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A frequently asked question regarding the well-

stirred model of hepatic drug clearance (1-3) from 
undergraduate and graduate students alike is: “Why 
does a high extraction ratio (E) drug behave like a low 
E drug when given orally?”* 

Students usually do not have a problem 
understanding or explaining the concept 
mathematically (Box 1) (1-3). However, they 
typically have trouble grasping the concept 
intuitively. Numerous articles and textbooks define 
and describe extraction ratio and clearance of high 
and low E drugs (4-14). While most differentiate 
between high and low E drugs when given 
intravenously (IV), we have not been able to identify 
references that offer an intuitive explanation of why a 
high E drug administered orally behaves like a low E 
drug. For instance, although Wilkinson et al. (3) show 
the specific changes in concentration-time profile 
when parameters such as liver blood flow, extraction 
ratio and intrinsic clearance vary, these graphs do not 
satisfy students’ requests for an intuitive description. 
That is, why does the clearance of orally-administered 
high E drugs become dependent on unbound fraction 
of drug (f) and intrinsic clearance (Cli) instead of 
hepatic blood flow (Q)? Therefore, we have devised 
simple diagrams (Figure 1) and explanatory text 
(below), which have received overwhelmingly 
positive comments from students. 

                                                             
*Address reprint requests and any article inquiries to 
Elaine A.G. Lo at Faculty of Pharmaceutical 
Sciences, University of British Columbia, 

When a high E drug such as propranolol, 
morphine, or verapamil is given IV, its intrinsic 
clearance is greater than Q that it can be cleared only 
as fast as Q. In Figure 1, Q goes through the hepatic 
artery into the liver and out through the hepatic vein. 
Thus, the drug depends on Q to be cleared. 

In contrast, whenever a drug (regardless of 
whether it is a high or low E drug) is given orally, it 
has to first pass through the intestine and the hepatic 
portal vein to enter the liver. There, the hepatocytes 
metabolize the drug before it exits through the hepatic 
vein. In this first round, which is also known as “first-
pass metabolism”, clearance depends on f·Cli and it is 
not influenced by Q. From the hepatic vein, the drug 
reaches the systemic circulation. In this second round, 
clearance depends on Q and the drug behaves like a 
high E drug given IV. The higher the E, the lower the 
bioavailability (F), and the less significant the second 
round is (Figure 1). 

Like the IV route, high E drugs given via other 
non-oral routes such as subcutaneous, sublingual, 
buccal, and inhaled also bypass first-pass metabolism 
and behave like high E drugs with clearance 
dependent on Q. 
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 Putting this into a clinical context, if a patient who 
is given a high E drug IV, such as propranolol, goes 
into acute heart failure, a drop in cardiac output could 
lead to a decrease in liver blood flow. This would 
result in reduced drug clearance and potentially more 
pronounced therapeutic effects, such as lower heart 

rate and lower blood pressure. On the other hand, if 
propranolol is given orally, a drop in liver blood flow 
alone is not anticipated to produce lower heart rate or 
blood pressure. Propranolol given orally behaves like 

a low E drug and its clearance is dependent on f·Cli. 
An increase in Cli as a result of enzyme induction by 
drugs like phenytoin, phenobarbital or carbamazepine 
may lead to increased drug clearance and hence 
reduced therapeutic effects. Alternatively, alterations 
in f from changes in concentration of acute-phase 

reactants such as alpha1 acid glycoprotein or from  

 

Box 1.  Why does a High Extraction Ratio Drug behave like a Low Extraction Ratio Drug when Given 
Orally? – A Mathematical Explanation 
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Clh! =! Hepatic! clearance,! Cli! =! Intrinsic! clearance,! Clo! =! oral! clearance,!!
E!=!extraction!ratio,!f!=!unbound!fraction,!F!=!bioavailability,!Q!=!liver!blood!flow 
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protein binding displacement by drugs such as  
valproate may also alter clearance of orally-
administered propranolol because the drug is highly 
bound to plasma proteins. 

To complete the story, clearance of low E drugs, 
such as warfarin or phenytoin, depend on f and Cli, 
regardless of route of administration. When given via 
non-oral routes, liver blood flow is not the rate-
determining factor and thus, clearance depends on 

Figure 1. Why does a high extraction ratio drug given orally behave like a low extraction 
ratio drug? - An intuitive explanation. 
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f·Cli. When given orally, liver blood flow is not 
involved during first pass metabolism; during the 
second round, clearance depends on f·Cli as usual. 
See Box 1 for the mathematic explanation. 

The intuitive explanation provided here aims to 
explain the change in determinants of clearance of 
high E drugs when given via different routes. It 
should be noted that first-pass metabolism per se does 
not explain the concepts illustrated above. Through 
sharing the illustrations and explanatory text, we hope 
to facilitate the teaching and learning of the behaviour 
of high E drugs given orally. While mathematical 
deduction serves as a logical proof, explaining 
pharmacokinetic principles from the conceptual and 
intuitive perspective helps students understand and 
appreciate the physiology-based associations. This 
will eventually lead to better retention of knowledge 
and, hopefully, the ability to apply pharmacokinetic 
principles to patient care.  
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