With reference to the image above, critically discuss the biological and cognitive effects that may result from damage to the highlighted area.

With reference to the image above, this essay will aim to critically discuss both the biological and cognitive effects that may result from damage to this specific area. The area highlighted is known as the hippocampus, which is an extension of the temporal region of the cerebral cortex (Anand & Dhikav, 2012). It is located within the medial temporal lobe and is therefore part of the limbic lobe and limbic system, which is responsible for motivation, mood, pain, memory, and learning (Anand & Dhikav, 2012). Although only the left side of the hippocampus is highlighted in the image above, it is important to understand the different functions and roles of the structure as a whole. It makes up the posterior part of the limbic lobe, with the amygdala making up the frontal section, while the limbic system consists of several structures, including the hippocampal formation, cingulate cortex, amygdala and parahippocampal cortex (Anand & Dhikav, 2012; Wright, 2020). The hippocampus itself, also known as cornu ammonis, is comprised of two structures, the dentate gyrus and subiculum (Wright, 2020). The dentate gyrus plays a crucial role in generating autobiographical and episodic memories, being responsible for the formation of those memories as well as the exploration of unfamiliar environments (Shahid, 2023). The subiculum serves as the primary output from the hippocampus, receiving information from the entorhinal cortex and firing that information out to numerous brain regions (Frohlich, 2016). The proximal region of the subiculum is believed to play a role in processing object-based information, whereas the distal subiculum is thought to be more involved in the processing of spatial information (Aggleton & Christiansen, 2015). However, the image above highlights only the left side of the hippocampus which, based on prior research, is identified as playing a crucial role in episodic verbal memory, also known as declarative memories (Azzati et al, 2016; Denslow, 2022). In contrast, the right side may hold greater importance for spatial memory processing in older adults (Ezzati et al, 2016). Declarative memories, including semantic and episodic memories, are linked to facets and specific events, like recalling a speech or remembering your last birthday (Denslow, 2022). While spatial memories are connected to locations, such as being able to navigate somewhere by recalling and visualising the spatial details of the route (Denslow, 2022). 
Understanding and investigating the origins of these processes within the brain is often achieved by studying patients who have incurred damage to those specific areas. Analysing their symptoms in correlation with the affected brain regions provides valuable insight into the functions and roles of the different sections of the brain. Various factors, such as strokes, head trauma, ischemia, epilepsy, and Alzheimer’s disease can lead to damage to the hippocampus (Shetty, 2014). Incurring damage to this structure can result in significant life-altering effects, impacting cognitive functions such as memory and the capacity to acquire new information. Additionally, it can have biological consequences potentially leading to temporal lobe epilepsy (Shetty, 2014). The aim of this essay will be to critically discuss both the biological and cognitive effects of damage to the hippocampus, with emphasis on the left side, although information regarding the left hippocampal region is limited. 
While there are numerous pieces of research and theories on this topic, this essay will concentrate on the two most prominent and extensively studied theories to thoroughly investigate the varied effects resulting from damage to this particular brain region. The theory of memory consolidation is a key theory of the biological effects arising from hippocampal damage. Memory consolidation is the neural process activated by recently acquired information that leads to the stabilisation of a new memory (Roesler & McGough, 2019). It is believed that the conscious memory of a new experience relies on the information stored within the neocortex and hippocampus (Squire et al, 2015).  The hippocampus serves as a repository for short-term memories, as it refines and organises information within the neocortex (Squire et al, 2015). Information components are stored in the ‘fast learning’ hippocampal system. This stored information then assists in the training of the ‘slow learning’ neocortex, with the hippocampus overseeing the formation of connections among various active cortical regions that are active during learning (Squire et al, 2015). The training of the neocortex by the hippocampus enables the assimilation of new information into the neocortical networks with little to no interference. This process allows the neocortex to become independent of the hippocampus, allowing for the development of permanent (long-term) memories within the neocortical region (Squire et al, 2015). Individuals who have undergone damage to their hippocampus, such as the above image, whether due to brain injury, brain lesions, hippocampal atrophy, or removal of specific brain regions, may encounter significant retrograde memory loss and amnesia (Squire et al, 2015). 
This was discovered through cases like H.M, who underwent surgery to manage his epilepsy, where a substantial portion of his medial temporal lobe, including majority of the hippocampus, was removed (Squire, 2009). Following the procedure, H.M. demonstrated the ability to engage in conversations, maintain an intact digit span (he could repeat back 6 to 7 digits), and retain information as long as he was able to rehearse that information (Squire 2009). However, he faced challenges with non-rehersable materials, such as nonverbal stimuli (faces or designs), as they were not retained for more than a minute at a time (Squire, 2009). This observation provided support for a fundamental differentiation between immediate memory and long-term memory (Squire, 2009). A study investigating memory consolidation and past events examined six patients with memory impairment due to bilateral damage to their hippocampus (Manns et al, 2003). All participants underwent a test comprised of 250 news events spanning over 50 years. The results revealed a consistent pattern of graded memory loss in all patients, extending a few years into their premorbid period (onset of symptoms or before their procedure), however, they demonstrated intact memory for factual knowledge over a period of 11-30 years before the onset of amnesia (Manns et al, 2003). These findings support the case of H.M, whereby memories prior to the hippocampal injury are easily accessible, however, new information around the time of injury up to years after cannot accurately be retained. Additionally, the small sample size males it difficult to generalise these findings to a wider population (Nayak, 2010).
Similarly, autobiographical memories from past events (episodic memory) have frequently been explored in relation to memory consolidation. Numerous studies, including that of Bayley et al (2003), indicate that individuals with lesions in the hippocampus or medial temporal areas can still effectively recall detailed memories from their early lives (Bayley et al, 2003; Squire et al, 2015). This suggests that over time, autobiographical memories become less reliant on the medial temporal lobe and hippocampus for retrieval (Bayley et al, 2003). This phenomenon helps explain why patients with hippocampal damage, such as H.M and those within Manns et al (2003) study can recall events and information predating the damage to that area (Bayley et al, 2003). 
Nevertheless, theories such as the multiple trace theory and scene construction suggest that the involvement of the hippocampus is essential for the retrieval of vivid autobiographical memories (Maguire, 2014). Evidence from patients with damage to both hippocampi, including cases with lesions specifically on the hippocampus, supports both perspectives. Some individuals experience partial memory loss for events before the damage occurred, aligning with the consolidation model (Maguire, 2003). This suggests that recent memories, still tied to the hippocampus, are affected, while older memories remain intact within the undamaged brain regions (Maguire, 2003). On the other hand, there are also cases where patients forget events from their entire life, indicating that vital role of the hippocampus in recalling even very distant autobiographical memories (Maguire, 2003; Winocur & Moscovitch, 2011).
Furthermore, a cognitive effect of damage to the hippocampus is the inability to process, encode, store and recall information related to spatial locations or routes, known as spatial memory (Kessels et al, 2001). The hippocampal region is responsible for storing information regarding allocentric space, facilitating our ability to recall the location of objects and navigate through our surroundings (Kessels et al, 2001; Shrager et al, 2007). Just as in the case of memory consolidation, HM and his brain surgery played a significant role in advancing the understanding of spatial memory in humans. H. M’s hippocampal damage resulted in impaired ability to recall object locations, a phenomenon observed in other patients who had undergone similar surgeries, such as temporal lobectomies (Shrager et al, 2007). Nevertheless, a considerable portion of early research on spatial memory was carried out on animals, and direct comparisons with human research might not always be straightforward as spatial processing could vary significantly between humans and rodents or primates (Kessels et al, 2001). 
	It is believed that the cells within the hippocampus possess various electrophysical properties that align with their role in developing allocentric representations of space and objects (Vann & Albasser, 2011). The mechanism behind spatial memory was demonstrated in rodents, which found that as a rat explored its environment, the neurons within the hippocampus exhibited an increase in firing rate at specific locations (Burgess & Bisby, 2021). The place cells would elevate their firing activity when the rat would enter a preferred location. The collective firing of multiple place cells within the hippocampus could then effectively ‘map’ the rodent’s entire environment (Burgess & Bisby, 2021). This principle was also observed by O’Keefe and Nadel’s (1978) cognitive map theory, that proposed that a representation is constructed based on the information about specific locations within our environment. (Kessels et al, 2001; O’Keefe & Nadel, 1978). In addition to their research on rats and the use of place cells in the hippocampus, they also discovered deficits in spatial memory tasks among humans with hippocampal damage (Kessels et al 2001). The study compared egocentric and allocentric spatial memory in individuals with medial temporal lobe damage and Korsakoff amnesia and found that patients with damage to the medial temporal lobe exhibited impairments in the allocentric condition and demonstrated an accelerated loss of allocentric spatial information (Holdstock et al, 1999). O’Keefe and Nadel also proposed that the left and right hippocampi in humans play distinct roles within this process, with the right hippocampus being implicated in the mapping of allocentric spatial information, while the left region holds significance in the linguistic mapping (Kessels et al, 2001). 
	In contrast, Astur and colleagues (2002) utilised a virtual adaptation of the Morris Water Task to evaluate the spatial memory in humans who had undergone unilateral hippocampal resections, including five patients with left hippocampal removal, and five with right side removal. The experiment revealed that in humans, spatial memory impairments during a virtual Morris Water Task are not dependent on the side of removal (Astur et al, 2002). Both patients with unilateral hippocampal damage (half with right side damage and half with left side) exhibited the same spatial memory impairments, contradicting the earlier theory of O’Keefe and Nadel (1978) that the right side was solely responsible for the mapping of allocentric spatial information (Astur et al, 2002). However, the extremely small sample size poses a potential threat to the reliability and generalisability of this study. To thoroughly assess the validity of this theory, Cave and Squire (1991) conducted a study comparing non-spatial and spatial memory in patients with amnesia resulting from lesions of the hippocampal formation. The patients were tasked with studying a set of 16 objects to examine their object recall, recognition, and memory of the location of those objects (Cave & Squire, 1991). Nevertheless, the results found that both the performance on the object memory task and the spatial memory abilities of the amnesic patients aligned closely with those of the control participants (Cave & Squire, 1991). This indicates that the hippocampus may not play a significant role in spatial memory (Cave & Squire, 1991). However. It’s worth noting that this study involved 15 amnesic patients, with only seven having confirmed or suspected hippocampal damage, while the other eight patients had damage to the midline diencephalic structure. Patients with hippocampal damage also exhibited varying degrees of severity and had very different causes for their hippocampal injuries. Some developed amnesia as a result of epileptic seizures, others due to cardiac arrest, and some because of head trauma. It is difficult to determine whether these factors influenced the outcomes of this study. Had all patients suffered similar injuries, the results may have varied. 
Based on the provided information, we can understand that damage to the hippocampus can result in challenging real-world consequences, including struggles with spatial orientation, memory formation, recalling past events, and even potential psychiatric effects, such as elevated cortisol levels that can impact emotional behaviour (Anand & Dhikav, 2012; Burgess et al, 2002). This essay has merely touched upon a small area of the possible cognitive and biological effects stemming from damage to this area. 
Despite the known detrimental effects of hippocampal damage on individuals, there remains a lack of comprehensive understanding regarding its potential cognitive and biological implications. Referring back to the image, research into each individual side of the hippocampus was limited, and any findings that did emerge were often contradictory. For instance, O’Keefe & Nadel’s (1978) study proposed that the right side of the hippocampus was responsible for spatial memory and mapping, however, Cave & Squire’s (1991) research suggested that the hippocampus actually had very little involvement in spatial memory. 
In addition to the numerous contradictions in research, there are also various limitations within the studies themselves. For instance, many memory tasks may lack ecological validity, as the unfamiliar clinical settings might affect a patient’s ability to recall information effectively. Additionally, safeguarding and ethical concerns must be addressed, given that the individuals participating in these studies have all experienced some form of brain injury or health issues. This may raise issues regarding consent or the right to withdraw, as many patients may feel compelled to participate. Lastly, the repetitive nature of memory tasks could be overwhelming or potentially psychologically harmful to participants, leading to feelings of confusion or frustration (Chandra et al, 2021). 
	To conclude, it is important to acknowledge the few therapeutic interventions available that aim to manage the effects of hippocampal damage (Shetty, 2014) Particularly, neural stem cell grafting following injury has emerged as a promising approach. Research suggest that this procedure holds the potential to alleviate or potentially prevent memory dysfunctions and the development of epilepsy following injury to this area, offering hope for enhanced outcomes among patients impacted by hippocampal damage (Shetty, 2014). 
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