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Supplementary Data 

 

Optimization and validation of the metimazole and heat activation 

conditions used in the Flavin-containing monooxygenases (FMO) studies.  

1. METHOD 

1.1 Heat inactivation of human liver microsomes (HLM) 

 

Human liver microsomes (HLM) were heated using thermal cycler which was initially set at 

4oC and programmed to heat to 45 or 50oC for 1 minute or 5 minutes and then revert to 4oC 

immediately after. 

1.2 Assay development: Determination of optimum HLM pre-heating 

and methimazole concentration for FMO inhibition 

 

Benzydamine (1μM) was incubated with 1mg/ml HLM or heat inactivated HLM (45/50oC, 1 

or 5 minutes) in 100mM phosphate buffer (pH 7.4) in the presence of NADPH (1mM). In 

parallel, compounds were also incubated with various concentrations (10, 50, 100, 200 and 

500µM) of methimazole (FMO competitive substrate inhibitor). The incubations were 

performed for 30 minutes in a shaking incubator at 37°C. The reactions were terminated by 

the addition of four volumes of ice-cold ACN (containing 20nM verapamil as internal 

standard), vortexed, and centrifuged at 3500 rpm for 10 minutes. All incubations were 

conducted in triplicate. 

 



Samples were analysed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) by 

monitoring multiple reaction monitoring (MRM) transitions of benzydamine N-Oxide and N-

desmethyl benzydamine metabolites. Quantitation was achieved by MS–MS detection in 

positive ionization mode. The MS operating conditions were as following: the capillary 

voltage was 0.5 kV and source offset was 50 V. The desolvation temperature was set to 600 C. 

Nitrogen was used as the desolvation gas (1000 L/Hr) and cone gas (150 L/Hr). Argon was 

used as the collision gas at a flow rate of 0.15 ml/min. The optimized collision energies for 

benzydamine N-oxide and N-desmethyl benzydamine were 10 and 30 V, respectively. The 

cone voltages for benzydamine N-oxide and N-desmethyl benzydamine were 35 and 55 V, 

respectively. Detection of the ions was performed in the MRM mode using the transitions of 

m/z 448.01 → 71.30 for N-desmethyl benzydamine and m/z 477.98 → 102.00 for 

benzydamine-N-oxide. The kinetic data were analyzed using a linear fit of the natural 

logarithm of the ratio of the compound peak area to the internal standard peak area against 

time. Intrinsic clearance (Clint) values were then calculated from the negative slope of the 

linear fit divided by the microsomal concentration. The impact (% change) of HLM- heat 

inactivation and the various methimazole concentrations on the formation of benzydamine 

metabolites were determined by comparing with control incubations. 

1.3 Assay validation: Impact of FMO inhibition/ heat inactivation 

conditions on activity of major CYP isoforms 

 

To understand the impact of methimazole (500 μM) and heat inactivation (50oC, 1 minute) of 

HLM on the CYP activity, incubations were conducted incubated with HLM or heat 

inactivated HLM (1mg/ml) in 100mM phosphate buffer (pH 7.4) in the presence of NADPH 



(1mM) with seven specific CYP probe substrates, prepared as a cocktail (final assay 

concentrations in Table S1). The incubations were terminated after 30 minutes by the addition 

of four volumes of ice-cold ACN (containing 20nM verapamil as internal standard), vortexed, 

and centrifuged at 3500 rpm for 10 minutes and the rate of formation of metabolites 

determined and compared against the control (no methimazole / heat inactivation) HLM 

incubations. All incubations were conducted in triplicate.  

 

The LC-MS/MS conditions used for the determination of metabolites is given in Table S2 and 

S3, respectively. 

  



Table S1 CYP Substrate cocktail. 

CYP  

 

Substrate Concentration 

in assay (μM) 

2C19 S‐Mephenytoin 35 

1A2 Phenacetin 30 

2B6 Bupropion 40 

2D6 Bufuralol 5 

2C9 Diclofenac 10 

3A4 Midazolam 3 

2C8 Amodiaquine 1 



Table S2 LC system conditions  

 

Column Waters Atlantis® T3, 3µm, 2.1X50mm 

Solvent A Water + 0.1% Formic acid 

Solvent B ACN + 0.1% Formic acid 

Flow rate 0.725 mL/min 

Gradient Time (min) %A %B 

 0 95 5 

0.3 95 5 

2.5 60 40 

3.0 1 99 

4.0 1 99 

4.01 95 5 

5.0 95 5 

 



Table S3 MS parameters for determination individual CYP probe substrate derived metabolites 

 

CYP Isoform Substrate Metabolite  MRM 

(Parent→Daughter) m/z 

Dwell (s) Cone 

voltage (V) 

Collision energy 

(V) 

CYP1A2 Phenacetin Acetaminophen 152.02→109.96 0.05 15 15 

CYP2B6 Bupropion Hydroxybupropion 256.06→139.02 0.04 15 30 

CYP2C8 Amodiaquine N-Desethylamodiaquine 328.10→283.13 0.04 75 15 

CYP2C9 Diclofenac 4-Hydroxydiclofenac 312.13→230.09 0.05 15 40 

CYP2C19 S-Mephenytoin 4-Hydroxymephenytoin 235.07→150.09 0.05 32 18 

CYP2D6 Bufuralol 1-Hydroxybufuralol 278.16→186.12 0.04 55 20 

CYP3A4/5 Midazolam 1-Hydroxymidazolam 342.05→168.24 0.04 75 40 
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2. RESULTS 

 

2.1 Assay development 

The methimazole competitive substrate inhibition and heat inactivation methodologies both 

gave reduction in FMO activity as defined by benzydamine N-oxygenation activity but had no 

impact on the non-FMO pathway of N-desmethyl benzydamine formation. Increases in 

methimazole concentration or temperature/time of HLM heat inactivation correspondingly 

reduced the formation of the N-oxide metabolite. The maximum FMO inhibition (>80%) with 

minimal interference with CYP activity (as defined by the formation of N-desmethyl 

metabolite) (Fig. S1A & B) was observed by heat inactivation of HLM at 50oC for 1 minute or 

incubating with methimazole at 500μM.  
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Fig. S1. Impact of methimazole and heat inactivation conditions on benzydamine (BZY) 

metabolism to the corresponding N-oxide (BZY_N-ox) and N-desmethyl (NDM_BZY) 

metabolites. 

2.2 Assay validation  

 

Methimazole (500 μM) and heat inactivation (50oC, 1 minute) had minimal effect on CYP 

activity (Fig. S2). There was less than 20% reduction in CYP2C8, CYP2C9, CYP2C19, 

CYP2D6 and CYP3A activities, less than 30% reduction for CYP2B6 activity and less than 

40% reduction for CYP1A2 activity.  

 

 
 
Fig. S2. Validation of the optimized (methimazole at 500 μM and heat inactivation at 50oC for 

1 minute) assay conditions  
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