Critically discuss the biological and cognitive effects that may result from damage to the highlighted area.

As part of the brain, biology, and cognition module we were provided with an image of a brain which had a highlighted area. It was out task to correctly identify the area that had been highlighted. Based on the image it was identified that the highlighted area is the hippocampus. The remainder of this essay will be critically discussing the biological and cognitive effects that may result from damage to the hippocampus. 
 Deep within the medial temporal lobe lays a set of structures which is collectively known as the limbic system, the hippocampus is one of the structures that make up the limbic system. The hippocampus helps with the process of retrieving two types of memory, these are spatial memory and declarative memory (Rajmohan et al., 2007). Spatial memory is a type of memory that is responsible for the recoding and retrieval of information such as landmarks and location of objects. Spatial memory helps with navigation though our surroundings (Morellini, 2013). From this is can be suggested that if there is damage to the hippocampus it can lead to problems with spatial memory. The second type of memory is declarative memory or explicit memory, this is related to the storing of facts and events (Riedel, 2015). This can also suggest that if there is hippocampal damage it can cause problems in declarative memory. Furthermore, the consolidation of information is one of the important roles of the hippocampus, this is when information transforms from short term memory into long term memory (Nadel, 2001). Looking at the role of the hippocampus it can be seen that there would be many biological and cognitive effects that may accrue from hippocampus damage. 
Research has found that damage to the hippocampus can lead to amnesia (Squire, 2017). Amnesia is the loss of memory (Wilson et al., 2006). Anterograde amnesia is whereby an individual cannot form new memories after damage has occurred (Markowitsch, 2008). Retrograde amnesia is whereby an individual has the inability to remember past events or information gained before damage has occurred (Squire et al., 2001). An example of amnesia accruing from hippocampal damage can be seen in the famous case study done on patient H. M. who suffered from severe epilepsy. He suffered with seizures, to combat this his medial temporal lobes where removed this included the hippocampus and amygdala to reduce the seizures. After the removal of his medial temporal lobes, it was discovered that although his short-term memory and memory before the surgery was relatively intact, he was unable to form most types of new long-term memory, this is known as anterograde amnesia (Squire, 2009). This can solidify the idea that the hippocampus does play a role in forming memories, so damage to the hippocampus would disrupt the forming of memories. 
Furthermore, there’s evidence that’s shows that’s a distinction between episodic and semantic memory in brain damaged patients. An example of this would be a study conducted by Spiers et al. (2010) who looked at 147 cases of amnesia patients who had damage to the hippocampus and fornix. The results of the study found that within all of the cases there was impairments in there episodic memory, however there was less problems with their semantic memory. Another study which found similar results which was done by Elward et al. (2018) who studied two patients with bilateral hippocampal damage at the age before they developed there semantic memory. From the results of their study, they found that they both had poor episodic memory but there semantic memory was intact within a normal range, this was considered a stronger piece of evidence because there semantic memory stayed intact. However, there was a criticism to this study, which was brought about form Gardiner et al. (2008) who found out that one of the patients did have problems with their semantic memory. They found that the rate that the patient was learning was much slower then what it would have been if they had healthy controls. The participants was successful in learning some novel facts but compared to control groups there intertrial retention was impaired, and except for the repeated facts. From this it can be suggested damage to the hippocampus and cortices can lead to both episodic and semantic deficits. However, as seen above, damage to the hippocampus can lead to a grater deficit in episodic memory. 
A distinction between episodic and semantic memory can also be seen from evidence in participants with retrograde amnesia. Research has found that there is greater retrograde amnesia for episodic memory compared to semantic memory. An example of this would be research done by Murphy et al. (2008) who conducted a study on eighteen patients. The aim of the study was to see whether retrograde amnesia for autobiographical information was effected by amnestic mild cognitive impairments which is located in the CA1 region of the hippocampus. The results found that semantic information was recalled more than episodic memory. It was suggested that the reduced episodic memory for autobiographical information may be due to the result of medial temporal lobe dysfunction. Furthermore, Manns et al. (2003) also found that episodic memories are often lost whereas semantic memories are retrained.   
A theory to explain retrograde amnesia can be seen though the thought theory of consolidation. Consolidation is the long-lasting physiological consolidation of episodic memories in the hippocampus. Early evidence found that damage to the hippocampus impairs memories that have been created in the recent past as these memories still need to go through the process of being consolidated to be put into long term memory but because of this the information is vulnerable to interference which can lead to the information being forgotten compared to memories which have been formed in the distant past (Riccio et al., 2003). The role of the hippocampus in the consolidation of memory can be seen though patient H. M. as after the removal of the temporal lobes it lead to disruption in the formulation of new memories (Squire, 2009). However, there is a theory called standard consolidation theory that suggest that the hippocampus only stories memories temporarily. This theory suggest that the hippocampus is needed initially for episodic and semantic memories to be guided and for the initial recognition of information, but then they eventually become consolidated and stored in another brain region in their original form, which protects the memories from hippocampal damage (Winocur et al., 2011).
However as previously stated hippocampus damage affects episodic memory and semantic memory to some extent, although the standard consolidation theory may bring about some good point it doesn’t explain the disruptions in episodic and semantic memory from hippocampus damage. Another theory that may better explain the consolidation of memory comes from the multiple trace theory. The multiple trace theory which was created by Nadel and Moscovitch (1997, as cited in Sutherland et al., 2019) suggest that only semantic memories eventually become indented from the hippocampus while episodic memory continually relies on the hippocampus. As seen above with Murthy et al. (2008) study which correlated with the multiple trace theory as it was suggested that the reduction of episodic memory may be due to the result of medial temporal lobe dysfunction. Furthermore, evidence using brain-damaged patients with semantic dementia also support the multiple trace theory as it was found that patients with semantic dementia have issues with semantic memory but relatively intact episodic memory (Moscovitch, 1999). This further supports the suggestion that damage to the hippocampus mainly affects episodic memory, and this would also support the finding on why semantic memories are not as effected by hippocampal damage compared to episodic.  
Another aspect of consolidation to consider is the reconsolidation of memory. This is when every time a memory is retrieved from long term memory it is held in short term memory temporarily. Because of this it is possible for a memory to be vulnerable to posttraumatic amnesia unless it’s reconsolidated (Haubrich et al., 2016). Research has found that if you infused a protein-synthesis inhibitor into the amygdala of rats shortly after recalling a fear condition trial from this they found that the rats had retrograde amnesia for the fear conditioning. This suggest that if information is not reconsolidated it can influence whether the information is forgotten or not (Nader et al., 2000). 
Another aspect that we can take account of in terms of parts of the brain that are thought to be related to different types of memory comes from the understanding of the neuroanatomy of object-recognition. A study was done on monkeys where they performed bilateral medial temporal lobectomies which showed long term memory deficiencies in explicit memory through a delayed nonmatching sample test (Murray et al., 1998). The task was quite simple the monkey was first given one-shaped objects which had to be moved for them to get the food. After this a screen was placed in front of them and when the screen was removed there were two objects, one being the sample and the other being unfamiliar. The monkey must remember the sample test to be able to get the food underneath the unfamiliar object. The performance of the monkey was normal when information only needed to be held for a few second but when there bilateral medial temporal lobe was lesions this task was much more difficult (Murray et al, 1998).  This can also be seen further in other animal studies such as rats. It was found that the finding from the nonmatching to sample test was consistent with the finding from monkeys and humans after the impaired recognition of memory after hippocampus damage (Clark et al., 2001). This further demonstrates that damage to the hippocampus results in disruptions within memory.  
However, research was starting to us the neuroanatomy of object recognition deficits from medial temporal lobectomy to challenge whether damage to the hippocampus is a key factor in medial temporal amnesia (Eichenbaum et al., 2007). Research using rats on the nonmatching to sample test found that the bilateral removal of the perirhinal cortex resulted in deficits in object recognition. Furthermore, the bilateral removal of the hippocampus resulted in mild deficits in objects recognition, and the bilateral removal of the amygdala had no effect on the object recognition task (Mumby et al., 1994). This suggests that damage to the hippocampus doesn’t result in major deficits to object recognition. 
This brings about a paradox as the complete removal of the hippocampus results in mild deficits in object recognition as seen above, however a small lesion in the hippocampus lead to severe deficits. This can be seen in patient R.B. who suffered from cerebral ischemia. This is when there’s a problem with blood going to particular parts of the brain but in this case the hippocampus. However, patient R. B. suffered damage to the CA1 pyramidal call later and developed amnesia (Zola-Morgan et al., 1992). A hypothesis was suggested that the excessive release of excitatory amino acids from ischemia induced hyperactivity of CA1 pyramidal cells damage the neurons outside the hippocampus (Pellegrini-Giampietro et al., 1990). which help to explain the ischemia induced object recognition deficits. Furthermore, research has found that by removing both sides of the hippocampus it prevented the CA1 pyramidal cell damage (Jorgensen et al., 1987). This can further be supported by functional brain-imaging studies where rats had there carotid artery tied to restrict their blood flow to the brain to induce ischemia in the rats (Glazier et al., 1994).
From this is can be suggested that the perirhinal cortex plays an important role in object recognition. While the hippocampus may be better involved in understanding the memories of special location. This can be seen through a test called the Morris water maze which was developed by Richard Morris (as cited in Vorhees et al., 2006). This is a test of spatial location where a rat has to rely on distant clues to navigate around a water maze which they have to remember to reach a plat form for safety. It was found when they removed the hippocampus in rats, they forgot how to get around the maze and dawned. This has proven to be a reliable test which strongly correlates with the NMDA receptor function and hippocampal synaptic plasticity (Vorhees et al., 2006). NMAD’s have distinctive characteristics that help them become appropriately involved in synaptic plasticity or also known as synaptic changes that happened in response to experience which is an important element that is needed for learning memory (Dingledine, 1986). Another study that supports that the hippocampus is involved in special location can be found from the findings on the radial arm maze. This study was similar to the Morris water maze, but this task involved rats with bilateral dorsal hippocampal damage. The results from the study also found that the hippocampus is related in the mediating of spatial cues (Winocur, 1982). 
Additionally, there are many cells in the hippocampus called place cells which are responsible for spatial environment in the brain. There are new studies that have revealed that place cells are a part of a wider circuit for representing self-location. This is known as having grid cells and there found in the entorhinal cortex and hippocampus (Moser et al., 2008). This further solidifies the suggestion that the hippocampus is involved in spatial location as it can be seen that when damage is inflicted on the hippocampus is causes deficits in spatial location. 
There have also been a wide range of comparative studies of the hippocampus in food storing birds that use special memory to hide and relocate food that they have stored. Research has found that a wide range of food storing birds have enlarger hippocampus’s than non-food storing birds. Furhthermore it was found that when a food storing bird has hippocampal lesions it impairs their ability to accurately relocate their hidden food stash (Raby et al., 2010).  However, there may be discrepancies in primate studies due to the different testing paradigms. For example, while food sorting birds where observed in a natural environment before and after hippocampal damage. But studies done on animas such as monkeys are done in artificial environment which may affect findings. Furthermore, we need to take into account that a majority of tests are done on animals so there is no guarantee that this can also be applied to humans.     
From this there have been many theories that have looked at hippocampal functioning. One of them being the cognitive map theory. The cognitive map theory suggests that the hippocampus stores allocentric maps of the world sort of like mapped out spatial codes. And these are representations of the special environment such as objects and landmarks to support memory and help with future actions (Epstein et al., 2017). However, there have been many challenges to this theory. One of them being that when damage is inflicted on the hippocampus it sometimes impairs behavior without involving a special element (O’Keefe, 1979). Furthermore, it has been found that the firing of place cells don’t always rely on spatial location but can also depend on other behaviors (McNaughton et al., 2006). However, there is a substantial amount of research that agrees with the cognitive map theory. For example, research done Kumaran et al. (2005) looked at both the cognitive map theory and relational theory. This task involved putting the two theories against each other where a novel paradigm was used. The results found that hippocampus was driven only by spatial relation processing.  
Both biological and cognitive effects can be seen in damage to the hippocampus. The dominant effects of biological hippocampal damage can be seen though episodic memory and the consolidation of memory. Damage to the hippocampus can lead to greater deficit for episodic memory as it was found that episodic memory continuously relies on the hippocampus, as for the consolidation of memory the hippocampus is need for memories to be transfer from short term memory into long term memory so if damage occurs it can disrupt the consolidation of memory. As for the cognitive effects of hippocampus damage, it can be seen that it can cause issues with special memory. Although there is a substantial amount of evidence to support that the hippocampus is related to disruptions in special memory such as the cognitive map theory there are still many challenges to this theory. This shows that there is still more research that needs to be done surrounding this topic.  
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