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ABSTRACTABSTRACT

Purpose – Traditionally, a relatively large quantity of metabolic turnover data has been required to effectively determine
Michaelis-Menten parameters.  This investigation characterizes methods to determine generalized KM and CLint values for 
metabolic reactions using limited metabolic turnover data.  Methods – Metabolic turnover data was collected for 111 
compounds using human cryopreserved hepatocytes. The turnover data was gathered using two different assay protocols to 
represent a traditional kinetic data set and a reduced data set that may be more attractive in a lead optimization setting.
The traditional protocol collected data for each compound at 6 different initial concentrations, 4 time points, in triplicate.  
The reduced protocol collected data at 4 initial concentrations, 4 time points without replicate measurements.  An analysis 
method was developed which incorporated non-linear least squares regression, individual concentration and joint 
concentration analyses, and a stochastic Monte-Carlo approach to estimate the KM and CLint.  If linear turnover kinetics 
were observed, only the CLint was estimated.  The estimates obtained from the traditional protocol data were used as the 
“truth” data to compare the estimates obtained from the reduced assay data.  Results – Comparisons were made between 
the estimates obtained from the traditional protocol and the reduced protocol.  For compounds displaying non-linear 
turnover in both assay protocols (n=80), the mean change in KM and CLint was -0.08±36 (p-value>0.05) and 1.22±9.5 (p-
value>0.05), respectively.  For compounds with linear turnover in both assay protocols (n=6), and a switch between linear 
to nonlinear kinetics (n=25), the mean change in CLint was -2.68±10.7 (p-value>0.05).  Conclusions – The methods 
developed are capable of successfully estimating the KM and CLint of drug candidates using significantly less data than is 
traditionally needed to determine these Michaelis-Menten parameters.  Additionally, the use of KM and CLint determined 
using the reduced protocol did not result in a loss of prediction performance when used as an input to an in silico tool to 
predict bioavailability.

INTRODUCTIONINTRODUCTION

The determination of KM and CLint are essential to accurately calculate the rate of metabolism using the Michaelis-
Menten equation.  Typically, the determination of these parameters is done using initial experimental data to determine 
range of concentrations which surround the potential KM value.  Additional experiments are then performed to collect 
extensive data within this range, and the data fit to the Michaelis-Menten using non-linear regression to determine the 
KM and CLint.  Although effective at determining the kinetic parameters, this method is inappropriate for use in a lead 
optimization environment. In a discovery environment the kinetic parameters must be determined using significantly 
smaller data sets, and therefore the methods must be as efficient as possible.  This poster explores the use of non-linear 
least squares regression analysis on both individual concentrations and simultaneous fits, and outlier analysis to 
determine the KM and CLint from experimental data that is more easily gathered in the drug discovery environment.

METHODSMETHODS

Human Cryopreserved Hepatocytes (HCH)
Human Cryopreserved Hepatocytes were acquired from In Vitro Technologies (IVT, Baltimore, MD). To minimize donor 
variation, a pool of 6 donors was used to collect metabolic turnover data of parent drugs.  Donors were selected using the 
published data from IVT by comparing listed metabolic rates for marker compounds.  Donors were selected as close as 
possible to be representative of the entire population of donors.  Investigations by our lab have determined the substitution 
of donors with similar turnover characteristics does not significantly impact the results observed.



72 Point Data Collection
Data was collected using human cryopreserved hepatocytes.  Six initial concentrations were used (0.4, 2, 10, 50, 125, 
and 250 !M) for most compounds.  Some compounds were limited by solubility and therefore concentrations 
adjusted to achieve concentrations as high as possible.  Samples were collected at 4 timepoints for each initial 
concentration.  All data points were collected in triplicate.
• 6 concentrations (0.4, 2, 10, 50, 125, 250 !M)
• 4 time points/conc (0, 30, 120, 240 min)
• Triplicate samples
• Total 72 data points
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A – Due to the variability in the data and sensitivity of the data fitting results to small variations, 1% random noise is 
added to the data set before the fit in step B is performed.  The noise is added independently 4 times which result in 
the sets of parameters (S1, S2, S3, S4) determined in D.

B- The CLint (Vmax/KM) is determined by fitting each individual concentration data to the Michaelis-Menten equation 
under linear conditions using least squares non-linear regression.  This results in a CLint value and a C0 value for each 
concentration.  During this fit, data points that are not consistent with the data set based on the confidence interval of 
the fit are removed adaptively as outliers.

C – The C0 values and CLnt(best) are used as initial values in step D.  CLint(best) = minimum( [ maximum( {0.2 
CLint(1…n)} ) 60 ] ).

D – The Clint(Vmax/KM) and C0 values are determined by fitting all concentrations simultaneously to the Michaelis-
Menten equation using least squares non-linear regression.  The fit is performed 7 times with the KM set as constant 
(values = 3, 8, 30, 50, 125, 325, 1000).  This results in 7 fits corresponding to the 7 KM values, each with a goodness 
of fit (cost function value).  The KM value and corresponding fit CLint and C0 values, with the minimum cost function 
value are determined for each perturbation of the data from step A to obtain S1-4.  The mean KM, CLint, and C0 values 
(mean{S1, S2, S3, S4}) are used as the initial values in step E.

E – The Final simultaneous fit for KM, CLint (Vmax/KM) and C0 values.  All concentrations are fit to the Michaelis-
Menten equation using non-linear regression with mean{S1, S2, S3, S4} as initial values.  During this fit data points 
that not consistent with the data set based on confidence intervals of the fit are removed adaptively as outliers.



16 Point Data Collection

Data was collected using human cryopreserved hepatocytes (IVT, 
Baltimore, MD).  Four initial concentrations were used ( 2, 10, 30, 50 
!M) for most compounds.  Some compounds were limited by solubility
and therefore concentrations adjusted to achieve concentrations as high as 
possible.  Samples were collected at 4 timepoints for each initial 
concentration.  No replicates were collected.

• 4 concentrations (2, 10, 30, 50 !M)
• 4 time points/conc (0, 1, 5, 6 hours)
• No replicates
• Total 16 data points
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CONCLUSIONCONCLUSION

•The differences in Vmax/Km and Km as determined using the described methods for more traditional 72 data point 
assay and 16 data point assays are not significantly different than 0.
•The described methods can be successfully used to determine Michaelis-Menten parameter values for hepatocyte data 
redcued in the drug discovery process when limited data sets are available.

Compounds with Different Kinetics
(Non-linear to Linear)
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Compounds with Nonlinear 
In Vitro Kinetics

(Vmax/Km) determined using 72 data points
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Reference line, slope =1

>0.05-0.08 ± 36KM (Non-linear)

>0.05-2.68 ± 10.7Vmax/Km (linear and switched)

>0.05-1.21 ± 9.5Vmax/KM (Non-linear)

p-value*Mean difference

* - p-value for H0: mean difference dose not equal 0


