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Drug Elimination and Clearance 

Drug Elimination: - 

•Drug elimination refers to the irreversible removal of drug from the body by 

all routes of elimination. Drug elimination is usually divided into two major 

components:  

Drug excretion is the removal of the intact drug mainly by renal excretion, a 

process in which the drug passes through the kidney to the bladder and 

ultimately into the urine.  

Biotransformation or drug metabolism is the process by which the drug is 

chemically converted in the body to a metabolite. The enzymes involved in the 

biotransformation of drugs are located mainly in the liver. 

 

 

 

 

 

 

 

 

 



•Drug elimination is described in terms of clearance from a hypothetical well-

stirred compartment containing uniform drug distribution. The term clearance 

describes the process of drug elimination from the body or from a single organ  

and may be defined as the volume of fluid cleared of drug from the body per 

unit of time (i.e.; ml / min or L / hr). The volume concept is simple and 

convenient, because all drugs are dissolved and distributed in the fluids of the 

body. 

 

•The advantage of the clearance approach is; it applies to all elimination rate 

processes, regardless of the mechanism for elimination. Also, for first-order 

elimination processes, clearance is a constant, whereas the rate of drug 

elimination is not constant. 

 



Renal Drug Excretion: - 

•Renal excretion is a major route of elimination for many drugs. Drugs that are 

nonvolatile, water soluble, have a low molecular weight (MW), or are slowly 

biotransformed by the liver are eliminated by renal excretion. The processes by 

which a drug is excreted via the kidneys may include any combination of the 

following: 

 

I. Glomerular Filtration: is a unidirectional process that occurs for most 

small molecules (MW < 500), including undissociated (nonionized) and 

dissociated (ionized) drugs. Protein-bound drugs behave as large molecules 

and do not get filtered at the glomerulus. The major driving force for 

glomerular filtration is the hydrostatic pressure within the glomerular 

capillaries. The kidneys receive  large blood supply (~ 25% of the COP) via 

the renal artery, with very little decrease in the hydrostatic pressure. 

 

 



•Glomerular filtration rate (GFR) is measured by using a drug 

that is eliminated primarily by filtration only (i.e.; the drug is 

neither reabsorbed nor secreted), e.g.;  inulin and creatinine. 

Therefore, inulin clearance is ~ equal to the GFR, i.e.; 125 – 130 

mL / min. The value for the GFR correlates fairly well with body 

surface area.  

 

•Glomerular filtration of drugs is directly related to the free or 

nonprotein-bound drug concentration in the plasma. As the free 

drug concentration in the plasma increases, the glomerular 

filtration for the drug increases proportionately, thus increasing 

renal drug clearance for some drugs. 

 



II. Active Tubular Secretion: is an active transport process. As such, active 

renal secretion is a carrier mediated system that requires energy input, because 

the drug is transported against a concentration gradient. The carrier system is 

capacity limited and may be saturated. Drugs with similar structures may 

compete for the same carrier system. Two active renal secretion systems have 

been identified, systems for |1| weak acids (organic anion transporter, OAT) 

and |2| weak bases (organic cation transporter, OCT). 

 

•Probenecid competes with penicillin for the same carrier system (weak acids). 

Active tubular secretion rate is dependent on renal plasma flow and drugs used 

to measure it include p-amino-hippuric acid (PAH) and iodopyracet (Diodrast). 

Both filtered by the glomeruli and secreted by the tubular cells.  

 

 



•The clearance for these drugs therefore reflects the effective 

renal plasma flow (ERPF), which varies from 425 – 650 mL / 

min. The ERPF is determined by both RPF and the fraction of 

drug that is effectively extracted by the kidney relative to the 

concentration in the renal artery. 

 

•In contrast for a drug that is excreted solely by glomerular 

filtration,, drug protein binding has very little effect on the 

elimination half-life excreted mostly by active secretion. Some of 

the penicillins are extensively but reversibly protein bound, but 

their elimination half-lives are short due to rapid elimination by 

active secretion. 

 



III. Tubular Reabsorption: occurs after the drug is filtered through the 
glomerulus and can be an active or a passive process involving transporting back 
into the plasma. If a drug is completely reabsorbed (e.g.; glucose), then the value 
for the clearance of the drug is approximately zero. For drugs that are partially 
reabsorbed, clearance values are less than the GFR of 120 mL/min. 
 
•The reabsorption of weak acidic and weak basic drugs is influenced by the urine 
pH and drug pKa. Both of these factors together determine the percentage of 
dissociated (ionized) and undissociated (nonionized) drug.  
 

•The undissociated drug is easily reabsorbed from the renal tubule back into the 
body. The pKa of the drug is a constant, but the normal urinary pH may vary from 
4.5 – 8.0, depending on diet, pathophysiology, and drug intake. 
 

•Intravenous fluids, such as solutions of bicarbonate or ammonium chloride, are 
used in acid–base therapy to alkalize or acidify the urine, respectively. Excretion of 
these solutions may drastically change urinary pH and alter drug reabsorption and 
drug excretion by the kidney.  
 

 



•Amphetamine, a weak base, will be reabsorbed if the urine pH is made 
alkaline and more lipid-soluble nonionized species are formed. In contrast, 
acidification of the urine will cause the amphetamine to become more ionized 
(i.e.; salt form), that is more water soluble, less likely to be reabsorbed, and 
tends to be excreted into the urine more quickly. In contrast, salicylic acid, a 
weak acid, then by acidification of the urine causes greater reabsorption of the 
drug and alkalinization of the urine causes more rapid excretion of the drug. 
 

•In summary, renal drug excretion is a composite of |1| passive filtration at the 
glomerulus (i.e.; the extent of reabsorption of weak acid or weak base drugs is 
influenced by the pH of the urine and the degree of ionization of the drug), |2| 
active secretion in the proximal tubule (i.e.; an enzyme (transporter)-mediated 
process that is saturable) and |3| passive reabsorption in the distal tubule. In 
addition, an increase in blood flow to the kidney, due to diuretic therapy or 
large alchohol consumption, decreases the extent of drug reabsorption in the 
kidney and increases the rate of drug excreted in the urine. 

 



Drug Clearance: - 

•Drug clearance is a pharmacokinetic term for describing drug elimination 

from the body without identifying the mechanism of the process. It is defined 

as the fixed volume of fluid cleared of drug per unit of time (e.g.; ml / min or L 

/ hr). 

 

•Alternatively, ClT may be defined as the rate of drug elimination divided by 

the plasma drug concentration, i.e.; the volume of plasma eliminated of drug 

per unit time. This definition is a practical way to calculate clearance based on 

plasma drug concentration data 

 



 

 

 

 

•Equation above shows that clearance is the product of VD and k, both of 

which are constant. As the plasma drug concentration decreases during 

elimination, the rate of drug elimination, dDE/dt, decreases accordingly, but 

clearance remains constant. Clearance is constant as long as the rate of drug 

elimination is a first-order process. 

 



 

Example 2 - Determine the total body clearance for a drug in a 70-kg male 

patient. The drug follows the kinetics of a one-compartment model and has an 

elimination half-life of 3 hours with an apparent volume of distribution of 100 

mL/kg.   

First determine the elimination rate constant (k) and then substitute properly 

into equation 8,                                      ClT = 0.231 h-1 × 100 mL/kg = 23.1 

mL.kg-1.h-1 

 
For a 70-kg patient, ClT = 23.1 mL/kg × 70 kg = 1617 mL/h 

 



 

Thank you 


