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PHARMACOKINETICS I:  ABSORPTION AND DISTRIBUTION 
 

Learning Objectives 
 
By the end of the lecture, you should be able to: 
1. Define pharmacokinetics according to the acronym ADME. 
2. Discuss the mechanisms (aqueous & lipid diffusion, active transport, etc.) by which drugs 

are absorbed in the body to reach their sites of action. 
3. Describe chemical characteristics of drugs (e.g. solubility, pKa) and other factors (e.g. 

regional differences in blood flow, transporters, non-specific binding) that influence drug 
absorption. 

4. Compare common routes of drug administration, their uses and their limitations. 
5. Explain what is meant by a one-compartment and a two-compartment model of drug 

distribution and how it affects the plasma drug concentration time course. 
6. Explain the concept of Volume of Distribution and the effect of plasma protein binding on 

drug distribution. 
7. Recognize that differential drug distribution can create drug reservoirs that affect the time 

course and magnitude of drug effect. 

 

Drugs used as examples:   digoxin, lidocaine, gentamicin, tobramycin, vancomycin, theophylline, 
warfarin, phenytoin, lidocaine, procainamide, penicillin G, aspirin, ethyl alcohol, propranolol 

 
Recommended Reading: 
The Merck Manual Online   
Robert S. Porter, MD, Editor, Justin L. Kaplan, MD, Senior Assistant Editor  
http://www.merck.com/mmpe/sec20/ch303/ch303a.html 
 
Goodman & Gilman’s Manual of Pharmacology and Therapeutics, Chapter 2   
Randa Hilal-Dandan, PhD, Laurence Brunton, PhD, Editors 
 
An Outline of Topics for Review 
 
1. Definition of Pharmacokinetics 
 

2. Significance of pharmacokinetic principles in therapeutics: 

a. Design of rational therapeutic regimens. 

b. The time-course of drug action. 

c. Dose- (and/or plasma concentration-) related efficacy and toxicity. How to adjust dosage 
to achieve therapeutic efficacy and avoid toxicity. 

d. Significance of the area under the plasma concentration vs. time curve. 
 
3. Factors affecting drug absorption: 

 a. membrane permeability. 

 b. availability of transport processes (active or passive). 

 c. available surface area. 



Medical Therapeutics Pharmacokinetics I-Absorption & Distribution 
August 6, 2014 K. Byron, Ph.D. 
 

 2

 d. pH and concentration gradients.   
 
4. Routes of administration: 

 a. oral 
 b. sublingual/buccal 
 c. rectal 
 d. inhalation 
 e. topical 
 f. transdermal 
 g. subcutaneous 
 h. intramuscular 

i. intravenous 
j. intrasynovial 
k. intrathecal 
l. vaginal 
m. urethral 
n. ocular 
o. nasal 
p. aural 
q. intra-peritoneal 
r. epidural 

5.  Factors affecting drug distribution: 

a. regional differences in blood flow 

b. tissue mass 

c. transport mechanisms 

d. permeability characteristics 

e. ion-trapping 

f. protein binding 

6. One-compartment vs. Two-compartment distribution: 

 a. One-compartment: a rapid equilibrium is achieved between plasma and tissue 
distribution following drug administration. Plasma concentration-time profile declines 
mono-exponentially. 

 b. Two-compartment: rapid distribution to a central compartment is followed by slow 
distribution to other tissues/binding sites (second compartment). This results in a bi-
exponential plasma concentration-time profile. With repetitive administration, steady-
state concentrations are achieved only after 5-6 elimination half-lives (t½). Digoxin, 
lidocaine, and phenytoin are examples of drugs that display two-compartment 
pharmacokinetics. 

7. Volume of Distribution (Vd) 

Vd describes how large a blood volume would be required to contain the entire administered 
dose at the measured concentration of drug in the blood.  

8. Drug Reservoirs 

Accumulation of drugs in tissues (e.g. fat & muscle) can prolong drug action.

enteral (administration through the

parenteral (given by routes other than 
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DEFINITION OF PHARMACOKINETICS 

Pharmacokinetics relates the time courses of a drug’s absorption, distribution, and 
elimination (metabolism & excretion) to the intensity and time course of its pharmacological 
(therapeutic and/or toxic) effects.  

CONSIDERATIONS FOR RATIONAL DESIGN OF A THERAPEUTIC REGIMEN: 
• Dose 
• Absorption 
• First-pass Metabolism 
• Area under the curve (AUC) 
• Volume of Distribution and Elimination clearance 
• Compliance 

 
 
AREA UNDER THE CURVE (AUC) 
Clinical Significance: 
 

• Used to compare amount of drug that reaches the systemic circulation by different 
routes of administration: determine bioavailability (F). 

• Used to compare clearance (CL) of a drug in different individuals after administration of 
the same dose via the same route. 

DRUG ABSORPTION 

Definition: 
The processes by which drugs move from their site of administration to the plasma.  
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Processes following oral drug administration: 

• disintegration of solids and dissolution of drug in fluids of gastrointestinal tract 
• passage of drug across or between cells to reach the systemic circulation. 

 
Factors affecting drug absorption: 

• chemical composition of drug and delivery formulation (tablet, capsule, solvent, etc) 
• regional differences in blood flow 
• transport mechanisms 
• permeability characteristics 
• ion-trapping 
• nonspecific binding  

 

I. Passage of drugs across membranes 

A. Aqueous diffusion 

1. small molecules (<100 kD mol. weight) 

2. passive process 

B. Lipid diffusion 

1. passive process 

2. driven by concentration gradient: 
the greater the difference across the membrane the more rapid the rate of crossing 

3. lipid solubility is important 

a. the more lipid soluble the faster the rate of transport 

b. lipid solubility is affected by the degree of ionization 

c. degree of ionization is dependent upon pH 

i. can be determined at a given pH by using the Henderson-Hasselbalch equation 

 

ii. this is not a linear relationship 
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iii. important to remember that the pH at which 50% of the compound is ionized is by 
definition the pKa 
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Ion trapping: 
The concentration of the non-ionized form of a drug will tend to equilibrate across 
compartments because this form can permeate lipid membranes. However, the 
fraction of ionized drug described in the Henderson-Hasselbalch relationship will be 
established within each compartment based on the difference between 
compartmental pH and drug pKa. Because the ionized form cannot readily permeate 
lipid membranes, the drug can become trapped, resulting in a greater concentration 
in compartments that favor its ionized form. Weak acids become more concentrated 
in more alkaline compartments; weak bases tend to concentrate in more acidic 
compartments. 

4. surface area: 

the greater the surface area the faster the rate of transport 

C. Active transport 

1. requires expenditure of cellular energy 

2. unidirectional 

3. structural specificity 

D. Minor mechanisms 

1. facilitated diffusion 

2. pinocytosis 

 

K
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II. Different routes of drug administration 

A. Enteral 

1. Oral 

a. Physical form of drug can be of many types. 

b. Local differences in pH affect absorption. 

c. Differences in surface area can determine primary sites of absorption. 

d. The fraction (F) of the orally administered dose that reaches the systemic circulation 
in its active form is called its oral bioavailability. 

A drug may have less than 100% bioavailability if it is incompletely absorbed or if it 
undergoes metabolism, e.g.  while going through the liver via the portal circulation 
(first-pass metabolism).  

Oral bioavailability may be estimated by 
comparing AUC for the orally administered drug with AUC 
for the same dose of drug given to the same patient 
intravenously.  

First-pass effect: 

Some drugs have such a high rate of metabolism that no drug ever enters the 
systemic circulation even though it is completely absorbed. 

Oral doses may be higher than parenteral doses because of reduced 
bioavailability (F<1)1:  

 
 
 

e. Enterohepatic circulation: 

Some drugs are absorbed, transported to the liver, and secreted into the bile. 
They are then deposited back into the intestine and can be reabsorbed. 

f. Alterations in gastric emptying time can delay or speed up absorption. 

Prolonged times to gastric emptying time will generally result in delayed absorption. 

Some drugs can directly affect emptying time. 

                                                 
1A similar dosage adjustment is required when a drug is prepared in a formulation that provides a 
fraction of the total weight of drug as active drug and the remainder as an inactive salt. The fraction of 
total drug that will be delivered as active drug to the systemic circulation is called the “salt factor” (S). 
The appropriate dose is determined by dividing the desired dose of active drug by the salt factor.  

 

F l =
AUC

Dosep.o. =
Dos
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2. Sublingual/buccal 

a. advantages 

will not be absorbed into the portal system 

a higher pH than found in the stomach 

b. disadvantages 

drug taste 

3. Rectal 

a. advantages 

50-60% will by-pass the portal vein & avoid first-pass hepatic metabolism 

useful in cases of nausea and vomiting 

b. disadvantages 

discomfort, inconvenience, etc. 

 

B. Inhalation 

1. passive diffusion 

2. large surface area 

3. volatile gases 

driven by differences in partial pressures 

4. aerosol preparations 

site of absorption dependent on particle size 

5. drug absorption varies with depth and duration of inspiration 

may be necessary to titrate to desired effect or use metered inhaler 

C. Topical 

1. mostly for non-systemic use 

2. highly lipid soluble compounds will reach general circulation 

3. common forms include creams, lotions, gels, ointments, shampoos 
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D. Transdermal 

 1. passive diffusion of drugs across the skin—driven by concentration gradient 

 2. potential benefits:  

 a. controlled release of the drug into the patient—enables a steady blood-level 
profile 

 b. user-friendly, convenient, painless, multi-day dosing—improved patient 
compliance 

 c. bypassing the gastrointestinal (GI) tract obviates GI irritation that occurs with 
some drugs and avoids partial first-pass inactivation by the liver 

 3. limitations/risks:  

 a. skin barrier limits the number of drugs that can be delivered by passive diffusion 
from an adhesive patch 

 b. potential skin irritation, discomfort 

 

E. “Parenteral” (not via the digestive tract), often used to describe administration of drugs by 
injection 

importance of blood flow: 

Blood flow to the area maintains the concentration 
gradient (the drug is removed by the circulating 
blood, so its concentration will remain lower in the 
local blood vessels than on the tissue side at the site of 
injection). This helps maintain a steady rate of 
absorption until the local reservoir at the site of 
injection becomes depleted. 

advantages 

greater degree of reliability and precision of administered dose 

fewer problems with absorption 

do not have to worry about presence or absence of food in the stomach 

do not have to worry about "first-pass effect" 

Drug at s
of inject
Drug at s
of inject
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disadvantages  

sight of the needle 

pain 

tissue damage and irritation 

drug must be in solution form 

1. subcutaneous (sc) 

a. advantages 

i. a slow even absorption 

ii. may be used as a depot 

iii. rate of absorption can be modified by altering blood flow 

b. disadvantages 

i. is of little value in peripheral circulatory failure (shock) 

ii. only small volumes can be accommodated 

2. intramuscular (im) 

a. advantages 

i. a more rapid absorption than seen with sc 

ii. as with sc administration, rate of absorption can be modified by altering 
blood flow 

b. disadvantages 

i. potential infection and/or nerve damage 

ii. danger of inadvertent iv administration 

3. intravenous (iv) 

a. advantages 

fastest and most reliable way of achieving a specific blood level 

b. disadvantages 

to avoid a bolus effect (an excessively high plasma concentration 
achieved by rapid i.v. drug administration) it may be necessary to 
administer the dose over a longer period of time 
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F. Other parenteral: 

1. intrasynovial (within the synovial sac of a joint, or the synovial sheath of a tendon) 

2. intrathecal (through the theca of the spinal cord into the subarachnoid space) 

3. vaginal 

4. urethral 

5. ocular 

6. nasal 

7. aural 

8. intraperitoneal 

9. epidural (into the epidural space of the spinal column) 

 

III. Distribution of absorbed drug 

A. Factors influencing distribution 

1. regional differences in blood flow 

2. tissue mass 

3. transport mechanisms 

4. permeability characteristics 

some membranes are more resistant to drug passage than others, e.g. blood-
brain barrier, blood-testis barrier, and placental barrier 

5. ion-trapping 

drug can be trapped in a body compartment due to a local pH differences 

6. protein-binding 

• many drugs bind reversibly to plasma proteins. 
–  albumin binds acidic drugs 
–  α1 acid glycoprotein binds basic drugs 

• protein-bound drugs are retained in the plasma. 
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B. One- vs. Two-compartment Distribution 

 1. One-compartment: a rapid equilibrium is achieved between plasma and tissue 
distribution following drug administration. Plasma concentration-time profile declines 
mono-exponentially. 

 2.  Two-compartment: rapid distribution to a volume represented by a central compartment 
(usually plasma, VP) is followed by slow distribution to tissues/peripheral binding sites 
(second compartment; VT). This results in a bi-exponential plasma concentration-time 
profile. With repetitive administration, steady-state concentrations are achieved only 
after 5-6 elimination half-lives (t½). Digoxin, lidocaine, and phenytoin are examples of 
drugs that display two-compartment pharmacokinetics. 
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C. Volume of distribution 

1. When a drug is administered it distributes to various body compartments. 

2. Volume of distribution (Vd) is a measure of how much of the administered dose 
distributes outside of the plasma. 

3. Vd describes how large a blood volume would be required 
to contain the entire administered dose at the 
concentration of drug in the plasma at time t=0 (C0). 

If you administer a dose D of a drug intravenously (IV-bolus), you would naturally 
expect it to have an immediate plasma concentration (C0) which directly corresponds 
to the amount of plasma contained in the body (Vplasma). Mathematically this would be: 

 

But this is generally not what happens. Instead you observe that the drug has 
distributed out into some other volume (i.e. organs/tissues). So, how much of the drug 
is no longer in the blood stream? The volume of distribution (Vd) quantifies that by 
specifying how big a volume you would need in order to observe the plasma 
concentration actually measured. 

VP

Dose

CLE

VT
CLI

 
 
SCHEMATIC ILLUSTRATION OF TWO-COMPARTMENT DISTRIBUTION 
CLI = inter-compartmental clearance; CLE = clearance of elimination. During the 
distribution phase, the drug is cleared from the plasma by both inter-
compartmental distribution (bi-directional) and by elimination (uni-directional). 
As the plasma concentration decreases and the tissue concentration increases, 
the net inter-compartmental clearance approaches zero. When net inter-
compartmental clearance is zero, this marks the end of the distribution phase, 
but the plasma concentration continues to decrease because of clearance of 
elimination (a mono-exponential process for most drugs—a linear concentration 
time course when plotted on a logarithmic y-axis scale). 

C0 =  
D 
Vplasma 

Dose

C0

Vd =



Medical Therapeutics Pharmacokinetics I-Absorption & Distribution 
August 6, 2014 K. Byron, Ph.D. 
 

 13

A practical example for a simple case (mono-compartmental) would be to administer 
D = 6 mg/kg to a human. A human has a plasma volume (Vblood) of around 0.06 
l/kg. This gives a C0 = 100 µg/ml if the drug stays in the blood stream only, and thus 
its volume of distribution is the same as Vplasma, that is Vd = 0.06 l/kg. If the drug 
distributes into all body water, the volume of distribution would increase tenfold, to 
approximately 0.6 l/kg. 

If the drug readily diffuses into the body fat the volume of distribution may increase 
dramatically. An example is chloroquine, which has a Vd = 250-302 l/kg. 

In the case of one-compartment distribution, the volume of distribution is defined 
as: Vd = D/C0. In the tw-compartment case, C0  is an extrapolated concentration at 
time = 0, extrapolated from the linear portion of the log plasma concentration vs. time 
plot. 

Drug VD Comments 

Warfarin 8L 
Reflects a high degree of plasma protein 
binding. 

Theophylline, Ethanol 30L Represents distribution in total body water. 

Chloroquine 15000L 
Shows highly lipophilic molecules which 
sequester into total body fat. 

NOTE: The apparent Volume of Distribution is a theoretical number that may not 
correspond to an actual physiological space. Actual physiological volumes into which 
drugs distribute are often much smaller. 

A drug which passes through cell membranes, is not bound to any tissue constituent or 
taken up into any particular cells (i.e. it is evenly distributed in total body water) would 
have a Vd = 0.6 L/kg (42 L/70 kg). 

A drug which passes through capillary endothelium but not through cell membranes, and 
is not protein-bound or extremely lipid soluble may only be distributed in extracellular 
fluid and have a Vd = 0.14-0.2 L/kg (10-15 L/70 kg). 

A drug which is tightly bound to plasma protein, would have a Vd equivalent to that of 
plasma water, Vd = 0.06 L/Kg (4 L/70 kg). 
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Protein binding affects the apparent Volume of Distribution 

An increase in the unbound fraction of total [drug] (e.g. in hypoalbuminemia) will 
result in an increase in the apparent volume of distribution (Vd). 

 
 

 
    

where Vd = volume of distribution, VP and VT are plasma and tissue volumes, 
respectively. Note: VT and fraction unbound in tissues (fuT) cannot be determined 
easily. A reasonable approximation of VT can be made by estimating tissue water 
volume (VTW). For a 70 kg man, VTW = total body water- plasma water ≈ 42L - 4L = 38L 
 
For example, consider a drug that is 90% bound to plasma albumin (10% unbound in 
the plasma). If the volume of distribution under these conditions is 14L, the value of VT 

divided by fuT will be 100L (assume VP = 4L). Assuming no other parameters change, 
a drop in plasma [albumin] that decreases the fraction of bound drug to 80% (20% 
unbound in plasma) will increase Vd to ≈24L: 

 
  Vd = VP + [(VT/fuT) x fu] 
  

14L = 4L + [(VT/fuT) x 0.1)] 
 
10L = [(VT/fuT) x 0.1)] 
 
(VT/fuT) = 100L 

 
  Vd = VP + [(VT/fuT) x fu] 

 = 4L + (100L x 0.2) = 24L 

 

fraction unbound in plasma 

fraction unbound in tissues 

Vd = VP + [ VT x                                              ] 
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D. Drug Reservoirs 
 Following absorption, drugs in the systemic circulation are distributed to peripheral 

tissues.  

 Distribution is bi-phasic: an initial distribution to organs with rich blood supply (kidney, 
liver, heart, lungs, brain), followed by distribution to other tissues with less rich blood 
supply (fat, muscles, bone, bladder).  

 Different drugs distribute differently. For example, the anesthetic thiopental, a highly fat-
soluble drug, rapidly enters the brain, but the antibiotic penicillin, a water-soluble drug, 
does not.  Fat-soluble drugs such as thiopental tend to concentrate in adipose tissue. 
Bone can accumulate environmental toxins such as lead or drugs such as tetracycline 
antibiotics. Some drugs have a very narrow distribution profile, because specific tissues 
have a particularly high affinity for the drug (for example, iodine concentrates mainly in 
the thyroid gland). 

 Fat and muscle in particular can act as drug reservoirs. Ultimately large amounts of a 
drug can accumulate in these tissue reservoirs, especially in obese patients. In some 
cases more drug may be stored in these tissues than remains in the systemic circulation.  

 Deposition into any reservoir limits the fraction of the drug available for diffusion from the 
plasma to site of action as well as to sites of excretion (or metabolism). 

 When plasma levels of the drug decline due to metabolism or excretion, they are 
replenished by diffusion from the reservoir. Gradual release of drug from these sites can 
prolong the therapeutic effect or result in toxicity if drug administration is continued. 

 A reservoir may need to be saturated with the drug before a therapeutic effect is 
manifest. In this case a large dose may be needed to provide an effective concentration 
at the site of action of the drug. 

 Plasma proteins can also serve as a drug reservoir. For a highly protein-bound drug, a 
large fraction of administered drug may be retained in the plasma because only the 
unbound drug molecules can cross cell membranes. In its protein-bound state the drug 
may not be distributed to its site of action. When the drug dissociates from plasma 
protein (the dissociation rate will depend primarily on its affinity for the protein) it will then 
be free to distribute to exert its effects.  

 Many different drugs bind to sites on plasma albumin, so competition can occur between 
them. Theoretically, administration of drug B can reduce the protein binding, and hence 
increase the free plasma concentration of drug A. To do this, drug B needs to occupy an 
appreciable fraction of the protein binding sites. Few therapeutic drugs affect the binding 
of other drugs to albumin because they occupy, at therapeutic plasma concentrations, 
only a tiny fraction of the available sites. Sulfonamides are an exception because they 
occupy about 50% of the binding sites at therapeutic concentrations and so can cause 
unexpected effects by displacing other drugs. 

 


