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SUPPLEMENTARY MATERIALS
METHODS
Bioanalytical Methods
The analytical ranges for MCC substrate metabolites were: paraxanthine 25.0 to 7500 ng/mL, dextrorphan 1.00 to 1000 ng/mL, and 1-hydroxymidazolam 0.200 to 40.0 ng/mL. All concentrations are reported as freebase.
Caffeine and paraxanthine: Study samples were analyzed on a Sciex API 4000 equipped with Phenomenex’s Luna Silica 3 mcm, 4.6 x 50 mm HPLC column using Analyst® (Version 1.6.1, Applied Biosystems/MDS Sciex) and peak areas imported into Watson Laboratory Information Management System™ (LIMS; Version 7.5, Thermo Fisher Scientific) in support of quantification. Human plasma samples were analyzed for caffeine and paraxanthine using a method validated for a calibration range of 50.0 to 15,000 ng/mL for caffeine and 25.0 to 7500 ng/mL for paraxanthine based on the analysis of 0.100 mL of plasma. Human plasma samples containing caffeine and paraxanthine, and the corresponding stable isotope-labeled internal standards, namely caffeine-[13C3] and paraxanthine-D3, were extracted by solid-phase extraction (SPE) using a Strata™-X 33 mcm Polymeric Reversed Phase, 30 mg/well, 96-well plate conditioned with methanol followed by water, and then the plasma samples were loaded onto the SPE plate. The SPE plate was washed with a low organic aqueous solution (5% methanol in water) and the analytes of interest were eluted using an organic acetonitrile/methanol (1:1) solution. The elutes in the collection plate were evaporated under a gentle stream of N2 at 45°C and the dried residue(s) reconstituted in mobile phase, namely ethyl acetate/methanol/water/formic acid (900:100:20:1). The peaks of interest were chromatographically eluted under gradient conditions on a silica column, and the column effluent monitored under multiple reaction monitoring (MRM) on an API 4000. The peak area of m/z 195.1→138.0 for caffeine and m/z 181.1→124.0 for paraxanthine was measured against the peak area of m/z 198.1→140.0 for caffeine-[13C3] and m/z 184.1→124 for paraxanthine-D3, respectively. Quantitation was performed using a weighted 1/x2 linear least squares regression standard curve. The bioanalytical assay variability demonstrated during validation for all quality controls evaluated is shown in Table S1.
Dextromethorphan and dextrorphan: Study samples were analyzed on a Sciex API 5000 equipped with Thermo Scientific’s Hypersil Gold aQ 2.1 x 50 mm HPLC column using Analyst® (Version 1.6.1, Applied Biosystems/MDS Sciex) and peak areas imported into Watson LIMS™ (Version 7.5, Thermo Fisher Scientific) in support of quantification. Human plasma samples were analyzed for dextromethorphan and dextrorphan using a method validated for a range of 0.0300 to 30.0 ng/mL for dextromethorphan and 1.00 to 1000 ng/mL for dextrorphan based on the analysis of 50.0 mcL of plasma. Human plasma samples containing dextromethorphan and dextrorphan, and the stable isotope-labeled internal standards, namely dextromethorphan-D3 and dextrorphan-D3, were extracted by liquid-liquid extraction after basification of plasma with 2% ammonium hydroxide in water (aqueous) and addition of methyl tert-butyl ether as the organic solvent. After vortex mixing, shaking on a reciprocal shaker, and centrifugation of the samples, the organic phase was carefully transferred into clean tubes and evaporated under a gentle stream of N2 at 40°C. The dried residue(s) were reconstituted in a 10% methanol in water solution. The analytes of interest were chromatographed on an HPLC C18 Hypersil column under gradient conditions where mobile phase A consisted of methanol/water/ammonium acetate solution/formic acid (50:950:2.5:1) and mobile phase B consisted of methanol/water/ammonium acetate solution/formic acid (950:50:2.5:1) and the column effluent monitored under MRM on an API 5000. The peak area of m/z 272.1→215.2 for dextromethorphan and m/z 258.1→145.2 for dextrorphan was measured against the peak area of m/z 275.2→215.2 for dextromethorphan-D3 and m/z 261.1→145.2 for dextrorphan-D3, respectively. Quantitation was performed using a weighted 1/x2 linear least squares regression calibration curve. The bioanalytical assay variability demonstrated during validation for all quality controls evaluated is shown in Table S1.
Midazolam and 1-hydroxymidazolam: Study samples were analyzed on a Sciex API 4000 equipped with Fortis Technologies’ Diphenyl, 50 x 2.1 mm HPLC column using Analyst® (Version 1.6.1, Applied Biosystems/MDS Sciex) and peak areas imported into Watson LIMS™ (Version 7.2.0.03, Thermo Fisher Scientific) in support of quantification. Human plasma samples were simultaneously analyzed for midazolam and 1-hydroxymidazolam using a method validated for a range of 0.200 to 40.0 ng/mL for both midazolam and 1-hydroxymidazolam based on the analysis of 0.200 mL of plasma. Human plasma samples containing midazolam and 1-hydroxymidazolam and the stable isotope-labeled internal standards, namely midazolam-D4 and 1-hydroxymidazolam-D4, were extracted by liquid-liquid extraction after basification of plasma with 0.1 M sodium bicarbonate solution (aqueous) and addition of methyl-tert-butyl-ether/n-butyl chloride (3:2) as the organic solvent. After vortex mixing, shaking on a reciprocal shaker, and centrifugation of the samples, the organic phase was carefully transferred into clean tubes and evaporated under a gentle stream of N2 at 40°C. The dried residue(s) were reconstituted in formic acid/methanol/water, 0.1:100:100. The analytes of interest were chromatographed on an HPLC diphenyl column under gradient conditions where mobile phase A consisted of 1 mM ammonium trifluoroacetate in formic acid/water/methanol (1:490:510) and mobile phase B consisted of methanol and the column effluent monitored under MRM on an API 4000. The peak area of m/z 326→291 for midazolam and m/z 342→203 for 1-hydroxymidazolam was measured against the peak area of m/z 330→295 for midazolam-D4 and m/z 346→203 for 1-hydroxymidazolam-D4, respectively. Quantitation was performed using weighted 1/x2 linear least squares regression analyses generated from calibration standards. The bioanalytical assay variability demonstrated during validation for all quality controls evaluated is shown in Table S1.
RESULTS
Impact of Viloxazine ER on the Pharmacokinetics and Bioavailability of Caffeine Metabolite, Paraxanthine
Viloxazine ER markedly delayed paraxanthine Tmax by approximately 40 hours (MCC alone = 8 hours, combination = 48 hours) and markedly reduced paraxanthine Cmax and AUC0-t compared to MCC alone (Table S2). When comparing paraxanthine bioavailability between treatment periods, the ratios (viloxazine ER and MCC combination/MCC alone) expressed as GMR and 90% CI were: Cmax = 21.14% (16.22–27.56) and AUC0-t = 20.66% (18.07–23.61; Table S3). The 90% CIs for paraxanthine Cmax and AUC0-t were completely below the pre-determined no-difference limits of 80.00%–125.00%, suggesting that viloxazine ER substantially delayed the rate and extent of caffeine metabolite paraxanthine formation.
Impact of Viloxazine ER on the Pharmacokinetics and Bioavailability of Dextromethorphan Metabolite, Dextrorphan
Although viloxazine ER delayed dextrorphan Tmax by approximately 1 hour (MCC alone = 2 hours, viloxazine ER and MCC combination = 3 hours), it did not substantially impact pharmacokinetic parameters compared to MCC alone (Table S2). When comparing dextrorphan bioavailability between treatment periods, the ratios (viloxazine ER and MCC combination/MCC alone) expressed as GMR and 90% CI were: Cmax = 95.51% (85.75–106.38), AUC0-t = 117.36% (103.68–132.83), and AUC0-inf = 92.31% (79.71–106.92; Table S3). The upper-bound CI for AUC0-t (132.83) was slightly above the no-difference limits of 80.00%–125.00%, the lower-bound CI for AUC0-inf (79.71) was slightly below these limits, and both CIs for Cmax were within the no-difference limits. This suggests that viloxazine ER did not impact dextrorphan formation and metabolism in a meaningful way.
Impact of Viloxazine ER on the Pharmacokinetics and Bioavailability of Midazolam Metabolite, 1-Hydroxymidazolam
Relative to MCC alone, viloxazine ER did not appear to impact 1-hydroxymidazolam Tmax (2 hours for both treatment periods) but did appear to reduce Cmax, AUC0-t, and AUC0-inf (Table S2). When comparing 1-hydroxymidazolam bioavailability between treatment periods, the GMR and 90% CI were: Cmax = 47.66% (43.81–51.86), AUC0-t = 56.95% (53.35–60.78), and AUC0-inf = 60.24% (55.24–65.69; Table S3). The 90% CIs for all parameters were outside the lower-bound no-difference limit of 80%, suggesting that viloxazine ER decreased 1-hydroxymidazolam formation and metabolism.

Table S1: Lower limit of quantification and quality control evaluation for caffeine, paraxanthine, dextromethorphan, dextrorphan, midazolam, and 1-hydroxymidazolam
	

Analyte
	Intra-run
	Inter-run

	
	CV
	Bias
	CV
	Bias

	LLOQ evaluation

	Caffeine
	4.4% to 12.0%
	3.8% to 13.4%
	8.7%
	7.8%

	Paraxanthine
	3.2% to 5.2%
	2.4% to 7.2%
	4.5%
	4.8%

	Dextromethorphan
	2.9% to 7.1%
	5.7% to 12.0%
	5.9%
	9.3%

	Dextrorphan
	4.0% to 6.8%
	5.0% to 7.0%
	5.3%
	6.0%

	Midazolam
	1.9% to 6.0%
	−6.0% to 6.5%
	7.0%
	2.5%

	1-Hydroxymidazolam
	3.2% to 5.8%
	−1.0% to 5.0%
	4.9%
	2.0%

	QC evaluation (high, medium, and low)

	Caffeine
	1.1% to 4.0%
	−0.8% to 5.0%
	2.2% to 3.0%
	1.7% to 4.0%

	Paraxanthine
	1.0% to 3.2%
	0.2% to 6.8%
	1.3% to 2.9%
	2.5% to 4.7%

	Dextromethorphan
	1.4% to 6.4%
	−1.7% to 5.9%
	2.8% to 5.4%
	0.8% to 4.1%

	Dextrorphan
	0.9% to 4.7%
	−5.3 to 5.7%
	3.0% to 3.4%
	−2.4% to 5.3%

	Midazolam
	1.3% to 3.8% 
	−2.2% to 2.7%
	2.3% to 3.8%
	−0.6% to 1.0%

	1-Hydroxymidazolam
	1.4% to 4.6%
	−3.4% to 2.4%
	2.3% to 3.4%
	−1.3% to 1.6%


Abbreviations: CV, coefficient of variation; LLOQ, lower limit of quantification; QC, quality control.

Table S2: Observed pharmacokinetic parameters for caffeine, paraxanthine, dextromethorphan, dextrorphan, midazolam, and 1-hydroxymidazolam 
	Parameter
	MCC alonea
(Period 1)
	Combinationb
(Period 3)

	
	Mean ± SD
	CV%
	nc
	Mean ± SD
	CV%
	nc

	Caffeine

	Tmax, median (range), hours
	1.0 (0.5–1.6)
	NA
	35
	1.50 (0.5–16.0)
	NA
	36

	Cmax, ng/mL
	5370 ± 1100
	20.4
	35
	5350 ± 1120
	20.9
	36

	AUC0-t, h*ng/mL
	45,791 ± 19,228
	42.0
	35
	190,950 ± 42,152
	22.1
	36

	AUC0-inf, h*ng/mL
	46,896 ± 20,037
	42.7
	35
	179,710 ± 18,396
	10.2
	3

	t1/2, hours
	6.0 ± 1.9
	31.6
	35
	13.3 ± 4.5
	33.7
	3

	Paraxanthine

	Tmax, median (range), hours
	8.0 (3.0–12.0)
	NA
	27
	48.0 (20.0–48.1)
	NA
	34

	Cmax, ng/mL
	1220 ± 278
	22.8
	27
	293 ± 235
	80.1
	34

	AUC0-t, h*ng/mL
	24,811 ± 6528.8
	26.3
	27
	4952.3 ± 1956.5
	39.5
	34

	AUC0-inf, h*ng/mL
	25,785 ± 6927.6
	26.9
	27
	NC
	NC
	0

	t1/2, hours
	7.5 ± 2.8
	37.1
	27
	NC
	NC
	0

	Dextromethorphan

	Tmax, median (range), hours
	3.0 (1.0–5.0)
	NA
	30
	4.0 (2.0–10.0)
	NA
	29

	Cmax, ng/mL
	1.4 ± 2.2
	159.6
	30
	1.6 ± 1.4
	86.3
	29

	AUC0-t, h*ng/mL
	12.0 ± 12.5
	186.6
	30
	16.3 ± 14.4
	88.0
	29

	AUC0-inf, h*ng/mL
	12.8 ± 23.0
	181.7
	29
	16.9 ± 14.9
	87.8
	28

	t1/2, hours
	7.4 ± 1.8
	25.1
	29
	7.7 ± 1.3
	17.5
	28

	Dextrorphan
	

	Tmax, median (range), hours
	2.0 (1.0–5.0)
	NA
	29
	3.0 (1.0–10.0)
	NA
	28

	Cmax, ng/mL
	4.3 ± 2.9
	66.4
	29
	3.9 ± 1.9
	47.9
	28

	AUC0-t, h*ng/mL
	14.9 ± 11.5
	77.0
	29
	16.4 ± 10.0
	61.0
	28

	AUC0-inf, h*ng/mL
	31.9 ± 13.3
	41.7
	10
	31.0 ± 13.1
	42.2
	9

	t1/2, hours
	2.5 ± 1.1
	38.3
	10
	2.5 ± 0.4
	17.0
	9

	Midazolam
	

	Tmax, median (range), hours
	0.5 (0.5–1.5)
	NA
	36
	1.0 (0.5–5.0)
	NA
	35

	Cmax, ng/mL
	10.9 ± 3.4
	31.1
	36
	12.2 ± 3.8
	31.0
	35

	AUC0-t, h*ng/mL
	25.1 ± 9.7
	38.8
	36
	43.1 ± 19.0
	44.1
	35

	AUC0-inf, h*ng/mL
	26.6 ± 10.2
	38.3
	36
	46.0 ± 19.9
	43.1
	35

	t1/2, hours
	4.1 ± 2.0
	49.0
	36
	6.8 ± 2.8
	40.5
	35

	1-Hydroxymidazolam
	

	Tmax, median (range), hours
	2.0 (1.0–5.0)
	NA
	36
	2.0 (1.0–5.0)
	NA
	35

	Cmax, ng/mL
	5.9 ± 2.1
	35.5
	36
	2.9 ± 1.0
	34.2
	35

	AUC0-t, h*ng/mL
	13.8 ± 5.4
	38.9
	36
	7.9 ± 2.7
	34.6
	35

	AUC0-inf, h*ng/mL
	14.9 ± 5.4
	36.2
	28
	8.0 ± 2.7
	34.1
	28

	t1/2, hours
	2.4 ± 1.0
	40.9
	28
	2.3 ± 1.2
	51.0
	28


a Single-dose caffeine (200 mg), dextromethorphan (30 mg), and midazolam (0.025 mg/kg; pharmacokinetic samples collected for 48 hours beginning Period 1, Day 1).
b Viloxazine ER (900 mg) followed 4.5 hours later by MCC (pharmacokinetic samples collected for 48 hours beginning Period 3, Day 6).
c AUC0-inf values that resulted from greater than 20% extrapolation were excluded from the summary statistics.
Abbreviations: AUC0-t, area under the concentration-time curve from 0 to the last measurable time; AUC0-inf, area under the concentration-time curve from 0 to infinity; Cmax, maximum measured plasma concentration; CV%, coefficient of variation; ER, extended release; MCC, modified Cooperstown cocktail; NA, not applicable; NC, not calculated; SD, standard deviation; t1/2, terminal elimination half-life. 


Table S3: Relative bioavailability analyses of metabolites paraxanthine, dextrorphan, and 1-hydroxymidazolam
	Parametera
	MCC aloneb
	Viloxazine ER + MCC combinationc 
	Ratio, %d 
	90% CI

	Paraxanthine

	Cmax, ng/mL
(n = 27)
	1188.7
	251.3
	21.1
	16.2–27.6

	AUC0-t, h*ng/mL
(n = 27)
	24,022.3
	4962.7 
	20.7
	18.1–23.6

	Dextrorphan

	Cmax, ng/mL
(n = 28)
	3.7
	3.54
	95.5
	85.8–106.4

	AUC0-t, h*ng/mL
(n = 28)
	12.0
	14.0
	117.4
	103.7–132.8

	AUC0-inf, h*ng/mL
(n = 8)
	32.8
	30.2
	92.3
	79.7–106.9

	1-Hydroxymidazolam

	Cmax, ng/mL
(n = 35)
	5.6
	2.7
	47.7
	43.8–51.9

	AUC0-t, h*ng/mL
(n = 35)
	13.1
	7.4
	57.0
	53.4–60.8

	AUC0-inf, h*ng/mL
(n = 22)
	12.7
	7.7
	60.2
	55.2–65.7


AUC0-inf values that resulted from greater than 20% extrapolation were excluded from the comparisons.
a Geometric means; based on least squares mean of log-transformed parameter values
b MCC alone: single-dose caffeine (200 mg), dextromethorphan (30 mg), and midazolam (0.025 mg/kg) (pharmacokinetic samples collected for 48 hours beginning Period 1, Day 1).
c Combination: viloxazine ER (900 mg) followed 4.5 hours later by MCC (pharmacokinetic samples collected for 48 hours beginning Period 3, Day 6).
d Ratio (%) = viloxazine ER + MCC combination/MCC alone (using geometric means).
Abbreviations: AUC0-t, area under the concentration-time curve from time 0 to the last measurable time; AUC0-inf, area under the concentration-time curve from time 0 to infinity; CI, confidence interval; Cmax, maximum measured plasma concentration; ER, extended release; MCC, modified Cooperstown cocktail. 

Table S4: Viloxazine steady-state assessment
	Contrasts
	Refa 
	Testa
	Ratio, %b 
	90% CI
	p valuec

	Day 4 vs Days 5, 6
	2.6 (n = 72)
	2.4 (n = 37)
	89.9
	79.8–101.3
	0.14

	Day 5 vs Day 6
	2.6 (n = 36)
	2.6 (n = 36)
	101.3
	88.1–116.4
	0.88


a Geometric means; based on least squares mean of log-transformed parameter values
b Ratio (%): test/reference (using geometric means).
c p value = difference in treatment estimates; significance defined a priori as p < 0.05.
Abbreviations: CI, confidence interval; Ref, reference.

Table S5: Treatment-emergent adverse events in healthy adult subjects
	Event
	Period 1a
MCC alone
(n = 37)
	Period 2b
Viloxazine ER alone
(n = 37)
	Period 3c
MCC+ viloxazine ER combination
(n = 36)
	Overall
(N = 37)

	Any treatment-emergent adverse event
	8 (21.6)
	13 (35.1)
	18 (50.0)
	24 (64.9)

	Insomnia
	0
	0
	16 (44.4)
	16 (43.2)

	Dizziness
	1 (2.7)
	1 (2.7)
	3 (8.3)
	5 (13.5)

	Somnolence
	0
	5 (13.5)
	0
	5 (13.5)

	Nausea
	1 (2.7)
	2 (5.4)
	2 (5.6)
	3 (8.1)

	Decreased appetite
	0
	2 (5.4)
	0
	2 (5.4)

	Dry mouth
	0
	2 (5.4)
	0
	2 (5.4)

	Headache
	1 (2.7)
	1 (2.7)
	0
	2 (5.4)

	Increased blood pressure
	1 (2.7)
	0
	1 (2.8)
	2 (5.4)


Values reported as n (%).
a MCC Alone: single-dose caffeine (200 mg), dextromethorphan (30 mg), and midazolam (0.025 mg/kg) (pharmacokinetic samples collected for 48 hours beginning Period 1, Day 1).
b Viloxazine ER (900 mg daily) administered alone: Period 2 (Days 3-5); pharmacokinetic samples collected for 24 hours beginning on Day 5).
c Combination: viloxazine ER (900 mg) followed 4.5 hours later by MCC (pharmacokinetic samples collected for 48 hours beginning Period 3, Day 6).
Abbreviations: ER, extended release; MCC, modified Cooperstown cocktail.

Figure S1: Blood pressure and heart rate
Vital signs assessed at baseline (Day −1); Period 1, Day 1 (single-dose MCC, 4 hours postdose); Period 3, Day 6 (combination 900 mg daily viloxazine ER and single-dose MCC, 4 hours post-MCC-dose); and end of study (Day 8). There was no corresponding blood pressure or heart rate measurement for viloxazine ER given alone in Period 2. Means ± standard deviation.
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Abbreviations: Combo, combination viloxazine ER and MCC; EOS, end of study; ER, extended release; MCC, modified Cooperstown cocktail.
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