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Pharmacology

Dr. Jones

Scribe: Heather Neville for Aimee Nguyen

ALCOHOLS

** This is my second scribe for Dr. Jones.  If you missed the first one, know that he told me he would concentrate on the topics covered in class.  The majority of the info is about the drugs CLASS (alcohols) and not the specific individual drugs per se.  I am adding what he added and will bold what was stressed.  Again, I’ve heard that these questions are difficult, so I am including everything Dr. Jones added, which does make it long.  My apologies. I would like to thank Dr. Jones for looking over and editing this scribe.

I. Introduction

-Alcohol is the “perfect pharmacological agent” because it is eliminated quantitatively by clean metabolism.  The alcohols have virtually no therapeutic effects except ethanol which can cause nerve injury or treatment of methanol or ethylene glycol poisoning.  

II. ETHANOL

A. Pharmacokinetics

1. BAC depends on: quantity, obviously.  The more ingested increases the BAC (BAL), also the speed (1unit of alcohol/hour affects you differently than 2 units over 6 hours).  Alcohols are  quantitatively absorbed in the prox small intestine (for those of you failing to make an A in GI) and is virtually 100% absorbed because it so easily crosses the membrane.

2. Absorption

-amount of alcohol can be decreased/slowed:  This can be due to:

(a) lg amounts of ingested alcohol slows gastric emptying, causes gastric irritation and pylorospasm (see (d))

(b) food in the stomach acts to dilute the amount absorbed per unit time – a volume dilution (which is why when you eat a big lunch following your neuro module exam, it will take longer for those margaritas to hit)

(c) drugs, such as anticholinesterases decrease GI motility and blood flow, slowing absorption, smoothes out BAL curve

-a person’s weight (which directly correlates to % total body water) determines blood alcohol levels in that a larger person can consume more alcohol per unit time (you’ve seen the chart for DWI where body weight is plotted against drinks per hour and the resulting BAL, this was shown by Dr. Jones).  Therefore body weight can determine the BAL following consumption of a set amount of alcohol.

3. Distribution

4. Metabolism

After consuming alcohol, the initial BAL during the first hour is very high and then decreases, yet the elimination rate remains the same.  The quantity eliminated is the same REGARDLESS of a person’s BAL (0 order elimination)

· 2 metabolic organ systems contribute to the catabolism of ETOH:

· 1. gastric parietal cell alcohol dehydrogenase, or ADH (not the renal ADH, do not confuse!!)   This was proven in pts who took aspirin, which inhibits gastric ADH, and then consumed alcohol—the first pass metabolism caused huge increases in BAL and the BAL peaked EARLIER with aspirin.

· Studies have shown that men have double the amount of gastric ADH than women, (but this means they act stupider while intoxicated, I have concluded via my own research).  Therefore, per unit alcohol given, women have LESS first-pass metabolism and therefore a higher BAL per unit alcohol ingested.  Alcoholic men have been shown to have sig. Reduced gastric parietal ADH while there is no change in gastric ADH in alcoholic women.

· 2. hepatic parenchymal cell- 3 enzymes: alcohol dehydrogenase, catalase (very minor component), and the microsomal enzymatic oxidase system

· © the first step in ETOH metabolism is the gastric mucosal ADH
· (d) the MAIN step is the hepatic enzymatic mechanisms, primarily hepatic ADH. Under normal conditions (non-toxic levels of alcohol), the capacity of hepatic ADH to metabolize alcohol is NOT EXCEEDED.  If this level becomes higher and DOES exceed the liver ADH’s capacity/or in the state of chronic alcohol abuse, the hepatic microsomal enzymatic system (MEOS) becomes induced.  It therefore may play a role in chronic consumption patterns.  Look at the organic-looking equation on p.136 and note that ETOH is metabolized to acetaldehyde to acetate and then to CO2 and water—it is almost completely oxidized.  

· Reducing equivalents are produced: NAD is a cofactor. NAD:NADH ratio plays a large role in metabolism.

B. MOA

1. Membrane effects:  Alcohol causes inhibition of ion channel function and Na/Ca ATPase, ultimately transmitter action.

-ETOH adds to the lipid membrane compartment and leads to membrane fluidization (like inhalational analgesics do as well).  The membrane becomes unstable.  Therefore a change in protein structure ensues: ion channels and Na/Ca ATPases are affected both acutely and chronically.

2. Neurotransmitter/ Ion Channel Effects:

-ETOH can have effects on  Cl, Ca, Na ion channels anywhere there is a lipid membrane in assoc. with ion channel complex.

-Remember when we were learning about barbiturates and benzos and how they bind to the GABA receptor?  Cross-tolerance can also develop between them and ETOH due to this property.  There is a lipophilic site in assoc. with the GABA receptor binding site where alcohol binds to enhance GABA receptor function (increase Cl).  This creates a cross-tolerance with the benzodiazepines and barbiturates with alcohol ingestion. This is a NONSPECIFIC interaction!  
-pharmacokinetic tolerance (with chronic alcohol abuse) is membrane-dependent.  The membranes essentially become used to seeing alcohol and therefore it takes more and more to generate the same effect.  (Studying on Sat. night decreases tolerance because your membranes get used to seeing syllabus and therefore are shocked when alcohol eventually does enter the body.)

C. Organ System Effects

1. CNS

-this is one of the primary sites of action. ETOH has the capacity to dissolve into the neuronal membrane, causing the social and nonsocial effects due to this. and this leads to cortical disinhibition and then to cortical depression.

<50 mg/dl leads to increased sociability (euphoria, etc)

50-80 mg/dl :visual effects such as positional nystagmus (tip head to side, eyes will roll up and then go back and forth, used by police on the roadside), gait disturbances, , decreased concentration, and increased reaction time-driving is dangerous

100-150 mg/dl causes ataxia, decreased motor skills, decreased short-term memory, slurred speech and decreased ability to do complex tasks

-Acute effects can become chronic when serious intoxication leads to neurological impairment.

-Very high levels cause severe CNS depression and can lead to coma and death

-ALL effects have to do with the neuronal membranes in supraspinal and peripheral sites (peripherally you can get neuropathy-you don’t feel pain while intoxicated, wake up with bruises and wonder???)

-high ingestion can increase chances of hemorrhagic stroke, cerebral cortical and cerebellar atrophy, and different syndromes with abuse

-CHRONICALLY, syndromes such as Wenier’s Korsakoff’s can occur which are IRREVERSIBLE!!!  The only chronic symptom which IS reversible is the peripheral neuropathy.

2. CV and Respiratory Systems

(a) acute effects: small doses initially cause cutaneous vasodilation = flushing and increased HR.  At high concentrations, it can produce central vasomotor and respiratory depression.

(b) Chronic effects:  chronic ETOH ingestion exacerbates hypertension- both systolic AND diastolic pressures increase with ETOH administration at moderate (nontoxic) levels.  If the alcoholic stops drinking, BP will drop.  Cardiomyopathy (irreversible)- keep in mind that other things can cause this, never assume it is due to alcohol.  But it IS a well-defined lesion seen in alcoholics.

3. Hepatic System

-the major problems we see with the liver and ETOH are metabolic effects.  ETOH both directly causes these effects via the TCA cycle and through lipid formation.  Indirectly, the liver causes metabolic problems due to the byproducts of metabolism having effects on substrates in the blood.

(A) acute effects:  ETOH increases the amount (number) of reducing equivalents.  This leads to TCA cycle activation, causing a very very high amount of pyruvate produced, which in turn increases lactate production.

· This leads to direct hyperlacticacidemia.  Lactic acid is eliminated in the kidney.  Lactic acid also competes with uric acid at the organic acid transport sites, leading to increased amount of uric acid amounts in the blood.

· Therefore, an indirect hyperuricemia ensues and this may lead to gouty episodes, even in patients with controlled gout, ETOH can exacerbate symptoms.

· ETOH consumption leads to an increase in free fatty acids and triglycerides leading to hyperlipidemia.

· At first, the high caloric content of alcohol leads to a transient hyperglycemia followed by hypoglycemia.

(B)  Chronic effects:

· Hepatic fat accumulates with chronic ETOH ingestion.  This is an early precursor to further damage by alcohol to the liver.

· Fatty change IS reversible , but if alcohol abuse continues, and increased fatty infiltration occurs and this eventually leads to cirrhosis.

· The damage depends on the degree of pathology existing in the liver. Pathology takes over with chronic excessive ETOH intake.

· Cytochrome P450 activity is markedly decreased in BOTH alcohol-induced hepatitis and cirrhosis.  In an individual with fatty liver change and no further damage, there is no change in half-life of drugs tested.  BUT in patients with alcohol-induced hepatitis or cirrhosis, t ½ of drugs was increased 2-3 times that of normal in chronic alcoholics, indicating a deficiency of the liver to adequately metabolize drugs.  Keep in mind when treating alcoholic patients with meds!! (some drugs are not metabolized primarily in the liver).

4. GI system

(A) acute:  ETOH irritates gastric mucosa, esp at high concentrations.  At low concentrations, it stimulates HCl secretion (it has been used in tonics given to elderly with poor appetites to stimulate acid secretion and therefore increase appetite).  Alcohol also causes pylorospasm at high concentrations, which in turn causes decreased absorption form the small intestine.

(B) Chronic:  Alcohol causes erosive gastritis and esophageal and duodenal abnormalities via direct effects on the GI membrane.

· It also causes pancreatitis because it increases pancreatic enzyme secretion.  This is seen in chronic abusers.

5. Endocrine-Repro

· Alcohol has 3 basic effects on the endocrine/reproductive systems:

· 1.  Inhibition of ADH secretion, which increases urine volume to way above the amount ingested.

· 2.  Decreased hormonal secretion, especially testosterone.  This leads to gynecomastia and a decrease in secondary sex characteristics.

· 3. Fetal Alcohol Syndrome:  something we can prevent!!!  This is caused by maternal abuse of ETOH during pregnancy and we are not sure if it due to effects of alcohol on the placental circulation or cellular development during gestation.  Characteristically, there is microcephaly, cardiac problems, midfacial defects, and progressive decline of IQ with age.  There is an 800-900% increase in perinatal mortality.  It is still unclear as to how much alcohol must be ingested to cause FAS.

D. Toxicity and Treatment

-remember alcohol is a CNS depressant and can produce coma.  This is a major issue for overdose/toxicity.  It also depresses BP, cardiac function, and respiratory system.

E. Tolerance/Dependence

-1.  Tolerance
-A patient walks into your ER with a BAL of 25 and is walking and talking whereas a medical student would be dead with such an incredibly high BAL.  How is this possible??  (OK, it wouldn’t be that high)  We talked earlier in the lecture about tolerance developing to alcohol.  Tolerance is dependent on 2 factors:

-(A)  metabolic:  plays the minor role, and is due to a 25% induction in Cp450

-(B)  pharmacodynamic:  this is the major component of tolerance and has to do with the fact that with chronic abuse, the cellular membranes get used to seeing alcohol and this leads to tolerance- a larger amount is then necessary to create the “desired” effect.

-We have found that ETOH is an anesthetic at high concentrations.  If an alcoholic is acutely intoxicated, you can therefore administer less anesthetic for surgery/procedure, because the membrane is currently seeing high amounts of alcohol and already having an anesthetic effect.

-BUT in an alcoholic who is NOT acutely intoxicated, he/she has built up a tolerance-his membranes are used to seeing alcohol.  In this case, it will take MORE anesthetic to put him to sleep –for example, it may take only 1 MAC to put a normal person to sleep while 2-3 MAC would be needed to have the same effect on an alcoholic.  Alcoholics also have hydrocarbon tolerance, so the same applies for inhalational anesthetics.

-2.   Dependence


-Dependence can be physical or psychological in nature.  Psychological dependence is evidenced by craving and the constant seeking of alcohol.  Physical dependence is evidenced by what happens when the person stops drinking, or withdrawal.  This occurs within a few-48 hours (depending on abuse patterns) after the cessation of drinking.  The person experiences tremulousness (which can lead to seizures), hallucinations, and delirium.  This type of reaction usually follows from binge drinking. 



-Withdrawal is treated with benzodiazepines.


-Treatment:  Counseling is the first line in treatment.  The largest problem is RELAPSE.  Dr. Jones discussed  I-v under “treatment” .  He only added that metronidazole has the same effect as Disulfuram (see next page) and that acomprosate does everything: decreases craving, decreases withdrawal symptoms, increases threshold, and decreases problems with relapse.

F. Interactions

1. Disease States

-contraindications to ETOH:  epilepsy (in the early stages of drinking, disinhibition causes loss of control over seizure foci), hypertension, liver/renal dz, peptic ulcer, pancreatitis, gout, diabetes (causes altered insulin secretion to glucose)

2. Drugs

-Cp450 substrates:  In chronic drinkers, there may be an increased Cp450 protein which means that the t ½ is decreased for drugs which are metabolized by the Cp450 system in that person.  Therefore in patients taking drugs which are substrates for the Cp450 system, the drug action will be markedly decreased.

-Solubility issues occur with: Aminoglycoside Abx, and diazepam—solubility is increased with ETOH ingestion.

-Metronidazole (flagyl, a GI Abx used to treat parasites), works in the same manner as Disulfuram.  Both inhibit Acetaldehyde dehydrogenase in the hepatic mitochondria.  This causes the buildup of aldehydes, making the pt. incredibly dizzy, nauseous, prone to vomit, and may induce seizures.  The behavioral signs are that the pt. takes either of these drugs, ingests alcohol, and soon experience these symptoms and get sick.  Disulfuram is an effective deterrant therapy used in alcohol treatment programs.

-© potentiation:  due to CNS depression, take the following with caution:  narcotic analgesics, antidepressants, anti-anxiety drugs, or anything with a sedative component! These will potentiate the CNS depression already caused by ETOH and places the pt at high risk for severe CNS depression or coma.

III. OTHER ALCOHOLS

****There are only 2 here for you to know***

A. Methanol

-used as a combustant in lamps or windshield washer solutions.  Seems harmless?  The problem lies in the fact that alcoholics will seek out all types of alcohol and may ingest this.  

-Methanol is dangerous because it is metabolized to toxic products: first it is metabolized to formaldehyde (causing the pt. To smell similarly to the way you did a year ago), then to formic acid.  Formic acid causes severe retinal damage.  Patient indicates it is like looking into a “snowstorm”

-Ingestion of methanol (and Ethylene Glycol, as we will see) can lead to coma, disorientation, and severe acidosis.

-IMPORTANT:  We treat the intoxication of Methanol by blocking the metabolism to formic acid (the bad actor in all of this).  This is accomplished by loading the patient with Ethanol, which is the dominant substrate for ADH (the first step in metabolism of Methanol) and stops the conversion to formic acid because Ethanol beats out Methanol for binding sites.  Fomepizole (p.142) is also a substrate for ADH, and is now becoming the agent of choice, because its action does not cause CNS depression.

B. Ethylene Glycol

-It is metabolized to oxalic acid, which can cause kidney failure and severe acidosis to production of: glycolic acid, glyoxylic acid, and oxalic acid.  Treatment and toxicity symptoms are same as ethanol.

Any questions??  349-5701 or Neville@uthscsa.edu
Good luck studying!!!!!!!!

