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SYNOPSIS 

 
In the present research, we assessed the utility of the structural information of drugs for 

predicting human in vivo intrinsic clearance from in vitro intrinsic clearance data obtained 
by human hepatic microsome experiment. To compare with the observed intrinsic 
clearance, human intrinsic clearance values for 51 drugs were estimated by the classical 
methods using in vivo-in vitro scale-up and by the new methods using the in vitro 
experimental data and selected molecular descriptors of drugs by the forward selection 
technique together. The results showed that taking consideration of molecular descriptors 
into prediction from in vitro experimental data could improve the prediction accuracy. The 
in vitro experiment is very useful when the data can estimate in vivo data accurately since 
it can reduce the cost of drug development. Improvement of prediction accuracy in the 
present approach can enhance the utility of in vitro data. 
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Introduction 
 
Knowledge of pharmacokinetic parameters provides key 

information for screening drug candidates at the early stage of drug 
discovery process to reduce the risk of late-stage attrition (van de 
Waterbeemd & Gifford, 2003). Intrinsic clearance, the total ability of 
the liver to metabolize a drug in the absence of flow limitations, is 
one of the most meaningful pharmacokinetic parameters since it is 
a distinct characteristic of a particular drug, reflecting the inherent 
ability of the liver to metabolize the drug (Shar & Yu, 1993). 

 
There were a number of attempts to predict in vivo hepatic 

clearance and intrinsic clearance from in vitro data mainly using 
multivariate statistics (Schneider et al., 1999) or in vivo-in vitro 
correlation (Houston, 1994; Ito & Houston, 2004; Ito & Houston, 
2005). They are useful and simple, yet their prediction accuracies 
are not sufficiently high. Recently, Ito and Houston (Ito & Houston, 
2004) reported that the performance of prediction using empirical 
scaling factor to search for the correlation of in vitro data and in vivo 
drug clearance was better than using physiologically based scaling 
factor and allometric approaches. In the present approach, we 
compared the prediction accuracies of new methods to that of 
methods using empirical scaling factor and physiologically based 
scaling factor. In a earlier approach, Schneider et al. (Schneider et 
al., 1999) achieved satisfactory predictions by combining of in vitro 
clearances on human and rat experimental data using a few 
statistical methods, multiple linear regression, partial least squares 
regression, and artificial neural networks. The information of not 
only human in vitro data but also rat in vitro data contributed to 
improvement of prediction accuracy. In the present approach, the 
information of molecular descriptors replaced additional information, 
rat in vitro data, in their method. Molecular descriptors are various 
numerical values that characterize properties of molecules by 
manipulation of chemical structural information. These values was 
applied to predict various pharmacokinetic parameters (Clark, 2003; 
Didziapetris et al., 2003; Doniger et al., 2002; Hou & Xu, 2003; 
Langowski & Long, 2002; Lewis & Dickins, 2002; Lipinski et al., 
2001; Norinder & Haeberlein, 2002; Sugawara et al., 1998) and it 
was demonstrated that when these descriptors were used with 
animal in vivo data to predict human hepatic clearance, the 
prediction accuracies of the models were improved (Jolivette & 
Ward, 2005; Nagilla & Ward, 2004; Wajima et al., 2002). Moreover, 
it was reported that the information of molecular descriptors 
improved the prediction accuracy of human hepatic clearance from 
in vitro data obtained by human microsome and hapatocyte 
experiments (Lee & Kim, 2007) recently. 
 

The aim of the current research is to validate the utility of the 
structural information of drugs for predicting intrinsic clearance from 
in vivo data obtained by the experiments using human microsome. 
Human intrinsic clearance values were estimated by the previous 
methods using in vivo-in vitro correlation and by the present 
methods using in vitro experimental data and the information of 
molecular descriptors of drugs together, and then compared with 
the observed values. By presenting better performance of the 
present approach, we suggest to use molecular descriptors of drugs 
for predicting in vivo intrinsic clearance from in vitro data. 

 
 

Materials and Methods 
 
Data Collection 
 

Dataset consists of 51 compounds obtained from literature (Ito & 
Houston, 2005) that includes in vitro human microsome 
experimental data and in vivo intrinsic clearance values. Among 52 
compounds of the original dataset in literature, the YW796 whose 
molecular descriptors could not be obtained were excluded in the 
dataset. 

Prediction Models 
 

Human in vivo intrinsic clearance values (CLint, human, in vivo) 
were predicted by using only in vitro values (CLint, human, in vitro) 
and by the new method using molecular descriptors of drug 
together with in vitro data. A previous prediction model, method A 
uses human in vitro data and an in vitro-in vivo scaling factor(Ito & 
Houston, 2005), which is determined by the linear regression 
analysis. The new prediction model, method B uses both in vitro 
intrinsic clearance data and molecular descriptors of drug as the 
explanatory variables of multiple linear regression analysis. 
Molecular descriptors were calculated by preADME software. Useful 
variables among 1078 calculated molecular descriptors were 
selected by forward selection technique based on the r-squared 
(R2) to build multiple linear regression. That is, the selection 
procedure that chooses the variable of the highest R2 was repeated 
until there was no remaining variable that increased the R2 value of 
the regression model. By this process, 15 descriptors were selected, 
and they were listed in Table 1. Method C uses only selected 
molecular descriptors by forward selection without in vitro data. This 
model was generated the importance of in vitro clearance to predict 
in vivo drug clearance. Method C selected 10 descriptors as listed 
in Table 2. 
 
Accuracy of predictions 

 
The squared correlation coefficient (r2) was obtained to observe 

the correlation between observed human in vivo intrinsic clearance 
and the predicted value(Hayter, 2002). For measuring prediction 
error, mean square error (MSE) was compared. Complete leave-
one-out procedures were performed to assess the generalization 
ability of the suggested models. In this work, the number of samples 
was small, and thus we measured prediction accuracy by complete 
leave-one-out instead of splitting samples into train and testing 
drugs. 
 

 
Table 1. Selected molecular descriptors in method B 

order Molecular descriptor 

1 ATS_Geary_08_electronegativity 

2 ATS_Moreau_Bruto_06_mass 

3 Graph_radius 

4 No_N_oxide_groups 

5 ATS_Moran_01_mass 

6 AlogP98_026_C 

7 ATS_Geary_10_mass 

8 ATS_Moran_07_E_state 

9 ATS_Geary_02_polarizability 

10 Quadratic_index 

11 E_state_SddC 

12 ATS_Geary_04_E_state 

13 ATS_Moreau_Bruto_00_polarizability 

14 AI_SdsssP 

15 AlogP98_019_C 
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Results & Discussion 
 
Linear correlation between the log values of in vitro intrinsic 
clearance with the log values of in vivo intrinsic clearance 
 

The basic assumption in all current prediction models is that the 
log values of in vitro intrinsic clearance are linearly correlated with 
the log values of in vivo intrinsic clearance based on the linear 
tendency in Figure 1. Prediction method B that also uses this 
assumption resulted in reasonably accurate prediction. We applied 
the multiple linear regression analysis to find out the linear 
correlation of the log values of in vitro intrinsic clearance and predict 
in vivo intrinsic clearance.  
 
Prediction accuracy of each method 
 

Complete leave-one-out procedures were performed to assess 
the generalization ability of the previous and suggested models. 
Prediction accuracy of each method are displayed in Table 3. 
Method A using only human in vitro data showed insufficient 
accuracy, nevertheless suggested model (method B) had better 
performance with significant improvement in prediction accuracy. 
This result is consistent with our previous research (Lee & Kim, 
2007). Both human hepatic clearance and human intrinsic 
clearance, molecular descriptors could improve prediction 
accuracies of in vivo values from in vitro data. 
 
The utility of molecular descriptors for the prediction 
 

Our next question is the major role of molecular descriptors to 
improve the performance. Molecular descriptors characterize the 
properties of molecules(Leach & Gillet, 2003). The accuracy 

improvement of prediction models adding molecular descriptors to 
in vitro data does not indicate that these descriptors are strongly 
correlated with human acute toxicity. To examine whether they are 
correlated with acute toxicity or whether they can explain the 
difference between in vitro and in vivo values, we compared the 
prediction accuracies of methods B and C. In contrary to method B, 
method C uses only molecular descriptors without any experimental 
data to build the model. In Table 3, method C showed considerable 
accuracy to method A; however, method B showed much higher 
accuracy than method C. Therefore, it is reasonable that well-
selected combination of molecular descriptors could provide 
information on human intrinsic clearance, and they are more useful 
to improve the utility of in vitro experimental data. 

 
Molecular descriptors have been employed to predict various 

human pharmacokinetic parameters such as oral absorption, 
bioavailability, brain penetration, clearance, volume of distribution, 
and metabolism by cytochrome P450 (Clark, 2003; Didziapetris et 
al., 2003; Doniger et al., 2002; Hou & Xu, 2003; Langowski & Long, 
2002; Lewis & Dickins, 2002; Lipinski et al., 2001; Norinder & 
Haeberlein, 2002; Sugawara et al., 1998). Many researches have 
achieved sufficient prediction accuracy using them. It has been 
shown that when these descriptors were used with animal in vivo 
data to predict the human hepatic clearance, the prediction 
accuracies of the models were markedly improved (Jolivette & Ward, 
2005; Nagilla & Ward, 2004; Wajima et al., 2002). Similarly, 
considering the information of molecular descriptors together with in 
vitro intrinsic clearance achieved improvement of prediction 
performance in the present research. This improvement could be 
made by correcting the difference between in vivo value and in vitro 
data originated from pharmacokinetic factors in human body. 
 
The extension of this work 
 

In this work, we used the simple constitutional and molecular 
descriptors such as molecular weight, the number of aromatic rings, 
2-D surface, and 2-D volume, and the physicochemical properties 
such as hydrophobicity. More extensive descriptors based on 3-D 
structures of chemicals could improve prediction accuracy. 
 

This work used human microsome experimental data. The in vitro 
clearance can be measured by microsome and hepatocyte 
experiments. They show a little difference because of the 
differences in the free fraction (Chuang et al, 2006). Using both two 
experiments together with molecular descriptors could help to 
improve the utility of in vitro experiments. 
 

In addition, this algorithm could be used to predict other important 

 
Table 2. Selected molecular descriptors in method C. 

order Molecular descriptor 

1 1st_Zagreb 

2 Kier_steric_descriptor 

3 ATS_Moran_10_VDW_radius 

4 BCUT_highest_eigenvalue_01_VDW_radius 

5 Fraction_of_2D_VSA_hydrophobic_sat 

6 No_aliphatic_esters  

7 AlogP98_034_C 

8 AI_SaasN 

9 ATS_Geary_07_E_state 

10 I_adj_equ 

  
Table 3. Prediction accuracy of each method by complete leave-one-
out. 

Method R2 MSE 

Method A 0.782 0.227 

Method B 0.954 0.0481 

Method C 0.752 0.261 

 

  
Figure 1. Correlation of in vitro intrinsic clearance with in vivo
intrinsic clearance. Dot plots show the correlation of (A) in vitro intrinsic 
clearance with in vivo intrinsic clearance and (B) The log values of in vitro intrinsic 
clearance with the log values of in vivo intrinsic clearance. A linear correlation is 
observed in B. 
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pharmacokinetic parameters using in vitro experiments. 
 
 
Conclusion  
 

Intrinsic clearance is one of the most important pharmacokinetic 
parameters since it provides the information about liver 
metabolizing enzymes that is a main factor to determine the dose of 
orally administered drugs when considering the first-pass effect. 
 

In the present approach, new explanatory variables for predicting 
human in vivo intrinsic clearance, the information of molecular 
descriptors, were employed to improve accuracy. Lower prediction 
error and stronger correlation than the previous method using 
simple scale-up indicated that the information of molecular 
descriptors helps to increase prediction accuracy of human in vivo 
intrinsic clearance from human in vitro intrinsic clearance data. 
Such improvement might be made by correcting the difference 
between in vivo value and in vitro data originated from human 
pharmacokinetic factors.  
 

Several important human pharmacokinetic parameters such as 
hepatic clearance and acute toxicity cannot be obtained easily by 
the ethical problem of human test. Therefore, predictions and in 
vitro tests are very useful to predict those parameters. The present 
research is very useful in that it can predict human pharmacokinetic 
parameters accurately using computations and in vitro experimental 
data, and eventually, it can improve the utility of in vitro experiments. 
We suggest that the present approach can be applied to the 
prediction of any other human pharmacokinetic parameters via in 
vitro experimental data. 
 
 
References 
 
Clark, D. E. (2003). In silico prediction of blood-brain barrier 

permeation. Drug Discov Today, 8, 927-33. 
Chuang, L., L. Ping, G. Richard, U. Vinita, Q. X. Cindy, T. M. Gerald, 

K. B. Suresh, and G. Liang-Shang (2006). Comparison of 
Intrinsic Clearance in Liver Microsomes and Hepatocytes from 
Rats and Humans: Evaluation of Free Fraction and Uptake in 
Hepatocytes. Drug Metabolism & Disposition, 34, 1600-5 

Didziapetris, R., P. Japertas, A. Avdeef, and A. Petrauskas (2003). 
Classification analysis of P-glycoprotein substrate specificity. J 
Drug Target, 11, 391-406. 

Doniger, S., T. Hofmann, and J. Yeh (2002). Predicting CNS 
permeability of drug molecules: comparison of neural network 
and support vector machine algorithms. J Comput Biol, 9, 849-
64. 

Ertl, P., B. Rohde, and P. Selzer (2000). Fast calculation of 
molecular polar surface area as a sum of fragment-based 
contributions and its application to the prediction of drug 
transport properties. J Med Chem, 43, 3714-7. 

Hayter, A. J. (2002). Probability and Statistics for Engineers and 
Scientists, Duxbury. 

Hou, T. J. and X. J. Xu (2003). ADME evaluation in drug discovery. 
3. Modeling blood-brain barrier partitioning using simple 
molecular descriptors. J Chem Inf Comput Sci, 43, 2137-52. 

Houston, J. B. (1994). Utility of in vitro drug metabolism data in 

predicting in vivo metabolic clearance. Biochem Pharmacol, 47, 
1469-79. 

Ito, K. and J. B. Houston (2004). Comparison of the use of liver 
models for predicting drug clearance using in vitro kinetic data 
from hepatic microsomes and isolated hepatocytes. Pharm Res, 
21, 785-92. 

Ito, K. and J. B. Houston (2005). Prediction of human drug 
clearance from in vitro and preclinical data using physiologically 
based and empirical approaches. Pharm Res, 22, 103-12. 

Jolivette, L. J. and K. W. Ward (2005). Extrapolation of human 
pharmacokinetic parameters from rat, dog, and monkey data: 
Molecular properties associated with extrapolative success or 
failure. J Pharm Sci, 94, 1467-83. 

Langowski, J. and A. Long (2002). Computer systems for the 
prediction of xenobiotic metabolism. Adv Drug Deliv Rev, 54, 
407-15. 

Leach, A. and V. Gillet (2003). An Introducton to Chemoinformatics, 
Kluwer Academic Publishers. 

Lee, S. and D. Kim (2007). A new method for predicting human 
hepatic clearance from in vitro experimental data using 
molecular descriptors. Arch Pharm Res, 30, 182-190. 

Lewis, D. F. and M. Dickins (2002). Substrate SARs in human 
P450s. Drug Discov Today, 7, 918-25. 

Lipinski, C. A., F. Lombardo, B. W. Dominy, and P. J. Feeney 
(2001). Experimental and computational approaches to estimate 
solubility and permeability in drug discovery and development 
settings. Adv Drug Deliv Rev, 46, 3-26. 

Nagilla, R. and K. W. Ward (2004). A comprehensive analysis of the 
role of correction factors in the allometric predictivity of 
clearance from rat, dog, and monkey to humans. J Pharm Sci, 
93, 2522-34. 

Naritomi, Y., S. Terashita, S. Kimura, A. Suzuki, A. Kagayama, and 
Y. Sugiyama (2001). Prediction of human hepatic clearance from 
in vivo animal experiments and in vitro metabolic studies with 
liver microsomes from animals and humans. Drug Metab Dispos, 
29, 1316-24. 

Norinder, U. and M. Haeberlein (2002). Computational approaches 
to the prediction of the blood-brain distribution. Adv Drug Deliv 
Rev, 54, 291-313. 

PreADME, http://preadmet.bmdrc.org/preadmet/index.php. 
Schneider, G., P. Coassolo, and T. Lave (1999). Combining in vitro 

and in vivo pharmacokinetic data for prediction of hepatic drug 
clearance in humans by artificial neural networks and 
multivariate statistical techniques. J Med Chem, 42, 5072-6. 

Shar, S. and A. Yu (1993). Applied Biopharmaceutics and 
Pharmacokinetics, Prentice-Hall International, Inc. 

Sugawara, M., Y. Takekuma, H. Yamada, M. Kobayashi, K. Iseki, 
and K. Miyazaki (1998). A general approach for the prediction of 
the intestinal absorption of drugs: regression analysis using the 
physicochemical properties and drug-membrane electrostatic 
interaction. J Pharm Sci, 87, 960-6. 

van de Waterbeemd, H. and E. Gifford (2003). ADMET in silico 
modelling: towards prediction paradise? Nat Rev Drug Discov, 2, 
192-204. 

Wajima, T., K. Fukumura, Y. Yano, and T. Oguma (2002). 
Prediction of human clearance from animal data and molecular 
structural parameters using multivariate regression analysis. J 
Pharm Sci, 91, 2489-99.

 


