Note:  Dr. Freeman followed last year’s scribe very closely for the most part of the lecture.  For that reason, I will title each section in the scribe with its respective power point slide so that it is easy to follow along with the notes. Mecca lecca hi mecca hiney ho. (Peewee’s Playhouse)


Also, the first part of this scribe is a continuation of the previous lecture.

Ionization: Naproxen (weak acid…)

Example:

Naproxen is a non-steroidal anti-inflammatory drug that is a weak acid with a pKa of 5.0.  The gastric juice, which has a pH of 2, makes the naproxen start off as mostly protonated.  It has a 3-fold difference between its pH and its pKa; therefore there is a 1000x difference between the ionized and unionized concentrations.  (In all of the examples, we are going to normalize all of the unionized form to 1, because it is all a ratio).

So, in this case for every one molecule of unionized acid, there are .001 molecules of ionized acid.   

The unionized acid is free to move out of the stomach by diffusion through the plasma compartment to a high pH compartment.  Therefore, the unionized form is in equilibrium across the membrane.  However, once in the plasma, the unionized form encounters a pH that is 2.4 units higher than its pKa and instantly wants to lose the proton that it had been hanging onto in the acidic environment.  Therefore, it loses the proton and becomes ionized.  

This shows how a drug can be concentrated in one pH phase vs. another pH phase.  This is by virtue of its pKa in relationship to the pH of the various compartments.  This is called ion trapping.  The charged form is not allowed to diffuse out of the compartment, and therefore, there is a one-sided equilibrium with its uncharged form within the given compartment.  Every time a unionized molecule diffuses across the membrane and into the plasma, it gives up its extra proton and becomes an ionized molecule and becomes trapped.  Because transmembrane equilibrium must be maintained, another unionized molecule must diffuse across.  The unionized form is not affected by pH and therefore there should be equal concentrations across the membrane.

The ratio of ionized: unionized is strictly at the mercy of the pH of the compartment.

Ionization: Morphine (weak base…)

Opposite case:

Morphine is a weak base with a pKa of 8.0.  The weak base is likely to concentrate in a pH opposite of an acid environment.  The intestine is more acidic than the plasma.  Only the unionized form of the drug is free to diffuse.  In this case, it is the deprotonated form.  In the intestine the pH is much lower than the pKa.  The base grabs onto ions and becomes ionized and becomes trapped.  Therefore, another unionized molecule diffuses across to maintain transmembrane concentration

Other Aspects….

Amphetamine is also a weak base.  Its actions can be prolonged by ingesting bicarbonate to alkalinize urine (not a clinical example, but a recreational example).  Alkalinization of the urine will increase the fraction of amphetamine in the non-ionized form.  By alkalinizing the urine to a pH that is greater than pKa, there is a lesser tendency for the amphetamine to be excreted because there is a lesser tendency for the amphetamine to be ionized.  Just a little change from ionized portions can make a pretty significant difference.  More basic phases cause bases to lose their protons and become unionized. The unionized form can then be reabsorbed thru the renal tubule epithelium.  

In overdose, you may acidify the urine to increase kidney clearance.  If you acidify the urine, the base becomes charged and therefore can’t be reabsorbed.

Next slide:No Title

Some drugs exist as strong electrolytes and therefore are ionized at all body pH’s.  These drugs are poorly lipid-soluble.  Many are metabolites of drugs.  

Glucuronic acids derivatives of drugs are very lipid-insoluble and carry 

permanent negative charges.  Glucuronidation involves a conjugation reaction that conjugates a hydroxyl group of a drug with glucuronidase as part of the metabolic pathway of the drug.  This leads to a bulky polar ionized compound that is rapidly excreted from the body.

An example of a strong base would be a quaternary ammonium compound like acetylcholine.  It involves a nitrogen with 4 permanently attached alkyl groups attached to it.  It has no protons to give or take, therefore has a permanent positive charge.

Membrane Transfer

1.
Passive Diffusion

2. 
2 Types of Carrier-Mediated Membrane Transport

A. Passive- does NOT require ATP energy

B. Active – requires ATP energy

3.
Endocytosis- drug does not diffuse across the membrane, but rather engulfed by an invagination of the plasma membrane.  The membrane is then pinched off and internalizes this vesicularized external medium.

Facilitated Diffusion

It is a passive process that is a carrier-mediated process.  Carrier-mediated means that it involves a protein like a receptor.  This protein bypasses the need for lipid-solubility of the drug.  It does NOT require energy and the movement of the substance can NOT be against its concentration gradient.

It is necessary for the transport of endogenous compounds whose rate of movement across membranes by simple diffusion would be too slow.

Active Transport


Active transporters are membrane proteins that occur in the neuronal membranes, choriod plexus of the brain, *renal tubule cells, and *hepatocytes. (* means that they are important for drug excretion)


Characteristics:

1. carrier-mediated

a. protein carrier molecules embedded in membrane

2.  selectivity

a. i.e. just strong acids

3. competitive inhibition by congeners (close chemical relatives of the 

drug)

4. energy requirement (ATP) *

5. saturable

6. movement against concentration gradient*

Endocytosis, Exocytosis, Internalization


Endocytosis (or pinocytosis) refers to the engulfment of the plasma membrane, whereby a portion of the plasma membrane invaginates and then pinches off from the surface to form an intracellular vesicle.

Ex. This is the mechanism by which thyroid follicular cells, in response to TSH, take up thyroglobulin

Thyroglubulin has a MW>500,000 so cannot get into cells by conventional membrane transfer.


Exocytosis is used in neurotransmitter release.

Drug Absorption

Absorption – the rate at which a drug leaves its site of administration and the extent to which this occurs.

Bioavailability- the extent to which a drug reaches its site of action or biological fluid from which the drug has access to its site of action, such as plasma.

Example: If a drug had its effect on the brain, and this drug easily gets into the site of absorption, but another drug was much better getting through the blood-brain barrier than that drug, one can see that the other drug has a much greater bioavailability than the other drug, therapeutically.

Next Slide: Bioavailability Curve

Bioavailibility = [Area Under Curve (AUC) oral / AUC injected i.v.] * 100

-benchmark is the area under the curve after an i.v. injection, because you are bypassing absorption completely.  If that area was matched by the area under the curve orally, then that drug would have a 100% bioavailability for an oral dosing.  

Factors Modifying Absorption

a. drug solubility (aqueous vs. lipid)

b. local conditions (pH)

c. local circulation (perfusion)

d. surface area

Bioequivalence

Pharmaceutical Equivalence: drugs that contain the same active ingredients and are identical in dose, dosage form (pill formation), and route of administration.

Bioequivalence:  exists between two pharmaceutically equivalent products when the rates and extent of bioavailability of their active ingredient are not significantly different.  There can be differences on how different companies compound their pills

Distribution


Once in the blood stream, it may be distributed into interstitial and cellular fluids.  The actual pattern of drug distribution  reflects various physiological factors and physiochemical properties of the drug.

Phases of Distribution

First Phase – reflects cardiac output and regional blood flow.  Thus, heart, liver, kidney, and the brain receive most of the drug during the first few minutes after absorption.

Subsequent Phases – Delivery to muscle, most viscera, skin and adipose is slower, and involves a far larger fraction of the body mass

Drug Reservoirs


Body compartments that a drug can accumulate in serve as drug reservoirs (due to their pH, fattiness, etc.).  They have dynamic effects on drug availability. 

1.  Plasma proteins as reservoirs

2. Cellular reservoirs

a. bone

b. adipose

c. transcellular (e.g. ion trapping, i.e. morphine)

Protein Binding


Passive transport of drugs across biological membranes is influenced by protein binding.  Binding may occur with plasma proteins or with non-specific tissue proteins in addition to the drug’s receptors.

*** Only drug that is not bound to proteins (free or unbound drug) can diffuse across membranes.

Next slide:

Protein binding not only affects the activity of the drug (bound=inactive) but also can influence the drug distribution from one compartment to another.  This is particularly true with respect to glomerular filtration and passive transport.

Free Drug +   Protein ( Bound Drug

Next slide:
2 major kinds of plasma proteins that account for this:

albumin- primarily binds to acidic drugs

(1- acidic glycoproteins – binds to basic drugs

Not all drugs bind completely to plasma proteins, some bind not at all and some fractionally.

The fraction of total drug in plasma that is bound is determined by the drug concentration, its affinity for the binding sites, number of binding sites (simple mass action)

   Drug + Receptor ( drug-receptor complex

At low concentration of drugs, binding is a function of Kd (affinity); at high concentrations it’s the # of sites because you have so much drug there.

Thyroxine, T4


Exception in what plasma protein it binds to.  It is over 99% bound to plasma proteins, and may displace other drugs because of its high affinity for binding proteins.  One of the binding proteins (thyroxine binding globulin) is increased by estrogen administration.  It is therefore very slowly eliminated from the body, and has a very long half-life.

Important Exception:


Certain drugs have a marked hepatic uptake that is capable of rapidly shifting equilibrium from protein bound to unbound form of the drug.  For these drugs, increased protein binding results in enhanced hepatic clearance.  This is due to the liver being able to recognize these proteins and strip them off the drug.

Note: Alright, well, the next 3 slides cover which drugs bind to which plasma proteins.  He said that this was FYI and “not important” for us to know right now.  So, I am not including it here, but it is in the power point slides if you’re a gunner like Rishi K.

Bone Reservoir


Tetracycline antibiotics (and other divalent metal ion-chelating agents) and heavy metals may accumulate in the bone.  They are absorbed onto the bone-crystal surface and eventually become incorporated into the crystal lattice, like calcium.  Bone can then become a slow release reservoir for toxic agents.

 .

