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Biological and Cognitive Effects of Damage to the Hippocampus

This essay will identify and critically discuss potential cognitive and biological effects that can occur from damage to a highlighted brain structure.  The provided image highlights the Hippocampus. Located within the limbic system, deep within the medial temporal lobe, the Hippocampus is just one structure of the limbic system, found in both cerebral hemispheres and plays a role in certain types of memory.  (Pinel & Barnes, 2022).  The Hippocampus plays a role in spatial awareness but is primarily associated with the recollection and consolidation of explicit declarative long-term memory, more specifically, episodic memory, which can be actively and quickly recalled such as specific names or dates. Declarative memory can also be semantic, memories for specific facts or general information.  Declarative memory is not to be confused with procedural memory which deals more with repetition and muscle memory such as riding a bike or signing your name.  (Rugg & Vilberg 2013). This essay will critically discuss empirical evidence and studies regarding different types of damage to the Hippocampus and analyse the cognitive and biological effects this damage may have.
To understand the potential effects that brain damage could have on the biological/cognitive functions of the Hippocampus, we must first have a basic understanding of the anatomy and functions of the area.  As stated above, the Hippocampus plays a major role in memory.  The popular multi-store model emphasises the important differences between long-term memory (LTM) and short-term memory (STM) (Eysenck & Keane, 2020).   This model states that there are three distinct memory stores that ‘pass on’ memories in a uniform way.  Initially, sensory information is received and held in sensory stores for a very brief period where it is either discarded as irrelevant or attended to and sent to STM stores which only have a very small capacity and would later be revisited to include auditory and visual-spatial information stores in the comprehensive Working Memory model (Postle, 2020).  Once information is a STM, it can either be forgotten or, through elaborate rehearsal (given meaning), can be consolidated and passed on again into LTM stores with a seemingly unlimited memory retrieval capacity (Atkinson & Shiffrin, 1968).  
A person who receives damage to the Hippocampus or other surrounding limbic structures may have trouble committing new information to these initial STM stores or remembering recent events.  Brain damage is the displacement or distortion of neural tissue, the degrees/severity of physical brain damage have their individual terms.  A concussion is a sudden movement or stopping of the brain from an abrupt blow to the head, it usually involves loss of consciousness and post-traumatic amnesia (memory loss).  The most severe type of damage is a laceration, a serious tear of large sections of the brain from skull fractures or gunshot wounds involving heavy bleeding resulting in blood clots and swelling that can cause large sections of brain tissue to die.  Areas of damaged brain tissue are known as lesions (Tortora & Derrickson, 2005). 
Before continuing the discussion of the biological and cognitive effects of damage to the Hippocampus, we must first establish the differences in these meanings.  Biological psychology (biopsychology) looks more at physiological structures and functions of parts of the brain and how these systems interact in complex relationships by studying nervous tissue as well as chemical and electrical signals.  Cognitive Psychology relies on biopsychology to discuss the effect that brain systems have on our emotions and behaviour (Walinga, 2010).  For example, Biologically, brain plasticity and function can be changed negatively through irreversible damage whether this be through drugs, traumatic injury, age, etc and slow down cognitive ability, on the other hand, a good diet and maturation can improve brain health and facilitate positive cognitive outcomes.  It may be obvious to say that oftentimes, the physical state of our brain has a direct impact on our cognitive abilities and resultant behaviour (Kolb et al., 2003).  Concerning the essay image, damage to (or lack of) the Hippocampus can impair our biological ability to consolidate new information away from the temporary storage of the medial temporal and into the cortex.  This has a knock-on effect on our cognitive ability to recall memories around the time of trauma and in extreme cases, eradicates our ability to form new explicit episodic and semantic memories.  
One of the first noted suggestions that damage to the brain could lead to memory impairment was from Russian neurologist Vladimir Bekhterev over a century ago in 1900.  He noted that a 60-year-old man with cognitive decline and memory impairments showed bilateral softening of the Amygdala and more importantly, the Hippocampal formation (Von Bechyerew, 1900).  The next half-century would bring new attention to the functions and connections of the previously unstudied Hippocampus, with a few sparse studies identifying that vascular damage to this area results in both retrograde and anterograde amnesia spanning several years, supporting the ideas of Bekhterev that the Hippocampus plays a role in memory (Glees & Griffith, 1952; Grünthal, 1947).  This information however comes from anecdotal clinical impressions and so lacks validity.   The most important and seminal case study regarding the cognitive function/dysfunctions of the Hippocampus came shortly later in the form of Henry Molaison (H.M).  At age 7, H.M. experienced a bicycle accident and received blunt head trauma, in the following years he began to experience major epileptic seizures and by the age of 27, H.M could no longer work or lead a normal life.  H.M agreed to an experimental procedure by Dr William Scoville (who had previously performed similar procedures and lobotomies on psychotic patients) to cure his seizures. In 1953, Schoville removed a thumb-sized section of the Medial Temporal Lobe from bilateral sides of H.M’s brain (Squire, 2009).  Subsequent visits and assessments of H.M were carried out by Brenda Milner.  Milner found that the patient's seizures had all but ceased, however, H.M now seemed to forget events that had just happened, continuously underestimated his age and was always apologising for forgetting names.  Contrary to the belief about memory at the time, which assumed that memory was held in various areas of the brain and was linked to levels of intellect and perception, Milner found that there was no change to H.M’s intellectual abilities, perception or any personality change.  Simply put, H.M could no longer form new memories, this is known as anterograde amnesia (Milner et al., 1968).  Milner spent the next 30 years of her career studying H.M and his mind, eventually passing him onto her student Suzane Corkin until H.Ms death in 2008 at the age of 82,  with the pair providing strong evidence for the groundwork in understanding Hippocampal damage.  
The case of H.M. provided good evidence that the Medial Temporal Lobe, more specifically the Hippocampus, played a significant role in memory consolidation. It was found that post-surgery, only the memories accrued by M.H from up to 3 years before the lobectomy were disrupted (but not erased) (Scoville & Milner, 1957).  This suggests memories are only temporarily kept in the Hippocampus until they can be properly transferred into the more stable parts of the cerebral cortex, this became known as the standard model of synaptic consolidation (Clark & Maguire, 2016).  In short, this theory states that after around one week, memories are slowly transferred (consolidated) away from the temporary housing of the Hippocampus and into various areas of the cerebral cortex, more specifically the neocortex, where they can then be later retrieved (Moscovitch et al., 2016).  This is done through biological changes in synaptic protein synthesis and membrane potential causing cascades, activating transcription factors that lead to synaptic remodelling.  However, a brief moment after learning or taking in a potential new memory, transcriptions are susceptible to disruptions from physical trauma or ingesting certain drugs before they can be properly consolidated (Dudai, 2004).  The fact that H.M’s memories of the 3 years before surgery were disrupted implies that these memories were still in the consolidation process.  The fact that he could not form new memories at all post-surgery implies that cognitive consolidation of new information was now impossible altogether due to the lack of Hippocampus.  Importantly, H.M. was able to develop new motor skills, one experiment required H.M to draw/trace around a geometric star shape that could only be seen through a mirror, this was initially difficult as the movements of his hands were not following the instructions of the brain, with practice, H.M became more proficient at drawing the star.  Subsequent revisits to this experiment showed that he maintained this proficiency despite being unable to recall doing the experiment before or recognising the apparatus.  This showed that damage/removal of the Hippocampus would impair declarative/explicit memory, but procedural/implicit learning would remain intact, implying that this type of memory is dealt with elsewhere (Wickens, 2021). 
In a similar vein to H.M, another extreme case of amnesia is that of Clive Wearing.  Wearing was an extremely accomplished and acclaimed musician who, in 1985, contracted the common herpes simplex 1 virus which breached the blood-brain barrier and targeted his CNS, more specifically his Hippocampus (Wilson & Wearing, 1995). Wearing developed both chronic retrograde AND anterograde amnesia.  This means that, unlike H.M who could remember much of his life before his Hippocampal removal, Wearing could remember little of his life before 1985 nor could he create new memories since then.  Wearing still retains some of his semantic memory as he can recognise his wife and family as well his procedural memory being completely unaffected as he can still play symphony-level piano pieces yet cannot recall the original composer.  Wearing’s consciousness exists within a 15-second window, a long enough memory to have a conversation however nothing outside these 15 seconds exists to Clive, he likens his experience as being in a constant state of just returning from death or a comatose state (Suddendorf et al., 2011).  In his diary, Wearing writes such things as “I am alive” or “I am awake” only to cross out these entries later, not believing that he had written them despite it being in his handwriting.  Wearing has no declarative memories of his wife nor any memory of his life with her, however, he does recognise her and always embraces her as if this is their first meeting in years (Wilson et al., 2008).   To be critical of these two cases would be to state that neither H.M nor Wearing’s brain damage was localised solely to a unilateral Hippocampus, while it's true that both lost their bilateral Hippocampi, H.M also lost sections of his Amygdala and Entorhinal Cortex (Rempel-Clower et al., 1996). An MRI scan showed the virus caused abnormalities in Wearing’s Amygdalas, Mamillary Bodies, Temporal gyrus and more (Wilson et al., 2008).  H.M remains a stronger case study concerning this essay topic as the damage was more localised, while the sheer extent of damage to Wearing’s brain could explain his more severe amnesia. Neither case provides insight on solely localised damage to the Hippocampus as these types of patients are a rarity.  We must instead turn to trans-genetic and ethically grey animal research for specific answers (as seen shortly).
It's important to note that the essay image only implies damage to the Hippocampus in the left hemisphere.  Previously, this essay has discussed bilateral removal/damage of the Hippocampus, however, both hemispheres of the brain have different cognitive functions and unilateral damage can have different consequences. It’s been found that damage to the left medial temporal lobe more seriously results in the impairment of remote personal episodic memory (Stepankova et al., 2004).  The results of a 2000’s experiment are in line with Milner’s deductions that even slight damage to the left medial temporal lobe will result in significant amnesia for autobiographical episodic memory more than semantic memories (also seen in Wearing’s case), particularly in memory experiments involving geographical locational or spatial awareness tasks (Viskontas et al., 2000).  It has been found that in addition to locational episodic memory, the tail of the left Hippocampus deals heavily in the verbal memory storage capacity (recalling words, names and other information involving language). Yet, the activation of verbal memory is dealt with bilaterally (Sozinova et al., 2008), So damage to the left Hippocampus would impair the recall of verbal information and the auditory aspect of our working memory. 
It's widely accepted that long-term abuse of certain types of drugs can lead to dysfunctions of memory and neuroplasticity (reorganisation/change in brain growth, structures and neural networks) of the Hippocampus (Avchalumov & Mandyam, 2021). For example, frequent users of Cannabis are often seen as being forgetful or absent-minded.  This is due to the psychoactive component of Cannabis, Tetrahydrocannabinol (THC), which when ingested, latches onto the CB1 protein and makes its way to the brain.  When CB1’s meet their receptors in the Hippocampus to begin to form memories, the attached THC will result in biological issues formulating memories while under the influence (Kutlu & Gould, 2016).  While casual use will not cause any long-term damage, nor affect existing memories, a 2018 study found that teenagers who smoke marijuana regularly for 3 years are likely to develop abnormally shaped Hippocampi due to forced biological changes in Hippocampal plasticity due to overexposure to THC, this is predicted to accelerate age-related cognitive decline, particularly when it comes to memory.  These findings however must be taken lightly as experiments done on teenagers smoking Marijuana often feature sample populations that also engage in other drugs, such as alcohol, nicotine, amphetamines or opiates, all of which have their own effects on learning, memory and Hippocampal plasticity (Burggren et al., 2018).  Alternatively, more recent studies have investigated the positive biological/cognitive effects that chemical substances can have on treating Alzheimer's disease (AD).  The onset of AD is a primary/increasing cause of dementia and is characterised by gradual cognitive decline and memory loss with damage usually appearing first within the Hippocampus (DeTure & Dickson, 2019) Less psychoactive cannabinoids such as CBD (when tested on mice) are shown to improve neurogenesis and reduce neuroinflammation within the Hippocampus.  Testing on trans-genetic mice shows that CBD+THC treatments are more effective in suppressing causal factors of AD than either alone, this lays a foundation for the evaluation of clinical uses of cannabis to treat degeneration of the Hippocampus in older patients (Kim et al., 2019).  This psychopharmaceutical line of research is often confounding and sometimes contradictory as the effects of certain drugs are dependent on the developmental stage of the users as this is a major factor in how a drug affects the biological plasticity of delicate structures like the Hippocampus.
In Summary, the essay image implies damage to the left Hippocampal formation of the Medial Temporal Lobe,  an extremely fragile section of brain tissue that can result in both anterograde and retrograde amnesia when impaired.  This fact has implications for real-world conditions resulting from different types of Hippocampal damage.  Cases such as H.M and Clive Wearing highlight how the destruction or complete removal of the Hippocampus and surrounding structures results in cognitive impairment through amnesia to extreme degrees (Squire, 2009; Wilson & Wearing, 1995).  Additionally, highly metabolic areas such as the CA1 pyramidal neurons of the Hippocampus are highly vulnerable to hypoxic injury (lack of oxygen to cells), these hypoxic brain injuries can result from lack of oxygen from near drownings or from ischemia (restriction of blood supply) (Busl & Greer, 2010).  Finally, natural or unnatural atrophy of the Hippocampal formation from age or substance abuse can result in common and debilitating cognitive diseases such as Alzheimer’s and the development of Dementia and impairing old memories or the formation of new ones (Dhikav & Anand, 2012).  The evidence from these empirical studies as well as the number of theories surrounding memory consolidation points to the conclusion that the Hippocampus houses an essential biological step in memory consolidation, the aforementioned types of brain damage can all affect our ability to consolidate memories from attended, but limited working memory to LTM stores.   Without this ability, cognitive disorders such as retrograde and anterograde amnesia are likely to occur.  It is difficult for the average person to conceptualise how Wearing, H.M or numerous other cases perceive their own lives and existence, coupled with the sad reality of how many people inevitably become afflicted with Alzheimer’s/Dementia with age, stresses the importance and necessity for stronger research and treatments for conditions of this nature. 
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