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METHODOLOGY 

In vitro Parasitology 

Testing against the asexual blood stages of P. falciparum 3D7 in vitro was undertaken using 

our well validated assay, as previously reported.S1 

Stability and Metabolite ID in Liver Microsomes and Cryopreserved Hepatocytes 

Hepatic microsomes (Sekisui XenoTech, LLC) were suspended in pH 7.4 buffer (0.4 mg/mL 

microsomal protein), and the metabolic process initiated by addition of the NADPH-

regenerating buffer system. Substrate depletion, and in some cases metabolite formation, was 

monitored using a Waters Xevo G2 QTOF MS coupled to a Waters Acquity UPLC. For 

metabolite identification, separate incubations were conducted using modified conditions (2 

mg/mL microsomal protein and 50 µM substrate), and LC-MS analysis included MS/MS (CID) 

spectral analysis. 

Cryopreserved hepatocytes (Sekisui XenoTech, LLC) were first purified by centrifugation 

using a Percoll gradient and cell viability assessed by trypan blue exclusion. Cells were 

resuspended in Krebs-Henseleit buffer at a concentration of 0.5 x 106 viable cells/mL, spiked 

with compound, and incubated at 37°C in a humidified incubator with 7.5% CO2 for 4 hours. 

Substrate depletion was monitored and analyzed as described for microsomes. Validation 

studies confirmed that pH 7.4 and cell viability were both maintained throughout the incubation 

period. 

The first-order degradation rate constant for substrate loss in both microsomes and hepatocytes 

was used to determine the in vitro intrinsic clearance value (CLint) in each test system.S2 To 

compare the data from microsomes and hepatocytes, the CLint from each in vitro test system 

was scaled using published scaling factorsS3 and corrected for the fraction unbound (fu,inc) to 

the in vitro test systemsS4,S5 to obtain predicted in vivo unbound intrinsic clearance values 

(CLint,unb, mL/min/kg). 

and  

 fu,inc hepatocytes = 1 / (Chep × 10(0.40 x LogP/D - 1.38) + 1) 

 fu,inc microsomes = 1/(Cmic × 10 (0.56 x LogP/D - 1.41) + 1) 

where Chep and Cmic are the total concentrations of hepatocytes (106 cells/mL) and microsomes 

(mg/mL) present in the incubations. Log P is used for bases with pKa > 7 and neutral 

compounds, whereas Log D7.4 is used for acids with pKa < 5.5. 

The unbound in vivo intrinsic clearance was then calculated by: 

 in vivo CLint,unb (mL/min/kg) = CLint,in vitro /1000 * PBSF / fu,inc 

where CLint,in vitro  is µL/min/106 cells or µL/min /mg protein from the in vitro assay, 1000 

µL/mL is a unit conversion, and PBSF is the physiologically-based scaling factor (106 cells/kg 

or mg proteinS3).  
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Plasma Protein Binding 

Protein binding was determined via rapid equilibrium dialysis (RED), using a method based 

on that reported previouslyS6. Rat plasma was spiked with 23 and dialysed for 6 h against pH 

7.4 phosphate-buffered saline (100 mM sodium phosphate and 40 mM NaCl). Concentrations 

of 23 in dialysate (Cu) and donor (CT) samples at the end of the dialysis period were determined 

via LC-MS, and the fraction unbound was calculated (fu = Cu / CT) assuming that the system 

was at distributional steady state by 6 h. 

Blood Stability  

Volumes of freshly collected whole blood from a male Sprague Dawley rat and a male Swiss 

mouse were spiked with 23, briefly mixed and dispensed into aliquots that were maintained at 

37°C under a 5% CO2 atmosphere over the course of 240 min incubation period. At designated 

time points, samples (n=3 per species) were snap-frozen on dry ice and stored frozen for 

analysis by LC-MS. 

Caco-2 Permeability 

Permeability of 23 across Caco-2 monolayers was assessed using the procedure described 

previouslyS7, with pH 7.4 Hanks balanced salt solution containing 20 mM HEPES in both the 

apical and basolateral chambers. Compound flux was assessed over a period of 120 minutes, 

with samples taken from the acceptor chamber at multiple time points. At each sample time, 

the volume of acceptor solution removed was replaced with blank transport buffer and acceptor 

concentrations were corrected for the dilution that occurred with buffer replacement in the data 

analysis. Samples from the donor chamber were taken at the start and end of the experiment. 

All samples were stored frozen at -80°C until analysis by LC-MS.  

Functional integrity of the monolayer and activity of P-gp/MRP-mediated efflux was 

confirmed on the basis of TEER values and permeability data for marker compounds (lucifer 

yellow, naproxen and rhodamine 123). Apparent permeability coefficients (Papp) values and 

efflux ratio were calculated as described previouslyS7. 

Cytochrome P450 Inhibition 

Cytochrome (CYP) P450 inhibition studies were conducted using human liver microsomes 

with a substrate-specific interaction approach which relies on the formation of a metabolite that 

is mediated by a specific CYP isoform. The assay conditions employed for each CYP isoform 

were based on those reported previously.S8 

Pharmacokinetic Properties of 23 in Mice and Rats 

In vivo pharmacokinetic studies were performed in accordance with Australian National Health 

and Medical Research Council Guidelines, with all procedures approved by the Monash 

Institute of Pharmaceutical Sciences Animal Ethics Committee.  

The pharmacokinetic properties of 23 were assessed using male Swiss outbred mice (24−33 g) 

that had full access to food and water before dosing and during the sampling period. Compound 

23 was administered by a bolus IV injection into the tail vein at a dose of 2.7 mg kg−1 or orally 

by gavage at doses of 2.8 and 27 mg kg−1. Groups of 12 (IV) or 9 (PO) mice were used for each 

dose group, with 3 samples taken by submandibular bleed from each mouse and 3 mice used 

for each time point. Blood samples were collected into tubes containing heparin and a 

stabilization cocktail for up to 24 h post dose. Samples were centrifuged for the collection of 

plasma which was stored at -20°C until analysis.  
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The pharmacokinetic properties of 23 were also assessed using male Sprague Dawley rats 

(283−298 g). Surgeries for the insertion of cannulas in the carotid artery (for blood sampling) 

and jugular vein (for IV administration only) were performed under general anaesthesia on the 

day prior to dosing. Rats had access to food immediately post-surgery, and were fasted 

overnight prior to dosing, and access to food was reinstated 4-hours post-dose. Water was 

available ad libitum at all times. Compound 23 was administered intravenously as a 10-minute 

constant rate infusion at a dose of 3 mg kg−1 or orally by gavage at a dose of 10 mg kg−1. Blood 

samples were collected (via a Culex Automated Blood Sampler into heparinised tubes) up to 

24 h post dose, and these were centrifuged for the collection of plasma which was stored at -

20°C until analysis. The concentration of 23 in blood was also determined in a sample collected 

from each rat at 1 h after IV administration for the purposes of determining the whole blood to 

plasma partitioning ratio. 

PK Studies Following ABT Pre-dosing to Rats 

To evaluate the contribution of CYP450-mediated metabolism to the in vivo elimination of 23, 

the systemic clearance of 23 (3 mg/kg) was measured in rats (n=3) that were pre-dosed with 

the pan-CYP inhibitor, 1-aminbenzotriazole (ABT).S9 All procedures were as described above 

for rat pharmacokinetic studies, with the exception that 100 mg/kg of ABT (as a solution in 

0.9% saline; 10 mL/kg) was administered orally by gavage 2 hours prior to commencing the 

IV infusion of 23.    

Bile Cannulated Studies in Rats 

To evaluate whether direct excretion into bile was a significant in vivo clearance pathway for 

23, the fraction of a 3 mg/kg IV dose recovered in bile was determined in anesthetised bile-

cannulated rats (n=3). All procedures were as defined above for rat pharmacokinetic studies, 

with the exception that on the day of dosing, rats were anaesthetised (inhaled isoflurane) and 

had a cannula inserted into the bile duct prior to IV infusion of 23. Animals remained 

anaesthetised for the remainder of the experiment, and intermittent plasma samples and total 

bile were collected up to 4 hours post-dose. 

LC-MS analysis of in vivo samples 

Concentrations of 23 in samples collected during in vivo PK studies (plasma, blood, urine, bile) 

were measured using a Waters Xevo TQS Micro mass spectrometer coupled to a Waters 

Acquity UPLC. Analyte detection conducted was in positive electrospray ionisation multiple-

reaction monitoring mode (transition 306.20>71.96; cone voltage 25 V; CID 25V), and 

chromatographic separation was accomplished using a Supelco Ascentic Express RP amide 

column (50x2.1 mm, 2.7 µm) with an acetonitrile-water gradient containing 0.05% formic acid. 

Quantitation was conducted by comparing the response for 23 in samples was a set of 

calibration standards prepared by spiking solvent standard solutions into the same blank matrix 

as the samples. Sample processing was via protein precipitation with acetonitrile (2:1 volume 

ratio for plasma, blood and faeces) or dilution with 50/50 acetonitrile/water (for urine and bile).  

Assay performance was confirmed by the assessment of linearity, accuracy and precision for 

each run.  
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3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide (MTT) to Assess 

Cytotoxicity. 

Human embryonic kidney 293 (HEK293) cells were maintained in complete DMEM medium 

(DMEM containing 2mM GlutaMAX, supplemented with 10% Foetal Bovine Serum and 1% 

penicillin-streptomycin antibiotics). 24 hours prior to compound exposure, HEK293 cells were 

seeded (8x104 cells/well) into flat bottom 96-well plates (Corning) and incubated at 37 °C, 5% 

CO2.  Serial dilutions of test compounds ranging from 1mM - 3.9 µM were incubated at 

standard conditions for 24 hours. After compound exposure, the media was removed from the 

wells and replaced with an equal volume of MTT media (complete DMEM medium containing 

0.5mg/ml MTT, Sigma). Plates were incubated for an additional 3-4 hrs at standard conditions, 

after which MTT media was removed and an equal volume of DMSO added to dissolve 

formazan crystals. The total absorbance was measured at 570 nm (EnSight plate reader, 

PerkinElmer). Raw data was blank adjusted, normalised to DMSO control to obtain % viability 

data and IC50 values were calculated by via a 4-parameter logistic curve fitting in GraphPad 

Prism. Data is representative of 3 biological replicates with 3 technical repeats.  
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HPLC Trace of Compound 23 
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