Homeostasis and the 4 Synaptic Events

Homeostasis is one’s genetically-coded process of maintaining an optimal center point or balance point. Because it is genetically-coded, it varies from person to person. There are four synaptic events that serve to maintain homeostasis in the synaptic gap.  The four synaptic events are (1) Binging, (2.) Enzymatic Degradation, (3) Autoreceptors, and the (4) Reuptake Pump.

The movement of sodium (Na+) ions causes the electrical component of the action potential. The action potential (AP) causes the synaptic vesicles to move down and fuse to the mature synaptopores on the pre-synaptic membrane.  The AP causes these mature structures to rip open, causing the vesicles to release neurotransmitters (NTX’s) into the synaptic gap.  Some of the chemical messengers will then bind to receptor sites on the post-synaptic membrane of the receiving cell.  The messengers fit like a key into a lock.  For the split second these messengers are in this location, they are considered “out of circulation,” meaning that they are not counted as potential stimulators in the synaptic gap.

For the second synaptic event, Enzymatic Degradation, there are specialized enzymes located in either (1) the terminal button or (2) the synaptic gap. Their function is to literally cut the molecular structure of (some of) the neurotransmitters they encounter, rendering them useless (or non-functional). This serves to help maintain homeostasis in the synaptic gap by helping to prevent overstimulation of the receiving cell.

Thirdly, Autoreceptors, located on the pre-synaptic membrane, work like “plant managers.” Their function is to monitor the amount of neurotransmitters (NTX’s) their own neuron releases. If either to many or too few neurotransmitters are being releases (based upon the person’s genetics), then these structures will chemically signal to their own neuron to decrease (never stop) or increase NTX production.  This helps to maintain homeostasis helping to balance the amount of NTX stimulation in the synaptic gap.

Finally, the Reuptake Pump, located on the pre-synaptic membrane, works like a “mini recycling plant.” Its function is to literally pick up whole and partial neurotransmitter (NTX) molecules from the synaptic gap and bring those molecules into the terminal button.  Other structures will then repackage the NTX’s into synaptic vesicles for future reuse. This synaptic event serves to help maintain homeostasis in two ways: first it helps to remove excess stimulation from the synaptic gap.  Secondly, it helps to save energy for the cell because the neuron does not have to create every NTX molecule from scratch.  (NTX’s are created from amino acids in your diet, so if the neuron had to recreate every single NTX molecule, it would use a great deal of energy.  This way some of the NTX’s are recycled!)

When a person takes cocaine, the first thing it does is block the Reuptake Pump, preventing it from working.  Remember, the cell can still “fire” (and release NTX’s into the synaptic gap); it just cannot “recycle” the NTX’s back into the terminal button.  So, this serves to increase the amount of the neurotransmitters, specifically Dopamine (DA) NTX’s that are in the synaptic gap. Dopamine allows a person to feel pleasure and reward when released into the reward circuit of the brain, called the Nucleus Accumbens. Therefore, this massive increase in DA leads to much more binding and neuronal “firing” causing the drug user to feel Euphoria.

The remaining three synaptic events must then work overtime, in an attempt to compensate for the imbalance (excessive DA stimulation in the synapse) the cocaine use has created. The first synaptic event, binding, will attempt to compensate by decreasing the number of receptor sites on the post-synaptic membrane of the receiving cell.  This receiving neuron does this in an attempt to prevent over stimulation and possible cell death, as it will be more difficult for binding to occur with fewer receptor sites on the post-synaptic membrane. The drug user will experience tolerance when this occurs, which means he/she will need to take more of the drug to get the same high.

The next synaptic event, Enzymatic Degradation, will increase the number of Monoamine Oxydase (MAO) enzymes located in the terminal button; in order to cut more Dopamine (DA) NTX’s in half. The effect of this is that there will be less Dopamine NTX’s available for release into the synaptic gap. Finally, the Autoreceptors will signal to their own neuron to decrease the production of Dopamine, in an attempt to help bring the person’s system back to homeostasis.

As a person continues using cocaine, over extended periods, the homeostatic levels continue to become more and more “off line.” The dopamine levels over extended periods become very low, so the person feels terrible – this is what addicts in recovery often describe as “being sick and tired of being sick and tired.” The phrase, if you have heard it before, is referring to the fact that as the addict/drug abuser continued to use the drug he/she gradually lost the ability to even feel good, let alone euphoric, when taking the drug. Then, as more time passes (and drug use continues) the person has to use, just to be able to stimulate small DA release rates; they have to use, just to be able to get out of the bed in the morning.

Knowing this, imagine that the person in this essay stops using cocaine…

When a person stops using cocaine, the first thing that happens is that the Reuptake Pump begins working again (pulling a lot of the very low DA out of the synaptic gap). There is now too low a level of DA NTX stimulation in the synaptic gap. Remember, DA allows a person to feel pleasure and reward –it is what makes life worth living in many ways. Withdrawal operates under the Rebound Effect. The rebound Effect states that during withdrawal, a person experiences the equal, but opposite effect the drug originally created. So, if cocaine originally made the client euphoric, talkative, hypersexual, energetic, etc.. Now, during withdrawal, the client will feel depressed, lethargic, apathetic, worthless, and he/she will likely experience anhedonia (the loss of ability to experience pleasure).

This extremely low level of stimulation is not homeostatically balanced based upon the person’s genetics, so the remaining 3 synaptic events must work to try to bring the person’s system back “on line.” (1) Binding will try to compensate for the reduced NTX stimulation by adding a massive number of DA receptor sites on the post-synaptic membrane, the (former) drug user experiences drug craving, as the receptor sites are not receiving as much stimulation as they need.

(2) Enzymatic Degradation will try to compensate for the low level of DA stimulation, by reducing the excess MAO enzymes in the terminal button, which means fewer DA NTX’s will be cut in half. The net effect of this is more functional DA available for release into the synaptic gap.

(3) Finally, the Autoreceptors will chemically signal to their own neuron to increase DA production, in an effort to bring the person back to homeostasis. This will, for a long term drug user take many, many months for it to return to a functional level. However, every week that passes, will bring the person closer.

Homeostasis: genetically-coded process maintaining optimal center/ balance point. Genetically-coded, varies from person to person. 4 synaptic events maintain homeostasis in the synaptic gap.  Binging, Enzymatic Degradation, Autoreceptors, Reuptake Pump.

Movement of (Na+) ions causes electrical component of action potential. AP causes synaptic vesicles to move down & fuse to mature synaptopores on pre-synaptic membrane.  AP causes SVs to rip open releasing NT into synaptic gap.  Some chemical messengers bind to receptor sites on post-synaptic membrane of receiving cell & fit like key into a lock.  For the split second these messengers are in this location, they are “out of circulation,” & do not counted as potential stimulators in SG.

Enzymatic Degradation, special enzymes in terminal button or SG. Cut molecular structure of some NT rendering them non-functional. Maintains homeostasis in the SG by helping to prevent overstimulation of receiving cell.

Autoreceptors on pre-synaptic membrane work like “plant managers” to monitor amount of NT neuron releases. If too many or too few neurotransmitters are being released (based on person’s genetics), then AR chemically signal neuron to decrease (never stop) or increase NT production.  Homeostasis: balances amount of NTX stimulation in SG.

Reuptake Pump on pre-synaptic membrane works like “mini recycling plant” to pick up extra whole & partial NT from SG return to terminal button.  NT are repackaged into SVs for future reuse. Homeostasis in two ways: 1. removes excess stimulation from SG.  2. saves energy for cell since neuron doesn’t have to create every NT from scratch.  (NT created from amino acids in diet, if the neuron had to recreate every single NT it would use a great deal of energy.  This way some of the NTX’s are recycled)

Cocaine use blocks Reuptake Pump from working.  Cell still “fires” & release NT into SG but can’t “recycle” NT into terminal button & increases the amount of Dopamine NT in SG. DA allows person to feel pleasure & reward when released into reward circuit of brain called Nucleus Accumbens. A massive increase in DA means more binding & neuronal “firing” causing user to feel Euphoria.

Other synaptic events work overtime to compensate for imbalance (excessive DA stimulation in synapse). Binding will decrease number of receptor sites on post-synaptic membrane of receiving cell to prevent over stimulation & cell death, binding is more difficult with fewer receptor sites. User will experience tolerance & need to take more drug to get same high. Enzymatic Degradation will increase the number of Monoamine Oxydase (MAO) enzymes in terminal button cutting more DA’s in half. Means less DA NT’s available for release into SG. Autoreceptors will decrease production of DA to bring person’s system back to homeostasis.

Using cocaine over extended periods, the homeostatic levels become more “off line.” DA levels over time become very low & person feels terrible – “being sick and tired of being sick and tired.” Addict looses ability to feel good when taking drug. As use continues person has to use just to be able to stimulate small DA release rates; & get out of the bed in morning.

If stops using cocaine…Reuptake Pump begins working pulling DA out of SG. Now too low a level of DA NT stimulation is in SG. Withdrawal operates under Rebound Effect stating “during withdrawal a person experiences equal but opposite effect drug originally created.”  If cocaine made client euphoric, energetic, etc.. In withdrawal, they feel depressed, lethargic & will likely experience anhedonia.

Low stimulation is not homeostatically balanced based on person’s genetics, 3 synaptic events must bring system back “on line.” Binding will add a massive number of DA receptor sites on the post-synaptic membrane & former user gets cravings as receptor sites are not receiving needed stimulation. Enzymatic Degradation will try to compensate for the low level of DA stimulation reducing excess MAO enzymes in terminal button & less DA NT will be cut in half so more DA is available for release into SG.  Autoreceptors chemically signal neuron to increase DA production, in an effort to bring the person back to homeostasis. Will take many months to return to functional levels but every week will bring the person closer.

Homeostasis: genetically-coded maintaining optimal center/ balance point & varies from person to person. 4 synaptic events maintain homeostasis in the synaptic gap.  Binging, Enzymatic Degradation, Autoreceptors, Reuptake Pump.

Action potential (Na+) ions causes electrical component of AP.  Synaptic vesicles move down fuse to synaptopores on pre-synaptic membrane & rip open releasing NT into synaptic gap.  

· NT bind to receptor sites on receiving cell & fit like key into a lock, these NT are “out of circulation” & not stimulators in SG. 

· Enzymatic Degradation, enzymes in terminal button or SG. Cut some NT rendering them non-functional. Maintains homeo in the SG by helping to prevent overstimulation of receiving cell. 

· Autoreceptors on preSM work like “plant managers” to monitor amount of NT neuron releases. If too many or too few neurotransmitters are being released then AR decrease (never stop) or increase NT production.  Homeostasis: balances amount of NTX stimulation in SG. 

· Reuptake Pump on preSM are “mini recycling plant” pick up NT from SG return to terminal button.  NT are repackaged into SVs for reuse. Homeostasis:1. removes excess stimulation from SG.  2. saves energy for cell since neuron doesn’t have to create every NT from scratch.  (NT created from amino acids)

Cocaine use blocks Reuptake Pump.  Cell fires & release NT into SG but can’t “recycle” & increases amount of Dopamine in SG. DA allows person to feel pleasure & reward when released into reward circuit “Nucleus Accumbens”.  Increase in DA means more binding & neuronal “firing” causing Euphoria. Other SEs work overtime to compensate for imbalance (excessive DA stimulation in synapse). 

· Binding decreases receptor sites on postSM of receiving cell to prevent over stimulation & cell death, binding is more difficult with fewer receptor sites. User experiences tolerance needs more drug to get high. 

· Enzymatic Degradation increases Monoamine Oxydase (MAO) enzymes in terminal button reducing DA meaning less DA NT’s available for release into SG. 

· Autoreceptors will decrease production of DA to bring person’s system back to homeostasis.

Using cocaine over extended periods, the homeo levels get more “off line.” DA levels over time become very low & person feels terrible – “being sick of being sick & tired.” Addict looses ability to feel good when taking drug. Person must use to stimulate small DA release rates; & get out of the bed in morning.

If stops using cocaine Reuptake Pump works pulling DA out of SG. Now low a level of DA NT stimulation is in SG. Withdrawal operates under Rebound Effect “equal but opposite effect drug originally created.”  If cocaine made client euphoric, energetic in withdrawal feel depressed, lethargic & anhedonia.

Low stimulation not homeo balanced based on genetics, 3 SEs bring system back “on line.” 

· Binding add massive # of DA receptor sites on the postSM & ex user gets cravings as receptor sites don’t receive needed stimulation. 

· Enzymatic Degradation will reduce excess MAO enzymes in terminal button & less DA NT will be cut so more is available for release into SG.  

· Autoreceptors signal neuron to increase DA production to bring person back to homeo. Will take months to return to functional levels every week brings person closer.
