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Completion requirements
 Done: Make forum posts: 1
Value: 100 points
Due: Create your initial post by Day 4, and reply to at least two of your classmates’ posts by Day 7.
Gradebook Category: Discussion Forums
Initial Post
Tell a “story” by describing how a neuronal impulse creates a cascade of events to occur within the neuron and between neurons. Imagine that you are explaining how neuronal activation occurs, and what the step-by-step processes are, as you would to a fellow nurse practitioner who has not specialized in psychiatric nursing but is familiar with medical/biology terminology.
Concepts/words that must be incorporated and explained throughout your story include:
· Neurotransmitter
· Synaptic cleft
· Receiving neuron
· Signal Transduction Cascade
· Voltage-gated and Ligand-ion channels
· G-protein-linked receptor
· Agonist, partial agonist, antagonist, and inverse agonist and their role in signal transduction
Instructions
· Carefully read the questions presented.
· Reflect on the assigned materials from this week and consider experiences from your own practice to support your ideas.
· Include at least three outside scholarly references to support your statements. Your sources must use APA format.
Reply Posts
Reply to at least two of your classmates’ posts. Compare your answers to that of your classmates to produce some interesting dialog. Your responses should include evidence of review of the course material through the inclusion of proper citations using APA format.
Discuss why it is critical to understand this process as part of the prescribing role for the PMHNP.
Please refer to the Discussion Grading Rubric for details on how this activity will be graded.
The described expectations meet the passing level of 80 percent. Students are directed to review the Discussion Grading Rubric for criteria that exceed expectations.
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Re: Week 2 Discussion 1: Neurotransmission Story
by Tyrone O'Banner - Thursday, 31 August 2023, 1:03 PM
Week 2 Discussion 1: Neurotransmission Story
Tyrone O’Banner BSN, RN
Department of Nursing, Regis College
Professor Cetola
 
Neurotransmitters are important to an individual’s functionality because it is the foundation for how people move their bodies. Neurotransmitters are chemical messages that carry impulses from one nerve cell to the next. Examples of neurotransmitters include GABA, Dopamine, Serotonin, Norepinephrine/Epinephrine, and Histamine. 
A synaptic cleft is a space or gap between one or more neurons where messages are sent out. When messages are delivered, they land on a receiving neuron which can also be called the post-synaptic. The presynaptic neuron is the one responsible for sending messages which end up on the receiving end. Think of the presynaptic neuron as a baseball pitcher throwing a baseball, and the catcher is the postsynaptic neuron receiving the baseball that was thrown. 
            The signal transduction cascade is an interesting concept where the body reacts and responds to the external environment. Tsuruyama (2023) stated, the signal transduction consists of a networks of activated proteins which is responsible for the promotion of processing information (P. 1). There are three steps to the transduction cascade that include reception, transduction, and response. Signals are received at the reception site and then interpret the message that was conducted at the transduction site. Then there is a response that humans exhibit through behaviors. 
Next, we have Voltage-gated and Ligand-ion channels, in simple terms act as an air traffic controller allowing certain items to enter or not. Ligand-ion channels are embedded proteins within a membrane layer that allows certain ions to enter in and out such as calcium (Ca), sodium(Na), and potassium(K) ions. Zhao (2019) stated that calcium voltage-gated are the most distributed  that participate in processes of contraction, secretion and cell death (P.1495). Voltage-gated channels are proteins that span a membrane and allow certain ions to pass through or deny entry based on electrical potentials near the channels. The membrane alters its shape based on electrical signaling by excitable cells such as neurons. 
G- Protein-linked receptors are known as the largest family of receptors throughout the body that are activated by various stimuli from the body such as smells, pain, and neurotransmitters. G-protein-linked receptors are responsible for stimulating cell communication within the cells.
To understand agonists, partial agonist, antagonist, and inverse agonist and their role in signal transduction this YouTube video by Neuron Nonstop (2021) was helpful 
Play Video
. For agonists, if we look at receptor populations that are resting / inactive, and active receptors on another end, with equal equilibrium. When an agonist is added, the equilibrium is shifted to a more active side with more active receptors. When you add an antagonist to a receptor, the equilibrium is unchanged, and the receptors are blocked and no subtract could bind to them. Partial agonist activates the receptors, but not to the receptors' maximum capacity, and prevents the agonist's full potential. The inverse agonist serves as a barrier that suppresses any activity on a receptor where the agonist and antagonist cannot function. 
 
 
Reference
 
Neuron Nonstop (2021) Agonist, partial agonist, antagonist and inverse agonist for receptors. YouTube, YouTube, 19 Apr. 2021, https://www.youtube.com/watch?v=_sM8KBZ9k4Q. 
Tsuruyama, Tatsuaki (2023) Channel capacity: Limitation of entropy rate during cell signal transduction. The European Physical Journal Plus, 138(7) https://doi.org/10.1140/epjp/s13360-023-04220-w. 
Zhao, Yanyu, et al. (2019) Molecular basis for ligand modulation of a mammalian voltage-gated ca2+ channel. Cell, 177(6), https://doi.org/10.1016/j.cell.2019.04.043. 
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Hade Dabbagh - Tuesday, 5 September 2023, 3:09 PM
Tyrone, 
Thank you for your discussion posting. I think that your comparison of a presynaptic neuron sending neurotransmitters to a postsynaptic neuron as a pitcher throwing a baseball to a catcher is very interesting. I thought about this further and it can be elaborated upon. Say that an opponent stealing a base is the initial stimulus. In response, one defending player will become aware, that being the action potential. He will throw the ball to a second player, which initiates the response of quickly getting the player stealing a base out. Of course, the analogy is not perfect, but it nevertheless is interesting and allows for deeper thought into the signal transduction process. In terms of the process itself, what I find most interesting is how chemical synapses rather than electrical synapses are much more abundant even though they are relatively slower (Green, 2015). Upon further reading upon the matter in the textbook, however, it becomes clear that chemical synapses allow for more control, as an action potential in one part of the body wont simply be transduction to all other neurons and how neurotransmitters can propel, inhibit, or oppose a prior action potential (Stahl, 2021). 

References
Green, H. [CrashCourse]. (2015, March 10). The Nervous System, Part 3 - Synapses!: Crash Course Anatomy & Physiology #10 [Video]. YouTube. https://www.youtube.com/watch?v=VitFvNvRIIY
Sladek, C. D., & Song, Z. (2012). Diverse roles of G-protein coupled receptors in the regulation of neurohypophyseal hormone secretion. Journal of Neuroendocrinology, 24(4), 554–565. https://doi.org/10.1111/j.1365-2826.2011.02268.x
Stahl, S. (2021). Essential psychopharmacology: Neuroscientific Basis and Practical Applications (5th ed.). Cambridge University Press.
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Shohana Paradise - Wednesday, 6 September 2023, 7:01 AM
Hi Tyrone,

That is a very helpful video to help understand the roles of the agonist, partial agonist, antagonist and inverse agonist. I also like how you describe the voltage gated and ligand ion channels as an air traffic controller allowing things in and out. According to Bowie (2018), the cooperation between the voltage gated and ligand-ion channels are responsible for a wide range of complex physiological processes such as muscle movement and the central nervous system (CNS) operations such as memory and cognition. Just as an air traffic controller is important for the safe and efficient operating of the airline industry, the ion channels contribute to cellular safety and efficiency through keeping ion balance within the cells by acting as gatekeepers and ensuring the safety and functionality of our complex systems.

Bowie D. (2018). Shared and unique aspects of ligand- and voltage-gated ion-channel gating. The Journal of Physiology, 596(10), 1829–1832. https://doi.org/10.1113/JP275877
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Caroline Knutti - Friday, 8 September 2023, 11:39 AM
Hello Tyrone,
Thank you for your thorough discussion post. I appreciate the layout of your post with the bolding of key terms and definitions. As I created my notes for this discussion post, I too chose to lay the foundation of the material by listing out definitions of each key term, their function, where they are located, and other pertinent characteristics. A few of the key terms included in our stories are described differently, but we are still learning the material. For example, I have understood voltage-gated channels to consist of a sodium or calcium pump in which the electrical impulse that has reached the presynaptic terminal will instigate the opening of the channel (Stahl, 2021). The strong charge or voltage of the electrical message will cause the sodium channel to open, the sodium then disperses into the neuron, and the channel is open and ready for the electrical message to move along (Stahl, 2021). I agree with your statement that voltage-gated channels operate due to the magnitude of the message’s action potential. Our descriptions of ligand-ion channels seem to differ. My understanding is that a ligand is something that is attempting to bind to a receptor on the receiving neuron. For example, a ligand could be the neurotransmitter acetylcholine. The acetylcholine is going to try and bind to the nicotinic receptor using ligand-gated ion channels (Tessier et al., 2023). Because acetylcholine is an agonist for nicotinic receptors, it has the action potential to open the channel to its specific receptor, bind to it, and activate it (Tessier et al., 2023). My understanding of this complex process is still evolving.
As future prescribers, we must understand the process by which psychotropic drugs will bind to receptors within our patients. Psychotropic medications work by targeting certain neurotransmitters and receptors, utilizing G-protein-linked receptors, and producing excitatory or inhibitory effects (Stahl, 2021). PMHNPs should be knowledgeable of the effects of psychotropic drugs and how they create a balance of neurotransmitters to maintain mental stability (Harsharaja et al., 2022). In particular, understanding the associated side effects of these medications and being able to recognize the effects of the drug will help the PMHNP decide on the titration of dosages to achieve the optimal effect (Harsharaja et al., 2022). The PMHNP must become an expert in neurotransmitter activity to safely provide care and prescribe psychotropic medications.
References
Harsharaja, S. V., Govindan, R., Ramu, R., Damodharan, D., & Kandasamy, A. (2022). Effectiveness of structured teaching program on nurses’ knowledge on safe handling of psychotropic drugs. Indian Journal of Psychiatric Nursing, 19(1), 61–65. https://doi.org/10.4103/iopn.iopn_9_22
Stahl, S. (2021). Essential psychopharmacology: Neuroscientific Basis and Practical Applications (5th ed.) Cambridge University Press.
Tessier, C. J. G., Emlaw, J. R., Sturgeon, R. M., & daCosta, C. J. B. (2023). Derepression may masquerade as activation in ligand-gated ion channels. Nature Communications, 14(1), 1907. https://doi.org/10.1038/s41467-023-36770-z
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Martin Mutesasira - Friday, 8 September 2023, 5:47 PM
Hello Tyrone, thanks for sharing such an informative response to this week's discussion on the neurotransmission story. I concur that neurotransmitters are significant to an individual's functionality as they are the foundation of how individuals move their bodies. You noted that a synaptic cleft is a space or gap between one or more neurons where messages are sent out. It is significant to note that neurons communicate via both electrical signals (action potentials) that transmit information from one neuron to the other and chemical signals (neurotransmitters) that transmit information from one neuron to the next (Schiera et al., 2019). The neurotransmitter is responsible for transmitting signals between neurons, but an action potential is responsible for transmitting a signal within a neuron (Schiera et al., 2019).
Through your discussion, I learned much about the signal transduction cascade, which consists of networks of active proteins that enhance information processing and how the body reacts to and responds to the external environment. I mentioned that G protein-coupled (GPCRs) are signal transduction's most well-known cell surface receptors. When a ligand binds to a GPCR, a cascade of intracellular events is started, which activates G proteins and causes a variety of cellular responses (Kurose & Kim, 2022). Understanding agonists, partial agonists, antagonists, and inverse agonists was crucial to comprehend better how receptors support signal transmission. It was exciting to find that the inverse agonist acts as a blockade to any action on a receptor when the agonist and antagonist cannot activate it.
References
Kurose, H., & Kim, S. G. (2022). Pharmacology of Antagonism of GPCR. Biological & Pharmaceutical Bulletin, 45(6), 669–674. https://doi.org/10.1248/bpb.b22-00143
Schiera, G., Di Liegro, C. M., & Di Liegro, I. (2019). Cell-to-cell communication in learning and memory: From neuro-and glio-transmission to information exchange mediated by extracellular vesicles. International journal of molecular sciences, 21(1), 266. https://doi.org/10.3390%2Fijms21010266
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Stephanie Silvio - Saturday, 9 September 2023, 4:19 PM
Hi Tyrone,

I enjoyed your discussion post. You explained the information clearly, and it is well organized. Additionally, I enjoyed the video you provided. Neurotransmitters are considered chemical messengers of the body and are essential for the body to function. Neurotransmitters are vital in transmitting sensory, motor, and neuronal messages that affect emotion, memory, thought, sleep, and movement (Teleanu et al., 2022). The central and peripheral nervous systems use neurotransmitters to send messages between neurons and from neurons to muscles and organs (Eunice Kennedy Shriver National Institute of Child Health and Human Development, 2018). There are various neurotransmitters, and their functions differ in the outcome produced through neurotransmission. Excitatory neurotransmitters activate neuronal receptors, carrying messages from one neuron to the next. Inhibitory neurotransmitters will prevent the transmission of chemical messages. It is essential to understand the function of the major neurotransmitter systems and their effect on neurotransmission as part of the psychiatric mental health nurse practitioner (PMHNP) prescribing role. Serotonin, norepinephrine, dopamine, acetylcholine, glutamate, and GABA are the six critical neurotransmitter systems targeted by psychotropic drugs (Stahl et al., 2021). These neurotransmitters, as well as the body’s naturally produced neurotransmitters, can affect the neurotransmission process. PMHNPs must understand how neurotransmitters affect neurotransmission to effectively treat patients and use this information to guide their decision-making when prescribing medications.


References

Eunice Kennedy Shriver National Institute of Child Health and Human Development. (2018, October 1). What are the parts of the nervous system? https://www.nichd.nih.gov/health/topics/neuro/conditioninfo/parts

Stahl, S. M., Grady, M. M., & Muntner, N. (2021). Stahl’s essential psychopharmacology: Neuroscientific basis and practical applications (5th ed.). Cambridge University Press.

Teleanu, R. I., Niculescu, A.-G., Roza, E., Vladâcenco, O., Grumezescu, A. M., & Teleanu, D. M. (2022). Neurotransmitters—Key factors in neurological and neurodegenerative disorders of the central nervous system. International Journal of Molecular Sciences, 23(11), 1–24. https://doi.org/10.3390/ijms23115954
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Lisa Shrestha - Sunday, 10 September 2023, 8:48 PM
Hello Tyrone,
            Thank you for sharing a very informative post on the intricate process of neurotransmission. I really had difficulty simplifying this process for this assignment. But everyone’s post has been very helpful. I like how you compared the channels to air traffic controller allowing certain things to enter but not others. While I understood the voltage-gated ion channels had to with the ion concentration in and outside the cell, I compared the ligand-ion channels as a lock requiring the specific key for the door to open. Alexander et al. (2017), further explain that “these channels are open, or gated, by the binding of a neurotransmitter to an orthosteric site(s) that triggers a conformational change that results in the conducting state” (Para 2).
            “Signal transduction is the process through which cells communicate with the external environment, interpret stimuli and respond to them” (Catozzi, 2016). This process took a bit for me to fully understand. I found the video you shared very helpful as well. The essential role of information transmission which is known as neurotransmission (Teleanu et al., 2022), is carried throughout the CNS and peripheral nervous system. There is a lot we can learn from understanding the roles of different neurotransmitters, and how influx or deficit of certain neurotransmitters affect our mind and body. In addition to that, this also helps us better comprehend how different psychiatric medications which targets mostly neurotransmitters work. Thank you again for sharing a helpful post.
REFERENCE
Alexander, S. P., Peters, J. A., Kelly, E., Marrion, N. V., Faccenda, E., Harding, S. D., Pawson, A. J., Sharman, J. L., Southan, C., Davies, J. A., & CGTP Collaborators (2017). THE CONCISE GUIDE TO PHARMACOLOGY 2017/18: Ligand-gated ion channels. British journal of pharmacology, 174 Suppl 1(Suppl Suppl 1), S130–S159. https://doi.org/10.1111/bph.13879
Catozzi, S., Di-Bella, J. P., Ventura, A. C., & Sepulchre, J. A. (2016). Signaling cascades transmit information downstream and upstream but unlikely simultaneously. BMC systems biology, 10(1), 84. https://doi.org/10.1186/s12918-016-0303-2
Teleanu, R. I., Niculescu, A. G., Roza, E., Vladâcenco, O., Grumezescu, A. M., & Teleanu, D. M. (2022). Neurotransmitters-Key Factors in Neurological and Neurodegenerative Disorders of the Central Nervous System. International journal of molecular sciences, 23(11), 5954. https://doi.org/10.3390/ijms23115954
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In reply to Tyrone O'Banner
Re: Week 2 Discussion 1: Neurotransmission Story
by Taylor Stafford - Monday, 11 September 2023, 10:46 PM
Hi Tyrone! 
Excellent job on your discussion post this week! I love how you included a video outlining the role of agonists, partial agonists, antagonists, and inverse agonists and their role in signal transduction. I had not seen a classmate include an explanatory video in their discussion post before, but I found it helpful. I also appreciated the analogy you included of an air traffic controller in relation to voltage-gated and ligand-ion channels. Voltage-gated ion channels respond to electrical impulses, changing an ion's ionic charge and permeation (Stahl, 2022, p.9). On the other hand, Ligand-gated ion channels allow for more than one type of ion through the cell membrane, facilitating permeation of several electrical gradients (Stahl, 2022, p.51). Kotob (2021) explains that cells communicate with each other by a process called signaling, which is an essential concept to grasp in understanding how cells and neurotransmitters function in the body. Understanding these processes will help the PMHNP determine which neurotransmitters are responsible for producing specific results, thereby leading them to prescribe medications to alter the behaviors or symptomology. 
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Hade Dabbagh - Monday, 4 September 2023, 6:31 PM
          Communications between the neurons occurs within our bodies as cascades of neuronal impulses, propelled from one neuron to the next. The inside of neurons have a slight negative charge in comparison to the outside of them, due to concentration of positive sodium ions outside of the cell and negative potassium ions inside the cell (Stahl, 2021). For an action potential to occur, these ions must cross a gradient via channels, creating an electrical charge (Green, 2015a). Ligand-ion channels on the cell membrane open to certain neurotransmitters latching onto them while voltage-gated channels on the neuron cell membrane open in response to changes in the cell membrane potential (Stahl, 2021). Once this electrical change first occurs within a neuron, the opening of the latter channel, the most prominent channel, will allow the charge to quickly propel down a neuron’s axon, made faster by the insulating myelin sheath (Green, 2015a). At this point, it will arrive at the axon terminals of a neuron, where transduction to the following neuron will occur. 
          The location where two neurons interact are called synapses. While there are some electrical synapses, where neurons directly connect to allow for transduction of action potentials extremely quickly, chemical synapses are much more abundant. These chemical synapses are relatively slower but much more abundant. At such synapses, neurons are extremely close, however not in direct contact, and the space between the neurons are called synaptic clefts . Presynaptic terminals of each neuron contact synaptic vesicles which hold neurotransmitters. When an action potential reaches presynaptic terminals, these vesicles are pushed to the edge of the terminals and release their neurotransmitters into the synaptic cleft (Green, 2015b). These neurotransmitters will then cross the cleft and attach to receptors on the postsynaptic/receiving neuron. The neurotransmitters will serve as agonists, partial agonists, antagonists, or inverse agonists. The effect of this binding will depend on the specific neurotransmitter. If it is an agonist, it will cause the channels to fully open, causing the ion exchange and depolarization in the receiving neuron, causing an action potential once more, and continuing the signal transduction cascade. A partial agonist will cause a weaker depolarizing response. Antagonists will occupy the receptor, preventing agonists from attaching and keeping the ion channels closed, and maintaining the current level of depolarization. Inverse agonists, on the other hand, cause the opposite effect of agonists, causing a cell's potential to hyperpolarize and pushing it even farther from the action potential threshold (Stahl, 2021). 

References
Green, H. [CrashCourse]. (2015, March 2). The Nervous System, Part 2 - Action! Potential!: Crash Course Anatomy & Physiology #9 [Video]. YouTube. https://www.youtube.com/watch?v=OZG8M_ldA1M
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In reply to Hade Dabbagh
Re: Week 2 Discussion 1: Neurotransmission Story
by Anne Villani - Friday, 8 September 2023, 2:01 AM
Hi Hade,

I found your detailed explanation of the communication between neurons and the intricacies of the synaptic process to be very well-articulated. I appreciate the way you highlighted the differences between electrical and chemical synapses, emphasizing the prevalence and significance of the latter. Your mention of the ion concentration differences inside and outside the neuron, and the subsequent generation of action potentials, aligns with findings from a study by Catterall (2017) in the Nature Reviews Neuroscience. Catterall delved into the molecular basis of voltage-gated sodium and calcium channels' operation, emphasizing their role in generating and propagating electrical signals in neurons.

Furthermore, your mention of the various roles neurotransmitters play, whether as agonists, partial agonists, antagonists, or inverse agonists, provides a comprehensive understanding of the complexities involved in neuronal communication.Your reasoning and findings are supported by the work of Berg & Clarke (2018); they discussed the mechanisms and roles of neurotransmitter receptors, especially in the context of traditional receptor theory and the activation of ligands acting among different types of agonists.

Overall I found your post very informative in helping to round my understanding on the topic of chemical and electrical neurotransmission. Clearly this plays a fundamental aspect in our comprehension in the effects drugs have on the brain and in this class moving forward.


Resources:

Berg, K. A., & Clarke, W. P. (2018). Making Sense of Pharmacology: Inverse Agonism and Functional Selectivity. The international journal of neuropsychopharmacology, 21(10), 962–977. https://doi.org/10.1093/ijnp/pyy071

Catterall, W. A. (2017). Voltage-gated sodium channels at 60: structure, function and pathophysiology. Nature Reviews Neuroscience, 18(12), 731-745.
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In reply to Hade Dabbagh
Re: Week 2 Discussion 1: Neurotransmission Story
by Antonette Manigsaca - Saturday, 9 September 2023, 12:30 AM
Hi Hade,

Thank you for sharing your post about cascades of neuronal impulses. It's interesting how neuronal activation triggers events affecting information processing, learning, memory, and various cognitive functions. According to Kotob (2021), cell-to-cell communication (signaling) is essential for comprehending cell and system processes. It is important in biological systems because it serves as a fundamental mechanism that enables cells to coordinate activities, respond to changing environments, and carry out various physiological functions.

I agree with you that neurons communicate at specialized junctions called synapses. Grumezescu et al. (2022) stated that signal conduction from one neuron to another via synapses is how the central nervous system (CNS) processes and transmits information to the peripheral nervous system. Hence, when an action potential reaches a synapse, it can release neurotransmitters, chemical messengers that transmit signals from one neuron to another. Therefore, this synaptic transmission is a critical step in the cascade of events initiated by neuronal activation.

Reference:

Grumezescu, A.M., Niculescu, A.G., Roza, E., Teleanu, D.M., Teleanu, R.I., & Vladacenco, O. (2022). Neurotransmitters- Key Factors in Neurological and Neurodegenerative Disorders of the Central Nervous System. https://doi.org/10.3390%2Fijms23115954
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In reply to Hade Dabbagh
Re: Week 2 Discussion 1: Neurotransmission Story
by Martin Mutesasira - Saturday, 9 September 2023, 8:18 AM
Hello, Hade. I appreciate your sharing such an educative response to the discussion questions on the neurotransmission story. The inside of neurons has a slight negative charge in comparison to the outside of them due to the concentration of positive sodium ions outside of the cell and negative potassium ions inside the cell (Stahl, 2021). These ions must move across a gradient through channels, generating an electrical charge, for an action potential to happen (Green, 2015a). The charged cellular membrane of neurons makes communication both inside and between neurons possible. When an action potential arrives and causes depolarization at the axon tip, the electrical message must be transformed into a chemical one to cross the synaptic cleft (Lasseigne et al., 2021). A signal is sent from one neuron to the next in the communication chain via an action potential, a positive change in the membrane potential along a neuron's axon. An action potential is felt by the receiving neuron, which then causes the signal to continue being sent to more neurons in the communication network.
You noted that the locations where two neurons interact are called synapses. While there are some electrical synapses, where neurons directly connect to allow for transduction of action potentials extremely quickly, chemical synapses are much more abundant. An action potential is a positive change in the membrane potential along a neuron’s axon that sends a signal from one neuron to the next in the communication chain. The receiving neuron experiences an action potential that triggers the continued transmission of the signal to different neurons along the communication chain. When messages are delivered, they land on a receiving neuron, which can also be called the post-synaptic. The presynaptic neuron is responsible for sending messages on the receiving end.
References
Lasseigne, A. M., Echeverry, F. A., Ijaz, S., Michel, J. C., Martin, E. A., Marsh, A. J., Trujillo, E., Marsden, K. C., Pereda, A. E., & Miller, A. C. (2021). Electrical synaptic transmission requires a postsynaptic scaffolding protein. eLife, 10, e66898. https://doi.org/10.7554/eLife.66898
Stahl, S. (2021). Essential psychopharmacology: Neuroscientific Basis and Practical Applications (5th ed.). Cambridge University Press.
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In reply to Hade Dabbagh
Re: Week 2 Discussion 1: Neurotransmission Story
by Caroline Knutti - Sunday, 10 September 2023, 1:59 PM
Hello Hade,
I found your discussion post to be very interesting. I was particularly interested in your explanation of agonists, partial agonists, antagonists, and inverse agonists as they relate to neurotransmitters. I found your description of the action potential effects from neurotransmitters to be different from my previous understanding in my discussion post. Your discussion post explained the action of antagonists as a sort of gatekeeping of the channels, and by preventing any agonists from binding to the receptor. This was a different way of looking at the same process. My understanding of the action of antagonists was the same, but I had not thought of it from an action potential point of view. I was viewing the function of antagonists as they bind with a G-protein-linked receptor and create a conformational change specific to halting the progression of the signal transduction (Stahl, 2021). From an action potential perspective, it sounds like the antagonist slows the action potential. One study examines the use of 3,4-diaminopyridine and its antagonistic properties in the treatment of neuromuscular weakness (Ojala et al., 2021). The 3,4-Diaminopyridine works to prevent the voltage-gated potassium channel from opening, which then increases the time the action potential remains hyperpolarized at the presynaptic junction (Ojala et al., 2021). It is my understanding that this prolongation of the action potential then delays the signal transduction.
It is crucial for PMHNPs to comprehend the actions of the drugs they are prescribing. The imbalance of neurotransmitters plays a vital role in the diagnoses we will be treating. For example, schizophrenia has been shown to be primarily induced by dopamine, along with glutamate, serotonin, and GABA (Bansal & Chatterjee, 2021). With this understanding in mind, a PMHNP might look to use dopamine antagonists for antipsychotic properties (Stahl, 2021). Indeed, we will continue to learn about the effect neurotransmission has on mental health.
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In reply to Hade Dabbagh
Re: Week 2 Discussion 1: Neurotransmission Story
by Stephanie Silvio - Monday, 11 September 2023, 7:33 PM
Hi Hade,

I found your discussion post to be very informative and provide a clear explanation of neurotransmission. Proper communication between neurons is essential for proper functioning (Stahl et al., 2021). Neurotransmitters are responsible for communication between neurons. The electrical message, or action potential, is converted into a chemical signal, or neurotransmitter, immediately before entering the synaptic cleft (Caire et al., 2023). Once released from the presynaptic neuron into the synaptic cleft, the neurotransmitter binds to the postsynaptic neuron, which can continue the neurotransmission process. Understanding the neurotransmission process and neurotransmitters' role as they relate to the psychiatric mental health nurse practitioner (PMHNP) prescribing role is essential. Psychiatric conditions and their accompanying symptoms can directly result from imbalances of neurotransmitters, which directly affect the neurotransmission process. For example, glutamate, the most abundant excitatory neurotransmitter, is associated with the presence of various psychiatric conditions due to abnormalities or dysfunction of glutaminergic neurotransmission (Li et al., 2019). Understanding the effect of each neurotransmitter and how certain drugs will impact them is a necessary component of safely prescribing medications as a PMHNP.
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Shohana Paradise - Tuesday, 5 September 2023, 7:10 AM
Once upon a time in the city of Neurosberg lived many neurons, each with a job to interact with each other by relaying messages to another; this is what helped their community succeed and kept it running smoothly. One day one of these neurons received an urgent telephone call with a very important message and this sparked the neuron with a tiny charge of electricity; creating a neuronal impulse to go on a very important mission to transmit the message to the others.

On its journey, the neuron approaches the top of a hill. It sees a neuron on a different hill across, this is the receiving neuron. This is where it becomes challenging because one neuron cannot touch another neuron and this neuron can’t cross. However, the message still needs to be sent, but the neuronal impulse needs to find a way. In between the two neurons is the synaptic cleft (in this case the opening between the two hills) where passing occurs through a small gap. The neuronal impulse has come to the end of its journey with the neuron and must cross now, but still needs assistance with crossing the message across. So it sees a tiny butterfly, the neurotransmitter that is a messenger, and releases the message with the butterfly to the receiving neuron on the other hill. Waiting with the receiving neuron are a group of receptors (like gatekeepers) called G-protein-linked receptors that are keenly waiting for the neurotransmitter. Once the neurotransmitter arrives, it binds to the receptors and open up their gates creating the Signal Transduction Cascade like a chain reaction with one event activating the next. In this cascade, there are four different roles involved: agonist, antagonist, partial agonist and inverse agonist. The agonist strengthens/activates the receptors response to the greatest extent possible. The partial agonist partially engages with the receptors. The antagonist blocks the receptors and prevents from advancing, blocks overstimulation. The inverse agonist provokes an action opposite to that of the agonist, causing receptor to decrease its baseline signal transduction level. Along with the cascade, the binding of neurotransmitter to a receptor also opens up the voltage-gated and ligand-ion channels that are like passageways allowing charged ions to flow in and out of neurons changing its core voltage. And that is how neurotransmission works with our every thought, emotion, and sensation and neurons serving as the communication network in our daily lives.

Stahl, S. (2021). Essential psychopharmacology: Neuroscientific Basis and Practical Applications (5th ed.). Cambridge University Press.

U.S. National Library of Medicine. (1997). The principles of nerve cell communication. Alcohol health and research world. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6826821/

Cooper, G. M. (2000). The cell: a molecular approach (2nd edition). Sinauer Associates. Pathways of Intracellular Signal Transduction. Retrieved from https://www.ncbi.nlm.nih.gov/books/NBK9870/

Purves, D., Augustine, G. J., Fitzpatrick, D., et al. (2001). Neuroscience (2nd edition). Sinauer Associates. Neurotransmitter Synthesis. Retrieved from https://www.ncbi.nlm.nih.gov/books/NBK11110/
"Hanging indentation was not retained"
PermalinkShow parentReply
Like 0

In reply to Shohana Paradise
Re: Week 2 Discussion 1: Neurotransmission Story
by Hade Dabbagh - Thursday, 7 September 2023, 2:17 PM
Shohana, 
Thank you for your discussion post. The subject that I was still most confused about was the role of G-proteins in neuronal transmission.  However, after reading your post, I think I have a better understanding of how it works in the process. Most sources I read discussed the action of G-proteins in general and how they function (Sladek & Song, 2012). But now I understand more that the G-proteins stimulation by a presynaptic neuron is what helps instigate the action potential in the postsynaptic neuron, thus starting the signal transduction cascade (Stahl, 2021).
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Martin Mutesasira - Tuesday, 5 September 2023, 3:18 PM
Neurons are highly specialized cells capable of receiving and sending electrical or chemical impulses and are supported by cells that provide support functions for the neurons. Neurons communicate via both electrical signals (action potentials) that transmit information from one neuron to the other and chemical signals (neurotransmitters) that transmit information from one neuron to the next (Schiera et al., 2019). Communication among neurons typically occurs across microscopic gaps referred to as synaptic clefts. Notably, a single neuron does not work alone; neuronal communication depends on neurons' connections with others. Dendrites are structures that receive signals from other neurons and can receive synaptic contact from approximately 200,000 other neurons. The neurotransmitter is responsible for transmitting signals between neurons, but an action potential is responsible for transmitting a signal within a neuron (Schiera et al., 2019).
Charged cellular membranes within neurons make communication within and between neurons possible. To cross the synaptic cleft, the electrical message must be converted to a chemical one and occurs when an action potential arrives at the axon tip, resulting in depolarization (Lasseigne et al., 2021). An action potential is a positive change in the membrane potential along a neuron's axon that sends a signal from one neuron to the next in the communication chain. The receiving neuron experiences an action potential that triggers the continued transmission of the signal to different neurons along the communication chain. The depolarization causes Ca2+ to enter the cell, which triggers the release of neurotransmitter molecules in the synaptic cleft following the influx of Ca2+. Axons and dendrites of a neuron contact axons of other neurons via a cascade of synaptic clefts traversing the length of the axon.
Specifically, Ligand-Gated Channel Receptors When A ligand-gated ion channel opens when a neurotransmitter molecule attaches to it, enabling ions to flow across the membranes. Other ligand-gated channels are permeable to negatively charged ions that increase negative charge within the cell, making it difficult to excite the cell and induce an action potential. Neurotransmitters that bind to the second messenger-linked receptors initiate a complex cascade of chemical events that can either excite or inhibit further electrical signals. The combined activity of these ions is involved in numerous physiological processes in muscle contraction, including impacting the central nervous system and cardiac and skeletal muscle contractions (Bowie, 2018).
G protein-coupled receptors (GPCRs) are the most prominent fa family of signal-transducing cell surface receptors. These receptors are located on the cell surface. They are activated by the binding of a ligand, initiating a cascade of intracellular events through the activation of G proteins, leading to various cellular responses (Kurose & Kim, 2022). Notably, the agonists bind and activate the G-protein-linked receptors, enhancing the cellular response initiated by receptor activation. Partial agonists, on the other hand, bind to the receptor but only produce a partial cellular response compared to a full agonist. Antagonists, in contrast, bind to the receptor without activating it, blocking the binding of other molecules and inhibiting the cellular response (Kurose & Kim, 2022). Unlike antagonists, inverse agonists block the receptor and induce an opposite cellular response compared to the natural ligand. Specifically, the inverse agonists play a significant role in regulating cellular processes by effectively "turning off" the receptor's activity.
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In reply to Martin Mutesasira
Re: Week 2 Discussion 1: Neurotransmission Story
by Anne Villani - Saturday, 9 September 2023, 6:23 AM
Hi Martin,

Your detailed explanation of neuronal communication, the role of neurotransmitters, and the significance of various receptors is both enlightening and comprehensive. I appreciate your emphasis on the intricacies of the communication process, especially the role of ligand-gated channels and GPCRs. The delicate balance of these processes is crucial for maintaining proper brain function, and even minor disruptions can have significant implications. The way you've highlighted the conversion of electrical impulses to chemical signals underscores the complexity and precision of our neural networks.

Your mention of the conversion of electrical messages to chemical ones at the synaptic cleft brought to mind a study by Faber & Pereda (2018). The authors highlighted the importance of this conversion process, emphasizing that different types of conversions and signaling as well as disruption in these messages could lead to various neurological disorders. This underscores the significance of understanding the intricacies of neuronal communication, especially for PMHNPs who might be prescribing medications that influence these processes. It's fascinating to think about how these minute molecular interactions can have such profound effects on behavior and cognition.
Furthermore, your discussion on GPCRs resonates with the findings of Hauser et al. (2017). The authors emphasized the therapeutic potential of targeting GPCRs, given their pivotal role in various physiological processes. This further emphasizes the importance for PMHNPs to have a deep understanding of these receptors, as many psychiatric medications target these pathways. The potential for personalized medicine, where treatments are tailored based on individual receptor profiles, is an exciting frontier in psychiatric care.
Understanding these processes is crucial for PMHNPs, as it provides a foundation for the pharmacological interventions they might employ. By comprehending the underlying mechanisms, PMHNPs can make more informed decisions about medication, ensuring better patient outcomes. As our knowledge of these systems continues to grow, it's exciting to think about the potential advancements in treatment and patient care. I look forward to further discussions on throughout this class and exploring more of the latest research findings together.
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Avneet Mann - Wednesday, 6 September 2023, 8:39 PM
This discussion will reveal how neuronal activation occurs, which takes place in the nervous system. In the nervous system, there are many messages (neurotransmitters) that are being transmitted that have important information. Let’s begin with a neuron. A single neuron is like a fort. Inside the neuron’s cell membrane, it has voltage-gated ion channels, resembling soldiers. Next to fort (A), there is another fort (B) (neuron). Fort B is communicating with fort A. The communication comes in the form of a neurotransmitter, which is a chemical messenger produced by the sending neuron (fort B). The neurotransmitter is an important message, coded with information that has to be delivered to the receiving neuron (fort A). The neurotransmitter goes across the synaptic cleft, a gap separating the sending and receiving neurons. The synaptic cleft is like a vertical road between the forts (neurons), and the neurotransmitter has to go through it to get to the receiving neuron (fort A). Outside of the receiving neuron (fort A), there are ligand-gated ion channels (fort’s doors) that only open when certain keys, or neurotransmitters, come (Loussouarn & Tarek, 2021). The neurotransmitter fits exactly into the receptors and the ligand-gated ion channels open, letting ions come into the neuron (fort A). Because of the sudden entrance of ions, the neuron’s voltage changes, which makes an electrical signal called a postsynaptic potential (Stahl, 2021). The neuron must ensure the signal is sufficiently powerful to transmit the message. This is where the signal transduction cascade comes into play. The signal transduction cascade is a series of molecular occurrences that magnify the signal. Let’s think about the game Telephone within the neuron. The first person is the neurotransmitter binding to the receptor, and as the message is being whispered and passed, each person in the cascade activates the next, magnifying the signal until it reaches its maximum potential. In some cases, the neuron (fort) may come across different messengers (neurotransmitters). Those special neurotransmitters will bind to a special door of the fort called a G-protein-linked receptor (Rehman et al., 2022). Some messengers (neurotransmitters) act as either agonists, partial agonists, antagonists, or inverse agonists. An agonist is a chemical molecule that may attach to a receptor and activate it, resulting in a biological reaction (Stahl, 2021). A partial agonist is a chemical substance that may attach to a receptor and activate it weakly (Stahl, 2021). An antagonist is a chemical substance that may attach to a receptor but not activate it, resulting in no biological reaction. It just covers the receptor site, blocking agonist binding and function (Stahl, 2021). An inverse agonist is a chemical substance that binds to the identical receptor location as an agonist but generates the opposite biological reaction (Stahl, 2021). Depending on the neurotransmitter and its receptor, the signal transduction cascade may go on with different levels of energy. Some messengers may speed up, slow down, or stop the game of Telephone (signal transduction cascade). As the signal gets to the end of the cascade, it causes the opening of more voltage-gated ion channels. The occurrence lets ions into the neuron, creating an action potential (electrical signal). The neuron can now send its message, letting go of the neurotransmitters into the synaptic cleft to another neuron.
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In reply to Avneet Mann
Re: Week 2 Discussion 1: Neurotransmission Story
by Shohana Paradise - Friday, 8 September 2023, 4:51 AM
Hi Avneet,

I really liked your example of the game telephone within the neuron and how neurons, being a chain of people, with messages need to travel along a chain accurately. Additionally, neurotransmitters, the messengers, play a big role in this communication between the neurons and they allow the neurons to communicate with each other throughout the body (Sheffler et al., 2023). If there are any changes in the neurotransmitter levels, then can be linked to various neurological disorders (Sheffler et al., 2023). Similarly, if any changes to the message that is carried out during the game telephone, the communication breaks down due to an error in message transmission.
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In reply to Avneet Mann
Re: Week 2 Discussion 1: Neurotransmission Story
by Sharonda Moore - Monday, 11 September 2023, 11:26 PM
Week 2 Discussion 1 - NU643 Neurotransmission Story
Sharonda Moore
Department of Nursing, Regis College
NU-643-01-23PCFA Adv.Psychopharmacology
Professor Elena A. Cetola, M.S. APRN, CNP, PMHNP-BC
September 11, 2023
 
Hi Avneet,
 I enjoyed your original version of how neurons communicate and translate messages by signaling to each other. The point that stood out to me the most was your comparison of how neurons transmit, and process messages like in the telephone game. The section in which you discussed how the neurons encounter different messages reminded me of how people with the same disorder can have varying presentations of the same illness. For example, every individual diagnosed with bipolar disorder does not present the same or respond to the same medications. This is what makes the story of neurons so fascinating because of how specific neurotransmitters can bind to certain receptors to secrete chemical messages to areas of the brain (Stahl, 2021). Whether these messages are received the same of something gets modified in translation based on the unique genetic cells of the individual remains to be seen. Considering the advancement in artificial technology in neuroscience with neurotransmitters in diseases like Alzheimer’s and Parkinson diseases that are rapidly progressing, the future of knowing more about how neurotransmitters influence the brain’s chemistry in order to help create improved treatment and possibly a cure is optimistic for future research (Gopinath, 2023).
According to Matt, (2021) prescribers who work with psychiatric medications should be well informed of the relationship between psychiatric medications and neurotransmitters, resulting in issues with inflammation and vulnerability of the immune system. These factors play a significant role in many individuals diagnosed with co-occurring illnesses (Matt, 2021). As a prescriber we would have to know that dopamine is one of the main neurotransmitters that plays a significant role in bipolar disorder (Lee et al., 2022). The mechanism of action dopamine aids in the fluctuation of depression to mania as often seen as a key symptom of the illness (Lee, 2022). It is also responsible for influencing an individual’s mood fluctuations and goals/drive (Lee et al., 2022). The interaction described between neurons and receptors and their selection process in who they will bind to and what pathways they chose to take is important for a prescriber to know because of the impact that it has on the entire being of the person (Stahl, 2021). It is important for prescriber to understand dopamine’s effect on the brain and what responses are considered typical versus atypical (Lee et al., 2022). Information such as this may indicate an excess or deficit of the neurotransmitter in the brain, therefore soliciting a certain response or lack thereof (Stahl, 2021). A prescriber would then use this information to assess what medications are suitable to balance out the level of neurotransmitter in order for the desired behavior/response to occur (Stahl, 2021).  
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Ian Smith - Wednesday, 6 September 2023, 10:49 PM
Neuronal impulses are the means by which one neuron speaks to another neuron, and another to transmit signals from the brain to other places in the body such as muscles, and organs. The ‘story’ of a neuronal impulse would be the story of a journey as the impulse begins in the presynaptic (sending) neuron, travels across the synaptic cleft, and starts a new signal in the postsynaptic (receiving) neuron (Stahl et al., 2021). When the neurotransmitter reaches the postsynaptic neuron, it may bind to a ligand gated ion channel, or G-protein linked receptor. If the protein binds to an ion channel, it will open that channel, and allow for ions, or charged particles to move across the membrane of the neuron, which sets off an action potential known as a signal transduction cascade (National Library of Medicine, 1997). If the neurotransmitter binds to a g-linked protein receptor, it creates a number of chemical messengers within the cell that travel through the neuron to send a message that can be received in the nucleus of the neuron, or other cells (Stahl et al., 2021). In the activation of ligand-gated ion channels, the transduction cascade occurs as the differing charges between the interior and exterior of the cell open voltage-gated ion channels, and “move” the new charge down the length of the neuron towards the receiving neuron.

Nerve impulse transmission can be affected by any substance that lies along the agonist spectrum. For example, an agonist is a substance that could be used to stimulate the same effect as a certain neurotransmitter if that neurotransmitter is only occurring in small quantities or not occurring at all (Stahl et al., 2021). A partial agonist can bind to a receptor, and cause a smaller than normal response to occur (Stahl et al., 2021). An antagonist can bind to a receptor and cause nothing to happen, which can be useful if too much of a certain response is happening (Berg & Clarke, 2018). Finally, an inverse agonist binds to a receptor and causes the opposite effect to happen (Berg & Clarke, 2018). While complex, all of this information is important to know when treating patients with psychiatric or mental health problems, because it helps to form the basis of rational drug selection, and helps us to better understand the why behind why some drugs are effective for treating certain disorders and symptoms.
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In reply to Ian Smith
Re: Week 2 Discussion 1: Neurotransmission Story
by Avneet Mann - Thursday, 7 September 2023, 7:55 PM
Hello Ian,
Your post is well written! I had a difficult time grasping the concept of the G-protein-linked receptor, but after reading what you wrote, I have a better understanding. I would like to add to your statement regarding the antagonist molecule. It is true that the antagonist attaches to the receptor and does not activate it. Since it is attached to the receptor, the agonist can not attach, which is why there is no response (Stahl, 2021). I pointed this out because I thought the agonist was powerful enough to replace the antagonist from the receptor. To add more to this reply, I would like to answer why it is critical to understand this process as part of the prescribing role of the PMHNP. A prescriber needs to understand the concepts of agonists, partial agonists, antagonists, and inverse agonists to be able to prescribe the correct medication. They also must understand the safety and efficacy of those concepts. For example, if I had a patient, I would not prescribe two agonists (oxycodone and morphine) because that is too much stimulation and can cause side effects that can be harmful. Another example is benzodiazepines. As future PMHNPs, we will prescribe benzodiazepines for anxiety. Benzodiazepines are agonists, so if a patient showed up to the ER with a benzodiazepine overdose, we know to give flumazenil, which is a benzodiazepine antagonist (Preuss et al., 2022). The flumazenil will block the receptor, stopping the agonist from attaching. Overall, you have a great post and I hope to hear your thoughts on why you think it is critical to understand the process as part of the prescribing role for the PMHNP. Thank you!
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In reply to Avneet Mann
Re: Week 2 Discussion 1: Neurotransmission Story
by Ian Smith - Saturday, 9 September 2023, 4:58 PM
Hi Avneet,

I agree with you that it is important to know which medications are agonists, and antagonists, so that more than one medication that acts on the same receptor isn't prescribed, and that we know what to give patients if they overdose. I noticed that you mentioned flumazenil for benzodiazepine overdose. There has recently been an education campaign in the hospital where I work about using flumazenil for benzo overdose, because it apparently isn't being utilized when necessary, it sounds like most of the providers are using Narcan and if that doesn't help the patient then they don't try anything else. In addition to knowing where medications fall on the agonist spectrum, it will also be important to know which medications are antagonists, or inverse agonists to other ones so that we can be prepared for situations like overdoses.
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In reply to Ian Smith
Re: Week 2 Discussion 1: Neurotransmission Story
by Tyrone O'Banner - Sunday, 10 September 2023, 1:35 AM
Ian,
            Great post this week! Your discussion of how neurons interact with each other is concise and easy to follow as these concepts are challenging to understand. As a PMHNP it is important to understand these complex interworking of cellular communication because it will help determine what medications patients need to live a healthier lifestyle. In the psychiatric world, I have noticed patients with conditions of depression, dementia, and Parkinson disease take many medications that help with symptoms. Song et al., (2023) stated that medications focused on diseases that erode the brain such as Parkinson's disease do not help prevent the disease from getting worse, the medications just relieve symptoms with the activation of receptors (p 2). Personally, when I have shadowed hospitalists on the medical floor, they told me that advertised preventive medications like Prevagen which we see on television, cause more harm to patients than intended because they have horrible side effects. Woo & Robinson (2020) stated that cellular communication and neurotransmitters perform less efficient as people grow older in age (p. 1417). This medication is said to help improve memory. Dongshin and Jang-Sik (2022) stated that the body has many different neurons used for communication that can be excited or inhibited for signaling, which are expressed through human behaviors (p. 2200497). As PMHNP being able to use evidence-based practice guidelines will help patients be equipped with the most current information. 
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In reply to Ian Smith
Re: Week 2 Discussion 1: Neurotransmission Story
by Christina Heinle - Sunday, 10 September 2023, 11:47 PM
Hi Ian

I enjoyed reading your post this week. It really simplified the subject matter and was easy to follow and understand. Action potential is crucial and mandatory for communication between neurons. The are a physiological aspect in cells that is needed to initiate the release of neurotransmitters allowing for the neuron impulse (Bowie, 2018). Electrical signals are released by the neurons resulting in the opening or closing of the ion channel depending on the voltage discharged from the membrane (Bowie, 2018). The ligand-gated ion channel effects can be seen in the process of the agonist spectrum (Stahl, 2021). It utilizes the full agonists on the left, with mid-spectrum housing the antagonists and the far right holding the inverse agonists (Stahl, 2021).
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Re: Week 2 Discussion 1: Neurotransmission Story
by Jessie Finkelstein - Thursday, 7 September 2023, 12:15 AM
The first thing that occurs in your brain is a change from homeostasis, aka a stimulus. Something, a smell, sight, sound, thought, alerts the brain that a message needs to be sent. This stimulus causes a change in the voltage gradient across the membrane within the neuron (Zhang, 2019). There are two ways for things to move through the cell membrane, passively through concentration gradients, or actively with assistance from ATP (energy of the cell). When the voltage gradient across the membrane changes, it can open up the voltage gated ion channels to allow ions to move freely via a concentration gradient. This would be passive transport into the neuron (Stahl, 2021). Alternatively, the change in voltage gradient causes an action potential (electric pulse) that runs through the neuron. This electric pulse will run through the originating neuron to its axon, where it will release a neurotransmitter from the vesicle it resides in waiting to be activated. Once activated the neurotransmitter will be released to send a message to the receiving neuron via synaptic transmission (Patri, 2019). The release of the neurotransmitter begins the signal transduction cascade, aka the active way for your brain to communicate with itself on a cellular level (Stahl, 2021). 
The two neurons meet at what is called the synaptic cleft, the space between two neurons. It is here where the neurotransmitters released from the presynaptic axon will be released to find receptors to receive them. There are two different types of receptors, ionotropic receptors and metabotropic receptors. The ionotropic receptors are also known as the ligand ion channels, when the neurotransmitter is attached those ion channels open for movement. The metabotropic receptors, also called G-Protein receptors, bind to enzymes once activated that signal a secondary messenger to continue passing on the message that was started.  The metabotropic receptors are slower to action than the ionotropic receptors but have a larger outreach ability (Stahl, 2021). The process of signal transmission is not just electrical but rather electrical and chemical as demonstrated by the neurotransmitters AND the action potential (Patri, 2019). 
Now let's explore how different types of substances can alter the communication within the brain. If you introduce an agonist to a signal transduction, it acts the same as the original natural neurotransmitter increasing the effects. Therefore you will feel as if you have more of that original neurotransmitter. If you introduce an antagonist to a signal transduction, it blocks the effects of the naturally released neurotransmitter, decreasing the effects seen. An inverse agonist would bind to receptors the natural neurotransmitters are attempting to bind to, therefore having the opposite effect of the neurotransmitter by taking its spot on the receptor. In an inverse agonist the substance is binding to the receptor not just blocking the overall effect of the neurotransmitter (Stahl, 2021).  
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Hello Jessie, thank you for your contribution to this week’s discussion. The signal transduction forms a network of sequential chain reactions that modify signaling molecules ​(Tsuruyama, 2023)​. This is of significance to prescribers as having knowledge of the process allows the clinician to best choose the appropriate therapy or therapies for a patient to treat their diagnosis and address symptoms. Knowledge of the mechanism of action of any drug is essential in determining the effect of the medication, whether it acts as an agonist, antagonist, partial agonist, or inverse agonist. For example, utilizing medications that have the potential for an antagonist effect can block the actions of an agonist effect, and can impede maximal activation of the signal transduction cascade (Stahl, 2021). This can be seen as a benefit in cases where there may be overstimulation by neurotransmitters (Stahl, 2021). For example, in cases of peripheral tissue injury resulting in hyperexcitability of central nervous system neurons, resulting in persistent nerve pain (Raja et al., 2020). In this case there is benefit in using anticonvulsant medication to produce pain relief due to the drug limiting neuronal excitation and enhancing inhibition (Enke et al., 2018). Another example would be with the use of Selective Serotonin Reuptake Inhibitors, or SSRIs, with depression. SSRIs specifically increase serotonin (5-HT) levels in the synaptic cleft and are widely used to treat mood and anxiety disorders (Segi-Nishida, 2017). SSRIs elevates extracellular 5HT levels, which leads to activation of 5HT1A receptors on 5HT neurons and 5HT2A receptors on postsynaptic neurons (Dremencov et al., 2009). The result antagonist or partial agonist effect results in possible pre-cognitive and antidepressant actions (Stahl, 2021). 
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Week Two Discussion: Neurotransmission Story
Shohana Paradise, MSN, APRN, BSN
Professor Cotela


Once upon a time in the city of Neurosberg (the nervous system) lived many neurons, each with a job to interact with each other by sending and receiving electrical signals (Sivadas & Broadie, 2020). This is what helped their community succeed and kept it running smoothly. One day one of these neurons received an urgent telephone call with a very important message and this sparked the neuron with a tiny charge of electricity; creating a neuronal impulse to go on a very important mission to transmit the message to another neuron.
On its journey, the neuron approached the top of a hill. It saw a neuron on a different hill across and this was the receiving neuron. This is where it became challenging because one neuron cannot touch another neuron and this neuron was unable to cross. However, the message still needed to be sent and the neuronal impulse needed to find a way. In between the two neurons was the synaptic cleft (in this case the opening between the two hills) where passing occurs through a small gap (Stahl, 2021). The neuronal impulse came to the end of its journey with the neuron and needed assistance with crossing the message across. It saw a tiny butterfly, the neurotransmitter, a messenger, that sends and processes information in the nervous system (Teleanu et al., 2022). The neuron released the message with the butterfly to the receiving neuron waiting on the hill across. The neurotransmitter started its travel across the synapse to the receiving neuron with a goal to generate a new electrical wave (Sivadas & Broadie, 2020). 
Waiting with the receiving neuron were a group of receptors (like gatekeepers) called G-protein-linked receptors and they play a role in sending signals from outside to inside the cells (Stahl, 2021). These receptors were keenly waiting for the neurotransmitter. Once the neurotransmitter arrived, it attached to the receptors and opened up their gates creating the Signal Transduction Cascade like a chain reaction with one event activating the next (Stahl, 2021). In this cascade, there were four different roles involved: agonist, antagonist, partial agonist, and inverse agonist. The agonist helped to strengthen/activate the receptors’ response to the greatest extent possible (Stahl, 2021). The partial agonist partially engaged with the receptors. The antagonist blocked the receptors from overstimulating and prevented them from advancing. The inverse agonist provoked an action opposite to that of the agonist and caused the receptor to decrease its baseline signal transduction level (Stahl, 2021). Along with the cascade, the binding of neurotransmitters to a receptor also opened up the voltage-gated and ligand-ion channels that acted as passageways allowing charged ions to flow in and out of neurons changing its core voltage. Voltage-gated channels open or close based on the changes in voltage. Ligand-ion channels open when a neurotransmitter attaches to them, causing a change that allows the ions to follow through (Alexander et al., 2021). This is how neurotransmission works and is important to understand because it is the foundation of how our brain works and neurons serve as the communication network in our daily lives.
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Hi Shohana!
Let me just start by saying how creative this was. I read the directions for this assignment way too literally, but that’s autism for you. My brain works in such a linear fashion when learning something like this. I found it helpful to look at it as a start to finish process with certain portions branching out. This is also how my coworkers have started to process information, because sometimes my analogies take too long to get to the point. 

In your story the phone call the neuron received is the stimulus. Something within or outside the body has caused the phone call to the neuron. This phone call caused a change in the neuron’s everyday routine, which can be compared to the voltage gradient across the membrane changing within the neuron (Zhang, 2019). That change is what leads to the electrical spark you mentioned, but it also opens up the voltage gated ion channels (Stahl, 2021). In your story this could be the one neuron telling all the neurons he comes into contact with while walking to the top of the hill what happened on his phone call. He might usually come into contact with them but he now has something to share. The opportunity to move through the concentration gradient passively has occurred because he is coming from a zone where everyone knows the information (his house) into a zone where no one does (the community) and he wants those to be equal. That might be a stretch but I wish everyone luck trying to place diffusion into this analogy. 

This does not stop Mr. Neuron from going to the hill to relay his message to his friend on the other side, as he feels he must due to the urgency of his phone call. This urgency could be related to the action potential generated as the voltage gradient of the membrane changed earlier in the story. When he gets to that hill, the synaptic cleft, he needs to use the butterfly to get the information across the open space. The butterfly will be the chemical portion of the electric-chemical process of signal transmission, which is the neurotransmitter (Patri, 2019). This butterfly will now pass the message to the other neuron who will continue passing it to the other neurons down the hills to the south. This butterfly is starting the signal transduction cascade (Stahl, 2021). 

To receive the message from the butterfly the receiving neuron must accept the message via a receptor, like a special mailbox. It can be a ligand gated ion channel receptor, that opens up the receiving neurons ion channels, or a G-protein receptor. Which receptor that receives the neurotransmitter depends on the neurotransmitter itself. A G protein receptor will translate the message from the butterfly into the receptor neuron’s mother tongue via an enzyme (Stahl, 2021). This is so that the cascade can continue via a secondary messenger that the activated enzyme signals (Olsen & English, 2023). 

The only part of the story I disagree with is where you speak of agonist, antagonist, partial agonist, and inverse agonist as roles. I don’t view them as roles as much as chemicals that can alter the efficacy and success of these signaling cascades. For example, methadone works as a total agonist acting as a neurotransmitter that binds to your opioid receptors to aide your body in filling those receptors. This is so that you don’t crave opioids and don’t feel withdrawal effects. They also take up the receptor space so that if you were to take opioids on top of methadone they have no receptors to bind to, so that euphoric feeling is much harder to access. Buprenorphine is a partial agonist so it takes up some of the receptors but not all, making withdrawal from opioids and cravings for opioids less intense. Unlike methadone some of your receptors are still available so if you were to use an opioid it is easier to override the buprenorphine. Naltrexone is an antagonist and therefore blocks the opioids from the opioid receptors in the first place. If someone was to use opioids the opioids would not be able to bind to the receptors without over saturating the synapses causing an overdose. This is why utilization of this drug is so dangerous if someone is still in active use (Brown and Ray, 2023). None of these terms have permanent roles in the signal transduction cascade, they only affect the cascade once introduced via an outside substance. 

References:

Brown, C., & Ray, A. (2023). Substance Use Disorders and Medication-Assisted Therapies: Current Practices and implications for Nursing. Nursing Clinics of North America, 58(2), 165–181. https://doi.org/10.1016/j.cnur.2023.02.009

Olsen, R. H. J., & English, J. G. (2023). Advancements in G protein‐coupled receptor biosensors to study GPCR‐G protein coupling. British Journal of Pharmacology, 180(11), 1433–1443. https://doi.org/10.1111/bph.15962

Patri, M. (2019). Synaptic transmission and amino acid neurotransmitters. In Neurochemical basis of brain function and dysfunction. IntechOpen.

Stahl, S. (2021). Essential psychopharmacology: Neuroscientific Basis and Practical Applications (5th ed.). Cambridge University Press.

Zhang, J. (2019). Basic neural units of the brain: neurons, synapses and action potential. arXiv preprint arXiv:1906.01703.
PermalinkShow parentReply
Like 0

In reply to Shohana Paradise
Re: Week 2 Discussion 1: Neurotransmission Story
by Prerana Karki - Sunday, 10 September 2023, 11:51 AM
Hello Shohana,

You did a fantastic job telling a story, made it easy to understand the process, and put you to the imagination. I like how you refer to the G- G-protein link receptor as a gatekeeper; it also makes sense. I want to add something regarding agonist and antagonist. After a few research, I realized that ligand receptors can be categorized as agonists or antagonists; they bind to drugs or endogenous molecules. Agonist receptors are ligands that bind with the receptor, so it becomes active, and antagonists are ligands that bind with the receptor and block its effect (ANMF Federal Education Team, 2021). This knowledge regarding pharmacodynamics is essential for prescribing Psychiatric Mental Health Nurse Practitioners (PMHNP) because it guides us to understand the cellular level of understanding regarding drug effects. It is also essential to understand that as PMHNP, we could prescribe and encourage patients to diet and exercise. One article mentions healthy fat, which is necessary for neurotransmitter production, and how Omega 3 EFAs and vitamin D are essential for serotonin production. We usually get fearful of fatty food, but healthy fat is essential for brain development, reduces inflammation, and protects from brain oxidative damage (Aldridge, 2023). As PMHNP, this article would be helpful to incorporate with practice to teach patients regarding diet and promote healthy living.
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The brain is a communication hub for the whole body. It is composed of neurons, which are also called nerve cells. Ten billion neurons are connected to thousands of other neurons responsible for sending and receiving messages to or from your body through its communication system anatomically, chemically, and electrically (Stahl et al., 2021, p. 1). The small space between two neurons is called a synaptic cleft; it is connected by forming a synapse. Neurons communicate with one another through a synapse, where they can pass electrochemical signals. Neurons send messages to presynaptic neurons; they are carried by axon to the presynaptic terminal. The electric impulses or action potential triggers the presynaptic cleft, which releases neurotransmitters from synapses.

Neurotransmitters are chemical signals transmitted in the synaptic cleft and bind with specialized receptors at the postsynaptic neuron, also known as the receiving neuron (Guy-Evans, 2023). Neurotransmitters are critical for our brain and body function; alteration in any specific type of neurotransmitter can cause diseases like Parkinson's disease, depression, schizophrenia, and Alzheimer's disease. Dopamine and serotonin are some of the specific neurotransmitter types that play a vital role in neuropsychological processes (Sheffler, 2023). Neurotransmitters can be inhibitory, excitatory, and modulatory. If it blocks messages being passed along, it is considered inhibitory. If it fires up and continues to pass along the message, it is excitatory. At last, modulatory is when it influences the effect of other chemical messengers (Cleveland Clinic, 2022).

The specific molecule received at the active receptor site can trigger specific responses: signal transduction and another pathway called the phosphorylation cascade. Once the receptor binds and stimulates, the postsynaptic receptor causes some changes in receptor protein known as signal transduction (Stahl et al., 2021, p.10). After the receptor is activated, it might bind to G-protein, activate it, and bind to enzymes, which release cyclic AMP (cAMP). It carries the message into the cell and amplifies it; this is called a second messenger. The other pathway occurs when a signaling molecule binds to a receptor and releases a relay molecule on the other side of the membrane. This relay molecule then contacts other specialized molecules to the following molecules until it reaches its destination, known as the signal transduction cascade (Dave, 2016).

The receptor site has different gating mechanisms, and some are ionotropic receptor or Ligand-gated ion channels, voltage-gated, and metabotropic or protein-linked receptors. In ligand-gated ions, once the receptor binds to the ligand, it causes the opening or closing of the targeted ion-gated channel, causing ions to flow inside the postsynaptic neurons. It is known to be fast. (Caire, 2023). In protein-linked receptors, the neurotransmitter binds to the receptor, activating G-protein causes it to bind in guanosine triphosphate (GTP). Then, the secondary messenger cascade activates, triggering the phosphorylation of ion channels. It has multiple steps, which is why it is known to be slow and lasts longer (Caire, 2023). Voltage-gated ion channels are controlled by membrane potential; opening and closing are regulated by the ionic charge (Stahl et al., 2021, p.66).

The receptor has different responses for different types of drugs at receptors and they are: agonist, antagonist, inverse antagonist, and partial agonist. An agonist has the same effect as a neurotransmitter; it activates the receptors. The antagonist has the opposite effect as neurotransmitters; it binds to the receptor but cannot activate it. An inverse agonist is when the drug is bound to the neurotransmitter to have the opposite effect and exhibit negative efficacy. Partial agonists partially affect neurotransmitters and activate the receptor but only cause submaximal biological response (Pharma Education, 2019).
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          Neurotransmission is typically initiated when neurons send electrical or chemical signals from one cell to another (Stahl, 2022, p.6). This is the process neurons take to communicate with one another to produce a result. The communication occurs when an electrical impulse is converted to a chemical messenger or neurotransmitter, which is then transferred from the presynaptic axon terminal, through the synaptic cleft, and binds to a receptor of the receiving neuron (Stahl, 2022, p.6). The chemical information from the initial neuron initiates a cascade of chemical messages within the receiving neuron, where the chemical messenger is then converted back to an electrical impulse, triggering a change in the receiving neuron's molecular functioning, producing a result and starting the process over again to continue the signal to the next neuron (Stahl, 2022, p.6). 
          There are two main types of neurotransmitter receptor sites: ionotropic and metabotropic receptors (Stahl, 2022, p.51). The electrical impulses discussed above change the neural membranes' ionic charge, opening voltage-gated ion channels in the cell membrane and allowing for the permeation of a specific ion (Stahl, 2022, p.9). For example, this process occurs with a voltage-sensitive sodium channel. Once the electrical impulse is received, sodium flows into the presynaptic nerve cell through these channels, transferring the electrical charge down the cell's axon (Stahl, 2022, p.9). Ligand-gated ion channels work similarly, although these allow for the permeation of two or more types of ions through the gate of the cell membrane (Stahl, 2022, p.51). G-proteins on the cell membrane also facilitate communication between neurons and act as a binding site for neurotransmitters, producing physiological effects (Liddle, 2023; & Yang et al., 2021). G-protein-linked receptors are located on the cell membrane and are influenced by the agonist spectrum in a process called signal transduction (Stahl, 2022, p.37). The four components of the agonist spectrum include agonists, partial agonists, antagonists, and inverse agonists. Neurotransmitters or drugs are composed of parts that produce one of these effects of a neuron (Stahl, 2022, p.37). An agonist induces a change in the G-protein-linked receptor, activating the full synthesis of a second messenger and triggering a full downstream effect of signal transduction (Stahl, 2022, p.37). To stimulate G-protein-receptors resulting in full agonist action, a neurotransmitter or drug can work directly, binding to the protein or indirectly increasing levels of the neurotransmitters (Stahl, 2022, p.37). A partial agonist works similarly, producing some signal transduction effect rather than a complete response (Stahl, 2022, p.43). An antagonist produces G-protein conformational change, resulting in no signal transduction change (Stahl, 2022, p.41). Lastly, an inverse agonist produces a reduction in signal transduction to even less than if no agonist or antagonist was bound to the G-protein-linked receptor (Stahl, 2022, p.44). 
          Some neural communication processes involve a more complicated and extensive involvement of many different molecules initiated in the first messenger and transferred to a series of more messengers, known as the Signal Transduction Cascade (Stahl, 2022, p.10). This process from the first neuron occurs quickly, typically in less than a second (Stahl, 2022, p.10). However, the remainder of the cascade can take hours to days to be activated (Stahl, 2022, p.10). Because one chemical messenger will activate another while then activating the messenger after that, the chemical activity only gets translated to a biological response when the last chemical messenger of the cascade is activated, allowing for a slower biological response (Stahl, 2022, p.11). 
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Hi Taylor!

You did a great job at summarizing this! I am so glad you also did not use a metaphor to explain it, I can be creative but not that creative. The first thing I wanted to say was that I found it super helpful to learn that when a stimulus occurs and is being interpreted by your brain, it changes the voltage gradient of the first presynaptic neuron that then starts the communication process. This voltage gradient change causes a few things to occur simultaneously. It creates an action potential that’s sent through the axon of the neuron, opens up the voltage gated ion channels for sodium and calcium, and triggers the neurotransmitters that are sitting in vesicles at the base of the neuron (Stahl, 2021). In the original neuron that received the stimulus those voltage gated ion channels allow for passive diffusion of sodium and calcium through their respective channels (German et. al, 2019). The action potential that travels through the neuron can either end at the base or trigger a neurotransmitter to be released in the synaptic cleft to the receiving neuron (Stahl, 2021). 

It was my understanding that when the neurotransmitter is released the signal transduction cascade begins as the passing of the information has begun. This is also when the transmission of information goes from being solely electrical to being electrical and chemical in nature (Patri, 2019). It is then that two types of neurotransmitter receptors come into play, the ionotrophic and metabotropic. You did a great job of explaining those, though I do think its important to highlight how the G-Protein receptor acts after stimulation. It gets stimulated by the neurotransmitter and then an enzyme binds to it. That enzyme then stimulates a secondary messenger to continue the transduction cascade (Stahl, 2021).  

This whole process is important to understand as a prescriber as many of the medications we prescribe will be altering this process in some way. As you explained the roles of agonist, antagonist, and inverse agonist, medications we prescribe will fall into these categories. It is crucial we understand how the medication works, how it will effect our patient’s bodies, and what side effects might manifest. This is so that we can provide informed consent and education to those we care for. In my current practice I do a lot of education regarding how buprenorphine, methadone, and naltrexone work on opioid receptors, and I;m not the prescriber yet. I sometimes have to explain how their body has been functioning during active addiction, and how chronic opioid use and neuroplasticity have caused the hard wiring in their brain to change (Brown and Ray, 2023). That education helps the patient to not only understand their treatment, but also how their addiction is not just a choice as society attempts to tell them. Understanding the normal process of the brain allows us to adequately explain any changes that will be made, or have been made already, to the normal functioning process of the brain.  
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Neuronal Activation
The purpose of this discussion is to describe how a neuronal impulse creates a cascade of events to occur within the neuron and between neurons. Neurons communicate across gaps or otherwise known as synaptic clefts (Alcohol health and research world, 1997). The presynaptic neuron starts by releasing a chemical or neurotransmitter that will bind to a receptor on the receiving neuron known as the postsynaptic neuron (Alcohol health and research world, 1997). There are two groups of receptors that have the capability to generate responses in the receptor call, the ligand-gated channel receptors and the second messenger-linked receptors (Alcohol health and research world, 1997). The signal transduction cascade occurs from extended strings of chemical messages that are within both the pre and postsynaptic neurons (Stahl, 2021). It will begin with the neurotransmitter first messenger then goes on to the second, third, fourth messengers and so on (Stahl, 2021). Activation of the third-messenger enzyme otherwise known as kinase allows for the addition of phosphate groups to proteins which creates phosphoproteins (Stahl, 2021). Another way the third messenger can be activated is through phosphatases, removing phosphates from phosphoproteins (Stahl, 2021). The balance between kinase and phosphatase following the signal from the two balanced neurotransmitters allows for the determination of the degree of downstream chemical activity (Stahl, 2021). This is what gets translated into the diverse biological responses, for example, gene expression and synaptogenesis (Stahl, 2021). For neuronal excitability to occur, voltage-gated sodium channels are utilized for the transmembrane transport of sodium and are activated via depolarized membrane potential that ultimately leads to conformational change (Wang et al., 2017). Another ion channel, the Ligand-gated ion channel is also an integral membrane protein which permits a regulated circulation of selected ions across the plasma membrane (Alexander et al., 2011). Psychotropic drugs that bind to a site different than where the neurotransmitter binds is able to increase or decrease the sensitivity of channel opening (Stahl, 2021). There are four signal transduction cascades found in the brain that would be considered the most important, these include G-protein linked systems, ion-channel-linked systems, hormone-linked systems, and neurotrophin-linked systems (Stahl, 2021). In regard to psychotropic drugs, G-protein-linked receptors are a major superfamily that interact between neurotransmitters and psychotropics (Stahl, 2021). As many clinicians want to target specific receptors, the agonist spectrum is utilized to explain various interactions between pharmacological subtypes of G-protein linked receptors (Stahl, 2021). Agonists have the ability to produce what is called a conformational change in the G-protein linked receptor allowing for the synthesis of the second messenger to the greatest extent (Stahl, 2021). Next on the spectrum is the partial agonist, producing signal transduction less than a full agonist but moreso than an antagonist (Stahl, 2021). Partial agonists allow for all “partiality” or degree of brightness if an agonist has the light all the way on and no agonist consists of no light (Stahl, 2021). Antagonists are opposite of agonists by causing no change in constitutive activity that might be present in the absence of an agonist (Stahl, 2021). At the end of the agonist spectrum Is the inversed agonist, they are neither neutral nor silent but produce a conformational change in G-protein linked receptors stabilizing the receptor in an inactive form (Stahl, 2021).
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Hello everyone,
I am telling my neurotransmission story as an analogy to spreading gossip to reach a tabloid magazine! I hope you enjoy the story and can follow along.
The first neuron will be referred to as the pre-synaptic neuron. The neuron receiving the message from the pre-synaptic neuron is the post-synaptic neuron. Neurons serve as the functional communication units within the nervous system to spread information to one another (Stahl, 2021). The dendrite portion of the neuron is similar to the eyes and ears of a person, ready to take in new information that comes their way. The dendrite gathers information from other cells and brings it inside the neuron. Imagine the dendrite gets juicy gossip on a celebrity and wants to share the message. To protect the juicy gossip, the axon acts as a ‘send secure’ format and carries and delivers the electrical message down to the axon terminal (Stahl, 2021). Now that the electrical impulse has reached the pre-synaptic axon terminal, it is ready to be distributed.
I can distribute my juicy gossip to the post-synaptic neuron, TMZ News, as long as I can get through their security guard, the voltage-gated sodium channel. The security guard opens the door, or sodium channel, and gives his approval by letting the sodium move into the presynaptic nerve terminal. The electrical charge of the message alters the ionic voltage of the channel, allowing permeability (Xu et al., 2019). The security guard is impressed by the magnitude of this gossip (the electrical charge of the message) and sends it along to the marketing director, or voltage-gated calcium channel. The marketing director gives her approval by letting the calcium move into the presynaptic nerve terminal (Stahl, 2021). I am now allowed to release my cover story  (chemical neurotransmitter) that’s been saved in the synaptic vesicles. The synaptic vesicles open up and distribute all the details of the chemical message to TMZ, the post-synaptic neuron (Stahl, 2021). I have successfully transformed my juicy gossip (electrical message) into a cover story (chemical neurotransmitter) that will be distributed to my receiving neuron (TMZ) once it gets through the synaptic cleft (TMZ editors).
As my cover story (neurotransmitter) makes its way through a TMZ editor (the synaptic cleft) it winds up on the desk of a reporter or a ligand-ion channel. This reporter (the receptor in the ion channel) has a special liking for my cover story (the ligand neurotransmitter). Now that the post-synaptic receptor has connected to the ligand, its first messenger, the receptor takes on a new conformational change and a signal transduction cascade occurs (Lu et al., 2021). The cascade involves several molecules (fact-checking reporters) that will bind to the receptor to enhance the cover story until it can reach its final destination (print in the magazine). The first messenger or molecule has changed the conformation of the receptor, and now the receptor can connect with the G protein to fit together (Lu et al., 2021). The G protein is a source close to the story and is joined with the neurotransmitter receptor cover story to help get it to print. The G protein has changed its own conformation now that it is bound by the neurotransmitter receptor, and is eager to bind with an enzyme to move the story along to its final destination (Stahl, 2021). The enzyme forms with the G protein, creating the second messenger, and the story moves along the press release chain to the third and fourth messengers (Stahl, 2021).
The G-protein-linked receptor is moving right along but undoubtedly is met with a few messengers who do not support the story, representing the view of an antagonist. An agonist would be a fact-checking reporter who supports the cover story and ignites a conformational change of the G-protein-linked receptor to push the story along to the printing press. An agonist would promote the signal transduction cascade by generating the second messenger (Stahl, 2021). One of the fact-checking reporters, an antagonist, doesn’t want the cover story to go to print because the gossip would hurt someone they love, therefore they try to prevent to passage of the G-protein-linked receptor. The antagonist can still bind with and create a conformational change with the G-protein-linked receptor but secretly does not pass the message along, creating a neutral standstill in the signal transduction journey (Stahl, 2021). A partial agonist gets ahold of the cover story and only somewhat supports its publication. The partial agonist supports the signal transduction but to a lesser degree than the full agonist (Stahl, 2021). An inverse agonist comes along and binds with the G-protein-linked receptor to create a conformational change that ultimately prevents its further activation along the signal transduction, and reverses its progress down the chain of communication to bring it back to its baseline, or even below it (Stahl, 2021). The inverse agonist kills the cover story and it never goes to print. The end!
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Week 2 Discussion 1 - NU643 Neurotransmission Story
Sharonda Moore
Department of Nursing, Regis College
NU-643-01-23PCFA Adv.Psychopharmacology
Professor Elena A. Cetola, M.S. APRN, CNP, PMHNP-BC
September 9, 2023
Hi Caroline,
I have to start by saying how much I enjoyed your post this week. Not only did you provide a unique and comprehendible version of the process of neural transmission, but you also did it in a relatable way.  I was able to follow the process of neuronal transmission from beginning to end and gained a clearer understanding.  Understanding how the neurons work and function in relation to how we respond, process information and conduct our daily activities can be a complicated process. However, we are finding out more information each day thanks to technology and research. As I was reading through your explanation, I realized that I misinterpreted one step in the process, or rather the sequence of when the receptor binds to the ligand ion channel versus the voltage gate. Initially I was thinking that both pathways occurred simultaneously with ions taking the path of the voltage gate and other substances (e.g., Gaba receptors) taking the path of the ligand ion channel (Stahl, 2021). In reading your understanding of the process it makes more sense to me as the events appear to occur in sequences.  It also made me review the chapters on this section and according to Stahl (2021) ligand ion channels have two structures; one pathway is five dimensional and contains certain receptors (e.g., nicotine cholinergic, glycine, gamma-aminobutyric acid (GABA), 5-hydroxytryptamine (5HT3) and adenosine triphosphate (ATP), while the other pathway is four dimensional and contains glutamate, N-methyl-d-aspartate (NMDA), alpha-amino-3-hydroxyl-5-methyl-4-isoxazole propionic acid (AMPA) and kainite receptors. These structures are able to bond to various molecules, neurotransmitters, etc. resulting in various functions that the brain carries out to the rest of the body. The voltage gate channel is yet another pathway within the same system that is attracted to other ions in order to initiate a response (Stahl, 2021). I consider this like a magnet, in which the voltage gate will only open to the ions that have a charge that it is attracted to, while repelling the substances that do not have the charge it is looking for.   
As prescribers it is imperative that we not only understand this process but are also able to translate this process to our patients who may not be so scientifically astute. Despite having science classes previously, I have to continuously go over this process to make sure I have an understanding of the material. So, we must know how to explain our patients’ psychiatric condition and the mechanism of action of the psychotropic medications that they are being prescribed. Johnson et al., (2022) conducted an interesting study which emphasized the significance of providing psychoeducation to educate individuals on the brain’s networking system and how neuronal transmission plays a significant role in pain and stress. This week we just got a glimpse of the role of the neuron and the huge process that neurotransmitters play in  communicating within the body and the environment. For example, it would be beneficial for a prescribing PMHNP working with a patient who has a sleep disorder (e.g., narcolepsy, etc.) to understand the role that histamine may play in his patient’s symptoms (Scammell et al., 2019). Histamine is a neurotransmitter that has a significant role in the sleep wake cycle, as an excess of histamine can result in trouble falling and staying asleep, whereas a lack of histamine could result in the opposite in which a patient reports fatigue and sleeping too much (Scammell et al., 2019). A prescribing PMHNP will need to know whether to prescribe a histamine agonist such as a benzodiazepine versus a histamine antagonist such as diphenhydramine (Scammell et al., 2019). In addition, it is important to do a thorough and holistic assessment on the patient, to assess what medications that are already taking that may cause or interfere with effects of medications that may impact other neurotransmitters throwing the body out of a homeostatic state. Thank you for such an educational post this week.  
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Hi Everyone,
In my frustration with trying to complete this week’s discussion I realized that there is no way to master  such an intricated process in one week. In trying to understand the neuronal process for myself, I had to view it from my perspective of the learning materials. The neuronal process to me is very similar to the New York metro transit system or the telephone system, in which you have a bunch of smaller processes and circuits that connect and communicate through signals and networking. These smaller systems together result in a larger system that has several functions. In order to begin to begin to understand the process you have to know its parts or what components make up the system. I will not provide all of that in this discussion because I do not understand everything and for the sake of time. So, I would start of the basic structure of a neuron because of its relation to a neurotransmitter.
According to Stahl (2021) neurons vary in shape and size based on several different factors such as where they are placed in the brain and their purpose. Neurons can be perceived as the center of a communication system, where data is created, relayed and received. Connected to this basic structure are certain parts that are integral to the messaging system. Consider the axon and dendrite components as circuits that help to transport the data/signal from neuron to neuron. The beginning of the neuron is the presynaptic area, and the end of the neuron is the post synaptic neuron (Stahl, 2021). Picture a traditional phone handle, the earpiece would be the presynaptic part of  the neuron and the end of the phone handle in which the person talks would be the post synaptic (receiving neuron) part of the neuron. The space between each neuron considered is the synaptic cleft, which is important in terms of timing that the data/signal is received from each neuron (Caire et al., 2023). According to Caire et al., (2023) there are chemical and electrical circuits that fire off signals that communicate data from neuron to neuron. Consider this firing process as the signal transduction cascade. Neurotransmitters play a very significant role in this process as they are secreted when the neuron launches signals (Berry, 2023). If we go back to our phone analogy, the neurotransmitters would be the transporters of the information that help the message get to the end of the receiver. We do not see them, but we know they exist.   
Since neurotransmitter are part of the chemical circuit and not the electrical circuit, consider their role in the brain for example. Neurotransmitters can be perceived as the transports of the chemical data from neurons to  specific receptors on other target cells (Stahl, 2021). During the signal transduction cascade which can be perceived as the messaging system in which the circuits are firing various messages to multiple other neurons (Stahl, 2021). Imagine this network continually functioning doing the same process over and over and sending various messages and data to the brain. The neuron is triggered, which then secretes a specific neurotransmitter with a specific message (Stahl, 2021).  This message is picked up by a series of messengers (e.g., first messenger and then a second messengers) that have different responsibilities throughout the cycle that resemble a chain reaction of events (Stahl, 2021).  As the neurotransmitter carries out it messages it picks up help along the path because it cannot deliver the message alone. As a result, it partners with the G-protein-linked receptor, which help to transmit and send the message along the inside of the cells to perform the specific biochemical task that is related to that neurotransmitter (Stahl, 2021). The ligand-ion channel is a part of this process because it serves as a protein pathway that permits the passage of certain ions across the membrane, as a reaction to the specific neurotransmitter that is connected to it (Stahl, 2021). Think back to high school science classes when the professor taught us about the structure of the cell and the process of action potential and the diffusion of ions in and out of the plasma membrane and how this affected the balance of chemicals (Grider et al., 2023). I recall the lessons on ions, anions and cations and this is how I perceive the role of the voltage gate and ligand ion channels. They are both protein gate pathways that when they come into contact with a neurotransmitter and a G protein receptor, they each have their own specific requirements on what will be allowed to pass and what will not (Bowie, 2018). The voltage gate ion channels will only allow a specific ion (e.g., potassium, calcium, etc.) to permeate the membrane, while ligand gate ion channels are more friendly and open-minded to who (e.g., serotonin) they allow to permeate the membrane (Stahl, 2021). How these receptors bind to the membranal site also has to be a complex process that has various effects dependent on how the receptor binds to the site (Berg & Clarke, 2018). For example, a psychotropic drug can act as an agonist by bind to a receptor causing an effect, while antagonist binds to a certain receptor but acts in the role of hindering the receptor from causing an effect (Berg & Clarke, 2018). According to Berg and Clarke (2018) a third response is partial agonist will bind to the receptor but do not have a maximum response. This plays a significant role when it comes to the type of response that an individual has to a psychotropic medication. As these neuronal networks and channels interact through their selective and intricate processes of signaling, transmitting, responding and binding messages/data (that is not obviously visible to the naked eye), the end result is visible to us and it comes in the form of hunger, thirst, fatigue and a host of bodily functions that help us to carry out our daily life activities in response to our internal and external environments.  
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 Sharonda ,
            Great post this week! PMHNPs are going to be in a profession where they must make critical decisions on how to prescribe medications to a vast majority of patients. Patients with conditions of schizophrenia, PTSD, anxiety, and borderline personality disorder will be impacted by how their bodies respond to certain medications and impulses from the environment. Brown and Ray (2023) stated that neurotransmitters over time can alter pathways in the brain and body when alcohol substances are used by people (P. 167). Understanding the communications between neurons, neurotransmitters, and protein channels could take weeks to fully grasp because the human body is complex. 
I enjoyed how you explained the process of cellular communications is like a New York City subway system or a telecommunication network. I attempted to explain this process by thinking about a baseball team and all the components it takes for the baseball to travel to certain plays and areas on the field in my post. Zang et al., (2022) stated that cellular communication could advance an individual’s understanding of the complex biological nature of people (P. 965). You highlighted a great point in your discussion when you mentioned psychotropic drugs because as a PMHNP these medications will essentially have a response on an individual’s central nervous system which is responsible for processing information when certain receptors are activated or turned off. Woo & Robinson (2020) mentioned that the medication Lamotrigine can be used for treating a person with bipolar disorder to regulate their mood (P. 208). Overall, continuing to educate oneself on ways to promote better health for all should be a goal of a PMHNP who understands these concepts. 
Reference
 

Brown, C.,and Ray, A. (2023) Substance use disorders and medication-assisted therapies: Current practices and implications for nursing. Nursing Clinics of North America, 58(2), 165–181. https://doi.org/10.1016/j.cnur.2023.02.009
Zhang, S., Zhao, H., Liu, Z., Liu, K., Zhu, H., Pu, W., He, L., Wang, R. A., & Zhou, B. (2022). Monitoring of cell-cell communication and contact history in mammals. Science (New York, N.Y.), 378(6623), https://doi.org/10.1126/science.abo5503 
Woo, T. M., and Robinson, M. V. (2020). Pharmacotherapeutics for advanced practice nurse prescribers (5th ed.). F. A. Davis Company.
 
Hanging indent did not retain 


PermalinkShow parentReply
Like 0

In reply to Sharonda Moore
Re: Week 2 Discussion 1: Neurotransmission Story
by Prerana Karki - Saturday, 9 September 2023, 1:48 PM
Hi Sharonda,

Thank you! for this post. I understand your frustration; I also struggled to understand the process. I had to watch videos and read multiple articles; some explained one thing better than others, and finally came to one conclusion. It is excellent that you could relate neuronal processes to the New York metro transit or telephone system. As we all know, neurotransmitters are chemical substances that maintain the human body's physiological and behavioral functions and maintain homeostasis between the brain and the body through communication (Nimgampalle, 2023). It is critical to understand this process as part of the prescribing role for the Psychiatric Mental Health Nurse Practitioner (PMHNP) because any dysregulation of this homeostasis can cause impaired neurotransmission, leading to brain or neurological disorders (Nimgampalle, 2023).

You have explained the process well, which makes my understanding of the neuronal activation process even more explicit. It is crucial to know by PMHNP how the neurons' impulses create a cascade of events; it gives us significant insight into any psychiatric or neurological diagnosis. I could not agree more that understanding this process plays a significant role in the type of response an individual has to a psychotropic medication. It helps us understand the pharmacodynamics in the nervous system, such as agonist, partial agonist, antagonist, and inverse antagonist, which helps us understand what to prescribe. For example, in Alzheimer's disease (AD), there is dysregulation of neuronal activities: including the loss of cholinergic and monoaminergic neurons, dysfunction of glutamatergic neurons, and decreased GABA and monoamine levels. It is crucial to understand that cholinesterase inhibitors can raise the Ach level, glutamate receptor agonists can help with AD symptoms, and monoamine drugs and inhibitory GABAergic neuron medications can improve cognition in AD patients (Yang et al., 2023). This understanding of neurotransmitters helps us to pick the drug of choice for AD. I believe this topic has enhanced my knowledge regarding neuronal activities, and I plan to implement it in my practice in the future.
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Hi Sharonda,
            I share your frustration in trying to understand the intricate process of neurotransmission without getting confused. Even after watching several educational videos and re-reading the material, I found it quite confusing and defeated. To be honest, after submitting the post and reviewing other students post with different analogies, is what helped me understand the material more. I especially like your analogy of neurotransmission as a telephone system. It made it easier to understand the basic structure and function of a neuron. I was still having difficulty understanding the role of G protein linked receptor in the process of neurotransmission. I liked how you explained the neurotransmitters binding with G protein linked receptors as it cannot carry out the message on its own. Neurotransmitter signaling by activating G protein linked receptor leads to production of pool of second messenger, which means the effect of this compared to signaling by gating ion channels is longer lasting (Koelle, 2018).
            Signal transduction cascade is an intricate process through which the neurons communicate with the external environment and respond to any stimuli sent to them. The first messenger is outside the cell, but the second messenger is what binds to the second neuron, which can be chemical or ion (Stahl, 2021). I compared the G-protein-linked channels to lock and key system, where the chemical must fit it like a key may for the receptor is the post-synaptic neuron.
            I can now see why understanding the concept and process of neurotransmission is so important as a future PMHNP. Different medications will target different step in the process of neurotransmission (National Institutes on Drug Abuse, 2022). Understanding the concept will help us understand which medication to prescribe for what condition. Some medications block the receptors in the post-synaptic neuron, some slow down the action potential, some increase the amount of neurotransmitter that is released, and some medications such as antidepressants interferes with the reuptake process (Sansone & Sansone, 2014). Without understanding the process of neurotransmission, we would not be able to understand the role of different medications, and why patients with certain disorders might benefit from them. I am still learning more about the topic and using every resource I can to help me understand this. I did find a book by Jonathan Heldt very helpful. It is titled Memorable Psychopharmacology, 2nd edition, and it summarizes, and highlights may important topics making it easy to understand. I hope you find it helpful as well.
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Thank you Lisa, I will definitely look into that resource!
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by Anne Villani - Thursday, 7 September 2023, 9:54 PM
The journey of a neuronal impulse can be most amusingly compared to that of a relay race in the Olympics. Where athletes run across all parts of the olympic arena to race in a relay, so we have neurons coming together through one’s body via neurotransmitters with the goal of passing along information.

At the starting line, or at rest, we have a neurotransmitter that can be anatomically broken down into neurons and synapses (Stahl, 2021, p.1). When the flare shoots off the athletes begin the race and so as one neuron fires information between axons to a receiving neuron, a chemical release of information happens while stimulating an electrical connection. (Stahl, 2021, p.1).

Much like how the athletes move from one to another in the relay, they release the baton by passing it along; so even though in the neurons there is an electrical connection happening to pass along information, there is also a chemical connection happening in order for the message to actually be received.

Most modern medications influence this transmission of signals from the central nervous system to other parts of the body. Therefore, understand the different types and routes of neurotransmitters coming and going from neuronal circuits of all places in the body, essentially provides the foundation for choosing which treatment in psychiatric medicine.

However, neurotransmitters can be involved in much more than just neurotransmission at the synaptic cleft and between neuronal circuits. They could be a part of a larger group of transmissions called a signal transduction cascade which communicates intracellular transformation to the outside world which essentially reaches more signaling points to reach more destinations for the information to be interpreted (Catozzi et al., 2016). In the relay race analogy this could be described as several coaches throughout the relay communicating to one another via phone to let the athletes (neurons) know good information so that they can act.

Of these single transduction cascades there are then several important systems and signals that can be activated. One of the most important systems is called the G-protein-linked system which can be activated by a single transduction cascade and can bind in different configurative fashion than other systems. What makes the G-protein-linked systems special is that they are pivotal in regulating our physiological reactions to hormones, neurotransmitters and external stimuli. Therefore, they hold significant promise as treatment targets for a wide range of illnesses (Rosenbaum et al., 2009). In this way they decide if a gene might be expressed or silenced through agonists and inverse agonists. Agonists to inverse agonists describe the ends of a spectrum of abilities that agonists can have. An agonist is simply a neurotransmitter that stimulates a receptor, next you would have a partial agonist which stimulates a receptor to a lesser degree, followed by an antagonist that blocks neurotransmission stimulation on the receptor site, and then an inverse agonist which both block stimulation when stimulation occurs but also is reducing activity below normal levels as well (Stahl, 2021, p.36).

Similar to G-protein-linked receptors we can also find Ligand-gated-ion channels which also regulate synaptic neurotransmission through ion channels. A change in the amount or types of ions being able to pass through a ligand-gate-ion channel ultimately changes how the signals are received and transacted further down ion channels thus changing psychiatric effects in the brain.

Ligand-gated-ion channels are particularly special because they are both a channel and a receptor meaning they conduct the flow of ion signals and can change the flow as well. Similar to G-protein-linked receptors they are also crucial in regulating physiological reactions to hormones and as they receive and push ions further down the channels they also change psychiatric effects on the brain. According to the British Journal of Pharmacology (2011) such diversity that Ligand-gated ion channels have as both receptors and transmitters allows for the development of faster new screening techniques which will ultimately help develop many new psychiatric drugs. In this concept you may be able to think of Ligand-gated-ion channels as referrees to the relay race analogy as they both can interpret signals from the athletes and stop signals from the athletes. I hope this analogy has proven useful in your understanding of neurotransmission.
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In reply to Anne Villani
Re: Week 2 Discussion 1: Neurotransmission Story
by Ian Smith - Friday, 8 September 2023, 10:07 PM
Hi Anne,

I thought that your comparison of a neuronal impulse transmission to an olympic relay race was a clever one, I would have never thought of it that way before reading your post. Something that I didn’t think about when discussing the agonist spectrum on my initial post is that in addition how each substance on the agonist spectrum has a different action, there is also the affinity of each substance that needs to be considered or how well, or likely the substance is to attach to a neurotransmitter, and how tightly it will stick. My physiology teacher in my undergraduate course pointed out the fact that neurotransmitters don’t necessarily home in on certain transmitters like heat seeking missiles, but rather just get released, and activate a receptor when they crash into it. Molecules that have a higher affinity for a receptor are more likely to bind to, and stay bound to a receptor than molecules with a lower affinity. A good example of this is Narcan (naloxone). Naloxone has a “high affinity for mu receptors” which is the same receptor that opioids bind to (Malmros Olsson et al., 2021). Since naloxone is an antagonist to mu receptors (binds and does nothing) and has a higher affinity for these receptors than opioids, that’s what causes the reversal effect of the medication on opioid overdoses, or opioid use in general. A psychiatric comparison to this would be, to some extent, SSRI medications like fluoxetine. From what I can gather fluoxetine, and other SSRI medications, “work by exerting an antagonistic effect on a specific protein” (Sohel et al., 2022). This is probably accomplished because fluoxetine has a higher affinity for that protein, than the serotonin, or whatever agonist binds to that protein to promote serotonin reuptake.

Transmitter and receptor affinity are interesting to think about, especially in terms of pharmacology, because it makes the concept seem much more relevant. I’m looking forward to learning more about how psychiatric medications affect the chemistry of the brain as we continue in this class.
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Lisa Shrestha - Thursday, 7 September 2023, 10:15 PM
            The story of a neuronal impulse begins with the generation of an action potential in the neuron. Action potential is when the presynaptic neuron is excited by an electrical signal or a stimulus. The neuron where the signal is initiated is presynaptic neuron and the neuron that receives the signal is postsynaptic neuron. Synaptic cleft is where the neurotransmitters are shared. “Neurotransmitters consist of molecules that amplify, transmit, and convert signals in cells” (Teleanu et al., 2022).
            The action potential in usually caused by the shift in the electrical charges because of ion channels on the membrane of neuron opening and closing. These ion channels are essentially membrane receptors. The ligand-gated ion channels only open to a specific ligand like a lock with a specific key. These specific ligands bind to and activate specific receptor in the cell causing changes in the protein (Bowie, 2018). The voltage-ion channels open when the voltage sensor is triggered because of the accumulation of ion outside the cell. The rapid influx of ions in the cells causes the vesicles with the neurotransmitters to be released in the synaptic cleft. The neurotransmitters then bind to the receptors of the postsynaptic neuron causing a signal transduction cascade. Agonist molecule can bind and activate the receptor, if it is an antagonist molecule binds to the receptor to avoid activating it, partial agonist molecule binds to and partially activates the receptor, and inverse agonist molecule binds to the receptor and deactivates it. If the receptor is G-protein-linked receptor, the ligand activates the G-protein in the neuron which creates secondary messenger that can bind to another protein (Weis et al., 2018).
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In reply to Lisa Shrestha
Re: Week 2 Discussion 1: Neurotransmission Story
by Christina Heinle - Saturday, 9 September 2023, 6:18 PM
Hi Lisa

Thank you for your post this week. I noticed you stated that action potential is generated when the presynaptic terminal of the neuron is stimulated by an electrical signal. Literature shows us this is correct. Action potentials are also known as a nerve impulse (Zieba, 2022). They can occur from voltage changes happening at high rates of speed across the cell membrane and when enough input is collected, the axon is notified to start action potential (Zieba, 2022). This action potential can also be induced when an ample amount of response is obtained either by chemical or electric signal to the cell body. The chemical signal triggers the release of neurotransmitters to communicate with the stored molecules newly released from the neurons into the synaptic cleft to interact with specialized receptor cells on the receiving neurons resulting in either an exited or inhibitory response (Zieba, 2022). The electrical synapses are not as common and as the chemical synapses and do not use neurotransmitters to function as they have a smaller synaptic cleft to traverse allowing the process to be completed with the use of ion currents instead (Jabeen & Thirumalai, 2018). Both chemical and electrical transmissions can be found playing important roles in the central nervous system (CNS) and work together (Jabeen & Thirumalai, 2018).
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In reply to Lisa Shrestha
Re: Week 2 Discussion 1: Neurotransmission Story
by Antonette Manigsaca - Saturday, 9 September 2023, 7:48 PM
Hi Lisa, Thank you for concisely explaining nerve impulse transmission. It is a fascinating process in the human body that allows for the rapid transmission of electrical signals along nerve cells. It is amazing how nerve impulses can travel at incredibly high speeds. According to Ashley & Lui (2023), a direct ion exchange between two neurons is possible if they are close enough. These electrical synapses allow for rapid information transmission (Ashley & Lui, 2023).

I agree that G-proteins are central to signal transduction, which involves converting an extracellular signal into an intracellular response. Weis & Kob stated that most cellular reactions to external stimuli are mediated by G protein-coupled receptors (GPCRs). They act as molecular switches that relay information from the cell's surface to its interior. It enables cells to respond to external cues and regulate various physiological processes. It is also interesting since many drugs that affect nervous systems, including drugs used to treat psychiatric disorders, target GPCRs and G-proteins that profoundly affect neuronal function and behavior. Furthermore, Habata et al. (2019) stated that mounting evidence suggests selective biased signaling may extend to a wide range of GPCRs that are now the target of pharmaceutical interventions.
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In reply to Lisa Shrestha
Re: Week 2 Discussion 1: Neurotransmission Story
by Audrey Gloria - Saturday, 9 September 2023, 11:58 PM
     Hello Lisa, thank you for your contribution to this week’s discussion. The answers you provided regarding how neuronal impulses take place in your story are in line with those in my response. Neuronal action potentials are important for the transmission of impulses along any nerve fiber ​(Chen & Lui, 2022)​. The G-protein preceptors, that you last mentioned, do in fact act as second messengers and what those molecules do is facilitate the relay of signals from the cell’s surface to its interior ​(The Principles of Nerve Cell Communication - PMC.1997)​. When neurotransmitters bind to these receptors initiating the cascade of chemical events the result can either excite or inhibit further electrical signals ​(The Principles of Nerve Cell Communication - PMC.1997)​. For example, dopamine is a neurotransmitter that binds to G-protein receptors providing an antagonist or partial agonist effect ​(Stephen M. Stahl et al., 2021)​. The therapeutic result is an antipsychotic or antimanic effect ​(Stephen M. Stahl et al., 2021)​. It is critical to understand this process and the effect of various neurotransmitters on different receptors to best understand how certain drugs may work and how effective they may be on different disorders. There are many different receptors on the cell surface, some of the signals the neuron receives will have excitatory effects while others will be inhibitory, and some signals may produce fast responses while others may produce slower responses ​(The Principles of Nerve Cell Communication - PMC.1997)​. Another example of how this knowledge is important to prescribing practitioners is with understanding the pathophysiology associated with disorders such as Parkinson’s disease, and that it is a neurodegenerative disorder of dopamine-producing neurons in the substantia nigra and includes widespread dysfunction throughout motor and non-motor brain circuit (Eisinger et al., 2019). Simply taking dopamine may not be efficient due to its inability to cross the blood brain barrier, making levodopa one of the mainstay treatments (Zahoor et al., 2018). After absorption and transit across the blood brain barrier, it is converted into the neurotransmitter dopamine by DOPA decarboxylase (Zahoor et al., 2018). 
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In reply to Lisa Shrestha
Re: Week 2 Discussion 1: Neurotransmission Story
by Avneet Mann - Monday, 11 September 2023, 10:35 PM
Hello Lisa,
Your post is well written! It has been years since I learned this process, so this discussion refreshed me on the topic. You did an amazing job explaining antagonists and agonists. I do want to add that because the antagonist is attached, it prohibits the agonist from attaching and functioning, leading to no reaction (Stahl, 2021). To add more to this response, I would like to discuss why it is important to understand this neuronal process as part of the prescribing role for the PMHNP. As I mentioned to another peer, learning about the process will help future PMHNPs like us to select appropriate medications and therapies. For example, with this knowledge, we wouldn’t prescribe medications together that would cancel each other out (an antagonist and agonist that targets the same receptor) because there would be no therapeutic effect (Zamolodchikova et al., 2021). In all, you posted a great explanation and I hope to hear why you think it is important to understand this topic as a future prescriber. Thank you!
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Audrey Gloria - Thursday, 7 September 2023, 11:46 PM
     Neuronal activation starts with stimulation of presynaptic neurons that can trigger the process of neurotransmission ​(Stephen M. Stahl et al., 2021)​. In neurotransmission communication takes place via electrical impulses from what part of the cell to another ​(Stephen M. Stahl et al., 2021)​. These electrical impulses are not able to directly travel from neuron to neuron so must go through a process of using chemical messengers or neurotransmitters that are converted at receptors of synaptic connections, or synaptic clefts at the receptors of each neuron ​(Stephen M. Stahl et al., 2021)​. For this story's sake, presynaptic neurons will be recognized as the first neuron and postsynaptic neurons as the second neuron or receiving neuron. A variety of things can stimulate presynaptic neurons including hormones, nerve impulses, light, drugs, and neurotransmitters, these are otherwise known as agonists ​(Stephen M. Stahl et al., 2021)​. The cell response that these stimuli trigger can also be known as a signal transduction cascade ​(Stephen M. Stahl et al., 2021)​. The stimulation of these neurons causes electrical impulses that can then be converted to chemical messengers that are released to stimulate receptors of postsynaptic neurons or receiving neurons ​(Stephen M. Stahl et al., 2021)​. At this stage the chemical messengers are then either converted back into electrical impulses, and the chemical information from the first neurons triggers the cascade of chemical messages in the second neuron that can change a neuron’s genetic and molecular functioning ​(Stephen M. Stahl et al., 2021)​.  
     When electrical impulses are first introduced to the first neuron, the electrical impulses open voltage ion channels and change the neuronal charge in the neuronal membrane ​(Stephen M. Stahl et al., 2021)​. Sodium channels in the axon membrane allow sodium to flow into the presynaptic nerve terminal which open calcium channels that can then release stored chemical neurotransmitters in the presynaptic axon terminal ​(Stephen M. Stahl et al., 2021)​. Voltage-gated and ligand ion channels are largely responsible for creating the action potentials for vital physiological processes which include cardiac and skeletal muscle contractility as well as cognitive and other central nervous system functions such as memory (Bowie, 2018).  
     G-protein linked receptors are the most common surface receptors involved in several physiological functions including sight, taste, smell, behavior, mood, and immune system regulation ​(Rehman & Dimri, 2022)​. G-protein linked receptors recognize a wide variety of signals ranging from photons to ions, proteins, neurotransmitters, and hormones ​(Rehman & Dimri, 2022)​. Impaired concentrations and mutations can result in pathophysiological conditions and disorders ​(Rehman & Dimri, 2022)​. These receptors correspond to thirty percent of all identified drug targets and remain major targets for new drug development ​(Rehman & Dimri, 2022)​. Agonists bind to these receptors allowing for the transduction cascade ​(Stephen M. Stahl et al., 2021)​. Antagonists can interfere with the transduction cascade by blocking agonists and reversing inverse agonists, which act as the same receptor​ (Berg & Clarke, 2018)​. 
     To simplify and sum up the process, the first stage is the introduction of agonists to stimulate receptors of first neurons such as the G-protein-linked receptor. This can be natural or through medication such as melatonin which provides electrical impulses that open channels releasing chemicals messengers or neurotransmitters. These neurotransmitters then reach synaptic gap or cleft of the receiving neuron where it may be further converted providing the transduction cascade that produces changes in the central nervous system and relaxes contractility of skeletal or cardiac muscle. The result is an improvement in sleep and insomnia and restoration of the circadian rhythm. 
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Christina Heinle - Thursday, 7 September 2023, 11:57 PM
To get a full understanding, one must start at the beginning with the nervous system. There are a multitude of cells known as neurons that come together to have a specific task within the brain (Patri, 2019). Neurons are known to be “excitable” cells that can send both chemical and electrical signals all through the body (Ludwig et al., 2023). They are made up of three parts: the cell body, dendrites, and axons (Caire et al., 2023). While each part of the neuron has its own role to play in the creation of neuronal impulses their job is to communicate with one another throughout the brain (Patri, 2019). This is accomplished through a chemical material within the brain known as neurotransmitters (Patri, 2019). Chemical matter allows the neurons to communicate or "transmit" nerve impulses between the cells and is essential for normal conduction in the central and peripheral nervous system (Patri, 2019). This substance intercedes on behalf of the nerve and helps to transmit the communications, or “impulses” from one nerve to another through the connecting point, which is known as the synapses (Patri, 2019). The synapses consist of a presynaptic end and a postsynaptic end and can be hundreds to thousands of connections each (Caire et al., 2023). The neurotransmitter release begins when the electric signal transforms to a chemical one in the presynaptic terminal, which is housed at the end of the axon (Caire et al., 2023). Nerve impulses, also known as action potential, stimulate the release of the neurotransmitter from the presynaptic terminal and release into the synaptic cleft to the postsynaptic terminal (Patri, 2019). The synaptic cleft is the point where two neurons speak with each other. This area is sometimes referred to as a gap and is located between the presynaptic and postsynaptic terminals (Patri, 2019). It allows for the released neurotransmitters to gain access to the postsynaptic terminal (Patri, 2019). The Dendrites are known to be receiving neurons and play a role in determining when to release action potential from the axons (Ludwig et al, 2023).
This process of releasing neurotransmitters resulting in the stimulation of the postsynaptic receptor sites is known as a signal transduction cascade event (Stahl, 2021, p.10). These events can initiate reactions within a few seconds, utilizing multiple molecules stemming from chemical neurotransmission, beginning with neurotransmitter first messenger, then the second, third, and more messengers (Stahl, 2021, p.10). The results of signal transduction cascades can take a lifetime to be fully realized in some cases, as they work as molecules pass down the specialized sequenced messaging from one to the next until it reaches its final predestined destination, laying dormant within the molecules until that time (Stahl, 2021, p.10). Important examples of signal transduction cascades that function in the brain include the G-protein-linked systems, linked-ion channel system, hormone-linked system, and neurotrophin-linked systems. Of these four highly important signal transduction cascades, the G-protein-linked system and the linked-ion channel system are initiated by neurotransmitters (Stahl, 2021, p.11).
G-protein-linked receptors are connected to a large subset of receptors that interact with numerous neurotransmitters and psychotropic drugs (Stahl, 2021, p.36). They are made up of membrane proteins that consist of extracellular amino terminus, seven transmembrane a-helical domains, and an intracellular caboxy terminus (Rehman et al., 2023). The G-protein linked receptors make up the fourth largest subset in the human genome (Rehman et al., 2023). G-protein-linked receptors activate a cascade response of biochemical events by transducing the signal into the cell (Rehman et al., 2023). This cascade is initiated by the process of changing GDP to GTP by G protein (Rehman et al., 2023). Offsetting of the receptor sites show the presence of agonist/ligand and launch the synchronized events of receptor desensitization, sequestration/internalization, and downregulation, which are usually view as three distinct and separate proceedings (Rehman et al., 2023). The desensitization process commences within seconds of agonist contact and is launched by the phosphorylation of the receptor (Rehman et al., 2023).
Ligand-gated ion channels are ion channels that open and close in response to the binding of a ligand or messenger such as a neurotransmitter (Bowie, 2018). Voltage-gated ion channels have an electrical signal emitted by cells, such as neurons, that open and close based upon the response to the changes in voltage by the transmembrane (Bowie, 2018). Both ligand-gated and voltage-gated ion channels play important roles in signaling proteins, but they serve in different actions. Ligand-gated ion channels work with chemical synapse when a neurotransmitter, drug, or hormone binds with the receptor and acts like a gatekeeper, opening and closing the ion channel (Stahl, 2021, p. 51). Ligand-gated ion channels receptors have a dual function and are made up of multiple strings of ammino acids that allow for binding to neurotransmitters, ions, and medications (Stahl, 2021, p.53). They are pentameric structures due to being comprised of five proteins (Stahl, 2021, p.53). Both the ligand-gated ion channels and the G-protein-linked receptors follow the concept of the agonist spectrum (Stahl, 2021, p.56). The agonists spectrum shows the ranges and the effects that are had on the receptors, which range from agonists on the left that open the channel to antagonist in the middle that open infrequently to inverse agonist on the right that close the channel and put the ion back to an inactive state (Stahl, 2021, p.56-57).
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In reply to Christina Heinle
Re: Week 2 Discussion 1: Neurotransmission Story
by Shelby Whaley - Monday, 11 September 2023, 7:52 PM
Hello Christina!

When talking about mechanisms of action between psychotropics and neurotransmitters, research has provided prescribers with information regarding which receptors are affected. As previous research has shown, first-generation antipsychotics are effective by inhibiting dopaminergic neurotransmission while second-generation antipsychotics block D2 dopamine receptors along with being an agonist for the serotonin receptors (Chokhawala & Stevens, 2023). However, new research has begun questioning the mechanism of action for antipsychotic medications. Scientists who conducted a study at Northwestern University published research indicating antipsychotics are actually acting on D1 dopamine receptors instead of predominantly D2 receptors (Yun et al., 2023). Currently, approximately 30% of patients with schizophrenia are treatment resistant and are still experiencing breakthrough symptoms (Yun et al., 2023). At this time, Clozaril is the only FDA approved medication for treatment resistant schizophrenia (). This emerging research could potentially lead to further studies to further understand psychosis on the neural level and therefore opening up the door for new drug development all based upon the basic understanding of neuron receptors (Yun et al., 2023).

Shelby
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Antonette Manigsaca - Friday, 8 September 2023, 12:55 AM
Our story begins with a neuron, one of the countless billions in the brain, waiting for its moment to shine. Like all the others, these neurons have a vital job- transmitting information through electrical signals. Our story's protagonist, the neuronal impulse, begins its journey as a tiny electrical signal. This signal originates in the dendrites, the branch-like extensions on the neuron's surface. These dendrites are covered in specialized receptors waiting to pick up messages from neighboring neurons. As the impulse arrives at the dendrites, it encounters chemical messengers called neurotransmitters. These neurotransmitters are released by adjacent neurons when they receive signals themselves. When enough of these notes arrive at the dendrites, they change the neuron's voltage, making it more electrically positive. Our neuron has a threshold – a sort of tipping point. When the electrical charge inside the neuron reaches a critical level, it becomes excited. It is known as the neuron reaching its action potential. Once the neuron reaches its action potential, the signal transduction cascade begins. Voltage-gated and Ligand-ion channels are like well-guarded gates, open along the neuron's long, cable-like structure known as the axon. It allows a rapid influx of positively charged ions, typically sodium, into the neuron. As our impulse races down the axon, the neuron's interior momentarily becomes positively charged while its exterior becomes negatively charged. This flip-flop of charges is the neuron's way of shouting its message and propelling the impulse toward its destination. Now, our impulse reaches the end of the axon, called the axon terminal. Here, it encounters another memorable moment. The neuron communicates with its neighboring neuron by releasing neurotransmitters into a tiny gap called the synaptic cleft, like a courier delivering a package. The neurotransmitters, having carried our impulse's message thus far, drift across the synapse and bind to receptors on the receiving neuron's dendrites. This interaction is like an essential fitting into a lock, triggering an electrical change in the receiving neuron. The receiving neuron starts its action potential if the signal is strong enough. This process repeats, creating a beautiful domino effect of impulses that zip through the brain, allowing us to think, feel, and act.

In some instances, neuronal impulses will encounter G-protein-linked receptors. These were like security guards who needed to be activated before passing the message further. The impulse will initiate the activation process, causing the G protein to act and pass on the message. Depending on the nature of the message, neuronal impulses will act differently. As an agonist, it will bind to the receptor and trigger a strong response, like turning the lights on in a room. The receiving neuron became active, firing electrical signals down its pathways. At times, neuronal impulse played the role of a partial agonist. It can only partially activate the receptor, like dimming the lights in a room. It will result in a weaker response from the receiving neuron, as it didn't fully open its ion channels. There were instances when neuronal impulse acted as an antagonist. It will block the receptor in this role, preventing other messengers from delivering their messages. On rare occasions, neuronal impulse became an inverse agonist. In this role, it will block the receptor and induce the opposite response.
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In reply to Antonette Manigsaca
Re: Week 2 Discussion 1: Neurotransmission Story
by Megan Hudson - Sunday, 10 September 2023, 9:42 AM
Hi Antonette! Thanks for your well-written and well-researched post about neurotransmission. I love the way you creatively wrote this like a story; this was something that I struggled to do myself, but I really appreciate the way yours is written. Reading through your neurotransmission story helped me conceptualize this process in a new way. I imagine that many patients would appreciate learning about neurotransmission in this way if that interests them. As nurse practitioners providing psychiatric care, we must strive to understand the complexities of the brain and the process of neurotransmission in order to most accurately and effectively treat psychiatric disorders (Porter-Stransky & Gallimore, 2022). Specifically, understanding the differences between full agonists, partial agonists, and antagonists is of utmost importance when prescribing psychiatric medications (Porter-Stransky & Gallimore, 2022). A solid understanding of neurotransmitters and neurotransmission will help the prescriber make an appropriate treatment regimen that maximizes desired outcomes and minimizes unwanted side effects (Beste, 2021). For instance, understanding that there is a Dopamine deficit in Parkinson’s disease can help guide the prescriber to select a medication such as Levodopa, a dopamine agonist (Spindler, 2023). As mentioned in the example in the original post with the lamp, where the lamp may be turned off due to a lack of dopamine, the Levodopa will help the lamp to shine at full brightness (Spindler, 2023). When prescribing medication, this could be a great example to help patients understand the desired outcomes; thanks for sharing!
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Stephanie Silvio - Friday, 8 September 2023, 4:17 PM
Neurotransmission is the process by which chemical signals allow for the transfer of information from one neuron to another. Neurotransmitters are chemical messengers that are part of this process and are responsible for carrying signals between neurons (Sheffler et al., 2023). The process begins with stimulation of the presynaptic neuron, which can occur from various sources, including neurotransmitters, light, drugs, hormones, and nerve impulses (Stahl et al., 2021). The beginning of classic neurotransmission starts as an electrical process in which neurons send electrical impulses from one part of their cell to the other via their axons (Stahl et al., 2021). The neuron's dendrites receive the impulse, signaling the opening of voltage-gated channels, sending it to the cell body and down the axon until it reaches the axon terminal (Stahl et al., 2021). The electrical signal is then converted into a chemical signal by releasing a neurotransmitter into the synaptic cleft, the gap between two nerve cells. The neurotransmitter then attaches to the receiving or postsynaptic neuron, triggering the opening of ligand-ion channels. Neurotransmission continues in one of two ways within the receiving neuron. Once bound to the postsynaptic receptor, the neurotransmitter can switch the signal back to an electrical impulse, or a series of chemical messages are triggered, changing the neuron's genetic and molecular functioning (Stahl et al., 2021).

The signal transduction cascade is triggered by chemical neurotransmission and consists of a series of chemical messages within presynaptic and postsynaptic neurons. Phosphoproteins and genes are the two main signal transduction targets (Stahl et al., 2021). Cells can receive a signal that initiates the cascade from external stimuli or another cell. The signal transduction cascade can be considered a downstream activation pattern that begins with signal reception, continues with transduction, and produces a cellular response. There are four central signal transduction cascades: G-protein-linked systems, ion-channel-linked systems, hormone-linked systems, and neurotrophin-linked systems (Stahl et al., 2021). Although some of the messengers within each cascade vary, the overall process through each cascade is similar. An extracellular first messenger passes the message to an intracellular second messenger. Depending upon the specific cascade, the second messenger may be a chemical, hormone, ion, or kinase.

In the case of G-protein-linked systems, the cascade begins when a neurotransmitter binds to the G-protein-linked receptor on the cell surface, changing its conformation to fit with the G protein and rendering it capable of binding to an enzyme to synthesize the second messenger (Stahl et al., 2021). The enzyme adenylate cyclase and the G protein bind to synthesize cyclic adenosine monophosphate, which forms the second messenger (Stahl et al., 2021). The second messenger then activates a third messenger kinase. Kinase then transfers phosphates onto fourth messenger phosphoproteins, including ligand-ion channels, voltage-gated channels, and regulatory enzymes. Fourth messenger phosphoproteins maintain chemical neurotransmission by synthesizing neurotransmitters, altering their release, or changing ion conduction (Stahl et al., 2021).

G-protein-linked receptors are one of the most common targets of psychotropic drugs (Smith et al., 2018). Drugs that are agonists, partial agonists, antagonists, and inverse agonists can all affect signal transduction. Synaptic receptors exist in both the active and inactive state. Agonists increase the number of active receptors, increase the effect of a neurotransmitter, and enhance signal transduction (Berg & Clarke, 2018). An antagonist will not increase the number of active receptors, will decrease the effect of the neurotransmitter, and will inhibit signal transduction (Berg & Clarke, 2018). The presence of an antagonist will also hinder the response to an agonist. A partial agonist binds to the receptor's active site but elicits only a partial response (Khatoon et al., 2022). Inverse agonists bind to the receptor's active site but suppress receptor signaling (Berg & Clarke, 2018).
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In reply to Stephanie Silvio
Re: Week 2 Discussion 1: Neurotransmission Story
by Megan Hudson - Saturday, 9 September 2023, 3:30 PM
Hi Stephanie! Thanks for sharing your thoughts and information about neurotransmission. I enjoyed reading your post and was especially interested in the information you presented about G-protein-linked receptors. As mentioned in the original post, G-protein-linked receptors are a primary target for many psychotropic medications (Wong et al., 2023). Interestingly, approximately 35% of prescription medications currently approved by the Food and Drug Administration target G-protein-linked receptors (Wong et al., 2023). In reading more about this after reading your discussion post, I found that antidepressants specifically tend to target G-protein-linked receptors (Mantas et al., 2022). The reasoning behind this is that research shows that targeting these receptors is more likely to have a more effective and efficient antidepressant effect than when the G-protein-linked receptor is not directly targeted (Mantas et al., 2022). In addition, targeting the G-protein-linked receptors with the appropriate medications can decrease the incidence of unwanted side effects (Wong et al., 2023). As emerging research is improving our understanding of G-protein-linked receptors and how psychotropic medications interact with them, there are increasing options for more effectively and safely treating both psychiatric disorders as well as neurodegenerative disorders such as Parkinson’s and Alzheimer’s disease (Wong et al., 2023). A strong understanding of this information as a psychiatric mental health nurse practitioner will help the provider make more evidence-based decisions that are more likely to treat the patient’s condition effectively, efficiently, and with minimal side effects (De Las Cuevas, 2023). Not only does this lead to better outcomes for the patient’s overall condition, but reducing unwanted effects and enhancing desired outcomes will help increase patient satisfaction and adherence to the prescribed regimen (De Las Cuevas, 2023).
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Megan Hudson - Friday, 8 September 2023, 9:26 PM
In considering how a neuronal impulse creates a cascade of events to occur both within the neuron and between neurons, it is crucial first to understand what neurons and neurotransmitters are. Neurons are essentially comprised of the cell, which is ultimately responsible for the actions of the neurons; dendrites, which receive messages from other neurons; and the axon, which is responsible for releasing messages to other neurons (VanMeter & Hubert, 2022). Neurotransmitters are molecules that send messages from one neuron to another (Stahl, 2021). Scientists know of more than twelve neurotransmitters in the brain (Stahl, 2021). Some neurotransmitters significantly impacted by psychotropic medications include serotonin, norepinephrine, dopamine, acetylcholine, glutamate, and GABA (Stahl, 2021). In understanding how psychiatric medications impact the brain, it is essential to note that many of these medications act similarly to the neurotransmitter’s mechanism of action in the brain (Stahl, 2021). Aside from this, it is critical to understand that the neurotransmission process is how the nervous system performs and acts throughout the body (Stahl, 2021).

Neurotransmission is the process in which a neurotransmitter is released by one neuron to bind to and react with another neuron, allowing communication between the neurons (Sheffler et al., 2022). This process begins with an electrical impulse known as action potential, which travels down the neuron to the calcium gate (Sheffler et al., 2022). The calcium gate opens, allowing calcium to enter the neuron (Sheffler et al., 2022). The calcium then binds to the vesicles within the neuron (Stahl, 2021). Vesicles are small sacks filled with thousands of neurotransmitters (Stahl, 2021). Once the vesicles are bound to the presynaptic membrane, they will release the contents of neurotransmitters into the synaptic cleft (Stahl, 2021). The synaptic cleft is the space between two neurons where communication occurs (Sheffler et al., 2022; Stahl, 2021). Once the neurotransmitters have been released into the synaptic cleft by the vesicles, they will bind to the receptors on the receiving neuron, causing an action to take place within that receiving neuron based on the role of the neurotransmitter (Stahl, 2021).

When the neurotransmitter binds to the receiving neuron’s receptor, one of the actions that can occur is signal transduction (Stahl, 2021). This then causes a cascade of events known as a signal transduction cascade (Stahl, 2021). Signal transduction cascade is the “cascade of events following stimulation of a postsynaptic receptor…” (Stahl, 2021, p. 10). Essentially, this results in one molecule passing a message off to another until the message lands at its final location (Stahl, 2021). The three primary stages of signal transduction include reception, transduction, and response (Catozzi et al., 2016). In the reception stage, a ligand binds to a receptor protein on the receiving neuron (Catozzi et al., 2016). In the transduction stage, the signal received when the ligand bound to the receptor protein changes that surface receptor protein and passes that change on to each molecule after that (Catozzi et al., 2016). In the third stage, response, the signal has been passed to its final destination, which can elicit a cellular action (Catozzi et al., 2016).

Much of the above story has focused on messages being sent and received and the receptors that receive said messages. It is important to note that the receptors receiving the messages for the associated neuron can be considered either gated or non-gated (Stahl, 2021). Gated receptor channels can be voltage-gated or ligand-ion channels (Stahl, 2021). The primary difference is the way that these two gates can be accessed. In voltage-gated channels, the receiving neuron and the neurotransmitter will have an electrical impulse once they attach to the receptor (Stahl, 2021). Ligand-ion channels will open when two ligands bind at the receptor site (Stahl, 2021). In either of those scenarios, once the message has been received, a G-protein may attach to the receptor inside the plasma membrane (Stahl, 2021). When this happens, the message received from outside the cell triggers an intracellular response (Stahl, 2021).

As previously mentioned, many psychotropic medications mimic how naturally occurring neurotransmitters work in the brain (Kozlovskiy et al., 2019; Stahl, 2021). That said, whether the molecule binding to a receptor is a naturally occurring neurotransmitter or from a medication may have varying impacts (Woo & Robinson, 2020). Specifically, the cellular response will be varied based on whether the molecule is an agonist, partial agonist, inverse agonist, or an antagonist. When an agonist binds to a receptor, it triggers a complete response, while a partial agonist produces only in part what the full agonist does (Kozlovskiy et al., 2019; Woo & Robinson, 2020). An inverse agonist will bind to the same receptor that an agonist or partial agonist did but will trigger the opposite effect that the agonist did (Woo & Robinson, 2020). An antagonist binds to the receptor but does not produce a response (Woo & Robinson, 2020). Instead, it may block the receptor, inhibiting a full or partial agonist from binding to the receptor and triggering a response (Woo & Robinson, 2020). An example of a medication that would be considered an antagonist is Naltrexone (Woo & Robinson, 2020). Naltrexone, among many things, blocks the opioid receptors (Woo & Robinson, 2020). Therefore, if an individual consumed large amounts of opioids while taking Naltrexone, they would be better protected from experiencing an overdose as the Naltrexone is essentially blocking their opioid receptors.
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In reply to Megan Hudson
Re: Week 2 Discussion 1: Neurotransmission Story
by Shelby Whaley - Saturday, 9 September 2023, 3:37 PM
Hello Megan!

I feel as though you broke down neuronal activation in a way that makes it not only easier to understand but you provide clear examples of how it connects to psychotropics. Being able to take concepts and transfer them into tangible scenarios are something that helps me understand more deeply. This week’s concepts have been more difficult for me to wrap my head around and I found a reference in our textbook that provided me with a deeper understanding of the agonist spectrum. The analogy utilizes a light that is controlled by a rheostat (Stahl, 2021). It provides a visual of a living room with a lamp, when the light is fully on and at its full brightness potential, that means that the full agonist has turned the light switch on completely (Stahl, 2021). Next it shows the light being turned on but not at its full brightness, this represents a partial agonist (Stahl, 2021). I appreciate this depiction because it displays the idea that a partial agonist will differ in their degree of partiality however the light cannot be turned on brighter even with a higher dose (Stahl, 2021). Lastly, it displays a room that is completely dark, representing no agonist (Stahl, 2021). As mentioned before, I struggled conceptualizing neuronal activation and signal transduction. I found reading research that brought psychotropics and their effects on neuronal activation into real life scenarios, made it easier to understand. I found a study that was conducted to look at combination treatment for a dual disorder of schizophrenia and addictive disorder. The publishing spoke on the potential utilization of partial agonists or molecules that function as an agonist or antagonist based upon levels of neurotransmitters (Peris & Szerman, 2021). Specifically, the study looked at cariprazine, as it has a high affinity for the dopaminergic receptor D3 (Peris & Szerman, 2021). Therefore, the potential is there to prevent relapse in substance use and thus leading to more efficient antipsychotic treatment (Peris & Szerman, 2021). As you gave the example of Naltrexone, being able to connect these medications to their efficacy in psychotropics will allow a solid framework for future expansion of knowledge.

Shelby
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In reply to Shelby Whaley
Re: Week 2 Discussion 1: Neurotransmission Story
by Megan Hudson - Saturday, 9 September 2023, 9:13 PM
Hi Shelby, thanks for your reply! I love the example of the light being fully lit, partially lit, or turned off regarding the presence or absence of agonists and antagonists. That is helpful for conceptualizing some of these complex topics myself and would be a great example to implement into patient teaching. Thank you for sharing!
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In reply to Megan Hudson
Re: Week 2 Discussion 1: Neurotransmission Story
by Ian Smith - Saturday, 9 September 2023, 4:52 PM
Megan,

I thought it was great that you discussed some anatomy of neurons in your post. It’s been several years since I took an anatomy class, so the refresher was nice. One clarification I wanted to make to your post is that a neuron does not necessarily consist of a cell, as neurons are cells themselves (National Institute of Health, 2023). If a neuron had a cell in it, it would be implied that it also had other cells in it, which would make it a tissue, or potentially an organ. I think that you may instead be thinking of the nucleus of the neuron.

Something I found interesting is that there is a neurotransmitter that helps to reduce the number of messages sent between neurons: GABA (Allen et al., 2023). I imagine that medications that mimic GABA, or increase the amount of GABA in the body help with seizure disorders, and possibly disorders like bipolar where patients can have periods of mania. It will be interesting to learn more about how different psychiatric conditions affect neuronal transmission in the brain, and how psychopharmaceutical agents help to treat these conditions as this course progresses.
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In reply to Megan Hudson
Re: Week 2 Discussion 1: Neurotransmission Story
by Taylor Stafford - Sunday, 10 September 2023, 11:07 PM
Hi Megan! 
Great job on your neurotransmitter story for this week’s discussion! You demonstrated that you understood the material, and your explanation was informative and digestible. Starting your discussion by explaining the basic concepts of neurotransmitters helped provide background and necessary information to understand the remainder of your discussion post. To elaborate on the point further, your explanation of the anatomy and function of neurons also provides essential baseline information for the reader to grasp the more complex concepts offered in the discussion fully. One of the most beneficial concepts you explained in your post that I also included is that of the Signal Transduction Cascade. This form of neural communication involves a more complex string of events to produce an outcome (Stahl, 2022, p.10). The processes can present with a delayed response while the whole cascade is initiated, which is helpful information when understanding the functioning of the neurotransmitter processes activated and how drugs are impacted and impact the operations.
It is critical to understand the neurobiology and how neurotransmitters impact the brain and its function, as many psychiatric medications interact and function similarly to the body’s natural neurotransmitters and ion channels (Stahl, 2021, p. 51). Because drugs interact with receptors to communicate the action necessary (Whalen, 2022, p. 24), PMHNP must understand how these drugs affect the neurofunction of neurons in the brain. This knowledge will assist the PMHNP in identifying the neurobiological functioning of psychiatric symptomology and behaviors experienced by the patient. In addition, understanding how neurotransmitters work in the brain will also help determine what type of psychiatric medication is necessary to correct the dysfunctional neurotransmitter levels. The PMHNP can then decide which medicine is applicable based on what neurotransmitters should be targeted, either by initiating an agonist, antagonist, or reverse agonist to correct the psychiatric symptoms.
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In reply to Devashish Rattan
Re: Week 2 Discussion 1: Neurotransmission Story
by Shelby Whaley - Wednesday, 13 September 2023, 2:42 PM
Week 2 Discussion 1: Neurotransmission Story
The purpose of this discussion is to describe how a neuronal impulse creates a cascade of events to occur within the neuron and between neurons. A neuron is made of a cell body, axons and dendrites and is similar to that of any electrical device where communication is provided from one to the other via signals (Caire et al., 2023). These signals include either an action potential or by chemical neurotransmitters (Caire et al., 2023). Once this signaling takes place, there are two different types of receptors that can be activated, either the ligand-gated ion channel or the G-protein receptor (Caire et al., 2023). For the signal transduction cascade to be successful, it requires chemical messages to be sent between the pre and postsynaptic neurons (Stahl, 2021, p. 10). This process is extremely quick and requires various messengers to hand off the messages to various molecules until it has reached its final destination of the inactive molecule (Stahl, 202, p. 10). Activation of the third-messenger enzyme otherwise known as kinase allows for the addition of phosphate groups to proteins which creates phosphoproteins (Stahl, 2021, p. 10). Another way the third messenger can be activated is through phosphatases, removing phosphates from phosphoproteins (Stahl, 2021, p. 10). The balance between kinase and phosphatase following the signal from the two balanced neurotransmitters allows for the determination of the degree of downstream chemical activity (Stahl, 202, pp. 10-11). This is what gets translated into the diverse biological responses, for example, gene expression and synaptogenesis (Stahl, 2021, p. 11). Dependent upon the various types of excitable cells, the role of the voltage-gated ion channel is to regulate ions based through an activation gate based upon the electrochemical gradient (Loussoauarn & Tarek, 2021). Another type of receptor activation is the ligand-gated ion channel which is responsible for the opening or closing of the ion channel once the neurotransmitter has been bound to the receptor (Caire et al., 2023). Psychotropic drugs that bind to a site different than where the neurotransmitter binds are able to increase or decrease the sensitivity of channel opening (Stahl, 2021, p. 11). Not only does the brain have the aforementioned ion channel and G-protein linked systems but there are also two more that are a part of the signal transduction case, they are the hormone and neurotrophin linked systems (Stahl, 2021, p. 11). As many clinicians want to target specific receptors, the agonist spectrum is utilized to explain various interactions between pharmacological subtypes of G-protein linked receptors (Stahl, 202, p. 36). When looking at psychopharmacology and the interaction between psychotropics and neurotransmitters, it is important to emphasize the important role of G-protein-linked receptors by allowing a full synthesis of the second messenger or what is called an agonist (Stahl, 202, p. 11). Next on the spectrum is the partial agonist, producing signal transduction less than a full agonist but moreso than an antagonist (Stahl, 2021, p. 36). Partial agonists allow for all “partiality” or degree of brightness if an agonist has the light all the way on and no agonist consists of no light (Stahl, 2021, p. 36). Antagonists are opposite of agonists by causing no change in constitutive activity that might be present in the absence of an agonist (Stahl, 2021, p. 36). At the end of the agonist spectrum Is the inversed agonist, they are neither neutral nor silent but stabilize the receptor in an inactive form (Stahl, 2021, p. 36).
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PLEASE  NOTE THESE COMMENTS SHE MADE ON MY INTIAL POST
1. A neurotransmitter binds to a receptor. The neurotransmitter is considered a FIRST-messenger in the signal transduction cascade. 
1. After the neurotransmitter (an extracellular messenger) binds to this receptor, a SECOND messenger system (intracellular messenger) is activated.
A. One type of second messenger system is the G-protein-linked system. This is when the NT binds to a g-protein receptor. When the receptor is bound by a NT, it changes its structure and a g-protein gets bound to it (now called a g-protein-linked receptor). It’s shape changes again as it attaches to an enzyme. The result being the creation of the second messenger (cAMP). As an aside, this cAMP is influencing the environment of the neuron, activating inactive genes, influencing gene expression on its own.
Drugs have many ways they interact with this type of second messenger system. 
· An Agonist is said to “turn on the bright lights” and light up the room. This means it is fully enhancing this receptor to the GREATEST EXTENT possible. This leads to maximum gene expression. Some drugs directly bind to this system (direct acting) and some indirectly boost the levels of the natural full agonist. 
· A partial agonist is like creating an environment with “mood lighting.” This is considered to partially enhance the action of the NT and receptor. Think of this as a stabilizer, calming things down, or telling the receptors to “chill.”
· An antagonist is a BIG BULLY. In a synaptic playground, this NT will take the ball away from others and refuse to share it. This leads to NO CHANGE in the signal transduction cascade or NO GAME if referring to a football game. You could think of it as a silent or neutral agent, since nothing will happen in the presence of one. Fun fact, there are more medications that work as antagonists than agonists. However, this antagonizing effect is “no fun” because it can be the reason why there are undesirable side effects from these drugs. And of course because without a ball there is no football. 
· An inverse agonist tries to undo the work in the signal transduction cascade. The cascade might get slowed down or the signal transduction might even be less so than when there is NO agonist present. It can essentially shut down the system. This is like when the offense moves the ball 10 yards AWAY from the touchdown line instead of moving it closer. As you can see, this will make you more likely to lose the ball to the opposing team, miss out on points, or cause a defeat for the team. “It can essentially shut down the system.”
B. Another type of second messenger system is a ligand-ion-channel system (also known as ligand-gated ion channels, ionotropic receptors; ion-channel-linked receptors). When you see the word “ligand,” think “tying.” Something is tied to this receptor and makes it a ligand. When something is “tied” to it, this second messenger system can be a channel and a receptor.
Ion channels are big targets of drug therapy.
An example of another type of ligand is an allosteric modulator, which is not a NT but they can still bind to a different site of a receptor and make a change there. Remember “allosteric” means “other side.”
When this is a Positive Allosteric Modulator (PAM), or agonist, the receptor opens the ion channel to the MAX frequency allowed by that binding site.
When this is a Negative Allosteric Modulator (NAM), or an antagonist, the NAM is said to STABILIZE the receptor to RESTING STATE. Which is the same as if this NAM wasn’t even there. Remember, even at resting state there is still some degree of ion flow through the channel.
1. Returning to the steps of signal transduction, you will then find that the electrical impulse is changed into a chemical response and because of this chemical change, the synaptic vesicles push out the NTs from the presynaptic area to the synapse, “The playground.” They bind to other receptors and ENZYMES.
A. Here’s another possible way we can sneak into the brain’s workings and target symptoms with medications: enzymes. One could consider the use of enzyme inhibitors but this is not very common. In fact, the enzymes we target are limited and include monoamine oxidase for depression, acetylcholinesterase inhibitors for cognition, and glycogen synthase kinase (GSK). Fun fact, lithium may target the GSK enzymes in this signal transduction pathway. The GSK pathway is usually involving enzymes that are going to promote CELL DEATH. Lithium INHIBITS this enzyme. Therefore, aside from its antimanic and mood-stabilizing properties, it is POTENTIALLY NEUROPROTECTIVE AND ENCOURAGES LONG-TERM PLASTICITY (protective against memory loss and decreased cognitive function)!
***The end goal of the signal transduction cascade is to alter gene expression directly or by activating phosphoproteins as another way to get to the genes. 
This is an example of classic neurotransmission. It goes from neuron A to neuron B. 
In volume neurotransmission, that initial neurotransmitter doesn’t find enough receptors to bind to in neuron B and overflows, or floats around to find other receptors in surrounding areas that it can bind to (neurons C, D, E, F, G, etc). You go to a restaurant downtown with a friend but the line is too long and you end up walking to another nearby restaurant.
In retrograde neurotransmission, think of the postsynaptic neuron “talking back” to the presynaptic neuron. How rude. It doesn’t give in and just take the signal. Therefore, the NT that originally found its receptor and was planning to go and “give everyone the message” is now being told to “go home!” Luckily, neuron A happily takes its “child” back in. When it goes back in, it sends signals back into the neuron, therefore interacting with the genome there. 
Understanding this means understanding what we are prescribing and why. 
Plagiarism was noted in this post. Here is another perspective to this "story" :
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