Biological and cognitive effects that may result from                                                     damage to the left hippocampus.

This paper will critically discuss the area of the brain called the hippocampus and the effects that may arise biologically and cognitively due to damage. Please note the highlighted left hippocampus in the picture in the index. The left hippocampus is thought to be responsible for verbal memory whilst the right is related more to spatial memory (Ezzati, et al.,2016). The hippocampus is located at the medial edge of the cerebral cortex and resembles, in part, a seahorse. It is one of several major parts of the limbic system (Pinel & Barnes, 2022). The Hippocampus is associated with learning, memory and spatial navigation and has implications for recounting past experiences and imagining the future (Kuljeet, et al.,2012). Early discoveries from the 1950s were found when a patient called H.M had his hippocampus removed. As a result, he suffered from anterograde amnesia. Much research was carried out with H.M that showed that not all memory was affected by the hippocampus, such as implicit procedural memory. This research laid the foundations for future research (Corkin, 2002). Studies since H.M have revealed that there are potentially three areas of the brain responsible for memory; the hippocampus being responsible for episodic memory, which involves conscious recollection of previous experiences (Payne, et al,.2004). Recent studies have explored the effects of how the hippocampus is affected biologically from chemicals, hormones and proteins within the brain and how these may affect an individual who might be suffering from post-traumatic stress syndrome (PTSD) or Alzheimer’s (Bremner, 1999).  Studies have explored hippocampal functions in several ways, such as functional magnetic resonance imaging, case studies and the use of laboratory animals. These studies have explored how the hippocampus is affected by physical damage such as lesions or by biological effects such as from stress or disease, (Payne, et al,.2004). 
H.M suffered from epilepsy. The severity of this limited his quality of life to an extent that in 1953 it was decided by doctors that a complete removal of his hippocampus would mean H.M would have reduced seizures (MacKay, et al.,1998). The results were unexpected. H.M suffered from amnesia and was unable to form new episodic memories. He was able to recall information from prior to his operation but was unable to store new information (MacKay, et al.,1998). It was initially thought that H.M’s language comprehension was still intact (Corkin & Teuber, 1968). Although further research carried out by Lackner (1974) showed ambiguous results, Lackner carried out a test that would show if H.M could state if a sentence had one or more meanings. The results were inconclusive but further investigation by Corkin (1973) showed that H.M was looking at individual words to find ambiguities and not the whole sentence. This showed that he did have language comprehension difficulties and further studies confirmed that these difficulties were not just confined to sentence ambiguity but also to free association, correct pronoun use and to follow experimenter requests (MacKay, et al.,1998). Whilst these studies were being conducted it was unclear if H.M was participating with motivation which would have had an impact on the results. H.M was recorded as participating in and understanding jokes with ambiguities which conflicts with the experiment’s results (MacKay, et al., 1998). However, H.M was unable to learn new words after his procedure, thus showing that the hippocampus is potentially involved in language (Kemmerer, 2015). H.M had both his left and right hippocampus removed so it is unclear through this case study if the left hippocampus is related to verbal memory. A study carried out by Bonner Jackson, et al, (2015) which researched patient MRI images and tested for verbal and non-verbal memory from patients with Alzheimer’s and dementia showed that the left hippocampus is responsible for verbal memory. This was shown by participants with larger left hippocampus’s scoring higher on verbal tests than spatial tests; the participants with larger right hippocampus’s scoring higher on spatial tests.

The hippocampus is known to play a role in spatial and visual object memory. Spatial memory is cognitive in function and is responsible for noticing, encoding and retrieving data about landmarks in the location. This skill is paramount for being able to survive in the world and supports skills such as finding food and places of safety (Grech, et al.,2018). Two laboratory tests involved training rats in a water maze with a secret escape route and another experiment that involved rats becoming familiar with certain objects. These experiments showed that rats with lesions on the hippocampus had difficulty recognising familiar objects and escaping a well traversed water maze, thus showing that lesions to the hippocampus effects spatial and object memory (Broadbent, et al,.2004). The lesions on the rats hippocampus in this experiment covered 50% - 75% on the hippocampus but it is unclear if this was to both left and right hippocampus, this therefore not making it clear if the left hippocampus plays a role. Data gained through laboratory experiments offers a lot of data but due to conditions being controlled it can be considered limiting. It is unknown if free roaming rats with vast amounts of terrain to navigate would behave if they had the same lesions to the hippocampus (Stunchlik, 2018). FMRI Studies carried out by Chong- Hee, et al., (2016) show that the hippocampus on the left and right are responsible for different functions. This experiment involved participants using a VR headset and navigating a maze. The maze included four identical buildings with discriminative objects placed within them. The participants were expected to then identify a building by one of the objects. After this the participant was then moved to a random position and expected to navigate to the previous location where the object had been. The FMRI imaging showed that highlighted areas of the brain shifted from the left hippocampus when identifying a previously seen object to the right hippocampus when navigating back to the location of the object. This experiment potentially shows that the left hippocampus is involved in object based memory events and the right side involved in spatial navigation, although it could be argued that verbal cues from researchers may have impacted a verbal response in the brain rather than the object based memory event (Chong-Hee, et al., 2016). Further research in this area has shown that the left side of the hippocampus is involved in both memory of objects and verbal recognition. The use of FMRI imaging showed that participants had left hippocampus activation during remembering either words or objects. This data also corresponds with people who have visual memory issues and lesions to the left hippocampus (Stark & Squire, 2020). To further conclude the relevance of the hippocampus on spatial memory, experiments on homing pigeons showed that lesions on the right side of the hippocampus impaired spatial memory retrieval but not when damage was to the left (Bingman, et al., 2016). Studies have shown that damage to the hippocampus can inhibit an individual from imagining the future (Hassabis, et al., 2007).  A case study involving a 65-year-old male taxi driver who suffered limbic encephalitis, which damaged his hippocampus functioning, supported this. The London taxi driver was tasked with driving from location x to location y on a VR headset. He was unable to, even though these were routes he would have traversed many times. It was surmised that he could not create a spatial mental image of where he needed to go, although interestingly he was able to navigate larger A roads which could be due to semantic memory. This may show that when creating an imagined spatial visual image, the left and right hippocampus work together (McCormick, et al,. 2017).

When a stressful situation occurs, the hypothalamus releases corticotropin which triggers the pituitary gland to release adrenocorticotropic hormone which then triggers the adrenal gland to secrete glucocorticoids. In normal situations glucocorticoids are then absorbed by the pituitary gland and hypothalamus and the cycle continues (Payne, et al., 2004). When a person experiences a continuous stressful situation glucocorticoids are unable to be reabsorbed and the build-up of this hormone damages the hippocampus, changing its structure and function. This has been shown in studies on laboratory rats having less dendric branching and often experiencing neuron death in the hippocampus (Payne, et al.,2004) 
MRI scans have shown that veterans suffering from post-traumatic stress disorder (PTSD), have smaller hippocampus’s. These veterans were shown to have issues with verbal and declarative memory. This is thought to be due to stress hormones such as cortisol and glucocorticoids damaging the hippocampus by binding to it (Bremner, 1999). It could be argued that the studied veterans already had a smaller hippocampus. With the lack of neuroimaging of PTSD patients before PTSD diagnosis it’s unclear if this is the case. Current studies suggest they may have a sensitive glucocorticoid receptor and produce lower cortisol levels which makes them more likely to get PTSD (Szeszko, et al., 2017). Although studies with rats have shown that the effects of glucocorticoids are connected to the shrinkage of the hippocampus (Bremner, 1999). 
A study carried out by Buchanan, et al. (2004) explored the understanding that the hippocampus has a part in regulating the hypothalamic pituitary adrenocortical axis which is responsible for producing glucocorticoids and cortisol. The study showed that people with damage to the hippocampus have no cortical response to awakening but the rest of the circadian pattern was unaffected (Buchanan, et al., 2004).
Many studies carried out have shown that after a lesion on the hippocampus, there is a change in distribution of mineralocorticoids and glucocorticoids receptors; this increasing the amount of stress-induced cortisol being secreted. These studies were carried out on patients with PTSD, Alzheimer’s and Cushing’s disease, who had elevated levels of cortisol. These patients showed again a reduced hippocampus size (Buchanan, et al., 2004).
[bookmark: _Hlk157685127]Alzheimer’s disease involves the loss of memory, the inability to learn as it progresses. Patients can lose the ability to pay attention, lose language capabilities and executive functioning. This is considered to be because several areas of the brain degrade, including the hippocampus (Zhang, 2022). The hippocampus being damaged in this way is why Alzheimer’s patients suffer from episodic memory loss and potentially have verbal difficulties. Studies have observed that the neurofibrillary tangle accumulating in the hippocampus results in synaptic nerve loss (Lashmisha, et al.,2022). The patients with Alzheimer’s have a reduced sized hippocampus. This is thought to be because of binding proteins such as 43 kDa accumulating in the amygdala and spreading to the hippocampus which creates faster atrophy (Lashmisa, et al 2022). Several things have been considered to support the hippocampus such as good diet and a healthy lifestyle. Neural stem cells have been recognised to have healing properties aiding in neuron renewal and neuron protection in the hippocampus. NSC transplants can support neuronal disease such as Alzheimer’s and restore microenvironments at damaged sites. Other research shows that sirtuins can act as a neuro -protective agent (Lashmisa, et al., 2022)  
As discussed earlier, H.M had his hippocampus removed in the hope of alleviating his epilepsy. It is known that up to 75% of epileptics have hippocampal sclerosis but it is unknown if the seizures cause this or if the seizures are caused due to it. It is also believed that the hippocampus is involved in suppressing seizures but once it is damaged by hippocampal sclerosis seizures become unmanageable (Kuljeet & Vikas, 2012).

An early case study on H.M showed that the hippocampus is related to episodic memory and verbal memory (Kemerer, 2014). However, because H.M had his entire hippocampus removed it was not known if the left hippocampus and right have different roles. More recent studies have shown that the right hippocampus is responsible for functions on spatial memory and the left hippocampus responsible for verbal and object memory; these left patients unable to remember previously seen items and having language difficulties (Chong-Hee, et al., 2016). The study of a London taxi driver showed that spatial and object memory may play a role together for imagined spatial scenes that are important for finding our way in the world (McCormick, et al.,2017). FMRI imaging has shown in several studies that patients with PTSD and Alzheimer’s disease have a smaller hippocampus, which affects their verbal memory as well as episodic memory, which is also shown in the case study of H.M. Smaller hippocampus sizes have also been recorded in studies on rats and it is shown that biological chemicals such as glucocorticoids and cortisol alongside several proteins influence the function and structure of the hippocampus. These chemicals and proteins have been considered to prevent dendritic branching and potentially create neuron death (Payne, et al, 2004). The hippocampus has also been associated with hippocampus damaged patients not having a cortisol response on awaking, therefore making it harder to get up in the morning (Buchanan, et al., 2004). Literature also shows that the hippocampus plays a role in epilepsy, with seizures becoming unmanageable when it is damaged by hippocampal sclerosis, leading to less quality of life (Kuljeet & Vikas 2012). Exercise and diet have been considered a good way to keep the hippocampus healthy. Other studies have shown that stem cells can regenerate neurons and repair microenvironments within the hippocampus and sirtuins can act as a neuron protective agent (Lashmisa, et al., 2022). Epilepsy medications that support suppression of seizures such as phenytoin could potentially protect the hippocampus from severe damage from sclerosis (Kuljeet & Vikas, 2012).  As some studies have shown that glucocorticoids are responsible for hippocampus atrophy, glucocorticoid receptors could be targeted to rehabilitate the hippocampus (Szeszko, et al.,2017). Stress hormones such as glucocorticoids have been shown to cause atrophy to the hippocampus. Medications such as fluoxetine that keep stress levels down could prevent severe damage (Vikas & Kuljeet 2007).
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