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One-Compartment Open Model: Intravenous Bolus Administration 

 
 
•In order to develop pharmacokinetic models to describe and predict drug 
disposition kinetically, the model must account for both the route of administration 
and the pharmacokinetic behavior of the drug in the body, then dosing regimens for 
individuals or groups of patients can be calculated. 
 

•The one-compartment open model is the simplest way to describe the process of 
drug distribution and elimination in the body, assuming that the drug can enter or 
leave the body (i.e.; the model is “open”), and the entire body acts like a single, 
uniform compartment. 
 

•The simplest pharmacokinetic model that describes drug disposition in the body is 
the IV bolus model where the drug is injected all at once into a box (the human 
body) or compartment, and the drug distributes / equilibrates instantaneously and 
rapidly throughout the compartment. Drug elimination from the compartment also 
begins to occur immediately after the IV bolus injection. 
 
 
 

 
 

 
 
 
 

 

 



•Uptake of drugs by various tissue organs will occur at 

varying rates and extents, depending on the blood flow 

to the tissue, the lipophilicity of the drug, the molecular 

weight of the drug, and the binding affinity of the drug 

for the tissue mass. 

 

•Because of rapid drug equilibration between the blood 

and tissues, drug distribution and elimination occur via 

the kidney and / or by being metabolized in the liver as 

if the dose is all dissolved in a tank of uniform fluid (a 

single compartment) from which the drug is eliminated. 

 



•The apparent volume of distribution, VD assumes that the drug is theoretically 

rapidly and uniformly distributed in the body throughout the apparent volume 

and it is determined from the injected amount / dose and the plasma drug 

concentration Cp
0 immediately after injection. 

 

The elimination rate constant, k, which is proportional to the rate at which the 

drug concentration in the body declines over time. 

 

 

 

 

 Figure 1: pharmacokinetic model for a drug administered by rapid intravenous 

injection. DB = drug in body; VD = apparent volume of distribution; k = 

elimination rate constant 

 

 



Elimination Rate Constant: - 

•The rate of elimination for most drugs from the body is a first-order process, 

i.e.; the rate of elimination at any point in time is dependent on the amount or 

concentration of drug present at that instant. Therefore, the elimination rate 

constant, k, is a first-order elimination rate constant with units of time–1 (e.g.; 

h–1 or 1/h). 

 

•The elimination rate constant represents the sum of elimination of the parent 

drug by metabolism and excretion:             …..(Eq. 1) where km = first-order 

rate process of metabolism and ke = first-order rate process of excretion. 

 



Apparent Volume of Distribution: - 
•When plasma or any other biologic compartment is sampled and analyzed for 
drug content, the results are usually reported in units of concentration instead 
of amount.  
 

•Each individual tissue in the body may contain a different concentration of 
drug due to differences in blood flow and drug affinity for that tissue. 
 

•The volume of distribution represents a volume that must be considered in 
estimating the amount of drug in the body from the concentration of drug 
found in the sampling compartment.  
•The volume of distribution is the apparent volume (VD) in which the drug is 
dissolved: 
              …..(Eq. 5) which relates the (VD) to the concentration of drug in 
plasma (Cp) and the amount of drug in the body (DB). 
 

 



Calculation of Volume of Distribution:   

In a one-compartment model (IV administration),  because both DB
0 [The dose 

of drug given by IV  bolus (rapid IV injection) represents the amount  of drug 

in the body, DB
0, at t = 0] and Cp

0 [determined  by extrapolation, Cp
0 represents 

the instantaneous  drug concentration after drug equilibration in the body  at t 

= 0 (figure 3)] are known, then the apparent  volume of distribution, VD, may 

be calculated from  Equation 8 above.| Figure 3: semilog graph giving the 

value of Cp
0 by extrapolation 

 



Clearance: - 

Drug Clearance in the One-Compartment Model: 

Drug elimination from the body is an ongoing process due to both metabolism 

(biotransformation) and drug excretion through the kidney and other routes. 

Drug clearance refers to the volume of plasma fluid that is cleared of drug per 

unit time or the fraction of drug removed per unit time.  

Drug Elimination Expressed as Amount / Volume per Unit Time: 

•For a zero-order elimination process, expressing the rate of drug elimination 

as mass per unit time (e.g.; mg/min, or mg/h) is convenient because the 

elimination rate is constant 



•For most drugs, the rate of drug elimination is a first-order elimination 

process, i.e.; the elimination rate is not constant and changes with respect to 

the drug concentration in the body, therefore; drug clearance expressed as 

volume per unit time (eg, L/h or mL/min) is convenient because it is a 

constant. 

 



• Clearance (volume of fluid removed of drug) for a first-order process is 

constant regardless of the drug concentration because clearance is 

expressed in volume per unit time rather than drug amount per unit time. 

Mathematically, the rate of drug elimination is similar to equations 2 & 9: 

 

 

• dividing this expression on both sides by Cp yields 

 

where dDB/dt is the rate of drug elimination from the body (mg/h), Cp is the 

plasma drug concentration (mg/L), k is a first-order rate constant (h–1 or 1/h), 

and VD is the apparent volume of distribution (L). 

 



 
Drug Elimination Expressed as Fraction Eliminated per Unit Time: 
•Consider a compartment volume, containing VD liters. If Cl is expressed in 
liters per minute (L/min), then the fraction of drug cleared per minute in the 
body is equal to Cl/VD. Expressing drug elimination as the fraction of total 
drug eliminated is applicable regardless of whether one is dealing with an 
amount or a volume. 
 
 
 
 
 

 
 Pharmacokineticists have incorporated this concept into the first-order 
equation (i.e.; k) that describes drug elimination from the one-compartment 
model. 
 



Thank you  


