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 Abstract 
 

Cytochrome P450 (CYP) constitutes a superfamily of heme- containing enzymes that catalyze the 
oxidative biotransformation of structurally diverse xenobiotics including pharmaceuticals and 
drugs. Cytochrome P450 3A4 is not only the most abundant isoform in human liver but is also 
responsible for metabolizing approximately 60% of therapeutic drugs. This feature makes 
CYP3A4 highly susceptible to both reversible and irreversible, such as mechanism-based, 
inhibition. Mechanism-based inhibition is characterized by being time dependent as well as 
NADPH and concentration dependent, when some drugs are converted by CYPs to reactive 
metabolites. The inactivation of CYP3A4 can be due to chemical modification of the heme, the 
protein, or both by covalent binding of modified heme to the protein. Compared to reversible 
inhibition, mechanism-based inhibition of CYP3A4 more frequently causes unfavourable drug- 
drug interactions (DDI), as the inactivated CYP3A4 has to be replaced by newly synthesized 
CYP3A4 protein.  DDI can lead to higher exposure of co-administered drugs, sometimes leading 
to toxicity. For these reasons, drug metabolism groups within pharmaceutical companies need a 
well established screening assay to assess mechanism-based inactivation of major human P450 
enzymes by new chemical substances that are being developed by the company. Historically, 
adverse drug interactions were found in clinical trials or after the drugs were commercially 
released. That caused pharmaceutical companies large economical losses, since a large portion of 
development cost was in vain.  

    Medivir AB is a small pharmaceutical company that would like to set up a screening method to 
be used to test candidate drugs for CYP3A4 mechanism-based inhibition. The central aim of this 
master degree project was to set up a screening assay to test irreversible inhibition of CYP3A4 
and validate it with known inhibitors.  Using the validated assay, a number of in-house project 
compounds will be measured for inhibition potential and the results analyzed for structure-
activity correlations. Relationships between some functional groups and mechanism-based 
inhibition can provide insight for improvement of drug candidates and inhibition liability.                        
The assay was based on microsomes containing recombinant human CYP3A4 and activity 
measured by conversion of the substrate dibenzylfluorescein into a fluorescent product. The 
product was quantified by measurement of fluorescence in a 96-well plate reader. Optimization 
was achieved by determining the reaction linearity with time and enzyme concentration. When 
possible the Km for the probe substrate was also determined. The effect of different backgrounds 
was studied to settle on a compensation for the enzyme activity. The effect of DMSO on 
CYP3A4 mediated metabolism of the substrate was studied to determine the acceptable solvent 
concentration. The concentration responsible for 50% inhibition (IC50) was also determined for 
several known inhibitors and compared with literature data. 
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Introduction 
Background 
Biotransformation generally converts nonpolar, lipophilic, pharmacologically active drug 
molecules into polar, inactive, nontoxic metabolites that can be readily eliminated by the kidneys 
(or other organs). The cytochromes P450 (CYPs) are a superfamily of heme- containing enzymes 
that catalyze Phase I biotransformation to increase polarity and enhance the rate of clearance and 
excretion of a wide variety endogenous molecules and xenobiotica. Phase I reactions may occur 
by oxidation, reduction and hydrolysis reactions. Oxidation involves the enzymatic addition of 
oxygen or removal of hydrogen, carried out by CYPs, NADPH and oxygen. If the metabolites of 
phase I reactions are sufficiently polar, they may be readily excreted at this point. However, many 
phase I products are not eliminated rapidly and undergo a subsequent reaction Phase II in which 
an endogenous substrate combines with the newly incorporated functional group, e.g., with 
glucuronic acid, glutathione or amino acids, to form a highly polar conjugate. 

    The human CYP3A gene 
subfamily consists of four known 
members; CYP3A4, CYP3A5, 
CYP3A7 and CYP3A43. Of these 
gene products, CYP3A4 is 
abundantly expressed in liver - 
the major site of drug metabolism 
(Lamba et al., 2002). In fact, 
CYP3A4 is the most abundant 
CYP in human liver and intestine, 
accounting for approximately 
30% in average of the total CYP 
content (Paine et al., 2006). The 
variation between individuals and 
CYP3A4 account is great and varies between 5%- 75%.  Accumulating evidence has shown that 
CYP3A4 mediates the biotransformation of approximately half of all marketed drugs.  

Figure 1 
Biotrasformation of xenobiotica 

 

CYP3A4 is known to metabolize a large variety of compounds varying in molecular weight. It 
is believed that CYP3A4 has a large hydrophobic active site capable of accommodating a diverse 
range of compounds, making it rather promiscuous in its substrate selectivity (Zhou et al., 2004).  
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Because of the broad substrate specificity of CYP3A4, it is particularly prone to both reversible 
and irreversible inhibition by a variety of drugs. The most common reversible inhibition is 
competitive, where compounds compete as substrates for the enzyme. The clinical relevance of 
competitive inhibition depends on the dose of potential inhibitor and co-administrated drug. This 
is usually only a problem for high-dose drugs. When irreversible inhibition, such as mechanism-
based inhibition, occurs it is more difficult to predict the extent of clinical drug-drug interactions 
(DDIs), since the enzyme is deactivated more or less irreversibly and activity may only be 
regained by synthesis of new enzyme. The inhibition of the metabolism of one drug, as a result of 
competition between two different drugs for metabolism by the same CYP, may result in 
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unexpected elevations in the plasma concentrations of one or both drugs that can ultimately result 
in a variety of adverse effects, including fatalities (Hollenberg, 2002a). 

Mechanism-based inactivation of CYP enzymes is a frequent cause of severe drug- drug 
interactions (Huang et al., 2008). It is now recognized that failure to consider this type of 
inactivation in vitro can lead to serious underestimation of the DDI magnitude in vivo.  

In vitro approaches have been used extensively for the assessment of DDIs since the mid- 
1990s (Polasek and Miners, 2007). 

 
In the past decade, numerous studies have attempted to rationalize and correlate the metabolic 

behavior of drugs in vivo on the basis of in vitro metabolic data. Seeking to ensure patient safety, 
the collective desire to address this issue, prompted the FDA and the Pharmaceutical Research 
and Manufactures of America (PhRMA) to publish guidelines for pharmaceutical industry 
suggesting that in vitro metabolic studies be conducted early in drug discovery to determine the 
inhibition potency of a new chemical entity (Wienkers and Heath, 2005).  

 
Catalytic cycle of the CYP enzymes    The primary steps in the 

catalytic cycle, for the reactions catalyzed by the CYPs, are 
binding of the substrate and one electron reduction of the ferric 
(Fe3+) enzyme to the ferrous (Fe2+) enzyme. The second phase is 
binding of molecular oxygen to the ferrous (Fe2+) iron and transfer 
of the second electron to the ferrous, oxy- substrate complex, 
leading to the release of water and the formation of activated 
oxygen intermediate.  Further, there is the catalytic insertion of the 
activated oxygen into the substrate to form the oxygenated 
product. The release of the oxygenated product results in the 
release of the native ferric (Fe3+) form of the enzyme that can 
undergo another catalytic cycle. Two of these steps - the binding 
of molecular oxygen to the ferrous (Fe2+) enzyme and the catalytic 
step in which the activated oxygen is transferred from the heme 
iron to the substrate, appear to be particularly susceptible to 
inhibition (Hollenberg, 2002b).  

Figure 2 
Catalytic cycle of P450 
 

 
 

CYP3A4 mechanism based inhibition 
The irreversible mechanism-based inhibition of CYP3A4 refers to the inactivation of the 

enzyme via the formation of a metabolic intermediate that binds tightly and irreversibly or is 
covalently attached to the enzyme.  

At least three different mechanisms may lead to the inactivation of CYP during the metabolism 
of drug (Figure 3). The intermediate species can react irreversibly with nucleophilic amino acids 
in the active site or with the heme nitrogen atoms. It can also bind strongly to the heme iron to 
form a metabolite intermediate complex that does not actually destroy the enzyme, although it 
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does catalytically inactivate CYP. This is often described as quasi-irreversible inhibition. It is 
thought that mechanism-based inhibitors may prove to be much more enzyme specific than 
reversible inhibitors (Polasek and Miners, 2007).  

Some of the criteria that are routinely used to determine whether or not a substrate is a 
mechanism-based inhibitor are as follows: 1) the loss of enzyme activity during pre-incubation 
must be time dependent. The enzyme activities, corrected for any loss of activity in the absence 
of an inhibitor, remaining after the pre-incubation should have a straight relationship to 
preincubation time. 2) The inhibition requires that cofactor, nicotinamide adenine dinucleotide 
phosphate (NADPH), is present and that metabolism is occurring due to NADPH- dependence for 
electron transfer in the catalytic cycle of CYPs. 3) The degree of inhibition should be 
concentration dependent with saturation kinetics. 4) Inhibition should be irreversible and activity 
should not return upon dialysis or gel filtration since the mechanism based inhibitor should be 
covalently bound to the enzyme (Zhou et al., 2005).  

Microsomes prepared from different cells overexpressing single human CYPs are now 
routinely used to investigate mechanism-based inhibition of specific p450s. These in vitro 
systems are commercially available and can be used to characterize time-, NADPH-, and 
concentration- dependent inhibition as well as to determine the enzyme kinetics parameters (Zhou 
et al., 2005).  

  
Figure 3 
Mechanism of 
quasi-irreversible 
and irreversible 
CYP inhibition 
(Polasek and 
Miners, 2007) 

 
 
In vitro 
determination 
of inhibitor 
potency 

Inhibitor potency 
is quantified by 
determination of either IC50 values (the concentration of inhibitor resulting in 50% decrease in 
reaction velocity) or the inhibition constant Ki. IC50

 determinations are typically performed at a 
fixed substrate concentration and the relationship between inhibitor concentration and decrease in 
reaction velocity is analyzed (Venkatakrishnan et al., 2001). The advantage then is that the 
analysis does not require a kinetic analysis of either the biotransformation process itself or 
knowledge of the mechanism of inhibition.  Determination of the inhibition constant Ki on the 

Mechanism based inhibition of human CYP3A4    Master thesis Biomolecular Chemistry 
Maria Khihon Rokhas  Page 6 
 



other hand, requires a mathematical model and either an equilibrium or a kinetic study of the 
biotransformation pathway of interest. The mathematical models depend on the mechanism of 
inhibition (competitive, noncompetitive, mixed competitive or uncompetitive).  For these reasons 
in this project, the inhibition potency was determined through IC50 values. IC50 values are easy to 
determine in high throughput screening mode and can be performed at low substrate 
concentrations that are well below the reaction Km.     

 

 

Fluorometric assay 
Fluorometric assays are most commonly used to test compounds as CYP inhibitors in early 

drug discovery (Stresser et al., 2000). Unlike conventional inhibition assays that relied on time 
consuming high performance liquid chromatography (HPLC) for separation and quantification of 
the metabolites, fluorescence-based assays are amenable to multi-well plates can be analyzed in a 
high throughput analysis.  These assays are based on metabolism of substrate to fluorescent 
products which are conveniently detected using a fluorescence plate reader. 

The use of fluorescent probes for evaluating CYP inhibition offers several advantages 
including sensitivity, speed, low cost and ease to use. On the other hand there are some 
limitations associated with these screening methods, including interference in detection of 
products by test compounds and NADPH.  

Dibenzylfluorescein (DBF) is dealkylated by cytochromes P450 - 
particularly CYP2C8, CYP2C9, CYP2C19, and CYP3A to form a 
fluorescein ester. It has been found that dibenzylfluorescein is 
suitable for in vitro assessment of the initial screening of CYP3A4- 
mediated drug interactions (Stresser et al., 2000). The fluorometric 
enzyme inhibition assay, used here, with DBF as a CYP3A4 
substrate was based on the method described on the GENTEST Corporation website 
(http://www.bdbiosciences.com/index.shtml.)  

 

Atypical kinetic data 
The active site of CYP3A4 is spacious, as revealed by recent crystal structures, and by 

experiments which have demonstrated the ability of this enzyme to oxidize a wide range of 
structurally diverse molecules. Most P450 mediated reactions follow simple Michaelis-Menten 
kinetics from which kinetics constants, Km (concentration of substrate resulting in half maximum 
velocity) and Vmax (maximal velocity), are easily derived. CYP3A4, however, exhibits atypical 
kinetic profiles such as positive cooperativity and partial inhibition that could confound 
traditional inhibition studies and determination of, for example, Km. In addition, it has been 
proposed that two substrates can physically occupy the active site simultaneously (Ekroos and 
Sjogren, 2006).  
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If the Eadie-Hofstee transformed plot (velocity versus v/S ratio) from rate- concentration data, 
gives a straight line, Michaelis-Menten kinetics can be assumed. The slope of the straight line 
will be equal to  -Km and the intercept with the y-axis will be equal to Vmax (see Figure 5: 1A/1B, 
(Venkatakrishnan et al., 2001). One commonly observed kinetic profile in drug metabolism is 
substrate inhibition. In this case, as the concentration of substrate increases, the reaction rate 
decreases at high substrate concentration. It is believed to be due to binding of multiple substrate 
molecules within the enzyme active site simultaneously, such that binding to one of the sites 
results in a decrease in substrate turnover at the other site (Venkatakrishnan et al., 2001). It is still 
unclear whether binding of the additional substrate molecule at this “inhibitory” site results in 
steric hindrance of substrate or whether binding to this “inhibitory” site causes a conformational 
change in the enzyme such that binding to the primary site is reduced  (see Figure 5: 1E/1F, 
(Tracy and Hummel, 2004). 
Cooperative binding of substrate to 
the enzyme also can leed to 
autoactivation of the enzyme upon 
substrate binding, and also result in 
nonhyperbolic relationship (non 
Michaelis-Menten kinetic, Fig 5: 
1G/1H) with a sigmoid velocity 
concentration relationship (binding of 
one substrate molecule enhances the 
binding of the next substrate 
molecule). This behavior also 
supports the theory of a large 
CYP3A4 active site accommodating 
multiple substrate molecules.  

Site directed mutagenesis of 
CYP3A4 at amino acid residues Leu- 
211 and Asp- 214, proposed as part 
of the substrate binding region, 
yielded a metabolically active 
enzyme with hyperbolic kinetics for 
hydroxylation of testosterone in 
contrast to the wild type enzyme that 
displayed sigmoidal kinetics 
(Venkatakrishnan et al., 2001).  
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This atypical kinetic behavior of CYP3A4 with some substrates makes relationship between 
IC50 and Ki complex and relationship such as  

Figure 4 
Concentration velocity plots (panel A,C,E and G) 
and corresponding Eadie- Hoftee 
transformations (panel B,D,F and H) 

2 x Ki= IC50, when S= Km, may not apply. 



Project goals 
• To validate the BD Gentest CYP3A4 screening inhibition assay.  

• Optimize the assay by determining the conditions under which the reaction is linear 
function of time and concentration. 

• Determine the Km for the probe substrate.  

• Determine IC with and without preincubation for known positive and negative control 50 
inhibitors.   

• Determine IC50 for project compounds to establish
inhibitors or not and link inhibition potency to spec

Experimental Procedures 

 whether they are mechan
ific functional groups.  

ism-based 

Materials  
Microsomes from baculovirus tranfected insect cells containing cDNA-expressed human 

CYP3A4, human P450 reductase and human cytochrome b5, were bought from BD Gentest 
Corporation. Dibenzylfluorescein (DBF) and control insect cell membrane protein were also 
obtained from BD Gentest Corporation. Project substances were obtained from Medivir AB 
(Huddinge, Sweden). The reference chemicals and their suppliers were as follows: ketoconazole 
(positive control) and β-NADPH (Sigma Aldrich), potassium phosphate dibasic (anhydrous) and 
monobasic (Fluka), dimethyl suphoxide (SDS Carlo Erba reactifs).  

 

HIV- project’s compounds for inhibition assay and reference controls: 

 
Figure 6 
project compounds   
and refere

 
 

nce compounds 

compound 1   compound 2   compound 3 
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 compound 4   compound 5   compound 6 

 

 
 

 
compound 7   compound 8   compound 9 

 
 compound 10   compound 11   compound 12 
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ketoconazole (positive control) midazolam (positive control)          erythromycin (positive control) 

ritonavir (positive control)  amprenavir (positive control) indinavir (positive control) 

nelfinavir (positive control)            saquinavir (positive control)            lopinavir (positive control) 

 

 

 

 

atazanavir (positive control) diclofenac (negative control)  pindolol (negative control) 
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Fluorometric Enzyme Inhibition Assay 
Serial dilutions of positive control and inhibitors were made in a polypropylene microtiter plate 

(96- wells, Corning Costar, catalog 3363) in 100 mM phosphate buffer pH 7.4 and DMSO 0.4% 
(v/v). Incubations were conducted in a 200 µl volume in 96- well microtiter plate (Corning 
Costar, catalog 3915) 

A cofactor/enzyme serial dilution mix (C/E) was prepared in 100 mM phosphate buffer (pH 
7.4). This C/E mix contained 400 µM NADPH and 5 nM cDNA- expressed CYP3A4 in insect 
cell microsomes. A cofactor/microsomal protein mix (C/MP), was prepared in a 100mM 
phosphate buffer (pH 7.4), and contained 400 µM NADPH and with wild- type baculovirus 
infected insect cells protein 12 mg/ml, giving the same final protein content as the CYP3A4 
microsomes (varies depending on batch of microsomes). The C/MP mix was prepared for a blank 
control.  

The inhibition assay was carried out in a final volume of 200 µl per reaction in a 96-well, black 
microtiter plate (Thermo Electron Corporation 7605). Typically, C/E (100 µl) was added to each 
well except for the last two wells in column number two, where C/MP (100 µl) was added for a 
blank control for background fluorescence. 

Positive control solution containing four times the upper concentration in a 100 mM 
phospshate buffer (pH 7.4) was added, 50 µl, to each well in column one and the final 
concentrations of positive control in the first column varied between 5 and 640 nM. Phosphate 
buffer 100 mM (pH 7.4) containing 0.4% (v/v) DMSO was added, 50 µl, to the second column, 
wells A-E (for control enzyme activity) and 50 µl of 100 mM phosphate buffer pH 7.4 containing 
DMSO 0.4% (v/v) was added to second column, wells F-H (for a blank). This gave final solvent 
concentration 0.2% (v/v) DMSO in each well of column two. 

Inhibitor solutions containing four times upper concentration in 100 mM phosphate buffer (pH 
7.4) were added, 50 µl, to column 4-7. The final inhibitor concentrations in column 4-7 varied 
between 19.5 and 10000 nM. The plate was preincubated at 370C for 30 minutes prior to the 
addition of inhibitor solutions as above, 50 µl, to the remaining wells 8-12 for determining the 
inhibition of CYP3A4 without preincubationtime. The final inhibitor concentration in column 8-
12 varied between 19.5 and 10000 nM. All inhibitors and positive control are stored in DMSO 
which gave final solvent concentration 0.2% (v/v) DMSO in each well. 

A DBF solution was made in 100 mM phosphate buffer pH 7.4 at concentration 40 µM. The 
reaction was initiated by addition of prewarmed at 370C DBF solution, 50 µl, to every well to 
give final reaction volume of 200 µl. The final substrate concentration in assay was 1 µM.  

Fluorescence in each well was measured using a Fluoroskan Ascent FL fluorescence plate 
reader. The DBF metabolite, fluoroscein, was measured using an excitation wavelength at 485 
nm and an emission wavelength at 538 nm. The fluorescence was recorded for 30 minutes and the 
reaction was followed over time. Production of the product was proportional with time and 
protein concentration. 

  

 

 



 
Figure 7 
Plate layout for mechanism-based inhibition assay 

column 1 
row 1-8 

column 2 
row 1-8 

column 3-7 
row 1-8 
10000 nM- 19.5 nM 

column 8-12  
row 1-8 
10000 nM- 19.5 nM 

positive control 
KTZ 640 nm 
0.2% DMSO, 2.5 nM CYP3A4 

control 
0.2% DMSO 
2.5 nM CYP3A4 

Inhibitor A 
30min preinc. 
10000 nM- 625 nM 

Inhibitor A 
no preinc. 
10000 nM- 625 nM 

positive control 
KTZ 320 nm 
0.2% DMSO, 2.5 nM CYP3A4 

control 
0.2% DMSO 
2.5 nM CYP3A4 

Inhibitor A 
30min preinc. 
312.5 nM- 19.5 nM 

Inhibitor A 
no preinc. 
312.5 nM- 19.5 nM 

positive control 
KTZ 160 nm 
0.2% DMSO, 2.5 nM CYP3A4 

control 
0.2% DMSO 
2.5 nM CYP3A4 

Inhibitor B 
30min preinc. 
10000 nM- 625 nM 

Inhibitor B 
no preinc. 
10000 nM- 625 nM 

positive control 
KTZ 80 nM 
0.2% DMSO, 2.5 nM CYP3A4 

control 
0.2% DMSO 
2.5 nM CYP3A4 

Inhibitor B 
30min preinc. 
312.5 nM- 19.5 nM 

Inhibitor B 
no preinc. 
312.5 nM- 19.5 nM 

positive control 
KTZ 40 nM 
0.2% DMSO, 2.5 nM CYP3A4 

control 
0.2% DMSO 
2.5 nM CYP3A4 

Inhibitor C 
30min preinc. 
10000 nM- 625 nM 

Inhibitor C 
no preinc. 
10000 nM- 625 nM 

positive control 
KTZ 20 nM 
0.2% DMSO, 2.5 nM CYP3A4 

control 
0.2% DMSO 
2.5 nM CYP3A4 

Inhibitor C 
30min preinc. 
312.5 nM- 19.5 nM 

Inhibitor C 
no preinc. 
312.5 nM- 19.5 nM 

positive control 
KTZ 10 nM 
0.2% DMSO, 2.5 nM CYP3A4 

blank 
0.2 % DMSO 

Inhibitor D 
30min preinc. 
10000 nM- 625 nM 

Inhibitor D 
no preinc. 
10000 nM- 625 nM 

positive control 
KTZ 5 nM 
0.2% DMSO, 2.5 nM CYP3A4 

blank 
0.2 % DMSO 

Inhibitor D 
30min preinc. 
312.5 nM- 19.5 nM 

Inhibitor D 
no preinc. 
312.5 nM- 19.5 nM 

 
 

The substances were stored as 10 mM stock solutions in DMSO solvent. The final DMSO 
concentration was 0.2% (v/v). Control experiments were performed to account for any decrease 
in enzyme activity caused by the incubation period. The DBF concentration used (1 µM) was 
close to the Km reported by BD Gentest(Stresser et al., 2000). Control experiments were 
performed to check for background fluorescence and were called “blank”.  

 
Table 1 
Assay concentrations of reactants  
Reactant Final assay concentration 
CYP3A4 2.5 nM (0.5 pmol/well) 
Ketoconazole, positive control 640 nM- 5 nM 
Inhibitor 10000 nM- 19.5 nM 
DBF 1 µM 
NADPH 200 µM 
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An IC50 shift experiment was used for identifying mechanism-based inhibitors. The multiple 
concentrations of inhibitor, with serial 1:2 dilutions, were incubated at 370C with CYP3A4 
enzyme (2.5 nM) and NADPH (200 µM final concentration) in 100 mM potassium phosphate 
buffer, pH 7.4. For highly efficient inhibitors, a 30 min preincubation time will exceed the time 
over which the inhibition is first order (i.e., log-linear). However, the selection of a 30-min 
preincubation period was made to ensure that even weak inhibitors could be identified, to avoid 
false negatives. 

Inhibition data were analyzed by comparing the percentage inhibition measured when the 
inhibitor was preincubated for 30 min versus no preincubation: 

Equation 1 
Activity decrease determination 
 

 =  
 

) 

 
Because catalytic turnover is required, mechanism-based inhibitors exhibit greater inhibition 

with time (i.e., decrease in activity after the preincubation).  

Data processing 
Data were exported and analyzed using Excel, 2007. After plotting as activity versus the 

logarithm of concentration, IC50 values were obtained by nonlinear regression using GraphPad 
Prism (version 5.01) software and equation 2.  

Equation 2 
Y=Bottom + (Top-Bottom)/(1+10^((LogIC50-X)*Hill Slope)) 

 

Some dose-response curves are steeper or shallower than the standard curve. The steepness can 
be quantified by the Hill coefficient, also called a slope factor. A dose-response curve with a 
standard slope has a Hill coefficient of 1.0. A steeper curve has a higher coefficient, and a 
shallower curve has a lower one. Because CYP3A4 often displays cooperative binding, this 
model is best fit empirically and the Hill coefficient in this case reflects the extent of positive 
cooperativity upon substrate binding. 
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Results and Discussion 
Results 

The assay design was similar to that originally reported by Gentest. However several 
modifications were made in the present study to optimize the assay.  

 

Buffer optimization 

Firstly, the recommended buffer molarity was initially set to 200 mM by Gentest Corporation. 
The optimum would be to use an environment similar to that of hepatic cytoplasm in vivo which 
has an ionic strength of 0.9% (v/v) NaCl. A more physiologically accurate buffer concentration of 
100 mM buffer was chosen instead for all incubations, due to longer linearity (figure 8). A buffer 
concentration of 50 mM buffer would be more appropriate to use due to lower ionic strength but 
in this case the activity of the enzyme was too low and the reaction did not start at once - perhaps 
owed to the low ionic strength, for this system, the reaction rate is to slow, which compromise the 
calculation of initial velocity of the enzyme activity.  

 

 

50mM buffer 100mM buffer 200mM buffer 

 
 

Figure 5 
The influence of phosphate buffer (pH 7.4) molarities after 30 min preincubation time, 12 
replicates for each molarities (4 columns X 3 rows), 8 µM NADPH and 1.25 nM CYP3A4. 
Relative fluorescence units versus time  measured during 30 minutesmeasured during 30 minutes.  
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Figure 6 
The effect of cytochrome b5 on CYP3A4 activity, 
Phosphate buffer pH 7.4, 1.25 nM CYP3A4, 8 µM 
NADPH. Relative fluorescence units versus  time. 
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Figure 7 
Effect of DMSO on CYP3A4 activity at 2.5 nM in 
phosphate buffer pH 7.4 100/200 mM. % Activity 
versus % DMSO solvent. 

 
 



DMSO influence 

The effect of organic solvents is of major importance since most test compounds are lipophilic 
and require dissolution  in solvents. DMSO is commonly used due to low volatility. Solvents may 
increase the solubility of nonpolar substances in the incubation buffer, but they can also inhibit 
the enzyme activity. Figure 8 shows that even at low concentrations, 0.1% (v/v) DMSO, there is 
20-40% decrease in enzyme activity. The solvent concentrations are recommended to be below 
0.1% DMSO (v/v) in the assay (http://www.fda.gov/cder/guidance/6695dft.pdf ). The test 
compounds were expected to have quite high IC50 values and consequently 0.2% DMSO (v/v) 
was needed due to the serial dilution of the substances starting with 20 µM as the highest 
concentration.    

Enzyme 

Many CYP3A4-catalyzed reactions are stimulated by cytochrome b5. The stimulatory effect 
remains an important consideration when evaluating the extent of DDI. Figure 8 shows that b5 
increases the catalytic activity of recombinant CYP3A4 when the P450 is expressed together with 
cytochrome P450 reductase and b5.  Due to the low signal of the fluorescent metabolite of DBF in 
this assay, microsomes containing recombinant cytochrome b5 were used to enhance the signal-
to-noise ratio.  

 

Background A 

 

B 

 

C 

 

D 

 

E 

Controls were run to investigate the background signal, noise 
without enzyme and substrate present, from the different 
components in the incubations. Figure 11 demonstrates that 
without any substrate present there was no fluorescence. Thus, 
NADPH at the concentration used did not have an interfering 
fluorescence at the particular wavelength followed. However, 
in the presence of NADPH, the substrate DBF showed 
fluorescence that decreased with time. The similar decreasing 
fluorescence could be seen in samples containing only 
microsomes and DBF, which could be explained by low 
endogenous level of cofactor in the microsomes themselves. 
The source of this phenomenon is unclear, but must be taken 
into consideration when the initial velocity of CYP3A4-
mediated metabolism is calculated.  
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Figure 8 
Background investigation, RFU versus time, measured during 30 minutes. Triplicates in each 
row.  
Row A: normal conditions, 200 mM phosphate buffer (pH 7.4), 1.25 nM CYP3A4, 8 µM 
NADPH, 1µM DBF 
Row B: Incubation without substrate, same concentrations as in row A of others reagents 
Row C: Incubation without CYP3A4, cofactor and substrate present in same concentrations as 
in row A 
Row D: only NADPH present, 8 µM 
Row E: Incubation without NADPH, enzyme and substrate present same concentrations as in 
row A 
 

 

 

 

 

 

http://www.fda.gov/cder/guidance/6695dft.pdf


The use of a blank, as a negative control, is important to compensate for background 
fluorescence. There are several possible blanks. For example, boiled microsomes (has all 
components present but lacks enzyme activity due to heat inactivation) and insect cell membranes 
lacking recombinant human enzyme (Gentest).  

 

The inhibition by different compounds was measured under linear conditions with respect to 
time and enzyme concentration where the effect of the inhibitor is most apparent and not 
diminished because of accumulation of product with time. Examples of such results 
demonstrating enzyme linearity are shown in Figure 12. 
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Figure 9 
Rate of metabolite formation, expressed as initial velocity, as a function of microsomal enzyme 
concentration and duration of  incubation. The incubations contained 100 mM phosphate buffer (pH 
7.4), 8 µM NADPH, 0.2% (v/v) DMSO, 1 µM DBF and x nM CYP3A4 

 

Gentest includes a regeneration system (composed of two reagents, Solution A (NADP+ and Glc-6-
PO4) and Solution B (G6PDH)) for regeneration of the cofactor in an oxidase enzyme assay is 
which generates NADPH in situ using an enzymatic reaction. The final concentration of NADPH 
was 8 µM in sutu reaction. No regeneration system was used in this study. Figure 13 shows that 
the same concentration of NADPH added without a regeneration system was not enough for the 
reaction to remain linear for 30min. When the concentration of NADPH was increased, the 
reaction remained linear for a longer period of time (Figure 13 A/B 7). This observation led to an 
analysis of the NADPH consumption during Gentest recommended assay conditions (200 mM 
phosphate buffer, pH 7.4, and 2.5 nM CYP3A4). 

The NADPH oxidation was 
determined spectrophotometrically 
from the change in absorbance at 
340nm. Using Beer’s law, one can 
determine the concentration of 
NADPH in solution and convert the 
net rate (∆A340nm/min) to amount of 
NADPH consumed. The molar 
extinction coefficient used for NADPH 
is ε = 6.2 x 10-6 M-1cm-1. The dilution factor was 1000 with a final volume in the cuvette of 700 
µl. Using 1.75 µl of microsomal suspension, ∆A340nm/min = 1.306 x 10-3. In the assay 

Figure 10 
The NADPH consumption 
measured in 200 µM phosphate 
buffer (pH 7.4), 0.5 pmol/well 
CYP3A per 200 µl 
In A/B 6 8 µM NADPH was used     
In A/B7 11 µM NADPH was used 



fluorescence was measured during 30 min. Since incubations contained 2.5 nM CYP3A4, 18.9 
µM NADPH would be used by the enzyme per assay. To have a large surplus of cofactor in the 
assay, the final NADPH concentration was set to 200 µM, since there wasn’t any fluorescence 
interference limiting the concentration that could be used. 

Equation 3 
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Reproducibility 

After the assay conditions were set to 100 mM 
phosphate buffer (pH 7.4), 2.5 nM CYP3A4, 200 µM 
NADPH and 1 µM DBF, the reproducibility of IC50 
for ketoconazole was studied with 0.2% (v/v) DMSO. 
The average IC50 was determined to 47±16 nM, 
Figure 14, within boundary of enzymatic control 
activity. The boundary was determined by studying 
control activity of CYP3A4 variety with time.  The 
average slope of initial velocity (measured under the
first 10 min) for the uninhibited control activity in 
0.2% (v/v) DMSO was 13±3 RFU (relative 
fluorescence units). Figure 15 demonstrates a typical 
concentration- response plot for ketoconazole where 
the IC

Figure 11 
IC50 variation for the positive control  
inhibitor ketoconazole, IC50 values versus 
experiment number 
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 Figure 12 
Concentration- response plot for ketoco nazole. % Activity 
of CYP3A4 versus lo g [ketoconazole]. 
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 Figure 13 
Atypical kinetics of CYP3A4 and DBF.  
Sigmoid kinetics was seen with DBF as su
CYP3A4. No DMSO was present and no 
preincubations were made. A) Enzyme activity, 
represented as initial velocity V
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0 (reaction rate under 
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Figure 14 
Atypical kinetics of CYP3A4 and DBF.  
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transformation. 
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B

Nonhyperbolic kinetics was seen with 
DBF as substrate for CYP3A4 with 0.2%
(v/v) DMSO and no preincubation. A) 
The V0 versus [S]. B) the Eadie- Hoftstee 
plot showed “hook” pattern, indicative of 
substrate activation. C) The apparent K
was determined v
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MSO which 
indicates that the DMSO was consumed during the 30 minutes of preincubation.   
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Km values were determined from Woolf-Hanes transformations where [S]/v were plotted 
against [S], The slope is equal to 1/Vmax and the intercept equal to Km/Vmax. In Eadie- Hoftee
initial velocity versus V0/[S] gives a slope equal to –Km. Km was estimated to 1 µM without 
DMSO and <1 µM with 0.2% DMSO (v/v) with no preincubation performed. With 
preincubation, the Km with DMSO present returned to the original value without D
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Figure 15 
Atypical kinetics of CYP3A4 and DBF.  
Sigmoid/nonhyperbolic kinetics was seen 
with DBF as substrate for CYP3A4 with 
0.2% (v/v) DMSO and 30 min preincubation.
A) The initial velocity, V
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Compound  IC50 30min 
preinc. M)  (µ

IC50 no 
preinc. M)  (µ

∆ without‐ with 
preincu  time bation

%difference in IC50 
without prei  ncubation

1  3.27  4.00  0.73  18 

2  1.96  20.49  18.53  90 

3  1.55  1.56  0.01  0 

4  4.03  5.89  1.86  32 

5  1.28  10.05  8.77  87 

6  0.63  5.48  4.85  88 

7  1.32  6.37  5.05  79 

8  1.94  9.32  7.38  79 

9  1.66  1.36  ‐0.30  ‐22 

10  1.06  2.29  1.23  54 

11  0.77  9.40  8.63  92 

12  1.91  17.28  15.37  89 

13  0.16  0.18  0.02  11 

Midazolam  2.25  9.80  7.55  77 

Erythromycin  2,632  1,227 1,405  47 

Ritonavir  <0,03  0.08  ‐‐‐  100 

Amprenavir  <0,03  0,15  ‐‐‐  100 

Table 2 
IC50 values for project compounds and controls were obtained, with and without preincubation in 200 mM 
phosphate buffer (pH 7.4), 200 µM NAPDH, 2.5 nM CYP3A4, 1 µM DBF and solvent concentratio
(v/v) DMSO. Th

n 0.2% 
e IC50 shift is reported as a difference and ercent of the IC50 obtained without 

preincubation.  
in p
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‐  Indinavir  1.20  0,31  ‐0.89  287

Nelfinavir  1.20  4.70  3.50  74 

Compound  IC50 30min 
prei M) nc. (µ

IC50 no 
prei M) nc. (µ

∆ without‐ with 
preincu n time batio

%difference in IC50 
without p cubation rein

Saquinavir  0,61  3,15  2.54  81 

Loponavir  0.31  1.25  0.94  75 

Atazanavir  1.25  2,50  1  .25 50 

Diclofenac  >20  >20  ‐‐‐  ‐‐‐ 

Pindolol  >20  >20  ‐‐‐  ‐‐‐ 

Phenacetin  >20  >20  ‐‐‐  ‐‐‐ 

Quinidine  >20  >20  ‐‐‐  ‐‐‐ 

 

Discussion 
    Mechanism-based inhibition was unexpectedly observed for almost all the compounds 

tested, catalyzed probably as a result of the oxygenated intermediates formed during the c
catalytic reaction. The utility of mechanism-based inhibitors in the design of new drugs that are 
highly selective for a given CYP enzyme has attracted great interest recently since these 
compounds could be designed so that they would only inhibit the target enzyme. These inhibi
are of significant interest not only for studies probing the structures, mechanism of action, an
biological roles of CYP3A4, but also because of their potential to enhance exposure of other 
drugs by inhibiting their metabolism and thereby decreasing clearance. However, normally, 
mechanism-based inhibitors are not desired since these cause unwanted drug-drug interactions, 
often resulting in toxicity or therapeutic failure. Mechanism-based inhibition is often more of a 
problem in the clinic than competitive inhibition and it is more difficult to predict the effect on 
pharmacokinetics. The apparent flexibility of the active

ourse of 

tors 
d 

 site of CYP3A4 is demonstrated by the 
gning 

/guidance/6695dft.pdf

size and number of different substrates it can metabolize and offers a major problem in desi
and identifying mechanisms and modes of inhibition.  

This type (http://www.fda.gov/cder ) of screening assay for CYP3A4 
in

sely as possible. Having an assay that is 

hibition can be used for measuring the ability of library compounds to irreversibly inhibit the 
enzyme and rank-order the “hits”. 

Initial compound optimization is often driven by in vitro enzyme assays. To achieve the best 
correlation between potency measures in vitro and in cellular studies, it is desirable to design in 
vitro assays which mimic physiological conditions as clo

http://www.fda.gov/cder/guidance/6695dft.pdf
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se n 

h 

ivity during 
30  mM 

e 
 protein concentrations can quench 

si al 

 

 
to the amount used during the 

lo

) 

ns 
ES 

d by the 
sl

nsitive can flag out some potential mechanism based inhibitors. For this reasons the validatio
of a screening assay for CYP3A4 inhibition was made.  

The phosphate buffer molarity is important due to the ionic strength in the assay, which can 
affect the enzyme activity and ultimately the determination of IC50 and/or Km of a particular 
substance. The recommended 200 mM buffer seems to speed up the enzyme - perhaps throug
facilitating the electron transfer between the enzyme and the reductase due to higher ionic 
strength (the theory was backed up by my assistant at Medivir AB). This condition does not 
mimic in vivo conditions in addition purturbing enzymatic kinetics. Optimal physiological 
condition would involve 50 mM phosphate buffer, which is often used in CYP3A4 assays 
(Polasek and Miners, 2007), but in this assay the enzyme activity was found to be too low to give 
robust signals, related to signal-to-noise ratio for non inhibited control activities. The low signal 
could also be due to low enzyme concentration, cofactor concentration or some background 
interference effects. A slightly higher ionic strength, 100 mM, gave linear enzyme act

 minutes measurement with and without 30 minutes of preincubation (figure 8). The 100
phosphate buffer (pH 7.4) was a compromise that was chosen and used in this work. 

Boiled microsomes could have aggregated proteins after boiling them, resulting in light 
scattering and quenching. Thus, control insect cell microsomes were chosen as “blanks” (i.e. 
having no CYP3A4 mediated activity) in order to correct for possible metabolism by enzymes 
endogenous to the host cell line. The protein concentration in blank incubations was chosen to be 
the same as in the enzyme incubations since the total protein concentration could affect the fre
concentration of substrate and thus the enzyme kinetics. High

gnals or affect the free compound concentrations since binding to proteins and microsom
membrane can occur thereby giving erroneous IC50 results.  

The presence of cytochrome b5 stimulates the CYP3A4 activity (figure 9), by different 
(hypothetical) mechanisms (Guryev et al., 2001). Because this heme containing protein is widely
distributed in biology and is found in most tissues of mammals, it is at least reasonable to use 
microsomes containing recombinate human cytochrome b5 to enhance the signal and enzyme 
activity. Further optimization was made by increasing the NADPH concentration in the reaction
mixture so that there was sufficient cofactor present to be in excess 

ngest incubation time. The reaction rate was enhanced and linearity was prolonged when the 
NADPH concentration was increased (Figure 13 and section xxx). 

The experiments should be carried out under initial rate conditions (i.e., steady state conditions
to be able extract reaction rate from a linear relationship between product formation and time. 
Thus the linearity of metabolite production rate with respect to time and enzyme concentratio
was studied (figure 12). The term steady state refers to a situation where the consumption of 
complex is held constant by balance between the rate of ES formation and ES complex 
disappearance. The rate, or velocity, of an enzymatic reaction measured as the formation of 
product is proportional to the concentration of ES complex. Consequently, as long as the ES 
concentration is constant, the reaction velocity will also be constant and can be define

ope of the (linear) plot of metabolite formation as a function of time (Copeland, 2005). Figure 
10 shows that linearity was achieved with respect to time and enzyme concentration. 

The repeated determination of the IC50 for ketoconazole as a positive inhibitor control (figure 
14) illustrated the variation in assay results from time to time and from microsomal batch to 
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batch. Each of the microsomal batches has a different protein concentration that can affect 
substrate availability through unspecific binding of substrate. Ketoconazole is lipophilic, highly
protein bound in plasma and likely to be bound in microsomal matrices in vitro (Venkatakrishnan
et al., 2001). This may contribute to the variability in inhibitory potency. When using different 
batches of microsomes, positive inhibitor controls and activity controls without inhibitor can be 
used to set the acceptance criteria for the screening assay. The average (± one standard deviatio
n= 30 experiments) control inhibition in the final optimized version of the assay in this study

±16 nM. To accept the results from an experiment, the control activity should be within this 
range. The positive inhibitor control should give an IC50 less than 63 nM to be acceptable.   

The ability to accurately measure reaction velocity, and thus also inhibition, is dependent on 
the signal-to-noise ratio. Using the assay protocol from Gentest the background signal was 
relative high comparing to the catalytic signal, i.e., control activity of the enzyme. The enzymatic
activity was measured during 30 minutes, but the signal of fluorescent fluorescein product
also be quantified in an endpoint assay after the addition of base, which hydrolyzes the este
increases the pH for optimal fluorescence detection. In this study the fluorescence for the 
CYP3A4 catalyzed reaction was followed in real time. The lower limit of detection, LOD, 

rmally is set to S/N >3 and for quantification, LLOQ, S/N>10 and this assay had were ba
LLOQ which lead to conclusion that there is a need of another assay or another substrate.  

It is essential to have a robust assay since background and enzyme activity is not always 
constant over time. The ability to distinguish a true change in catalytic signal due to the presenc
of an inhibitor can be compromised by significant variability in the catalytic signal or in the 
background. The substrate used here, DBF, may not be the best choice for CY
since the signal-to-noise is low. There also seems to be a cooperative binding of substrate to 
CYP3A4.  This may, however, be the case for other substrates as well. FDA 
(http://www.fda.gov/cder/guidance/6695dft.pdf) recommends using several different substrates 
(a

l., 
 

f 
on 

lve 
be 

ntration was higher, 0.2% (v/v), due to the expected high IC50 
va

t least two from different substrate clusters) and positive control inhibitors for inhibition assays 
due to the occurrence of different binding sites in CYP3A4. 

 CYP3A4 activity loss when DMSO is present has to be considered. The organic solvent needs 
to be at the lowest concentration possible. DMSO had an inhibitory effect in this study on the 
recombinant CYP3A4 in at concentrations as low as 0.1% (v/v), (see Figure 10). Hickman et.a
1998, observed that the activity of microsomal CYP3A4 dropped by 20% in the presence of 1%
DMSO. The inhibition is dependent on the enzyme concentration and the substrate used. The 
tighter the binding between substrate and enzyme, the less inhibition by the solvent. CYP3A4 
was found to tolerate only low amounts of organic solvent, but this limits the concentrations o
nonpolar, poorly aqueous soluble compounds that can be used in the assay. Based on the titrati
curve (figure 10), the concentration of DMSO should be fixed for all substances used for the 
screening assay, including the controls, at a concentration high enough to adequately disso
compounds, but low enough to not significantly reduce enzymatic activity. This balance has to 
made and it is recommended to use DMSO concentrations below 0.1% (v/v) in reactions 
mixtures. In this study the conce

lues of compounds to be screened and the fact that the compounds were only available as 10 
mM stock solutions in DMSO. 

http://www.fda.gov/cder/guidance/6695dft.pdf
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t is similar to figure 5 1F 
where only substrate inhibition is present upon high concentrations. DMSO, being a solvent, 
probably affects the lipid membrane environment and possibly also the conformation of the 

 

, 
propen-2-ol) have also been reported (Jensen et al., 2007). Comparing these publications with the 

The inhibitory effect of organic solvents is complicated. Inhibition is not conserved between 
substrates even when the responsible enzyme is the same. DMSO in this case could be 
metabolized by CYP3A4 to probably form formaldehyde. Observation of different Km valu
(figure 15, 16 and17) depending on DMSO presence can be explained by competitive inhibition 
of CYP3A4 by DMSO. After 30 minutes the DMSO seems to be fully metabolized by
and one can observe the same Km for DBF as when the DMSO is not present. This further 
complicates the IC50 comparisons with and without prein

sed inhibition as the DMSO also adds an inhibitory effect on CYP3A4 without the 
preincubation time. The inhibition can be underestimated since DMSO appears to cooperative
enhance the affinity for the substrate and lower the Km. 

To be able to run an assay that can screen for both competitive and mechanism-based 
inhibitors, the substrate concentrations should be equal to the Km of the substrate (Copeland, 
2005), which represents the concentration of substrate that provides equal population of ES 
complex and free enzyme under steady state. This situation is referred to as balanced a
conditions, for that reason one needs to experimentally determine Km for the substrates under set 
reaction conditions. During the substrate titration, it was observed in this assay that DBF behaved 
differently depending on substrate concentrations. Figure 15a shows that at low DBF 
concentrations, there is a sigmoidal relationship that can be explained by cooperative binding of 
substrate to CYP3A4. The question is if the active site has two binding sites in its pocket or tho
two active sites are located at different positions on the enzyme. Because the active site in 
CYP3A4 can accommodate large molecules, there is a possibility that two DBF molecules can fit 
in the pocket of active site. In fact, crystal structures of CYP3A4 with ketoconazole have been 
analyzed (Ekroos and Sjogren, 2006) showing that two molecules of ketoconazole can bind to the 
active site. The DBF molecule has a similar molecular weight as ketoconazole and two m
could therefore physically occupy the active site simultaneously. Binding of one DBF molecule 
could autoactivate the enzyme by changing the conformation of the protein leading to changes 
the Km. On the other hand, substrate inhibition also seems to be present at high substrate 
concentrations and decreases the catalytic rate of the CYP3A4. This process is reflected in figure 
15b, 16b and 17b by a “hook” pattern on the Eadie-Hofstee transformed plot. However it was 
seen that when DMSO is present it has an inhibitory effect and competes with DBF, the subst
autoactivation is not as apparent as when DMSO is not present or has been metabolized. This
also seen in figure 16b where the Eadie-Hofsteen transformation plo

enzyme, affecting the substrate binding and activity of the enzyme. 

 

Identification of mechanism based inhibitors and functional groups to cause 
inhibition: 

(Hollenberg, 2002b), published some structural aspects and important functional groups of
several classes of molecules that have been found to give mechanism-based inactivation. Some of 
these structures were acetylens, thiol-containing compounds, arylamines and cyclic tertiary 
amines. Some other moieties that exhibit irreversible inhibition (such as two benzene rings
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ory structural fragments in these project compounds. Table 2 shows the IC50s 
m

st 
 

 gave slight higher inhibition potency with this type of assay. Ranking 
w

r than 

in

 
tion 

 substitution that can 
re -

assay demonstrates with high IC50 shift with preincubation. This kind 
of  

ound 8 and 9 clearly demonstrate that acetylens are mechanism-based inactivators for 
CYP3A4. Compound 8 is an aryl and has a conjugated system that can undergo a electrophilic 
attack.  

s 

e 
hus 

t 
ar 

l-to- noise where solvent does not compete with the substrate. Atypical 

data  obtained from CYP3A4 inhibition screening assay presented here, one can speculate about 
some inhibit

easured and the IC50 shift obtained by preincubation. The values are an average of two separate 
screenings. 

The reference mechanism-based HIV inhibitors have similar ranking as in the literature (Erne
Ii et al., 2005). The ranking for ritonavir, amprenavir, lopinavir, nelfinavir and indinavir are as in
literature, but saquinavir

as made by comparing IC50 ranking from this project to ranking of Ki obtained from literature 
(Ernest Ii et al., 2005).  

Negative controls were chosen from compounds that are marker substrates for CYPs othe
CYP3A4 to test if the assay was reliable. The negative controls are not known to be potent 

hibitors of CYP3A4 at the concentrations chosen in this project. This assay seemed to be 
trustworthy since none of the negative controls gave inhibition in this CYP3A4 inhibition assay. 

The comparison of compound 1 and 2 for some structural functional groups that can possibly
give a mechanism-based inhibition is difficult but some speculations can be made. Hydroxyla
and formation of the nitroso-group, known to cause mechanism-based inhibition, is less likely 
when the nitrogen is in the ortho position as in compound 1,than if the nitrogen is in the para 
position. Compound number 2 on the other hand, can probably form some epoxide at benzene, 
which is a common mechanism-based inhibitor moiety, due to electrophilic

adily be stabilized by the conjugated system.  Compound 3 and 4 are not strong mechanism
based inhibitors probably due to there is no secondary or tertiary amines.. 

Compound 5, 6 and 7 are halogenated benzenes that can readily undergo substitution by a 
hydroxyl group which this 

 functional group can serve as a mechanism-based inhibition moiety due to further catalytical
reaction to some epoxide. 

Comp

 

Future studies 
One should be aware of that the main purpose of this assay is to identify (“flag”) potential 

mechanism-based inhibitors to be further studied under more physiologically relevant condition
(for example, in human liver microsomes (HLM)). There can be different results when using 
recombinant CYP3A4 and HLM because of a molar ratio of CYP: cytochrome P450 reductas
(1:10 in recombinant systems which is clearly different from the in vivo ratio of 1:10-1:20 ), t
greatly enhancing generation of reactive metabolites due to higher rates of electron transfer. 

CYP3A4 screening assay over all is a sensitive method where ionic strength and DMSO can 
easily influence the enzyme activity and those complicate inhibition determination. The solven
concentration in the assay is crucial due to inhibition of the enzyme and in this study it is cle
that compound solved in DMSO should have another screening assay that is more robust and 
have a greater signa
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mplicates furthermore the assay and accuracy of 

 

kinetics of CYP3A4 with DBF as substrate co
inhibition potency. 
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Appendix 
cDNA  Complementary deoxyribonucleic acid  

ation 
tography 

ADPH  Nicotinamide adenine dinucleotide phosphate 
max  Maximum enzyme velocity 

 

 

CYP  Cytochrome P450 
DBF  Dibenzylfluorescein 
DDI  Drug-drug interactions 
DMSO  Dimethyl sulfoxide 
FDA  Food and drug administr
HPLC  High-performance liquid chroma
Ki  Inhibition constant 
Km  Michaelis-Menten constant 
N
V

 


