
This video details the mouse microsomal intrinsic clearance assay, also known as Clint (clearance 
intrinsic). 

 

Why Do We Care About Intrinsic Clearance? 

So why do we care about intrinsic clearance? Many compounds with promising pharmacological 
characteristics never become drugs due to their metabolic stability profiles. A drug that is rapidly 
metabolized may not produce sufficient in vivo exposure levels. And a drug that is slowly 
metabolized could remain in the body for extended periods, leading to unwanted adverse effects. 
Understanding the susceptibility of your compound to undergo biotransformation in the body is 
critical for selecting drug candidates with favourable pharmacokinetic properties. Metabolism is the 
enzymatic modification of compounds to increase clearance. It is a determinant of oral 
bioavailability, clearance and half-life in vivo. Metabolism occurs predominantly in the liver, but 
other organs such as skin, lungs, kidneys, and gut, are capable of metabolism as well.  

 

Liver Subcellular Fractions: Microsomes 

To determine microsomal intrinsic clearance, we need liver subcellular fractions known as 
microsomes. Liver microsomes are a convenient reagent which are commercially supplied, cheap 
and easy to use. They are derived from hepatic tissue and are subcellular fractions, which contain 
metabolizing enzymes that are bound to the endoplasmic reticulum. These metabolizing enzymes 
are known as cytochrome P450 enzymes or CYP450s, which represent a major portion of 
metabolizing enzymes in the liver. They're responsible for around 60% of known drug metabolism. 
On the right, we have a schematic of how to make the liver microsomes. A liver undergoes different 
homogenization and centrifugation processes and the microsomes are formed. These can be stored 
at minus 80 degrees for long-term use. Liver microsomes only determine phase one metabolism as 
the cytochrome P450 enzymes can only determine this. You also require a cofactor, which is NADPH 
for metabolic activity of the CYP450’s.  

 

Equipment and Consumables 

To perform this assay, you will need 50mM potassium phosphate buffer, pH 7.4, 1mM test 
compound and control compound, we use verapamil. Liver microsomes, whatever species you may 
need. Your cofactor, which is NADPH, at 8mg/mL. Quenching solvent, which is acetonitrile. Your 
dilution solvent, which is methanol. Four 96- well deep well 2mL blocks. Pipettes capable of 
dispensing a range of volumes, a multichannel pipette may help with reducing pipetting time. An 
incubator set 37℃, containing a plate shaker, which can shake at 100 RPM. A solution of 82:18 
water acetonitrile containing 50ng/mL internal standard, we use donepezil. And finally, an LC mass 
spectrometer, or LC UV for compound detection in samples.  

 

Prepare Solutions 

Now, we're going to prepare solutions. Our first solution to prepare is going to be the compounds. 
Prepare your compounds as 1mM DMSO stock solutions and add to columns 1 to 4 of a 96-well v 
bottomed plate. Next, add 1mM for your control to row H of all four columns. Into a new plate dilute 



compounds to 50µM in methanol. Methanol is used as it is a less toxic solvent to CYP drug 
metabolizing enzymes. Seal the block with a sealable film until use to reduce evaporation. 

Our next solution to prepare is the cofactor solution. First, weigh approximately 20mg of NADPH into 
a glass vial and add 2.5 mL of buffer, giving a final concentration of 8mg/mL. Then get a fresh 96-well 
v bottom plate and add 70µL of your 8mg/mL cofactor, to columns 1 to 4 of this plate. Next, we're 
going to prepare our internal standard (IS) solution. First, prepare a 1mg/mL stock solution of your 
internal standard in DMSO. Then add 5µL of your 1mg/mL IS to 200 mL of 82:18 water acetonitrile 
and mix. This gives us a final concentration of 50ng/mL.  

The final solution to prepare as a microsomal incubation mix. First, remove a vial of liver microsomes 
from the -80℃ freezer and sit on the bench at room temperature. Here you can see that our 
microsomes are at protein concentration of 20mg/mL. Next, we need to dilute these microsomes to 
0.57mg/mL by adding 17.56mL of potassium phosphate buffer, pH 7.4 into a centrifuge tube. Please 
be aware that this dilution may change depending on your microsomal protein concentration. Next, 
add the entire vial of microsomes, which is 500µL, and mix gently, rinse the vial with microsomal 
buffer mix to ensure all microsomes are out of the vial. Next, add 445µL of microsomal incubation 
mix to the first 4 columns of a 96-well deep well block. This is the incubation block. Then place the 
block on a plate heater or in an incubator and warm to 37℃ for ten minutes. Now, using the 
multichannel pipette, add 5µL of your 50µM working solution compound in methanol to the 
incubation block. Warm that incubation block for a further 10 minutes at 37℃.  

While the incubation block is warming up, you can now create your termination blocks. To do this, 
we need two 96-well deep well blocks. We need two blocks per experiment of 32 compounds. Use a 
multichannel pipette to add a 100µL of acetonitrile to the two fresh 96-well deep well blocks. These 
are your termination blocks. Seal the blocks until use to prevent evaporation.  

 

Initiate Experiment 

Now that we have everything ready, we can initiate our experiment. To do this, we need our 
incubation plate, cofactor plate and to termination blocks. First, using a multichannel pipette 
transfer 25µL of cofactor from the first column of the cofactor plate to the first column of the 
incubation plate. Mix well very slowly and immediately sample 50µL from the incubation plate to the 
termination plate, this is your T=0. Repeat this for columns 2,3 and 4. Remember and stagger the 
addition of cofactor and subsequent sample removal of each column 30 seconds to keep all 
incubations the same and accurate. Sample as before for time points 3, 6, 9, 15 and 30 minutes. This 
will then complete your sampling. 

 

Prepare Samples for Analysis 

Once sampling is complete, we can then prepare samples for analysis. To do this, we add 250mL of 
82:18 water acetonitrile plus IS to each of the termination blocks. This is to balance the ratio of 
solvent to water. Next centrifuge, the termination blocks at 3750 RPM for 10 minutes at room 
temperature to pellet any precipitated protein that may interfere with analysis. Our samples are no 
ready for LCMS analysis.  

 

 



Data Analysis 

Once your samples have undergone mass spec analysis, you will get some raw data which looks 
something like this. The area of the compound peak and internal standard peak is measured by the 
mass spec, as shown above.  

We can now use our compound peak area and internal standard peak area to calculate the response. 
The response is the ratio of the compound area to the area of the internal standard. Once 
calculated, we put the response against time into a table, we can then generate an exponential 
decay curve which we can use to calculate clearance.  

Now, we're ready to calculate our clearance by plotting the compound response versus time in 
minutes. You can calculate the rate of metabolic reaction, also known as k, using an exponential 
decay model. Most graphical packages such as XLfit will do this for you. However, you can also 
calculate this manually using the statistical model to the right. In this case, our k is 0.2. Next, using 
the rate of reaction which we've just calculated, which is k, and the incubation conditions, we can 
calculate the intrinsic clearance and mL/min/mg protein. The equation is as follows mL/min/mg of 
microsomal protein equals k divided by our protein concentration, in this case, our final microsomal 
protein concentration is 0.5mg/mL. So therefore, we have our k, which is 0.2 divided by our final 
protein concentration of our microsomes, which is 0.5mg/mL. This gives us 0.39mL/min/mg of 
microsomal protein. Finally, we can then apply a scaling factor, which in this case is 52.5 mg of 
microsomal protein/g of liver, this does not change per experiment to scale the clearance rate 
relative to liver. So now our calculation is mL/min/mg of microsomal protein times our scaling factor 
will give us our clearance in mL/min/g liver. We have our 0.39, which is our mL/min/mg microsomal 
protein, which we've just calculated, times or scaling factor, which never changes, which is 52.5. This 
gives us 21 mL/min/g liver. This is our final clearance result.  

Like every experiment our microsomal intrinsic clearance assay has a dynamic range. The lower end 
of our dynamic range is less than 0.5 mL/min/g liver, where less than 15% disappearance of the 
parent compound at 30 minutes. This means that the compound is stable. However, we cannot 
quantify below this amount. Vice versa we can also not quantify above 50 mL/min/g liver, where no 
substrate is quantifiable after three minutes. This is the top end of our dynamic range.  

 

Data Application 

Clearance results from the microsomal intrinsic clearance assay can be scaled if necessary to predict 
clearance in vivo. This example uses mouse as the species. So first we have experimentally derived 
Clint (clearance intrinsic) value from the microsomal intrinsic clearance assay. We can then use liver 
and body weight to calculate the clearance per kg. We can then apply hepatic blood flow to allow us 
to calculate clearance in vivo, and we can get an idea of clearance as a percent of liver blood flow. 
Finally, we can apply fraction unbound to give us a more accurate clearance value. 


