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.
Within the provided image, it is apparent that the highlighted subject is the small, yet heavily impactful Hippocampus which has been damaged. Over several years of studying, researchers have found that the area in question plays a robust role in our bodies; those being primarily in memory (Pinel & Barnes, 2018), as well as spatial recognition and direction (Hollup et al., 2001; Sherry et al., 1989), time (Eichenbaum, 2014), emotion regulation (Grujicic, 2023), and even reflexes (Ramnani et al., 2000). Although the exact formula in which it functions remains a mystery to us, we do know that the Hippocampus is inextricably linked to its neighbouring apparatus and frequently sends signals and fibres to them (Stuchlik, 2018). Moreover, through the use of particular case studies, most notably H.M. (Pinel & Barnes, 2018) and R.B. (Zola-Morgan et al., 1986), we can overtly link a damaged hippocampus to memory loss as both experienced anterograde amnesia after suffering from a lesion to the area in question.
In order to understand the effects of a damaged Hippocampus, it is imperative that we delve into its fundamental anatomy. Therein the brain, the Hippocampus extends itself from the amygdala and divides itself into different sections (Grujicic, 2023). The CA1 or Sommer’s sector is nearest to the subiculum and possesses pyramidal cells. The CA2 and CA3 on the other hand are found nearest to the surface of the Hippocampus. Now these three areas play a major role within the brain as they each play a part in the formulation of memory. For instance, the CA2 is believed to be responsible for forming memories, whereas the CA1 sends pyramidal neurons to other regions within the brain, thus continuing its cycle by activating its surrounding apparatus. What is most important to mention in the moment, is that the CA3 region plays a secondary role in sending Schaffer collaterals back to the CA1, thus interconnecting the regions together and forming the greater Hippocampus (Grujicic, 2023). This is important to mention, as it suggests that whilst the CA3 is responsible in swiftly encoding memory, it must be exported to the rest of the brain via the CA1. Therefore, damage to this vital area of the Hippocampus can lead to its neighbouring apparatus heavily impaired as they struggle to form new memories for the host body (Zola-Morgan et al., 1986). Or perhaps worse, struggle to send new information to the rest of the brain, thus leading to increased strain on the rest of the human brain. 
But what causes this damage? Typically, lesions form on the brain from a number of afflictions. Now, whilst a vast number may attack the brain, for consistency to the focal point, only a small number will be described in tandem to its effects to the Hippocampus. Beginning with the first, Cerebral Ischemia occurs when oxygen is severely constricted within the brain, thus causing internal damage to the Hippocampus and cognitive deficits (Pinel & Barnes (2018). In which case, it is quite common for Anterograde amnesia to form as a consequence. Additionally, another cause of Hippocampal damage can be found in Korsakoff’s syndrome, which derives from heavy alcohol abuse and therefore causes a severe deficit in Thiamine, a necessary component for the brain to function. (Arena & Rabinstein, 2015). Traditional symptoms of this ailment typically align with previous cases of Hippocampal harm, with the development of anterograde amnesia, as well as progressing into retrograde amnesia as well (Grujicic, 2023). However, Korsakoff’s syndrome can also possess symptoms such as personality, and sensory issues as well. Though, it should be mentioned that whilst the Hippocampus suffers greatly, it is not the sole victim, as many other parts of the brain such as the Cerebellum and Hypothalamus tend to suffer as well. Therefore, a question arises, on whether the extremity of these symptoms is due to the in depth function of the Hippocampus, or because of the far branching effects of the syndrome within the brain. The final cause worth looking at is a theory reported by Grujicic (2023), who claims that the connecting axons within the CA3-CA4 sectors nearby the Fornix may provide the pathway in which seizures spread, as well as allowing for the opportunity to regulate emotion as it connects with the Amygdala. Thus, a damaged Hippocampus within this context has been suggested to be a cause for quick tempers and high emotional turmoil (Grujicic, 2023).
Two prime examples of these listed conditions at work can be found within the patients H.M. (Pinel & Barnes, 2018), and R.B. (Zola-Morgan et al., 1986), who both experienced anterograde amnesia. Beginning with H.M., the patient underwent surgery to remove his Hippocampus and Amygdala in order to reduce the severity of his seizures. Whilst the goal of the surgery was apprehended, H.M. was no longer able to form episodic memories after the endeavour. Although over years of tests, such as the mirror experiment, it was discovered that his remote memory and short term memory were still intact (Pinel & Barnes 2018). Therefore, whilst it was apparent that the Hippocampus played a major part in forming long term memories, it was not the fundamental executive body within the brain. 
Zola-Morgan et al.’s (1986) case of patient R.B. appears to support this notion as they found that he too suffered from a similar case of anterograde amnesia after experiencing Ischemia on their Hippocampus. Upon conducting a postmortem, they found that the brunt of the damage to the brain was focused primarily on the CA1 region, although had not been the sole victim however, as reported by the researchers, these other areas had no impact on R.B. as only his capacity to form new long - term memories was effected, thus further entrenching the idea that the Hippocampus plays an implicit role in creating episodic memories (Zola-Morgan et al., 1986). Despite this, Pinel and Barnes (2018) may offer a small challenge to the case of R.B. as they claim that a damaged CA1 from Ischemia possesses a strong connection to object-recognition handicaps in people and animals alike, which was not reported by Zola-Morgan et al.’s observations of R.B. Although, it has been stated that said function is also linked to alternative mechanisms within the brain, and thus it is ultimately difficult to conclude whether R.B’s empowered functions are an isolated case or the norm.
Moving forth, it has been made apparent that memory is not the sole responsibility of the Hippocampus, but instead, one of many, and thus opens up the discussion to a further depth. For instance, Hollup et al. (2001) conducted a study in which rats with hippocampal lesions were compared to a series of regularly functioning rats within a number of trials inside of a water maze. In which, both parties of rats were tasked with identifying a hidden platform after swimming a full lap of the maze. During this experiment, the researchers found that whilst the regular rats were able to slow down once growing near the area with the platform, the damaged rats showed no sign of slowing down, thus implying that the Hippocampus plays a fundamental role in object – identification and navigation (Hollup et al., 2001). This can be supported by a similar study conducted by O’Keefe and Dostrovsky (1971), who found that rats with lesions to their Hippocampus are far more manic when in a new atmosphere and perform poorly on tasks which focus on a physical space, such as Hollup et al.’s (2001) water maze study. Thus, the notion that the Hippocampus possesses a major role with navigator functions appears quite undeniably correlational, yet difficult to prove.
 In addition to this, O’Keefe and Dostrovsky (1971) claim that these damaged rats possess a tenacity to extinction on tasks which have been learned, meaning that the neurons within the hippocampal region fail to stop transmitting signals and instead overextend, thus causing excess strain on the rest of the Hippocampus and the surrounding area. Most notably, the Mammillary body and Fornix are most likely to suffer the brunt of this strain as they are responsible for processing emotion and direction and delivering information to the Mammillary body from the Hippocampus respectively (Grujicic, 2023). Although, it is possible that within the researcher’s study, the damage within the rats’ hippocampus belonged directly to the mechanisms mentioned above. Although, due to the retroactive nature of this study it is difficult to confirm this theory as it fails to specifically explain why the Hippocampus plays a large part in navigation, 
Nevertheless, one does wonder if the Hippocampus within a rat can truly be compared to that of another species, including human beings, as our anatomies differ significantly from those of other species. With this in mind, Sherry et al. (1989) plays a large role in taking steps towards filling this large chasm of knowledge by transfixing their gaze onto studying the hippocampus within three families of food-caching birds and comparing them to that of ten families who do not. To ensure fairness within their research, they ensured that each bird did not relate to one another via sub-species, thus removing the risk of a skewed result. What they found was that the Hippocampus was much larger within the three families of food-storing birds than the non-storing birds, therefore further supporting the notion that the Hippocampus plays a large part in navigation, as it is implied that these species of birds would need to rely on a complex sequence of memories that could only be processed via a much larger, and therefore more complicated Hippocampus in order to find their food (Sherry et al., 1989). Even further, as of more recently, studies have been focusing more on humans and species which more closely resemble our biology (Pinel & Barnes, 2018).
Aghajan et al. (2015) criticised spatial research conducted on monkeys and humans as they were conducted on computers, thus not being able to fully stimulate the Hippocampus in its entirety. Therefore, they themselves executed an experiment, in which they compared the activity of the Hippocampus on rodents experiencing virtual reality to those in the real world. What they found was that during random foraging, hippocampal activity drastically decreased within the VR group compared to the Real-world group. However, during simple exploration, hippocampal activity proved to be equal with both groups so long as the environments that they exposed to the subjects were similar to one another. Therefore, it can only be theorised that whilst implementing a damaged subject within this study, their Hippocampus would be overstimulated and thus fail to recollect any noteworthy information (O’Keafe & Dostrovsky 1971). Although, such a theory can become nothing more without further research within that matter, and should therefore be considered with heavy scrutiny until more research is conducted.
It should be noted that each of these studies mentioned above, all share a key issue. None of this research focuses its efforts on the effects of a damaged Hippocampus therein a human brain. This is unfortunate as it is incredibly difficult to compare the damage of the lesion within a rat, to that of a human being as they both possess completely different anatomies and can thus benefit from further research once the ethical opportunity presents itself. Although, for the time being these studies on animals must suffice. With this in mind it is rather apparent that whilst it is difficult to measure hippocampal activity in human beings and primates, the Hippocampus has a larger chance to fully activate within a real-world setting and may offer us an opportunity to make an inquiry into how genuine experience may aid further research (Aghajan et al. (2015). For example, Tsukiura (2008) reviewed the results from neuroimaging studies and concluded that an emotional response may play a helpful role in mending a fractured memory due to a damaged Hippocampus. Therefore, one can only consider that the Amygdala must play a small role with memory as well, especially due to its close proximity and evident connection to the Hippocampus, thus making it a possibility that emotion and memory are in fact connected in some way (Tsukiuara, 2008).
This in turn, links to the necessary study of the brain’s biological mechanisms. For instance, Eichenbaum (2014), mentions the discovery of time cells within the Hippocampus, thus identifying a temporal element within this robust instrument. Which, when considering that through the afferent pathway, the Hippocampus is connected to the Entorhinal cortex, one of the primary timekeepers within the brain and information provider for said mechanism in question (Grujicic, 2023). It is fundamentally clear that the Hippocampus is web-like and far reaching, if not rather linear, therefore making it an imperative part of the brain, yet incredibly fragile. As an example, due to its close proximity and connection to the Amygdala, the Hippocampus plays a part in regulating emotion, as Grujicic (2023) remarks, when damaged, patients have a possibility to become short tempered and quick to enrage due to the lack of the Amygdala’s aid.
Ultimately, the Hippocampus plays a robust role both within and without the brain. Due to it’s web-like structure interconnecting itself to its neighbouring mechanisms such as the Fornix, Mammillary body, and even the Amygdala, it has proven to play an essential part in supporting said mechanisms with their primary objectives (Grujicic, 2023). However, as shown from the image above, a damaged Hippocampus can cause serious deficits to an individual’s episodic memory as shown by Zola-Morgan, (1986). Moreover, research over the years, have found that in many species, a damaged Hippocampus has proven to effect animals in a similar manner to people, as it significantly ruptures their memory and thus their ability to navigate and memorise new locations and experiences (Sherry et al., 1989; Hollup et al., 2001). Biologically speaking, we know that the Hippocampus possesses many place cells (Pinel & Barnes, 2018), and even time cells (Eichenbaum, 2014). Therefore, it is easy to understand that a lesion upon the Hippocampus would be catastrophic to one’s memory, as they will not only be able to fire neurons to the rest of the neighbouring parts of the area but will also fail to remember important pieces of information such as the passing of time and/or place. Although it should be mentioned, that many of the studies mentioned above, have either refrained from studying on humans or have found during postmortems that the Hippocampus was not the sole apparatus effected, thus an argument can be made that the true debate of Hippocampal utility is yet to be resolved. Even further, due to its close proximity to the Fornix and its own ability to send information to other parts of the brain, it is perhaps possible to pass on the theory that the Hippocampus is not necessarily responsible for so many functions, but is instead an overseer of sorts, passing information to and fro. Without a fully functional Hippocampus, the connected neighbours fail to function as initially intended due to a lack of executive leadership from the Hippocampus. While this is only a hypothesis, it may certainly explain it’s central location, and its far-reaching effects within the brain.
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