With reference to the image of the brain provided, critically discuss the biological and cognitive effects that may result from damage to the highlighted area.
The hippocampus is part of the brain’s limbic system and is thought to play a major role in the formation of memories (Pinel & Barnes, 2018). This area has been highlighted in the image provided (see appendix 1). The hippocampus, and surrounding medial temporal lobe, has been found to be crucial for the development of memory (e.g. Atkinson & Shiffrin, 1968, 1971; Preston & Eichenbaum, 2013; Tulving, 1972). This has been consistently observed though various theories of memory, as will be discussed in this essay. Damage to the hippocampus has resulted in many observed changes to both biological and cognitive functions within the individuals affected by the damage. Major theories and observations point to impairments in memory, including the formation and recollection of memories (e.g. Hannula et al., 2006; Pinel & Barnes, 2018; Eysenck & Keane, 2015.) The most common result of damage to the hippocampus and surrounding medial temporal lobe is anterograde amnesia (Scoville & Milner, 1957), which results in the effected individual becoming unable to form any new memories following the onset of their amnesia. 

This essay aims to investigate the effects of damage to the hippocampus through various accounts of previous research, such as the multi-store model of memory (Atkinson & Shiffrin, 1968, 1971); the unitary-store model (Jonides et al., 2011); episodic and semantic memory theories (Tulving, 1972; Duff et al., 2020); the case of H.M.; influences of sleep (Spanò et al., 2020), and neuroplasticity of the hippocampus (Sagi et al., 2012).

The multi-store model was proposed by Atkinson and Shiffrin (1968) and consists of three component stores. These are sensory memory; short-term memory, and long-term memory (Tripathy & Öğmen, 2018; Eysenck & Keane, 2015). Information is first stored as sensory memory, and with enough attention, can become short-term memories. If these short-term memories are rehearsed enough, then they become long-term memories (Atkinson & Shiffrin, 1971). Within this model, long-term memories are thought to be retrieved by an individual’s short-term memory store to be recalled. Atkinson and Shiffrin (1971) argue that information is more easily retrieved when related to other contextual information, which they refer to as coding. Additionally, this model proposes that verbal information can be retrieved via images, which is referred to as imaging. The hippocampus (highlighted in the image provided) has been found to have essential involvement with the formation and storage of memories (e.g. Corkin, 1984; Squire & Alvarez, 1995; Milner et al., 1998, as cited in Preston & Eichenbaum, 2013). 
In contrast to the multi-store model (Atkinson & Shiffrin, 1968), Jonides et al. (2008, as cited in Campos-Magdaleno, 2016; Eysenck & Keane, 2015) proposed an alternative model of memory, the unitary-store model. This model suggests that long-term memories are temporarily activated in the formation of short-term memories. Here, Jonides et al. (2008) believed that the hippocampus played a role in the formation of novel relations, which would be called upon for both short-term and long-term memories. A study conducted by Hannula et al. (2006, as cited in Eysenck & Keane, 2015) supports the ideas argued by the unitary-store model. In this study, participants, both with hippocampal damage and controls, were shown a series of scenes where one of the objects visible in each scene had been moved upon the second viewing. Participants with hippocampal damage performed significantly worse at this task, being unable to identify whether they had seen the scenes shown to them before. This suggests that these participants were unable to form a relation in their memory between the first and second scene showings, therefore implying that they were unable to form novel relations due to hippocampal damage. However, there is no guarantee that this was the case, as the participants’ long-term memory could also explain the findings. Nonetheless, this study implies that damage to the area highlighted in the image provided could result in difficulties forming short-term memories. Jeneson et al. (2011) performed a similar study to Hannula et al. (2006) but with a reduced memory load. Results indicate that the hippocampus is not essential for good relational short-term memory, as participants with hippocampal damage performed similarly to controls. 

[bookmark: _Int_c4PE7Ryx]Tulving (1972) proposed another theory of memory. This consisted of episodic memory, a store of recent events and related information, and semantic memory, a record of language and meaning behind different events. Research into individuals who have suffered damage to their hippocampus and surrounding medial temporal lobe has resulted in observations suggesting that the hippocampus is used in the process of creating and recalling episodic memories (e.g., Duff et al., 2020; Moscovitch et al., 2016). One such case study, and perhaps the most well-known, is the case of H.M., who had his hippocampus removed to treat his severe epilepsy. The hippocampus has been observed to be involved in epilepsy, where microglia, immune cells responsible for homeostasis in the brain, over activate in the hippocampus and can induce an epileptic response (Andoh et al., 2020). Although the full extent of this observation has yet to be researched, this could potentially explain the epileptic seizures experienced by H.M. prior to surgery. Following his surgery, H.M. was unable to form any new memories, meaning he now suffered from anterograde amnesia. However, H.M. also had difficulty recalling events from the few years prior to his surgery, meaning he also suffered from retrograde amnesia. This suggests that the hippocampus may be responsible for storing recent memories (Scoville & Milner, 1957). As such, H.M. was unable to form or recall any episodic memories (Moscovitch et al., 2016).
Despite the clearer connections between the hippocampus and episodic memory, there has been debate on whether the hippocampus is as important for semantic memory. In the case of H.M., Gabrieli et al. (1988, as cited in Duff et al., 2020) found that H.M was unable to learn the meaning of new words and could only remember the meanings of words he already knew prior to his surgery. This suggests that the hippocampus does indeed play a role in the formation of semantic memories. In another study by Hamann and Squire (1995), participants were shown various three-word sentences. In a repeat showing where one of the three words was left blank, participants were asked to fill in this blank. The participants with amnesia were unable to complete this task, therefore suggesting that they had been unable to form a semantic memory of the task. These studies imply that the hippocampus, which is highlighted in the image provided, is important for the formation of both episodic and semantic memories. However, research by Vargha-Kadem et al. (1997) suggests that semantic memories can be formed in individuals with amnesia. This was observed with three individuals, who all developed amnesia at a very young age. These individuals were all able to recall semantic information later in life as they developed. Despite these findings suggesting the alternative argument that semantic memories can still be formed in individuals with amnesia, the observations supporting this view are from individuals with developmental amnesia, and not necessarily hippocampal damage.

Research by Warren et al. (2016) suggests that the hippocampus is also necessary for an individual’s ability to problem solve. In this study, five participants with hippocampal damage, as well as five control participants, were tasked with a series of word related problem-solving trials. Participants were given a list of three words per trial and were asked to come up with a word that could be combined with each of the words in the trial list. (The example given in the paper was the list ‘fly, man, place’, with the example fourth word given being ‘fire’. This would create the combinations ‘firefly, fireman, and fireplace’). The results of this study indicate that the participants with hippocampal damage performed significantly worse when compared to controls. Therefore, Warren et al. (2016) argue that the hippocampus plays a necessary role in problem solving. This study speficially aimed to explore the effects of hippocampal damage on participants’ ability to convergently problem solve, meaning that participants were asked to create specific solutions to problems. Due to this, the effects of hippocampal damage on other forms of problem solving are not evidenced within this study. Furthermore, a semantic understanding of the words presented within each trial would have been necessary for participants to easily complete each task. This suggests that the semantic memory capacity of participants may have influenced their ability (or lack of ability) to complete each trial.

There is also evidence that the hippocampus plays a role in sleep related memory processes (e.g. Maquet, 2001; Wilson & McNaughton, 1994; Abel et al., 2013, as cited in Spanò & Weber et al., 2020). In a study by Spanò and Weber et al. (2020) looking at the involvement of the hippocampus in sleep, observed that sleep quality was poorer in participants with hippocampal damage. Specifically, these participants experienced reduced slow-wave sleep. This study was conducted using participants with bilateral hippocampal damage, meaning that the effects of more specific areas of either the left or right hippocampus cannot be inferred. Another sleep related study by Spanò and Clark et al. (2020), looking at potential effects of hippocampal damage on dreaming, found that the hippocampus is likely also be involved with dreams. Participants with hippocampal damage were observed to have fewer dreams than control participants, with these dreams apparently having less content than what is expected from the control group. Although these findings suggest that damage to the hippocampus can have a negative impact on dreams, there are several limitations to this study. There were only four participants with hippocampal damage, compared to the ten controls. This may not be a large enough sample size to observe nuances between peoples’ dreams. Additionally, and perhaps most importantly, the observations were reported by participants themselves, meaning that the findings of this study heavily relied on the information given by participants. The participants with hippocampal damage could have simply reported less than controls due to recalling less of their dreams when waking up, rather than there being a lack of content or lack of dreams.

The hippocampus has also been found to be more susceptible to neuroplasticity (Weerasinghe-Mudiyanselage et al., 2022). Neuroplasticity is the nervous system’s capacity to modify and reorganise synaptic connections (Sagi et al., 2012; Weerasinghe-Mudiyanselage et al., 2022). According to a study conducted by Sagi et al. (2012), even short learning periods (2 hours in this case) can cause structural changes in the brain. These were observed using MRI scans. Observations indicated that the hippocampus was involved in the structural change observed in participants’ brains, with the left hippocampus having been affected more than the right hippocampus. It is stated during the discussion of this study that similar results were found in the right hippocampus when using a different approach, however, this data was not provided and therefore cannot be thoroughly analysed. Structural activations were also observed in other areas of the limbic system, which indicates that the hippocampus is not solely involved in the structural reorganisation of the brain.

In conclusion, the hippocampus has been shown to play a crucial role in the formation and retrieval of memories (e.g. Atkinson & Shiffrin, 1968, 1971; Tulving, 1972; Duff et al., 2020). Despite their being many different theories and interpretations of how memories are formed, stored, and recalled (e.g. Atkinson and Shiffrin, 1968; Jonides et al., 2011; Tulving, 1972), the hippocampus has been consistently evident of involvement within memory processes. Furthermore, the hippocampus, as well as the surrounding areas of the limbic system, have been suggested to have a high capacity for neuroplasticity, meaning that these areas in the brain are able to store information at a very high capacity (Sagi et al., 2012; Weerasinghe-Mudiyanselage et al., 2022). Damage to the hippocampus and surrounding medial temporal lobe results in various forms of amnesia (e.g. Pinel & Barnes, 2018; Moscovitch et al., 2016; Duff et al., 2020). Anterograde amnesia is usually observed, such as within the case of H.M. (Scoville & Milner, 1957; Pinel & Barnes, 2018), however retrograde amnesia can also occur (Scoville & Milner, 1957). Impairments in episodic memory (Tulving, 1972) have been consistently reported within cases of hippocampal damage (Duff et al., 2020; Moscovitch et al., 2016), however, findings in relation to semantic memory impairments have been mixed (Duff et al., 2020). Damage to the hippocampus has also been found to impair problem solving ability (Warren et al., 2016), as well as potentially influence the sleep quality (Spanò & Weber et al., 2020) and dream quality (Spanò and Clark et al., 2020).

In real-life cases of hippocampal damage, the research outlined within this essay can be used as a point of reference to observe the effects of the damage. Some treatments for hippocampal damage and related amnesia have been explored in research. For example, in east Asia, a traditional herbal medicine known as sipjeondaebo-tang (in Korean) has been tested for its effect on amnesia. This medicine is typically used to treat fatigue (Lee et al., 2021), but has been trialled using mice to observe its potential effects on hippocampal damage and amnesia (Park et al., 2016). A study by Park et al. (2016) indicated that fermented sipjeondaebo-tang was found to increase hippocampal neurogenesis in mice with scopolamine-induced amnesia. However, testing was carried out using mice, rather than humans, meaning that the effects of this medicine could potentially be different in humans. Additionally, this research focus on finding treatment for memory impairments caused by aging, rather than hippocampal damage related to injury, or other factors. Neurogenesis is a form of plasticity within the brain, allowing for the generation of new cells. As such, neurogenesis can be linked to the formation of memories (Gonçalves et al., 2016). This typically occurs within the hippocampal dentate gyrus (Eriksson et al., 1998; Spalding et al., 2013, as cited in Gonçalves et al., 2016).
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