There are 6 forms of drug tolerance.  The acronym I have students learn is “DR. MCTiBS.

1. DR. (Down Regulation)

2. M  (Metabolism and metabolic tolerance –as VERY long section)

3. C (Cross Tolerance)

4. T  (Tachphylaxis)

(i)  

5. B  (Behavioral Tolerance)

6. S  (Sensitization)

The first form of tolerance is Down Regulation, which is also called cellular tolerance or tissue accommodation. Down Regulation is A DEACREASE IN the potency of a drug due to a reduction of its mechanisms of action. (You actually already know this one from your last exam)  For example, when a person takes cocaine, it blocks the reuptake pump of dopamine and serotonin releasing neurons. The result is more neurotransmitters in the synaptic gap which causes excess binding. This leads to increased neuronal firing that over-stimulates the cell and can potentially burn out the neuron. The receiving neuron will degrade some of its receptor sites on the post-synaptic membrane to prevent over stimulation. This will require the person to use more of the drug to get the same high (cellular tolerance). Down Regulation is the removal of receptor sites. 

The second form of drug tolerance is Metabolic Tolerance. The primary organ involved in metabolism is the liver. The liver will biochemically change a substance (biotransformation) into one that is more beneficial or less toxic to the body (detoxification). The term Drug Fate refers to when the metabolic process is used on a drug. 

              

The enzyme system that breaks down drugs/toxins in the body is called the Mixed-Function Enzymatic Oxidizing System (MEOS). The primary enzyme used in the MEOS is Cytochrome P-450. The main way Cytochrome P-450 will operate is to biochemically transform substances by reducing the lipid solubility of the substance, so that it cannot be absorbed as well. 

The process of changing a drug’s solubility is called metabolism. The byproducts of metabolism are called metabolites. Metabolites are water-soluble and can either be active or inactive. Metabolites usually will be ionized (electrically charged) so that they cannot be reabsorbed, and they are simply sent to the kidneys for excretion.  They pose no added stress to the system.  

Some drug metabolites, in contrast, are active. For example, THC and psilocybin have active metabolites that are toxic. These metabolites produce an additive effect to the parent compound. Because the metabolite is toxic, it can do even more harm.  It is as if the system is “hit twice” –the initial toxin of the given drug and then again by the active, toxic metabolite. 

              

There are four types of biotransformation. The memory aid I have my students learn is it is a “CHOR to remember the 4 types of biotransformation.”

1. The first form of biotransformation is called conjugation, which occurs when the liver adds a molecule to the chemical being metabolized. As a result, the drug will either be deactivated or, more commonly, it will change into a molecule too large to be absorbed. 

2. The second is hydrolysis. Hydrolysis occurs when the liver modifies a molecule being metabolized by tacking on a water molecule which will make it water soluble and it will get sent to the kidneys for excretion.

3. The third is oxidation, which occurs when live enzymes include oxygen directly in the metabolic process. A metabolite of oxidation becomes ionized which means that it can’t be reabsorbed. This is the most common type of biotransformation.

4.  The fourth is reduction. Reduction occurs when the liver enzymes will cut the molecular structure of a chemical being metabolized into smaller parts that cannot be absorbed. 

              

Liver Enzyme Induction is when the liver increases enzyme production, due to previous exposure of a drug that uses the same liver enzyme for deactivation. APPROXIMATELY Five percent of the population is “fast metabolizers” and APPROXIMATELY another five percent are “slow metabolizers”. The rest of the population falls in the middle of these two extremes. People who are fast metabolizers have more liver enzymes (either due to their genetics OR past drug use), which means that they need more of the given drug to get any effect (compared to the average person). Fast metabolizers are also more likely to keep using a drug at a high rate. Slow metabolizers need far less of a given drug to have an effect occur, as they typically have far fewer liver enzymes.  

When a person uses drugs, the liver (as with other systems) tries to compensate for the toxins in the person’s system.  Metabolic Tolerance occurs as more liver enzymes are induced to try to BREAK down the drug/toxin.  These extra liver enzymes mean that the person now needs more of the drug to get the same high. Metabolic Tolerance is a reduction in the potency of a drug due to increased induction of liver enzymes. 

There is only so much the liver can do, however. If the enzymes are overloaded with exposure to various drugs, they will be ineffective at breaking down some of these drugs. For example if a person uses one drug, and then uses a second, there will be less enzymes working on breaking down the second drug since they are already working on breaking down the first. Therefore, the second drug is not broken down as well as it usually is. This is called competition.  This can be very dangerous and lead to an overdose. Because there is a limited amount of liver enzymes, when the liver is exposed to more than one toxin they have to compete for available liver enzymes.  In class.
The third form of tolerance is Cross Tolerance. Cross tolerance is a reduction in the potency of one drug due to repeated exposure of another drug in the same drug class. For example, a heroin addict will have cross tolerance with codeine and morphine since they are all in the same class. Or an alcohol abuser/addict will have cross tolerance with Valium and Librium, since they are all in the same class. 

The fourth form of tolerance of Tachyphylaxis, or Rapid Tolerance, is the reduction in the potency of a drug within 2-24 hours after the first exposure to it. Some examples are LSD, ice (crystal meth, and crack cocaine. For ice and crack cocaine, it only becomes tachyphylactic if it is IN THIS FORM (i.e.. smoked), not when in snorted forms. For ice and crack, the reason tachyphylaxis occurs, is that the is a MASSIVE, RAPID depletion of dopamine, norepinephrine, and epinephrine in the brain; therefore, the user is at VERY HIGH risk of becoming addicted to the drug. There is a rapid tolerance with these two drugs, combined with a dramatic depletion of ntx's in the reward circuit (and other areas) of the brain. The drug user recalls this tremendous euphoria AND feels low in comparison after the first use wears off. This ntx depletion makes it very difficult not to "try it" again...and so forth.

The fifth form of tolerance is Behavioral Tolerance, which is a reduction in the potency of a drug based on deliberate behavioral changes on the part of the user. There are personal and interpersonal reasons for the behavior changes. Some examples of personal reasons would be if the person felt shame for using the drug or if they were in denial about it being a problem. Some interpersonal reasons are if there was a risk of losing a job, disciplinary action at school or work, or just fear of social stigma in general. Alcoholics walk with an "A-Line Gate," which means that they walk with legs slightly spread (and often "scuff" their feet on the ground), in an attempt to lower their center of gravity and keep their balance. They often won't weave or have slurred speech after consuming large quantities of alcohol. The person will behaviorally change their every day routines/behaviors to hide the fact that they are high. Other examples of behavioral tolerance would be that marijuana smokers typically do not bend down rapidly when high, as marijuana (for some people) can cause vertigo. Heroin smokers will shoot up while lying down or sitting down (instead of to avoid shooting up while standing, which could cause them to fall down).

The sixth and last form of tolerance is Sensitization (Reverse Tolerance). Sensitization is an increase in potency of a drug due to repeated exposure of a drug. For example, when a person uses cocaine cellular tolerance will occur, but they will also experience sensitization OF THE DRUG'S motoric effects. This means that over time, the cocaine use can cause agitated/ jerking sort of movements AT LOWER DOSAGES. The more common form of sensitization, however, is due to pathology of a target organ: the liver. It is easiest to get this from alcohol abuse. Alcohol abuse can cause cirrhosis of the liver (scar tissue built up in liver). This means there is less of liver working to break down alcohol, so it actually can take less alcohol to get high. If this occurs in a client, obviously, it is a very serious sign.
6 forms of drug tolerance (reduced)
Down Regulation, cellular tolerance/tissue accommodation. DEACREASE IN drug potency due to reduction of its mechanisms of action. EXP: removal of receptor sites. person takes cocaine blocks the reuptake pump of dopamine and serotonin releasing neurons. The result is more NT in SG causes excess binding. increased neuronal firing over-stimulates cell & burns out neuron. Receiving neuron will degrade # of RS on postSM to prevent over stimulation. person must use more of the drug to get the same high (cellular tolerance). 

Metabolic Tolerance. organ involved is liver. biochemically change substance (biotransformation) into one that is more beneficial or less toxic to the body (detoxification). “Drug Fate” is the metabolic process is used on a drug. 

              

The enzyme system that breaks down drugs/toxins in the body is called the Mixed-Function Enzymatic Oxidizing System (MEOS). enzyme is Cytochrome P-450 biochemically transforms substances reducing lipid solubility of substance so it cant be absorbed as well. 

changing a drug’s solubility is metabolism. byproducts is metabolites. Metabolites are water-soluble and can either be active or inactive. Metabolites usually will be ionized (electrically charged) so that they cannot be reabsorbed, and they are simply sent to the kidneys for excretion.  They pose no added stress to the system.  

Some drug metabolites, in contrast, are active. For example, THC and psilocybin have active metabolites that are toxic. These metabolites produce an additive effect to the parent compound. Because the metabolite is toxic, it can do even more harm.  It is as if the system is “hit twice” –the initial toxin of the given drug and then again by the active, toxic metabolite. 

              

4 types of biotransformation:

conjugation, liver adds a molecule to the chemical being metabolized. As a result, the drug will either be deactivated or, will change into a molecule too large to be absorbed. 

hydrolysis. liver modifies a molecule being metabolized by tacking on a water molecule which will make it water soluble and it will get sent to the kidneys for excretion.

oxidation, which occurs when live enzymes include oxygen directly in the metabolic process. A metabolite of oxidation becomes ionized which means that it can’t be reabsorbed. This is the most common type of biotransformation.

reduction. Reduction occurs when the liver enzymes will cut the molecular structure of a chemical being metabolized into smaller parts that cannot be absorbed. 

              

Liver Enzyme Induction is when the liver increases enzyme production, due to previous exposure of a drug that uses the same liver enzyme for deactivation. APPROXIMATELY Five percent of the population is “fast metabolizers” and APPROXIMATELY another five percent are “slow metabolizers”. The rest of the population falls in the middle of these two extremes. People who are fast metabolizers have more liver enzymes (either due to their genetics OR past drug use), which means that they need more of the given drug to get any effect (compared to the average person). Fast metabolizers are also more likely to keep using a drug at a high rate. Slow metabolizers need far less of a given drug to have an effect occur, as they typically have far fewer liver enzymes.  

When a person uses drugs, the liver (as with other systems) tries to compensate for the toxins in the person’s system.  Metabolic Tolerance occurs as more liver enzymes are induced to try to BREAK down the drug/toxin.  These extra liver enzymes mean that the person now needs more of the drug to get the same high. Metabolic Tolerance is a reduction in the potency of a drug due to increased induction of liver enzymes. 

There is only so much the liver can do, however. If the enzymes are overloaded with exposure to various drugs, they will be ineffective at breaking down some of these drugs. For example if a person uses one drug, and then uses a second, there will be less enzymes working on breaking down the second drug since they are already working on breaking down the first. Therefore, the second drug is not broken down as well as it usually is. This is called competition.  This can be very dangerous and lead to an overdose. Because there is a limited amount of liver enzymes, when the liver is exposed to more than one toxin they have to compete for available liver enzymes.  In class, I will give you an example here and continue with the lecture.

Cross Tolerance. reduction in the potency of one drug due to repeated exposure of another drug in the same drug class. For example, a heroin addict will have cross tolerance with codeine and morphine since they are all in the same class. Or an alcohol abuser/addict will have cross tolerance with Valium and Librium, since they are all in the same class. 

Tachyphylaxis, Rapid Tolerance, reduction in drug potency within 2-24 hours after the first exposure to it. Some examples are LSD, ice (crystal meth, and crack cocaine. For ice and crack cocaine, it only becomes tachyphylactic if it is IN THIS FORM (i.e.. smoked), not when in snorted forms. For ice and crack, the reason tachyphylaxis occurs, is that the is a MASSIVE, RAPID depletion of dopamine, norepinephrine, and epinephrine in the brain; therefore, the user is at VERY HIGH risk of becoming addicted to the drug. There is a rapid tolerance with these two drugs, combined with a dramatic depletion of ntx's in the reward circuit (and other areas) of the brain. The drug user recalls this tremendous euphoria AND feels low in comparison after the first use wears off. This ntx depletion makes it very difficult not to "try it" again...and so forth.

Behavioral Tolerance, reduction in drug potency based on deliberate behavioral changes on the part of the user. There are personal and interpersonal reasons for the behavior changes. Some examples of personal reasons would be if the person felt shame for using the drug or if they were in denial about it being a problem. Some interpersonal reasons are if there was a risk of losing a job, disciplinary action at school or work, or just fear of social stigma in general. Alcoholics walk with an "A-Line Gate," which means that they walk with legs slightly spread (and often "scuff" their feet on the ground), in an attempt to lower their center of gravity and keep their balance. They often won't weave or have slurred speech after consuming large quantities of alcohol. The person will behaviorally change their every day routines/behaviors to hide the fact that they are high. Other examples of behavioral tolerance would be that marijuana smokers typically do not bend down rapidly when high, as marijuana (for some people) can cause vertigo. Heroin smokers will shoot up while lying down or sitting down (instead of to avoid shooting up while standing, which could cause them to fall down).

Sensitization (Reverse Tolerance). Sensitization is an increase in potency of a drug due to repeated exposure of a drug. For example, when a person uses cocaine cellular tolerance will occur, but they will also experience sensitization OF THE DRUG'S motoric effects. This means that over time, the cocaine use can cause agitated/ jerking sort of movements AT LOWER DOSAGES. The more common form of sensitization, however, is due to pathology of a target organ: the liver. It is easiest to get this from alcohol abuse. Alcohol abuse can cause cirrhosis of the liver (scar tissue built up in liver). This means there is less of liver working to break down alcohol, so it actually can take less alcohol to get high. If this occurs in a client, obviously, it is a very serious sign.

6 forms of drug tolerance (notes)

Down Regulation, cellular tolerance/tissue accommodation. DEACREASE IN drug potency due to reduction of its mechanisms of action. Exp: person takes cocaine, it blocks reuptake pump of dopamine & serotonin releasing neurons. Causes more NT in SG. Causes excess binding & increased neuronal firing that over-stimulates cell & burns out neuron. Receiving neuron will degrade RS on postSM preventing over stimulation. Must use more drug to get high (cellular tolerance). Down Regulation is the removal of receptor sites. 

Metabolic Tolerance. organ involved is liver. biochemically changes substance (biotransformation) into one that is more beneficial or less toxic to the body (detoxification). “Drug Fate” is when the metabolic process is used on a drug. 

              

Enzyme system that breaks down drugs/toxins in body is called Mixed-Function Enzymatic Oxidizing System (MEOS). Enzyme is Cytochrome P-450 & biochemically transforms substances by reducing the lipid solubility of the substance, so that it can’t be absorbed as well. 

Metabolism: process of changing a drug’s solubility. byproducts are metabolites. Metabolites are water-soluble & either active or inactive. Usually will be ionized (electrically charged) so they can’t be reabsorbed & are sent to kidneys for excretion & pose no added stress to the system.  

Some drug metabolites are active. Exp: THC  & psilocybin have active metabolites that are toxic producing an additive effect to the parent compound & can do even more harm.  system is “hit twice” –the initial toxin of the drug & again by the active, toxic metabolite. 

              

4 types of biotransformation.

conjugation, liver adds a molecule to chemical being metabolized. drug will be deactivated or will change into a molecule too large to be absorbed. 

hydrolysis, liver modifies a molecule being metabolized tacking on a water molecule making it water soluble & is sent to kidneys for excretion.

oxidation, liver enzymes include oxygen directly in the metabolic process. metabolite becomes ionized means that it can’t be reabsorbed. most common type of biotransformation.

reduction. liver enzymes will cut the molecular structure of chemical being metabolized into smaller parts that cannot be absorbed. 

              

Liver Enzyme Induction is when liver increases enzyme production, due to previous exposure of a drug that uses the same liver enzyme for deactivation. APPROX 5% of population are “fast metabolizers” & 5% are “slow metabolizers”. Most in middle of these two extremes. Fast metabolizers have more liver enzymes (due to genetics OR past drug use), which means that they need more drug to get any effect (compared to the average person). More likely to keep using at a high rate. Slow metabolizers need less of a given drug & have far fewer liver enzymes.  

When person uses drugs, liver compensates for toxins in the person’s system.  Metabolic Tolerance occurs as more liver enzymes are induced to try to BREAK down the drug/toxin.  Extra liver enzymes mean person needs more drug to get high. Metabolic Tolerance is reduction in potency of drug due to increased induction of liver enzymes. 

Only so much liver can do. If enzymes are overloaded with exposure to various drugs, they will be ineffective at breaking down some of these drugs. Exp: person uses 2 drugs, there will be less enzymes working on breaking down the second drug since they are already breaking down the first. The second drug is not broken down as well as it usually is called competition.  Dangerous & leads to overdose. Because there is a limited amount of liver enzymes, when the liver is exposed to more than one toxin they have to compete for available liver enzymes.

Cross Tolerance. reduction in potency of drug due to repeated exposure of another drug in same drug class. Exp: heroin addict has cross tolerance with codeine and morphine since they are in same class. alcohol abuser has cross tolerance with Valium & Librium, since they are all in the same class. 

Tachyphylaxis, or Rapid Tolerance, reduction in potency of a drug within 2-24 hours after first exposure. Exp: LSD, ice (crystal meth & crack cocaine only becomes tachyphylactic if smoked, not when snorted. For ice and crack, the reason tachyphylaxis occurs, is that there is a MASSIVE, RAPID depletion of dopamine, norepinephrine, and epinephrine in the brain; the user is at VERY HIGH risk of becoming addicted to the drug. There is a rapid tolerance with these two drugs, combined with a dramatic depletion of ntx's in the reward circuit (and other areas) of the brain. The drug user recalls this tremendous euphoria AND feels low in comparison after the first use wears off. This ntx depletion makes it very difficult not to "try it" again.

Behavioral Tolerance, reduction in drug potency based on deliberate behavioral changes on the part of the user. There are personal and interpersonal reasons for the behavior changes. Exp: Personal reason -person felt shame for using the drug or in denial about it being a problem. Interpersonal reason - risk of losing a job, disciplinary action, or fear of social stigma. Alcoholics walk with an "A-Line Gate," which means that they walk with legs slightly spread (and often "scuff" their feet on the ground), in an attempt to lower their center of gravity and keep their balance. They often won't weave or have slurred speech after consuming large quantities of alcohol. The person will behaviorally change their every day routines/behaviors to hide the fact that they are high. Other examples of behavioral tolerance would be that marijuana smokers typically do not bend down rapidly when high, as marijuana (for some people) can cause vertigo. Heroin smokers will shoot up while lying down or sitting down (instead of to avoid shooting up while standing, which could cause them to fall down).

Sensitization (Reverse Tolerance). increase in drug potency due to repeated exposure of a drug. Exp, person uses cocaine & cellular tolerance occurs, but also experience sensitization OF THE DRUG'S motoric effects. This means that over time, the cocaine use can cause agitated/ jerking sort of movements AT LOWER DOSAGES. The more common form of sensitization, however, is due to pathology of a target organ: the liver. Alcohol abuse causes cirrhosis of the liver (scar tissue built up in liver). This means there is less of liver working to break down alcohol, so it takes less alcohol to get high. 

