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CYP Reaction Phenotyping: Recombinant CYP kinetics scaled to HLM CLint, 

the RAF/ISEF method. 
 

Relative contributions of individual CYP enzymes to total human hepatic microsomal clearance 

can be assessed in vitro by some commonly used techniques (Rodrigues, 1999; Zhang et al., 

2007; Zientek et al., 2015; Wienkers et al., 2003; Parkinson and Ogilvie 2007): (1) Recombinant 

CYP kinetics scaled to HLM and (2) Chemical Inhibition Method, which involves the use of 

CYP-isoform selective chemical inhibitors. High level summary of both these methods have 

been provided in the main text and useful summary information on the RAF (Relative Activity 

Factor) and ISEF (Intersystem Extrapolation Factor) scaling method is included in this 

Supplemental section.  

RAF/ISEF is a common technique to assess the contribution of specific CYP enzymes to 

total human liver microsomal intrinsic clearance is to determine recombinant human (rh) CYP 

enzyme kinetic parameters for the metabolism of the NME and scale the rhCYP intrinsic 

clearance (CLint or Vmax/Km) to HLM CLint.  The panel of recombinant human (rh) CYP used 

usually have pre-determined specific activity and are normalized for protein content. Also, co-

enzyme b5 is essential for stabilize the activity of certain rhCYPs but not all rhCYPs, so 

researchers should use commercially expressed rhCYP enzymes co-expressed with b5, when 

available.  When the contributions of specific CYP enzymes are scaled to HLM CLint, then the 

percent contribution of each CYP enzyme towards the total HLM CLint can be estimated.  The 

CLint values from rhCYP enzymes need to be scaled to HLM clearance to account for differences 

in the expression/activity of the CYP enzyme in the different in vitro systems.   

Two techniques of scaling the rhCYP CLint to HLM CLint are: (1) use of a relative activity 

factor (RAF); or (2) intersystem extrapolation factor (ISEF) (Proctor et al., 2004). The use of 

relative activity factor (RAF) accounts for differences in intrinsic activity (per mg microsomal 

protein) between rhCYP and HLM using a CYP-selective probe substrate.  Eqn. 1 describes the 

RAF as a ratio of the maximal CYP metabolizing activity (Vmax, or activity at saturating 

substrate concentrations; assumption that Km, substrate concentration at half maximal activity, is 

similar in rhCYP and HLM) in the rhCYP preparation over the maximal metabolizing activity in 

HLM using the same CYP-selective probe substrate (see Table 1, main manuscript).  

RAF =  
Vmax,rhCYP (pmol∙min−1∙mg protein−1)

Vmax,HLM (pmol∙min−1∙mg protein−1)
                       Eqn 1 
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The units of the activities are pmol per min per mg protein for rhCYP and HLM lead to RAF is 

unit-less factor.  RAF can also be expressed similarly as ratio of CLint (incorporating difference 

in Km value between rhCYP and HLM systems: Proctor et al., 2004; Emoto et al., 2006). 

The ISEF accounts for differences in intrinsic activity (per unit CYP) between rhCYP 

and HLM and is used to scale CYP contributions to total liver after accounting for CYP 

abundance in liver (pmol CYP / mg protein).   The ISEF can be based upon either Vmax or CLint 

(Vmax/Km) for metabolism of a CYP probe substrate in each system, similar to the RAF approach 

(see Eqn. 2 for the example of applying Vmax).  Some CYP abundance data from a meta-analysis 

can be found in the literature (Inoue et al., 2006) and listed in Table A below; however, it may be 

more appropriate to measure this value in the HLMs used within each laboratory. 

ISEF =  
Vmax,HLM (pmol∙min−1∙mg protein−1) pmol CYP∙mg protein−1 ⁄  

Vmax,rhCYP (pmol∙min−1∙pmol CYP−1)
        Eqn 2 

The calculation of the ‘HLM-scaled’ CLint,u for the individual CYP enzyme is shown below 

using the RAF or ISEF method, as an example (Eqn 3 or 4).   

Calculation of the ‘HLM-scaled’ CLint,u using RAF: 

CLint,u =  
Vmax (pmol∙min−1∙mg protein−1) RAF⁄

Km,u
=  mL ∙ min−1 ∙ mg protein−1      Eqn 3 

Calculation of the ‘HLM-scaled’ CLint,u using ISEF: 

CLint,u =  
Vmax (pmol∙min−1∙pmol CYP−1)×ISEF×CYP abundance (pmol CYP ∙mg protein−1)

Km,u
=  mL ∙ min−1 ∙ mg protein−1  

                                                                                                         Eqn 4 

The CLint,u value is the unbound intrinsic clearance or (Vmax/Km,u) where Km,u is the unbound Km 

value, i.e. corrected for microsomal protein binding (fumic).  The ‘HLM-scaled’ CLint,u is the 

rhCYP intrinsic clearance corrected for either the RAF or ISEF value used to scale the clearance 

to an appropriate level of CYP activity/abundance in HLMs.  If the same abundance values are 

used to calculate the ISEF value as well as the CLint,u parameter, then the use of the RAF and the 

ISEF approaches are equivalent.  The contribution of the individual CYP enzymes to the total 

CYP oxidative clearance can then be calculated by the following equation Eqn 5: 

Contribution of  a CYP enzyme to HLM CLint,u (%) = 100 ×  
 CLint,uCYP enzyme

∑ CYP  CLint,u
          Eqn 5 

 

Table A.  Abundance of CYP enzymes (pmol CYP/ mg microsomal protein) in human liver 

determined by meta-analyses of data from the Caucasian population (Inoue et al., 2006) 
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CYP enzyme Mean abundance 

(CV%) 

Geometric mean 

abundance  

N 

1A2 52 (67) 37 119 

2A6 36 (84) 29 42 

2B6 11 (147) 7 241 

2C8 24 (81) 19 114 

2C9 73 (54) 60 174 

2C19 14 (106) 9 126 

2D6 8 (61) 7 98 

2E1 61 (61) 49 234 

3A4 111 (119) 76 118 

3A5 - 131 - 

3A 155 (67) 336 219 

 

Challenges of establishing IVIVC of compounds metabolized by Uridine 5'-

diphospho-Glucuronosyltransferase 

As glucuronidation starts to emerge as an important clearance pathway during drug discovery 

and development, it becomes important to develop and identify approaches that can reliably 

predict UGT-mediated glucuronidation from human in vitro systems. The in vitro methods that 

have been emerging to predict UGT-mediated clearance are similar to but also show important 

differences to those employed for CYP-mediated processes. A major hurdle in the in vitro-in 

vivo extrapolation of glucuronidation reaction is the under-prediction of clearance commonly 

observed using typical in vitro methods such as liver microsomes and to a lesser extent 

hepatocytes (Miners et al., 2006). Several factors that were postulated  to contribute to the under-

prediction of UGT-mediated clearance by liver microsomes may include buffer type, pH and 

ionic strength, the potential influence of hepatic uptake or efflux transporters in intracellular drug 

concentrations (that are lacking in microsomes), and the presence or absence of ‘activators’. For 

example it has been demonstrated for years that the use of the pore-forming agent alamethicin to 

activate human liver microsomes greatly facilitates the glucuronidation reaction by allowing 

greater access for substrates to the active site of the UGTs located on the luminal side of the 
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endoplasmic reticulum (Walsky, et al., 2012, Boase et al., 2002; Fisher et al., 2000). 

Interestingly, clearance predictions of UGT-cleared drugs does not seem to differ significantly 

from CYP-cleared drugs using cryopreserved human hepatocytes where under-prediction do 

occur albeit to a lesser degree than that observed with liver microsomes. Fresh and cryopreserved 

hepatocytes also seemed to have little difference in their prediction accuracy (Miners et al., 

2006).    

 The under-prediction of clearance of glucuronidation reactions using liver microsomes is 

in part due to a lack of complete understanding of the enzymology of UGTs. For example it has 

been recognized that the inclusion of albumin in in vitro incubations is important in achieving 

optimal enzyme activity for certain UGTs including 1A9 and 2B7. Bovine serum albumin (BSA) 

or fatty acid-free human serum albumin (HSAFAF) sequester long-chain fatty acids that are 

released during microsomal incubations and inhibit the enzyme activity of UGT1A9 and 2B7 

(Rowland et al., 2008).  In vitro, the difference between the HSAFAF vs. BSA has shown to be 

minimal, thus BSA (due to its wide commercial availability) is commonly used as a surrogate for 

HSAFAF in liver microsomal incubations to enhance the activity of certain UGTs. When using 1 

or 2% BSA (Gill et al., 2012; Kilford et al., 2009) in in vitro incubations, the non-specific and 

BSA binding of the compound needs to be considered, and correcting the apparent intrinsic 

clearance of the compound by the corresponding free fraction is needed to estimate drug 

clearance by IVIVE.  The effect of BSA on UGT activities has since been expanded beyond 

UGT1A9 and 2B7 to include additional UGTs including UGT1A7, 1A8, 1A10, 2A1, 2B15 and 

2B17 (Manevski et al., 2013). In some situations where a compound exhibits a high degree of 

protein binding (e.g. for compounds that are acidic) lowering the BSA concentrations (e.g. to 0.1 

%) in the incubation has been recommended to reduce non-specific binding while maintaining 

relatively good enzyme activity. However, the effect of BSA may be UGT isozyme and substrate 

dependent and optimal enzyme activity may be compromised for some UGTs and/or substrates 

even using a lower concentration of BSA (Harbourt et al., 2012).  Therefore, the inclusion of 

BSA in in vitro incubations should be carefully considered for the IVIVE of UGT-mediated 

clearance. Besides in vitro approaches, in vivo methods such as single or inter-species allometry 

may find usefulness in the prediction of UGT-mediated human clearance. Monkeys have been 

suggested to be more reliable than other animal species in predicting human pharmacokinetics 

and fractional contribution for drugs metabolized by UGTs (Deguchi et al., 2011). Since many 
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UGTs are partially or exclusively present in extrahepatic organs IVIVE using liver tissues has 

been expanded to extrahepatic tissues, most noticeably human kidney and intestinal microsomes 

(Gill et al., 2012; Soars et al., 2002), to attain a more complete prediction of UGT-mediated 

clearance.  The combined approach of using BSA and other tissue microsomes results in a 

generally improved prediction of UGT-meditated clearance, although over- or under-prediction 

of clearance remains.  For drugs that undergo both CYP- and UGT-mediated clearance it was 

suggested and shown that incubations in human liver microsomes employing individual or 

combined cofactors  (NADPH and/or UDPGA) may provide a reasonable estimate of overall 

clearance as well as the contribution of the two pathways (Kilford et al., 2009). In addition, there 

was a tendency for the clearance prediction to improve (within approximately two-fold of 

observed values) in the presence of BSA in the combined cofactor incubations. In summary, 

incubations in human liver, kidney, and/or intestinal microsomes together with CYP and/or UGT 

cofactors in the presence of BSA may be considered to provide a reasonable prediction of human 

clearance of drugs undergoing UGT-mediated metabolic clearance.  On the other hand, it is 

worth to note that the regulatory agencies have not yet endorsed the practice of adding BSA in 

UGT in vitro assays. Continued research in this area will hopefully further improve the 

understanding of UGT-mediated clearance and the accuracy of prediction by preclinical 

methods. 

Challenges of establishing IVIVC of NMEs metabolized by Aldehyde oxidase. 

There are several examples in the literature where pharmaceutical companies failed to recognize 

the importance of AOs contribution to the metabolism of compounds entering development. An 

excellent review of strategies for a comprehensive understanding of metabolism by AO has been 

published recently (Hutzler et., 2013). The following examples demonstrate how error in the 

prediction of clearance via AO can have dire consequences for patients and/or lead to delay in 

the availability of critical new treatments for patients due to selection of clinical candidates that 

have a low probability for success. 

FK3453 is a novel adenosine A1/2 inhibitor that entered development for the treatment of 

Parkinson’s disease (Mihara et al., 2008). Plasma clearance values in rats and dogs were 15 and 

5 mL/min/kg, respectively, and oral bioavailability ranged from 40-90%. Hepatic extraction in 

humans was predicted to be low (2-3%) based on reasonably good correlation between 

preclinical pharmacokinetic data and in vitro intrinsic clearance values obtained in liver 
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microsomes. Despite the promising preclinical prediction, systemic exposure to FK3453 

following oral dosing in Phase I studies was very low and compound development was 

suspended. Subsequently, metabolite profiling in human plasma was performed and M4, an 

oxidative metabolite of the aminopyrimidine ring, was identified at Cmax and AUC values that 

were 200-fold greater than corresponding values for FK3453 following 10 mg oral 

administration. Structural characteristics of FK3453 (heteroaromatic; amino pyrimidine with 

available C-H adjacent to heteroatom) suggested that AO or XO might be involved. When 

metabolite profiles from incubations of [3H]FK3453 with human liver microsomes and S9 

fraction were compared, M4 was observed only in incubations with liver S9 fraction. This 

suggested that a cytosolic enzyme was involved. Liver S9 incubations were then performed in 

the presence of 1-aminobenzotriazole, menadione and allopurinol, potent inhibitors of CYP, AO 

and XO, respectively. Results showed that M4 formation was inhibited by menadione, thus 

implicating AO (Akabane et al., 2011). The authors subsequently evaluated IVIVC for a set of 

six AO substrates including FK3453 and concluded that human hepatocytes systematically 

under-predict in vivo clearance by 7.9-14.9 fold (Akabane et al., 2012). Using this empirical 

scaling factor they calculated a hepatic clearance of 19.5 mL/min/kg for FK3453 in humans 

which equates to a hepatic extraction of 93% and explains the low oral bioavailability of that 

compound. 

SGX523 is an orally bioavailable, potent and selective c-Met inhibitor that entered 

clinical development for the treatment of cancer (Buchanan et al., 2009). Preclinical studies 

showed that the microsomal metabolism of SGX523 was similar between rats, dogs, monkeys 

and humans (Burley, 2009). Consequently, toxicological evaluation was performed in rats and 

dogs. Phase I studies were initiated with separate continuous and intermittent dosing protocols. 

At doses >80 mg patients in the continuous dosing protocol exhibited acute renal (Infante et al., 

2013). Human plasma PK profiling showed the presence of two metabolites not detected in IND 

enabling safety assessment studies. Further preclinical investigation demonstrated that these 2-

quinolone metabolites were formed in incubations with monkey and human liver S9 fractions, 

but to a much lesser extent in rat and dog liver S9 fractions (Diamond et al., 2010). Kidney 

failure was attributed to obstructive nephritis due to the relative insolubility of these renally 

excreted metabolites.  
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These examples highlight the danger of institutionalizing preclinical screening strategies 

that use matrices which do not contain a full complement of drug metabolizing enzymes. AO is a 

cytosolic enzyme and its involvement in drug metabolism is missed by high throughput stability 

screening in liver microsomes. For this reason, hepatocytes are the preferred matrix. Given the 

high contribution of AO to the metabolic processes involved in both of these examples, it is 

tempting to speculate that selective deuteration at the site of metabolism might have improved 

the outcome in both cases. Rationale for this approach has been described recently (Sharma et 

al., 2012) and discussed in the main manuscript. 

Species differences are another important issue when AO is involved and that is apparent 

from these examples as well. Species differences in metabolism would have been detected early 

in the preclinical development process by metabolite profiling in hepatocytes from rats, dogs, 

and humans. AO is broadly expressed in many species (Beedham et al., 1985). Its activity may 

vary between species depending upon substrate, but, in general, AO activity in humans and 

primates is high; it is lower in rats and mice and absent in dogs (Kitamura et al., 2006). 

Extrahepatic expression of AO has been assessed qualitatively in a number of different human 

tissues (Nishimura and Naito, 2006). Multiple isoforms of AO have been identified. Human liver 

contains only AOX1, whereas AOX1 and AOX3 have been identified in rabbits, rats, and mice 

(Garattini et al., 2008), with AOX3 being the predominant form of AO expressed in rodent liver 

(Garattini et al., 2013).  Significant strain differences in AO activity have been detected in mice 

(Al-Salmy et al., 2002) and rats (Sugihara, 1995). A suitable preclinical model for human AO 

activity has not been identified. 

Because of these differences in form and activity across species IVIVC for compounds 

metabolized by AO is typically poor.  A systematic approach has been taken to address this issue 

in humans (Zientek et al., 2010). A set of eleven AO substrates for which clinical 

pharmacokinetic data was available was used and intrinsic clearance was determined in both 

human liver cytosol and S9 fractions. Comparison of scaled intrinsic clearance values showed 

that in vivo clearance was underestimated on average ~11-fold in these in vitro studies. Reasons 

for this under-prediction have been attributed to the extrahepatic contribution of AO to total 

clearance and the potential lability of AO in liver preparations used for in vitro studies. The 

authors proposed a useful scheme for categorizing AO-mediated clearance of new compounds as 

high, medium or low in these systems based on comparison of their intrinsic clearance with a set 
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of standards (O6-benzylguanine, zoniporide, and zaleplon, respectively).  Recently, AO protein 

content has been quantified in human liver cytosol. Use of these methods and their extension to 

other tissues may help to better define our ability to predict human clearance by AO (Barr, 2013; 

Fu, 2013) 

Drug-Drug Interactions Mediated by AO and XO 

Drug-drug interactions mediated by inhibition of AO or XO are rare. This is probably due to the 

fact that very few marketed drugs are cleared predominantly via one of these enzymes and those 

that are are infrequently co-administered with a potent inhibitor of that same enzyme.  There is 

one notable exception for XO. Azathioprine (AZA) is used for the treatment of autoimmune 

inflammatory diseases. It is rapidly converted to 6-mercaptopurine (6MP) in the liver. AZA and 

6MP are inactive; 6MP is metabolized to a number of pharmacologically active thiopurine 

metabolites and also degraded via XO to 6-thiouric acid (Rashidi, 2007). Allopurinol is an XO 

inhibitor that is not infrequently co-administered with thiopurines and has been used to “boost” 

AZA exposure to active species via inhibition of its catabolism (Gearry et al., 2010). Allopurinol 

is contraindicated for use with AZA due to the narrow therapeutic index of this compound class 

which can lead to bone marrow suppression if exposure is not well managed.   

Systemic exposure to zaleplon is increased 85% by co-administration with cimetidine 

(Zaleplon; Drugs.com).  That interaction has been ascribed to inhibition of AO based on in vitro 

studies (Renwick et al, 2002), but is surprising given that cimetidine is not a potent inhibitor of 

human AO (Obach, 2004). This hypothesis is further complicated by the fact that cimetidine also 

inhibits CYPs and CYPs metabolize zaleplon. The authors are not aware of any other example of 

a significant drug interaction mediated via inhibition of AO. There are, however, some likely 

suspects. Drugs that are metabolized via a single pathway are the most susceptible to interaction 

via inhibition of that pathway. Famciclovir is an orally bioavailable diacetyl 6-deoxy prodrug of 

the active antiviral agent penciclovir.  Famciclovir is rapidly and extensively converted and 

oxidized to penciclovir after oral administration. Little or no famciclovir is detected in 

circulation and penciclovir is eliminated intact in urine.  The oxidation to penciclovir is catalyzed 

solely by AO (Clarke et al., 1995; Rashidi et al., 1997).  While clinical interactions with 

cimetidine and promethazine, in vitro inhibitors of AO, have not been observed, the potential for 

interaction with more potent inhibitors such as raloxifene cannot be ruled out (Obach, 2004).   
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Table 1S: Representative examples to highlight impact on pharmacokinetics and/or 

pharmacodynamics of victim drugs in clinic  

Victim Drugs Causes Pharmacokinetic 

effects 

Pharmacodynamic 

Effects (toxicity or 

efficacy) 

References 

Cisapride, 

Astemizole, 

Terfenadine 

inhibition of 

CYP3A 

Reduced clearance of 

parent drug 

Severe cardiac 

arrhythmia (QT 

prolongation, Torsades 

de pointes, etc) 

Monahan BP et 

al.1990; Tsai WC et 

al.1997;  Piquette RK 

et al.1999 

Warfarin CYP2C9 

inhibition or 

polymorphism 

Reduced clearance of 

parent drug 

Increased frequency of 

bleeding 

O’Reilly RA et al. 

1975; Redman AR et 

al.2001 

Codeine CYP2D6 

polymorphism 

Formed negligible 

active metabolite 

morphine in CYP2D6 

PM 

Ineffective for pain in 

CYP2D6 PM 

Yue QY et al. 1991  

Codeine Induction of 

CYP3A 

Increased clearance of 

parent  drug 

Attenuated analgesic 

effects in CYP2D6 EM; 

no effect in CYP2D6 

PM 

Caraco Y et al. 1997  

Cyclosporine Induction of 

CYP3A 

Increased clearance of 

parent drug 

Acute transplant 

rejection (reduced 

efficacy) 

Modry DL et al. 

1985; Herbert MF et 

al. 1992  

Acetaminophen Induction of 

CYP2E1 

Increased formation of 

reactive intermediate 

Hepatotoxicity Slattery JT et al. 1996  

Irinotecan UGT1A1 

polymorphism 

Reduced clearance of 

active metabolite (SN-

38) 

Leukopenia, GI toxicity Innocenti F et al. 

2004 

Chlorzoxozone Obesity  Increase 

CYP2E1activity 

Increase plasma level of 

inorganic fluoride 

Cheng PY and 

Morgan ET 2001 

Theophylline  influenza or 

adenoviral 

Infections   

Decrease clearance of 

CYP1A2 

Inflammatory and 

increase of cytokines  

Cheng PY and 

Morgan ET 2001 

CYP: Cytochrome P450; UGT: Uridine Diphosphoglucuronosyltransferase; EM: extensive metabolizer; PM: poor metabolizer 

 

 

 

 

 

Table 2S. Relative abundance of sulfotranferases (SULT) in human tissue  

SULT Tissues 
Relative abundance 

among tissues 

1A1 Liver /Small Intestine/Kidney/Lung 53/19/40/20
a 

1A3 Liver /Small Intestine/Kidney/Lung 0/31/28/19 
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2A1 Liver /Small Intestine/Kidney/Lung 27/6/1/9 

1B1 Liver /Small Intestine/Kidney/Lung 14/36/31/12 

1E1 Liver /Small Intestine/Kidney/Lung 6/8/0/40 
 

a For each isozyme, the values represent the relative abundance among different tissues, whereas in the same tissue, the 

value represent the % of abundance of each isozyme. Mefenamic acid and salicylic acid could also serve as general 

inhibitors for hepatic and duodenum SULTs. Data adapted from Wang and James, 2006, and Riches et al., 2009 

 

 

 

Table 3S: Summary of commonly used models approaches  

 

Approach Representative Example Model
1
 Required Data Assumptions 

Simple 

Static 

AUCi

AUC
= 1 +

[I]

Ki

 [I] & Ki
2 

 fm = 1 

 FG =1(for oral dose) 

 well-stirred liver CL model 

  fu,plasma*fuCLint static [I] 

Mechanistic 

Static 

AUCi

AUC
=

1

(fm,CYP) × (1 +
[IH]
Ki

) + (1 − fm,CYP)
 [I], Ki, fm,CYP 

 Same as Simple Static 

 fm,CYP incorporated 

Mechanistic 

Dynamic 
PBPK 

CLint, Vdss, 

fm,CYP, ka, Fa, 

fu,plasma, B/P, 

unbound Ki 

 

1
There have been many variations of each modeling approach published in the literature; each example presented 

here is meant to be a representative only of each specific category. 
2
Ki assumed to be equal to IC50/2 when inhibition 

occurs by competitive mechanism and substrate concentration is equivalent to Michaelis-Meten constant (Km).  

AUC= Area Under Curve; AUC
i
= Area Under Curve with Inhibitor; [I]= Inhibitor Concentration; Ki= 

Enzyme Inhibition Constant; fm= Fraction Metabolized; FG= Fraction Escaping Gut Metabolism; CL= 

Clearance;CLint = Intrinsic Clearance; fu= Fraction Unbound; ka= Absorption Rate Constant; Vdss= Steady-state 

Volume of Distribution; Fa= Fraction Absorbed; B/P= Blood/Plasma Partition Ratio; PBPK= Physiologically-Based 

Pharmacokinetic   

 

 

 

 

 

 

Table 4S: Key parameters required for PBPK model development and ADME 

properties generally impacted by each 

Property Absorption Distribution Elimination Drug 
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(fa, ka) (Vss) (CLhepatic) Interaction 

(DDI) 

Molecular weight √    

Solubility (intrinsic solubility or pH-

solubility profile). Other parameters such as 

dissolution rate, super saturation ratio and 

precipitation rate if using ACAT or ADAM 

model) 

√    

Lipophilicity (logP or LogD) √ √   

pKa (acid, base, neutral) √ √ √  

Permeability (Caco-2, MDCK, LLC-PK1) √    

Blood/plasma partitioning  √   

Plasma protein binding  √ √ √ 

Microsomal  protein binding
1
   √ √ 

Efflux transporter (e.g Pgp, BCRP) √  √  

Uptake transporter   √ √ 

Hepatic intrinsic clearance or enzyme 

kinetic (Km, Vmax) 
  √ √ 

CYP inhibition    √ 

CYP induction    √ 

PBPK= Physiologically-Based Pharmacokinetic; ACAT: Advanced Compartmental Absorption and Transit 

(GastroPlus); ADAM: Advanced Drug Absorption and Metabolism (Simcyp); MDCK= Madin-Darby Canine 

Kidney Epithelial Cells; LLC-PK1= Pig Kidney Epithelial Cells; Pgp= P-glycoprotein; BCRP= Breast Cancer 

Resistance Protein; Vmax= Maximum Reaction Velocity; Km= Substrate Concentration at which the Reaction Rate is 

Half of Maximal Velocity    
1
Can also be the binding to the matrix of in vitro incubation system 

 

 

 

 

 

 

 

 

 

 

 


