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Supplemental Figure 1. Fragment selection for uHPLC-MS/MS based 
quantitation of monooxygenated NVP and 12-D3NVP metabolites. Fresh 
primary mouse hepatocytes from male C57BL/6J mice were cultured and treated 
with 10 µM NVP or 12-D3NVP for 24 hours. Metabolites were extracted from the 
medium from these treatments and subjected to uHPLC-MS/MS (orbitrap) 
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analysis. Representative fragmentation spectra are shown for the following 
metabolites from NVP incubations: 2-OHNVP (A), 3-OHNVP (B), and 12-OHNVP 
(C), with the selected fragmentation ions used for quantitation and their proposed 
sights of fragmentation highlighted. The high resolution parent mass is indicated 
as [M+H+]. The extracted ion chromatograms (XICs) of these fragments from 
incubations with NVP are shown, with the metabolite highlighted that is quantified 
with each mass transition (D). Representative fragmentation spectra are also 
shown for the following metabolites from 12-D3NVP incubations: 2-OHD3NVP 
(E), 3-OHD3NVP (F), and 12-OHD2NVP (G), with the selected fragmentation ions 
used for quantitation and their proposed sights of fragmentation highlighted. The 
extracted ion chromatograms (XICs) of these fragments from incubations with 
12-D3NVP are shown (H). Results are representations of four experimental 
replicates.  
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Supplemental Figure 2. Extracted ion chromatograms of an O-
glucuronidated NVP and 12-D3NVP metabolites formed in primary mouse 
hepatocytes. Fresh primary mouse hepatocytes from male C57BL/6J mice were 
cultured and treated with 10 µM NVP or 12-D3NVP for 24 hours. Metabolites 
were extracted from the cell culture medium and subjected to uHPLC-MS 
(orbitrap) analysis. The following high resolution ions were observed to assay for 
the presence of P450 metabolites: 459.1510 ± 5 ppm for O-glucuronidated, 
undeuterated NVP (O-GlucNVP) and 462.1700 ± 5 ppm for O-glucuronidated, 
trideuterated NVP (O-GlucD3NVP). Representative extracted ion chromatograms 
(XICs) from this analysis are shown for O-GlucNVP formed during incubations 
with NVP (A) and O-GlucD3NVP formed during incubations with 12-D3NVP (B). 
Results are representations of four experimental replicates. 
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Supplemental Figure 3. Representative fragmentation spectra for an O-
glucuronidated NVP and 12-D3NVP metabolite formed in primary mouse 
hepatocytes. Fresh primary mouse hepatocytes from male C57BL/6J mice were 
cultured and treated with 10 µM NVP or 12-D3NVP for 24 hours. Metabolites 
were extracted from the cell culture medium and subjected to uHPLC-MS/MS 
(Orbitrap) analysis. Fragmentation scans for the following ions were performed: 
459.1510 ± 5 ppm for O-glucuronidated, undeuterated NVP (O-GlucNVP) and 
462.1700 ± 5 ppm for O-glucuronidated, trideuterated NVP (O-GlucD3NVP). 
Representative fragmentation spectra for these ions are shown are shown for O-
GlucNVP formed during incubations with NVP (A) and O-GlucD3NVP formed 
during incubations with 12-D3NVP (B).  The high resolution parent mass is 
indicated as [M+H+], and the high resolution fragments used for structural 
confirmation are indicated, along with their predicted sites of fragmentation. 
Results are representations of four experimental replicates. 
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Supplemental Figure 4. NVP cytochrome P450-dependent metabolism in 
human liver microsomes during co-incubations with cytochrome P450 
inhibitors. Liver microsomes (0.5 mg/mL) prepared from human liver were 
incubated with NVP (10 µM) and NADPH regenerating reagents for one hour 
either with additional vehicle as a control (0.2% DMSO) or with the following 
Cytochrome P450 inhibitors: 20 µM furafylline (CYP1A2 inhibitor), 2 µM 
tranylcypromine (CYP2A6 inhibitor), 30 µM PPP (CYP2B6 inhibitor), 20 µM 
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sulfaphenazole (CYP2C9 inhibitor), 10 µM (+)-N-3-benzyl-nirvanol (CYP2C19 
inhibitor), 1 µM quinidine (CYP2D6 inhibitor), or 1 µM ketoconazole (CYP3A 
inhibitor). Metabolites were measured using uHPLC-MS/MS (Orbitrap) detection. 
12-OHNVP (A), 2-OHNVP (B), and 3-OHNVP (C) were monitored using MS/MS 
scans for the following transitions: 283.1190 → 223.1104 m/z (12-OHNVP), 
283.1190 → 161.0709 m/z (2-OHNVP), and 283.1190 → 242.0798 m/z (3-
OHNVP). Data are representative of the mean ± standard deviation of three 
experimental replicates. Significant differences in inhibitor containing incubations 
to vehicle control incubations were determined using an unpaired t-test 
generating two-tailed P values (* P < 0.05 and *** P < 0.001). 
  



 

S10 
 

 
Supplemental Figure 5. Extracted ion chromatograms of a glutathione 
conjugated NVP and 12-D3NVP metabolites formed in primary mouse 
hepatocytes. Fresh primary mouse hepatocytes from male C57BL/6J mice were 
cultured and treated with 10 µM NVP or 12-D3NVP for 24 hours. Metabolites 
were extracted from isolated cell pellets and subjected to uHPLC-MS (Orbitrap) 
analysis. The following high resolution ions were observed to assay for the 
presence of P450 metabolites: 572.1922 ± 5 ppm for glutathione conjugated, 
undeuterated NVP (Glutathione-NVP) and 575.2110 ± 5 ppm for glutathione 
conjugated, trideuterated NVP (Glutathione-D3NVP). Representative extracted 
ion chromatograms (XICs) from this analysis are shown for glutathione 
conjugates formed during incubations with NVP (A) and with 12-D3NVP (B). 
Results are representations of four experimental replicates. 
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Supplemental Figure 6. Representative fragmentation spectra for a 
glutathione conjugated NVP and 12-D3NVP metabolites formed in primary 
mouse hepatocytes. Fresh primary mouse hepatocytes from male C57BL/6J 
mice were cultured and treated with 10 µM NVP or 12-D3NVP for 24 hours. 
Metabolites were extracted from isolated cell pellets and subjected to uHPLC-
MS/MS (Orbitrap) analysis. Fragmentation scans for the following ions were 
performed: 572.1922 ± 5 ppm for glutathione conjugated, undeuterated NVP 
(Glutathione-NVP) and 575.2110 ± 5 ppm for glutathione conjugated, 
trideuterated NVP (Glutathione-D3NVP). Representative fragmentation spectra 
for these ions are shown are shown for glutathione conjugates formed during 
incubations with NVP (A) and 12-D3NVP (B).  The high resolution parent mass is 
indicated as [M+H+], and the high resolution fragments used for structural 
confirmation are indicated, along with their predicted sites of fragmentation. 
Results are representations of four experimental replicates. 
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Table 3. Relative-quantitation proteomics analysis of protein expression changes with NVP treatment of primary mouse hepatocytes. 
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Supplemental Table 1. Relative-quantitation proteomics analysis of protein 
expression changes with NVP treatment of primary mouse hepatocytes. 
Freshly isolated primary mouse hepatocytes were treated for 8 hours with vehicle 
(0.2% DMSO) or 400 µM NVP. Cell lysate was then prepared for and subjected 
to Top10 nanoLC-MS based proteomics, with data analysis performed in 
Proteome Discoverer 2.1, using Sequest HT for peptide spectral 
matching/protein identification and precursor ion area detection for relative 
quantitation. Up to 10 unique or razor peptides were used in protein precursor 
ion-based quantitation. Statistically significant relative-quantitation changes are 
shown for treatment with NVP as compared to vehicle, as well as the results for 
housekeeping proteins actin and GAPDH. UniProt proteome Mus musculus 
10090 was used for protein identification profiling, with UniProt accession 
numbers, protein entry (protein name), and gene name’s provided. P-values 
were generated using un-paired t-test and effect size calculated using Cohen's d 
equation. Data are representative of four biological replicates. 
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Table 4. Relative-quantitation proteomics analysis of protein expression changes with 12-D3NVP treatment of primary mouse hepatocytes. 
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Supplemental Table 2. Relative-quantitation proteomics analysis of protein 
expression changes with 12-D3NVP treatment of primary mouse 
hepatocytes. Freshly isolated primary mouse hepatocytes were treated for 8 
hours with vehicle (0.2% DMSO) or 400 µM 12-D3NVP. Cell lysate was then 
prepared for and subjected to Top10 nanoLC-MS based proteomics, with data 
analysis performed in Proteome Discoverer 2.1, using Sequest HT for peptide 
spectral matching/protein identification and precursor ion area detection for 
relative quantitation. Up to 10 unique or razor peptides were used in protein 
precursor ion-based quantitation. Statistically significant relative-quantitation 
changes are shown for treatment with 12-D3NVP as compared to vehicle, as well 
as the results for housekeeping proteins actin and GAPDH. UniProt proteome 
Mus musculus 10090 was used for protein identification profiling, with UniProt 
accession numbers, protein entry (protein name), and gene name’s provided. P-
values were generated using un-paired t-test and effect size calculated using 
Cohen's d equation. Data are representative of four biological replicates.  

 



 

S16 
 

Table 6. Relative-quantitation proteomics analysis of protein expression changes with NVP treatment of cryopreserved human hepatocytes. 
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Supplemental Table 3. Relative-quantitation proteomics analysis of protein 
expression changes with NVP treatment of cryopreserved human 
hepatocytes. Cryopreserved pooled-donor (10, mixed-sex) primary human 
hepatocytes were treated for 48 hours with vehicle (0.1% DMSO) or 10 µM NVP. 
Cell lysate was then prepared for and subjected to Top10 nanoLC-MS based 
proteomics, with data analysis performed in Proteome Discoverer 2.1, using 
Sequest HT for peptide spectral matching/protein identification and precursor ion 
area detection for relative quantitation. Up to 10 unique or razor peptides were 
used in protein precursor ion-based quantitation. Statistically significant relative 
quantitation changes are shown for treatment with NVP as compared to vehicle, 
as well as the results for housekeeping proteins actin and GAPDH. UniProt 
proteome Homo sapiens 9606 was used for protein identification profiling, with 
UniProt accession numbers, protein entry (protein name), and gene name’s 
provided. P-values were generated using un-paired t-test and effect size 
calculated using Cohen's d equation. Data are representative of experiments with 
three different 10-donor pools of hepatocytes. 
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Table 7. Relative-quantitation proteomics analysis of protein expression changes with 12-D3NVP treatment of cryopreserved human hepatocytes. 

 



 

S19 
 

Supplemental Table 4. Relative-quantitation proteomics analysis of protein 
expression changes with 12-D3NVP treatment of cryopreserved human 
hepatocytes. Cryopreserved pooled-donor (10, mixed-sex) primary human hepatocytes 
were treated for 48 hours with vehicle (0.1% DMSO) or 10 µM 12-D3NVP. Cell lysate 
was then prepared for and subjected to Top10 nanoLC-MS based proteomics, with data 
analysis performed in Proteome Discoverer 2.1, using Sequest HT for peptide spectral 
matching/protein identification and precursor ion area detection for relative quantitation. 
Up to 10 unique or razor peptides were used in protein precursor ion-based 
quantitation. Statistically significant relative quantitation changes are shown for 
treatment with 12-D3NVP as compared to vehicle, as well as the results for 
housekeeping proteins actin and GAPDH. UniProt proteome Homo sapiens 9606 was 
used for protein identification profiling, with UniProt accession numbers, protein entry 
(protein name), and gene name’s provided. P-values were generated using un-paired t-
test and effect size calculated using Cohen's d equation. Data are representative of 
experiments with three different 10-donor pools of hepatocytes.  


