that the SPM theory suggests that biological aspects of the synapses' plasticity can improve or worsen memories depending on their electrophysiological stimulation, and especially inhibitions. Thus, based on the image provided, the patient with the damaged left hippocampus will experience many issues with learning new information and remembering novel experiences. This damage will be due to an inhibition of the N-methyl-D-aspartate (NMDA) receptor system that disables the ability for synapses to form long term potentiation, as hypothesized by the synaptic plasticity hypothesis. 

	Additionally, as previously mentioned, the SPM theory is also able to explain the onset of diseases like Alzheimers’ Disease (AD) or addiction. The patient from the image provided may experience the symptoms similar to AD or addiction. Firstly, as previously mentioned, the link between hippocampal size and AD is clear. While shrinking of the hippocampus is commonplace for everyone as they age, this effect is especially prominent in AD patients. Hippocampal volume atrophy was positively correlated with faster cognitive decline, independently of other biological measures (Hanseeuw et al., 2023). The disastrous neuronal loss and drastic decrease in size of the hippocampus is at fault for the short-term memory loss (Rao et al., 2022). When it comes to addiction, withdrawal leads to the enhancement of hippocampus-dependent learning and memory. This could be because the aversion to withdrawal symptoms could be conditioned and strengthened through synaptic plasticity. This is, of course, also theorized on how individuals depend on stimulants, fueling the addiction. As a result, individuals with addiction may relapse to avoid the aversive symptoms of withdrawal (Kutlu & Gould, 2016).

The SPM hypothesis is not all-encompassing, however. Notably, 2 main issues are brought to researchers’ attention. Firstly, some researchers noted that the hippocampus functions to remember events. However, event encoding is a part of the memory process, and is evidently context-dependent and therefore should be independent of synaptic plasticity influencing the strength of certain memories. For example, people are often able to easily think of a very important day to them, such as their wedding. Even if they don’t usually actively recall those memories - which would strengthen the memories under SPM - they can still give detailed recollections of events when prompted. This suggests the idea that long term episodic memories need not be strengthened by synaptic plasticity in the hippocampus but other factors like context and emotional significance likely plays a role in how we remember (Morris et al., 2004).

	Secondly, it is well-documented that memories are stored in different areas of the brain. Based on the SPM hypothesis, this phenomenon is not explained well. Some structures have particular roles in storage of memories. Hippocampus is primarily specialized for spatial location and verbal memories but other memories are stored elsewhere such as perirhinal cortex for object recognition, Mediodorsal nucleus for Korsakoff’s symptoms and Basal forebrain for Alzheimer’s symptoms. This is theorized to prevent devastating effects on memory if one particular part of the brain is damaged. Not conforming with the SPM theory, it seems that this specialization would allow different parts of the brain to develop independent of the hippocampus, and without the specific NMDA receptors. Therefore, it is unclear as to what other effects a patient with hippocampal damage, such as in the provided image might experience aside from the aforementioned symptoms of anterograde amnesia specific to spatial and verbal memories.

	Cognitively, these aspects of memory, specifically the idea that memories are stored separately in the brain, can be explained by the use of the Standard Consolidation Theory. Standard Consolidation Theory (SCT) is the theory that sleep is a crucial part of memory consolidation, as it is during sleep that memories are embedded into the schemas of prior knowledge and therefore increase resistance to interference (Ellenbogen et al., 2006). This theory also implies that consolidated information is transferred from the hippocampus to other sections of the brain, namely the Neocortex, during sleep, as empirically proven in rodents as well, explaining a portion of memory specialization in the brain that the Synaptic Plasticity and Memory hypothesis could not (Sirota et al., 2003). 

	The SCT shows an important link between non-REM (NREM) or more specifically, Slow-wave sleep (SWS) for declarative memory consolidation while Rapid eye movement (REM) sleep is important for procedural memory consolidation (Plihal & Born, 1997). More specific to the hippocampus, consolidation of spatial memory and nondeclarative memory is significantly improved by REM sleep as shown in another study by Plihal & Born (1999). This is shown in a study that showed naps containing only NREM sleep cycles but not REM cycles improved declarative but not procedural, which not only supports the SCT, but is also consistent with Tulving’s & Markowitsch’s (1998) long-withstanding theory of separate types of memories (Tucker et al., 2006). 

	During REM sleep, levels of acetylcholine are high which impairs the information transfer from the hippocampus to the neocortex. Interestingly, Alzheimer’s disease is usually strongly associated with a decreased amount of the neurotransmitter acetylcholine, linking acetylcholine to learning and memory, and information transmission between the hippocampus and the neocortex (Chen et al., 2022). This explains why consolidation of declarative memories are not improved during REM sleep. On the flipside, during SWS, levels of acetylcholine are low which facilitates the information transfer from the hippocampus to the neocortex which seems to improve memory consolidation, specifically declarative memories (Buzsáki, 1996). Consistent with SPM, when healthy participants were given cholinesterase inhibitors, which decreases the breakdown of acetylcholine, they had significantly suppressed declarative memory consolidation (Gais & Born, 2004). Additionally, memory processing may also be improved by sleeping prior to learning. For a patient with hippocampal damage, similar symptoms to sleep deprivation might present such as significant impairment of memory encoding which is strongly associated with reduced hippocampal activity (Yoo et al., 2007). 

The SCT also hypothesizes that memory is encoded and consolidated via the information transfer from the hippocampus to the neocortex. Studies observed that previous learning episodes influence memory consolidation as seen in electroencephalographic (EEG) tests known as Sleep spindles (Axmacher et al., 2009). Declarative memory was shown to be positively correlated to the amount of sleep spindles present (Gais et al., 2002). 

	We can observe that neocortical spikes appear consistently about 50ms later than sleep spindles in the hippocampus. These findings imply that information is transferred from the neocortex to the hippocampus, but not in the reverse direction as previously thought (Siapas & Wilson, 1998). This suggests that the hippocampus influences neocortical activity directly (Sirota et al., 2003). With hippocampal damage, it is likely that the patient will have issues encoding memories during sleep as information is not fully consolidated. 

	Critically, SCT is able to be directly compared to our aforementioned theory: the Synaptic Plasticity and Memory theory. This is because SCT is able to link rates of Long-Term Potentiation (LTP) to sleep. Firstly, sleep spindles are strongly associated with rates of LTP. As previously discussed, Ca2+ cations are crucial in the establishment of LTP and synaptic plasticity. A study by Sejnowski and Destexhe (2000) suggests that sleep spindles do in fact play a part in triggering Ca2+ and stimulating the neocortex. Finally, it is also evident that there exist a negative correlation between sleep deprivation and LTP (Davis et al., 2003). This evidence points towards a sufficient enough explanation and link between the SCT and SPM hypothesis as sleep strongly is associated with positive scores in memory tasks, specifically declarative memories. However, this theory lacks in explaining the existence of evidence which suggests that sleeping prior to learning also helps in memory encoding, which would not be explained by the theory that consolidation is only promoted by the information transfer from the hippocampus to the neocortex (Yoo et al., 2007). 

	To conclude, we have discussed the cognitive and biological theories regarding the potential harms that could come about an individual with left hippocampal damage. Namely, the Standard Consolidation Theory cognitively and the Synaptic Plasticity and Memory hypothesis biologically. We have found that, broadly speaking, the patient's memory and learning capabilities will be severely inhibited. This includes spatial memory – the ability to navigate a prior experienced location, and social memory – the ability to recognize faces in friends, family or even celebrities, symptoms akin to the experience of patient H.M. More specific to the left hippocampus, episodic verbal memory will be particularly affected, causing the patient to forget what is told to him in conversation or in a story. They may experience symptoms akin to that of patient H.M. which include anterograde amnesia as seen in Alzheimer’s disease, addiction, and sleep deprivation from insomnia (Leerssen et al., 2019) - as these are symptoms seen with a correlation to inhibited hippocampal function. While difficult to treat due to the intricacy and our limited understanding of the human brain, they could be treated by using NMDA receptor agonists such as memantine to boost Long-term potentiation as seen in treatments of Alzheimer’s disease (Fox et al., 2012, Liu et al., 2019). The patient, and this essay, should be a learning opportunity of the importance of our hippocampus, of our memories and of learning in general as it could have severe real-life consequences in people’s work as they find it difficult to sustain jobs or fulfilling social relationships, and children develop long-term learning difficulties which severely impact self-efficacy and self-esteem.
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