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Our brain is made up of billions of neurons. Neurons are the communicators of our nervous system (Benerjee et al., 2020). They allow for chemical communication in the brain. Neurotransmitters are the chemicals that neurons use to communicate (Benerjee et al., 2020). Between two neurons is a small space called the synapse. With a neural impulse, chemical messages are sent from one neuron to another via the synapse or the synaptic cleft of each neuron (Stahl, 2021). One neuron sends a chemical message from its presynaptic cleft to the receiving neuron and its postsynaptic cleft. Within the communication of one neuron to another there is the potential for something called signal transduction cascade which is a process of stringing chemical messages together which can impact how cells communicate with each other. Signal transduction cascades are triggered by chemical neurotransmitters and involve a string of molecular messengers and cellular signaling that eventually create some sort of biological response (Kotob, 2021). A disruption in the messaging or cell communication is what causes disease or mental illness. Additionally, certain drugs can be used to address disruptions in signal transduction and impact how messages are received.

Signal transduction cascades can involve multiple cascade paths or channels (Kotob, 2021). Two of those are the voltage gated and the ligand-ion channels. Voltage gated channels are activated by electrical charges or changes in electrical potential across a membrane which they reside in (Bowie, 2018). These electrical impulses, or action potential, are triggered by electrical events of neurotransmission and are ion-specific, and channels specific to sodium (Na+), potassium (K+), calcium (Ca2+), and chloride (Cl−) ions (Bowie, 2018). Ligand-ion channels however are opened directly by neurotransmitters, drugs or hormones (Bowie, 2018).

G protein linked receptors are an important part of the signal transduction cascade (Stahl, 2021). When a ligand, in the form of a neurotransmitter, hormone or drug, which is the signaling molecule, attaches to the g protein linked receptor of a cell, it activates the receptor and initiates an action to happen within the cell (Weis and Kobilka, 2018). In the case of signal transduction this causes a series of molecular changes which causes an eventual response.

When we talk about G protein linked receptors as it relates to medication, it's helpful to think of drugs as specific types of keys that can open the door to a certain pathway in varying degrees. There are 4 types of keys we can use to open certain doors within a cell and create certain outcomes (Stahl, 2021). They are agonist, partial agonist, antagonist and inverse agonists. Agonists open the door all the way and allow for full downstream signal transcription. Whereas Agonists open the doors wide open, antagonists block the action of a natural transmitter if, for example, there is over stimulation by a neurotransmitter. Partial agonists fall in between agonist and antagonist and allow for a mediated downstream signal transduction event that produces a more minimal effect than a full “open door” agonist reaction. Inverse agonists create an inactive form of a receptor and prevent the door from being open at all. An example we could use when discussing these processes is heroin and naltrexone. Heroin would be considered an agonist and naltrexone would be considered an antagonist.
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The purpose of this post is to explain the neuronal activation and communication between neurons process through story telling.
Neurotransmitters carry chemical messengers, functioning like a postal vehicle. The function of neurotransmitters is to transmit messages or chemical signals sent from one neuron to another neuron or nerve, muscle, or gland cell. Neurotransmitters are transmitted through the space between the two neurons the synaptic cleft. Which is like the postal vehicle on the road carrying messages from one destination to another, although the synaptic cleft is only a small space between the two neurons. When the mail arrives, it is sorted and stored in the mailbox and the individual has to go check the mail to receive the message. Like the mail having to go through a series of steps both from the post office and the receiving individual, there is a process which occurs when the neurotransmitter binds to the receiving neuron outside and inside the cell. The neurotransmitter or any molecule which binds to a protein is referred to as a ligand, and when the ligand-ion channels open, the influx of ions occurs which causes an action potential to occur. Changes in the membrane potential also causes a voltage change which prompts activation of voltage-ion channels and allowing only specific ions to go through the membrane. This influx of ions such as Calcium ions into the cell is what is causing the electrical activity or chemically triggering secondary and then tertiary messengers often involving phosphatase and kinase activity with the fourth messenger which carries the signal to the final destination to express the biological response. These series of the steps which occurs when the neurotransmitter reaches the receiving neuron to cause the expression of the particular function is called the Signal Transduction Cascade. At times an individual may use a PO Box or a second address for their mail, and they have to receive the mail from the second destination, an extra step before receiving the message. Similarly, when the neurotransmitter arrives at the cell this may signal a G-protein linked receptor instead of the other channels which causes a direct reaction for the channels to open. The G protein channel is first activated, which then causes the G protein to release and travel to a second protein that allows the influx of the ions and second messenger activation to take place to follow through the cascade. Ligands such as drugs which are similar in structure to neurotransmitters and able to bind transmembrane channels while producing similar or different effects. Agonists are those drugs which exhibit a similar effect, while those which inhibits the effects of the drug from taking place are known as antagonists. Drugs which produce opposite effect of neurotransmitters are known as inverse agonists. Partial agonist are those drugs which produces a fraction of the efficacy compared to a full agonist or the neurotransmitter itself.
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