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Supplemental Data  

Initial characterisation of the 8HUM model 

The 8HUM mouse (CYP1A1, CYP1A2, CYP2C9, CYP2D6, CYP3A4, CYP3A7, CAR, PXR) 

was created by interbreeding existing humanised mouse lines (Scheer et al., 2012a; Scheer 

et al., 2012b; Scheer et al., 2014; Scheer et al., 2015); however, breeding the 8HUM mouse 

line from mice homozygous at all human loci proved difficult due to unexplained problems with 

parturition. We therefore bred homozygous 8HUM males with mice heterozygous for the 

murine Cyp2c gene cluster and CYP2C9. The offspring from the 8HUM crosses were 

generated at the expected Mendelian ratios, i.e. 50% being of the fully humanised 8HUM 

genotype. 

The CypC4KO mice in which the Cyp1a, Cyp2c, Cyp2d and Cyp3a gene clusters were deleted 

(34 genes, including Cyp2c44), were also generated by interbreeding existing mouse lines 

nulled at the relevant gene loci. These mice also exhibited a similar parturition problem seen 

with the 8HUM mice which was also resolved by crossing female mice heterozygous for the 

Cyp2c cluster and Cyp2cKO with males homozygous for the Cyp2cKO. These findings 

suggest that a gene within the murine Cyp2c cluster is involved in the biosynthesis or 

metabolism of hormones involved in parturition. It is worthy of note that murine Cyp2c44, 

associated with the biosynthesis and metabolism of eicosanoids (DeLozier et al., 2004) is still 

present in the 8HUM model. The fact that the presence of CYP2C9 did not complement the 

effect of the Cyp2c cluster KO substantiates an important human/mouse difference in the 

function(s) of the Cyp2c genes (Daly et al., 2017). A more detailed characterisation of the 

CypC4KO will be presented elsewhere (manuscript in preparation). 

8HUM mice developed normally, displaying no overt phenotype. Details of physical and 

biochemical characterisation of the 8HUM in comparison to wild-type mice at different ages 

are provided in Supplementary Figures 1 and 2. 8HUM mice developed normally, displaying 
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no overt phenotype. Body weight developed in both males and females essentially as for wild-

type mice (Supplementary Figure 1A), with one or two outliers. 

In general, liver size tended to increase with age, both in absolute terms and in relation to 

body weight, and to a greater extent in females than males (Supplementary Figure 1B). 

Microscopic evaluation of the livers from untreated 8HUM mice revealed a mixed inflammatory 

cell infiltration around the centrilobular and periportal areas, as well as within the parenchyma 

and along the sinusoids. This was often accompanied by an increase in connective tissue 

staining around the periportal/centrilobular areas and along the sinusoids. Necrosis/apoptosis 

was also observed in some livers in all groups, including the controls. These findings were 

generally more marked in older mice, particularly females, with the corresponding increase in 

plasma ALT (Supplementary Figure 2) suggesting leakage from some hepatocytes.   

In female 8HUM mice spleen size also increased with age, with some variability between 

animals, reaching more than twice that of wild-type animals in relation to body weight in 

animals more than 3 months old (Supplementary Figure 1C). In male mice spleen size was 

essentially unchanged, both in absolute terms and in relation to body weight. All the other 

physiological parameters measured in the 8HUM mice were similar to wild-type animals.  

In terms of blood chemistry (Supplementary Figure 2), serum ALT was significantly and 

variably elevated in both male and female mice at all ages, compared to wild-type mice. 

Bilirubin levels were also variable and whilst they were slightly lower in young 8HUM mice of 

both sexes, values fell mainly within the normal range at 10-12 months. Similarly, creatinine 

levels were variable and lower than normal in 8HUM aged 2-3 months but showed a tendency 

for higher levels in older female mice. Triglyceride levels fell within the normal range for both 

male and female mice, whereas blood glucose levels were variable and slightly above the 

normal range for wild-type mice at 2-3 month but were essentially normal for older mice of 

both sexes. 
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LC-MS/MS Analysis 

Concentrations of caffeine, debrisoquine, midazolam, ketoconazole and quinidine in whole 

blood were measured by LC-MS/MS. Calibration standards were prepared in whole blood (95 

µl) by adding an appropriate amount of compound in methanol (5 µl) and subsequent dilution 

(1:1; v/v) in heparin (15U/ml). The 20 µl aliquots of the test samples and calibration standards 

were mixed with 200µL of acetonitrile containing 5 ng/ml midazolam-d4 and 10 ng/ml caffeine-

13C3 as internal standards. The mixture was vortexed, centrifuged at 16,1 krcf for 10 minutes 

at +4°C and 190 µl of the supernatant were incubated in Speedi-Vac concentrator (Eppendorf, 

Stevenage, UK) at 45°C for 1h to evaporate the solvent. The extract was reconstituted with 

70 µl of methanol/water/formic acid (5/95/0.1 v/v/v), vortexed, centrifuged at 16,1 krcf for 10 

minutes at +4°C and 60 µl of the supernatant was transferred to a 96-well plate. The 

concentrations of caffeine, debrisoquine, midazolam, ketoconazole and quinidine were 

measured by LC/MS/MS. Chromatographic separation was performed on a Kinetex Biphenyl 

100 Å column (5 µm; 5.0 x 2.1 mm) (Phenomenex, Macclesfield, UK) using an injection volume 

of 10 µl and a run time of 5 minutes. The detector used was a Micromass Quattro Micro mass 

spectrometer (Waters Corporation, Milford, MA) run in electrospray positive ion mode. The 

multiple reaction monitoring parameters for caffeine, debrisoquine, midazolam, ketoconazole, 

quinidine, midazolam-d4 and caffeine-13C3 were 195.09, 176.17, 326.08, 531.11, 325.20, 

330.1 and 198.11 (precursor ions) and 138.04, 134.08, 291.16, 489.22, 307.27, 295.19 and 

140.05 (product ions), respectively. 

For tolbutamide, multiple reaction monitoring parameters were 271.21 (precursor ion) and 

155.03 (product ion), respectively. 

For acenocoumarol, aliquots (20 µl) of the test samples and calibration standards were 

extracted in 60µL of acetonitrile containing 50 ng/ml warfarin as an internal standard. The 

mixture was vortexed and centrifuged at 16,1 krcf for 15 minutes at +4°C. The supernatant 

was transferred to a 96-well plate and the concentrations of S-acenocoumarol were measured 

by LC/MS/MS. Chromatographic separation was performed on a Kinetex C18 100 Å column 
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(2.6 µm; 5.0 x 2.1 mm) (Phenomenex, Macclesfield, UK) using an injection volume of 10 µl 

and a run time of 7 minutes. The detector used was a Micromass Quattro Micro mass 

spectrometer (Waters Corporation, Milford, MA) run in electrospray positive ion mode. The 

multiple reaction monitoring parameters for S-acenocoumarol and warfarin were 354.06 and 

309.1 (precursor ions) and 163.08 and 251.15 (product ions), respectively. 

For dabrafenib, aliquots (20 µl) of the test samples and calibration standards were extracted 

in 90 µL of acetonitrile containing 611 ng/ml triazolam as an internal standard. The mixture 

was vortexed, incubated at room temperature for at least 15 min, vortexed again and 

centrifuged at 16,1 krcf for 15 minutes at +4°C. The 20 µl supernatant was mixed with 80 µl of 

water in a 96-well plate and the concentrations of dabrafenib were measured by LC-MS/MS. 

Chromatographic separation was performed on a Kinetex C18 100 Å column (2.6 µm; 5.0 x 

2.1 mm) (Phenomenex, Macclesfield, UK) using an injection volume of 10 µl and a run time of 

8 minutes. The detector used was a Micromass Quattro Micro mass spectrometer (Waters 

Corporation, Milford, MA) run in electrospray positive ion mode. The multiple reaction 

monitoring parameters for dabrafenib and triazolam were 520.13 and 343.12 (precursor ions) 

and 307.08 and 308.15 (product ions), respectively. 
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Supplementary Table 1: Pharmacokinetic parameters of probe drugs in 8HUM 
mice treated with St John’s Wort with and without P450 inhibitors  

 
Female 8HUM mice were treated with vehicle (n=5), St John’s Wort (SJW; n=3) and SJW and 
ketoconazole and quinidine (SJW + Inh; n=3) before being dosed with a drug cassette and a 
pharmacokinetic profile carried out as detailed in Materials & Methods for caffeine, 
debrisoquine and midazolam.  
Data shown are mean ± SD; pharmacokinetic parameters from profiles shown in Figure 5.    
Statistically significant compared to SJW group (unpaired t-test, two tailed p values); * - 
p<0.05; ** - p<0.01; *** - p<0.001) 
 
 
 
 
 
 
Supplementary Table 2: Mass spectrometer settings and transitions for drug 
analysis 

 
 
 
 
 
 
 
 
 
 
  

Treatment  Caffeine Debrisoquine Midazolam 
AUCinf(obs) Cmax AUCall Cmax AUCall Cmax 

Vehicle 16220 ± 5216 2302 ± 189 511 ± 233* 18 ± 13 703 ± 336* 170 ± 56** 
SJW 8757 ± 1761 2124 ± 340 1050 ± 141 16 ± 5.4 58 ± 30 28 ± 22 
SJW + Inh 9864 ± 2025 1424 ± 399 8512 ± 1211*** 99 ± 14*** 274 ± 89* 131 ± 86 

Compound 
 

P450 Electrospray 
mode 

Transition Cone (V) Collision 
energy 
(keV) 

paraxanthine CYP1A2 +ve 181.3 > 124.2 26 23 

OH Tolbutamide CYP2C9 +ve 285.2 > 185.9 36 17 

OH Debrisoquine CYP2D6 +ve 191.2 > 132.1 35 23 

1OH Midazolam CYP3A4 +ve 326.2 > 291.3 46 26 

Triazolam (IS)  +ve 343.1 > 308.1 55 37 
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Supplemental Figure 1: Liver and spleen weight in 8HUM mice 

A: 8HUM male (closed circles) and female (closed squares) mouse body weights 

with age, compared to wild-type (WT) male (open circles) and female (open squares) 

mice. WT body weight data (mean ± SD) from the Jackson Laboratory (2018b; 

2018a). Liver (B) and spleen (C) weights from 8HUM male (circles) and female 

(squares) mice were measured post mortem and are shown in relation to age and 

also as a percentage of body weight.  

 

Supplemental Figure 2: Blood chemistry parameters in 8HUM mice 

Plasma was collected from male (circles) and female (squares) mice post mortem 

and (A) alanine aminotransferase (ALT), (B) bilirubin, (C) creatinine, (D) triglycerides 

and (E) glucose measured as detailed in Materials and Methods.  

Blue (male) and red (female) boxes show range (2.5th-97.5th percentiles) at 2-3 and 

10-12 months in wild-type C57BL/6J mice (Mazzaccara et al., 2008). 

 

Supplemental Figure 3: Expression of P450s in the gastrointestinal tract of 

8HUM mice 

Western blots were carried out on pooled microsomal fractions (n=3) of duodenum, 

jejunum and ileum of 8HUM mice as described in the Materials and Methods, using 

antibodies specific for the human P450s shown. Veh - vehicle treated; RIF - rifampicin 

treated; HLM - pooled human liver microsomes; Std – recombinant P450 standard. 

GRP78 - loading control. 
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Supplemental Figure 4:  

Western blots were carried out on pooled hepatic microsomal fractions (n=3) from 

hCAR/hPXR/hCYP3A4/CYP3A7 mice as described in the Materials and Methods, 

using antibodies specific for the P450s shown, and using GRP78 as a loading control. 

Arrow indicates Cyp2b10 band. 

Std - Standard for CYP3A4 is expressed recombinant CYP3A4, for Cyp2b10 liver 

microsomes from a WT mouse treated with phenobarbital (PB) i.p. 80mg/kg daily for 

3d; CO = corn oil, vehicle for rifampicin (RIF) and dexamethasone (DEX); PBS = 

phosphate buffered saline, vehicle for PB; PEG = 14% ethanol in polyethyleneglycol, 

vehicle for St John’s Wort (SJW) and Evafirenz (EFA); RIF = rifampicin treatment, 

i.p.,10mg/kg, daily for 3d; DEX = dexamethasone treatment, i.p., 10 mg/kg, daily for 

3d; PB = phenobarbital treatment, i.p., 80mg/kg; SJW = St John’s Wort treatment, p.o., 

312 mg/kg, daily for 2d; EFA = Efavirenz treatment, p.o., 100 mg/kg, daily for 3d; HLM 

= Human liver microsomes. 
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