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ABBREVIATIONS USED

ATM — Abbreviated test method

CON - Control

CYP450 — Cytochrome P450

NADPH - B-Nicotinamide adenine dinucleotide 2’ phosphate (reduced form)
QC - Quality control

FDA — Food & Drug Administration

LLOQ - Lower Limit of Quantitation
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SUMMARY
Title
In Vitro Assessment of Reaction Phenotyping (Enzyme Identification) for Human Cytochrome P450

Enzymes by Metaxalone.

Objective
The aim of these studies is to identify the cytochrome P450 enzymes involved in the in vitro
biotransformation of metaxalone in support of drug discovery and development efforts at URL Mutual,
in care of Salamandra, LLC. This drug is known to be metabolized in humans; however, the enzymes

involved are not known.

Methods

LC-MS/MS methods were developed to measure metaxalone turnover and to establish a linear range
for quantitation by monitoring metaxalone disappearance. Preliminary incubations were performed
with human liver microsomes to establish optimal time and protein conditions to measure metaxalone
metabolic turnover. A concentration of 1 mg/mL and incubation time of 60 minutes were determined
to be the most suitable for further incubations. To evaluate the involvement of CYP 1A2, 2A86, 2B6,
2C8, 2C9, 2C19, 2D6, 2E1 and 3A4 in the disappearance of 0.75 and 7.5 uM metaxalone, two
complementary methods were used: (i) incubations using pooled human liver microsomes and
specific chemical inhibitors and (ii) incubations using single cDNA expressed CYP450s.

Results and Conclusions
Metaxalone showed CYP-mediated metabolic turnover of approximately 29.8% at 0.75 pM
concentrations and 24.6% for 7.5 uM concentrations of metaxalone following incubation with human
microsomes (1 mg/mL) for 60 minutes at 37°C. These results are consistent with literature reports
indicating that metaxalone is metabolized in vivo. Co-incubation of metaxalone and selective CYP450
chemical inhibitors with human liver microsomes showed substantial inhibition of metaxalone turnover
with selective inhibitors for CYP3A4, CYP2E1, and CYP1A2. Additionally, inhibitors for CYP2D6,
CYP2C19, CYP2C8, and CYP2C9 also markedly inhibited turnover of metaxalone in human liver
microsomal incubations. Incubation of metaxalone with recombinant CYP450 enzymes showed
relative metaxalone turnover in the following order. CYP3A4 > CYP1A2 > CYP2E1, >
CYP2D6 = CYP2C19. CYP2C9 and CYP2C8 also appeared to turnover metaxalone at the higher
concentration of metaxalone examined (7.5 uM).

Taken together, these data indicate that several CYP450 enzymes are likely involved in the NADPH-
dependent metabolism of metaxalone, however CYP1A2, CYP2E1, CYP2D86, and CYP3A4 appear to
be the most important CYP450 enzymes examined. CYP2C19, CYP2C9, and CYP2(C8 also appear
capable of metabolizing metaxalone.
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1.0 INTRODUCTION

Biotransformation is the major route of elimination for a majority of drugs and metabolism by Phase |
oxidative cytochrome P450 enzymes (P450) is the most common metabolic pathway. To characterize
the metabolic clearance of a drug candidate, the relative contribution of P450 enzymes to the overall
elimination process is required along with identification of the enzymes responsible for the oxidative
reactions. Reaction phenotyping (enzyme identification) studies are conducted to identify the specific
enzymes responsible for the metabolism of a drug. Identification of cytochrome P450 enzymes in vitro
can prove useful in predicting the potential for drug interactions, polymorphic impact on drug
disposition and formation of toxic or active metabolites, and is recommended when P450 enzymes
contribute to greater than 25% of a drug's total clearance (1-3). Alternatively, evidence that certain
metabolic pathways are not important via in vitro studies may preclude the need for further clinical
investigations, or help focus the design of clinical drug-drug interaction studies (4-6). While this study
is limited to P450 enzymes, other Phase | (e.g. flavin-containing monooxygenase (FMO), monoamine
oxidase, epoxide hydrolase) and Phase Il (e.g. UDP-glucuronyl transferase, glutathione S-transferase,
sulfotransferase, methyltransferase, and N-acetyltransferase) drug metabolizing enzymes may also
contribute to metabolism and should be considered.

The goal in reaction phenotyping is to determine the metabolic profile of a drug and the relative
contribution of specific enzymes to overall metabolic clearance, potentially followed by systematic
characterization of the specific enzymes involved in formation of each major metabolite. To do this
successfully, more than one approach should be used. Microsomal preparations containing individual
recombinant human CYP450 isoforms in liver-like distributions are a valuable tool for evaluating the
intrinsic ability CYP450s to metabolize a drug candidate (7). If the test compound is metabolized by
multiple enzymes, further studies with highly selective chemical inhibitors and/or antibodies can be
conducted in human hepatic microsomes to address the relative contribution (1). Chemical inhibitors
for which there is prior clinical data should be used to aid in valid in vitro/in vivo correlations. The
disadvantage of this system is that few highly specific chemical inhibitors are available. Potent
inhibitory monoclonal antibodies against various human P450 isoforms are more specific inhibitors. A
fourth approach is more time intensive and involves mechanistic determinations (Kn and V) of the
test compound with each active recombinant P450 enzyme, to enable calculations of intrinsic
clearance (Vn/Km). Combined with knowledge of the relative abundance of each P450 isoform in the
poo! of human liver microsomes being used, the relative contribution of different P450 enzymes in the
metabolism of the compound of interest in human liver microsomes can be evaluated (7, 8).

The Food and Drug Administration recommends at least two experimental approaches be used to
determine the liver-derived enzymes that are involved in the metabolism of the investigational drug
(10). As such, this study was designed to include the use of CYP450-specific inhibitors and

7
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recombinant enzymes to discern which hepatic CYP450(s) may be involved in the metabolism of
metaxalone. Knowledge of which CYP450s are involved in the metabolism of metaxalone aids in the
understanding of potential clinical drug interactions and help to predict intra-individual variations in test
article clearance due to genetic polymorphisms in CYP2C9, CYP2C19 and CYP2D6.

In the current study, metaxalone will be examined in a reaction phenotyping study to characterize the
metabolism of this drug. Metaxalone has previously been described by Bruce and coworkers to be
metabolized in man (9). To further evaluate metaxalone metabolism in vitro with modern
methodologies, the NADPH-dependent turnover of metaxalone was assessed in pooled human liver
microsomes and with recombinant expressed enzymes to identify specific CYP450s that may be
important for metaxalone metabolism.

2.0 MATERIALS AND METHODS

21

These studies were conducted by CellzDirect in accordance with CellzDirect Protocol
4200-0603-1800 (Appendix 2) and CellzDirect Standard Operating Procedures. Assay-specific SOPs
include, but are not limited to, IV-001, IV-002, 1V-010, IV-013, IV-014, IV-015, 1V-016, IV-017, IV-021,
IV-024, IV-060, IV-072, and IV-082, In addition, all assays described in this document were
conducted following CellzDirect Abbreviated Test Methods (ATMs).

Test Article

Metaxalone was provided by the sponsor (>100 mg of metaxalone, MW = 221.26, Lot # P-1055-
116A1, purity = 99.8%). A certificate of analysis is provided in Appendix 2. Stock solutions at
1.875 MM were prepared in methanol and stored at -20°C. Stocks were diluted daily in the
appropriate buffers such that the final organic solvent concentration was <1%.

2.2 Chemicals, Reagents, and Solvents

Potassium phosphate monobasic, potassium phosphate dibasic, NADPH tetrasodium salts, and other
reagents were purchased from Sigma Chemical Co. or equivalent vendors. Methanol (HPLC grade),
water (HPLC grade), ethyl acetate, and other solvents were purchased from Fisher, Burdick &
Jackson, J. T. Baker, Mallinckrodt, or equivalent vendors. All inhibitors were of the highest purity
available. Individual suppliers are as follows: furafylline, pilocarpine, thio-TEPA, quercetin,
sulfaphenazole, ticlopidine, quinidine, clomethiazole, and ketoconazole were obtained from Sigma
Chemical Co.

All recombinant P450s were obtained from BD Gentest. CelizDirect’'s human liver microsomes (Lot
No: PL020) pooled from 15 individuals (male and female) were utilized in this study. The microsomes
were previously characterized for the major cytochrome P450 enzyme activities by CellzDirect’s In
Vitro Products and Services Division (Appendix 3).

8
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2.3 Experimental Design

The primary objective of this study is to determine which human liver CYP450 isoforms may be
involved in the in vitro biotransformation of the test compound. The scope of work to be performed for
this is outlined in the following tasks: Task 1) Set-up of Analytical Methodology and Preliminary
Incubations; Task 2) CYP450 Selective Inhibition Studies; Task 3) Recombinant CYP450 Studies; and
Task 4) Report. Metaxalone concentrations were chosen in conjunction with the Sponsor to be 0.75
and 7.5 M (approximately 1x and 0.1x Cmax) based on estimated clinical plasma concentrations of
metaxalone. (Currently approved Package Insert for Skelaxin® (11).

2.31 Task 1: Set-up of Analytical Methodology and Preliminary incubations

Analytical method: An isocratic LC-MS/MS was developed to allow for chromatographic resolution
and quantitation of the parent test article contained within an incubation matrix. Set-up of the
analytical method involved determining the parent and daughter ions for the compound by direct
infusion. Secondly, the compound was injected in mobile phase onto an isocratic LC-MS/MS
chromatographic system to assess peak shape, retention times, and signal to noise ratio of a known
amount on column. A standard curve, comprised of at least 8 calibration standards was prepared and
assessed. The following LC-MS/MS method was used for metaxalone quantitation:

Metaxalone

Substrate:Metabolite: Metaxalone

Standard Metabolite Range: ]0.078 to 10.0 uM

Mobile Phase A 2% Methanol, 98% Water, and 0.1% Acetic Acid

Mobile Phase B 80% Methanol, 20% Water, and 0.1% Acetic Acid
0.400 mL/min, initial: 50% Mobile Phase B, 0.01 min: 50%

Gradient Mobile Phase B, 2.00 min: 80% Mobile Phase B, 2.10min:
50% Mobile Phase B, and 4.00min: Stop

Detection Method: LC-MS/MS

HPLC Column: WATERS AQ12 4x23mm

Flow rate (approx.): 0.400 mL/min

Source: Electrospray (positive ion)

Run Time (approx.): 4.0 minutes

MRM (Sulfamethoxazole): 222,14 — 160.83

Quantitation: Least Squares Regression 1/X? Weighting

Method Validation: A one day validation was performed to establish the analytical method using
pooled human liver microsomes. To this end, a triplicate standard curve and six QCs (at three
different concentration levels) were analyzed. The validation will aim to address the following:

¢ Intra-Day Accuracy
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o Intra-Day Precision (ruggedness)
e Linearity (Correlation Coefficient)
o Specificity (blank matrix)

CellzDirect considered the validation acceptable if standard and QC samples meet criteria set forth in
CellzDirect SOPs. Specifically, a run is considered acceptable if the back-calculated values for each
calibration standard are within + 20% (+ 25% at the LLOQ) of the theoretical value and 50% of the
back-calculated QC samples at each concentration level and 2/3™ of the back-calculated QC samples
overall are within 20% of their theoretical values.

Preliminary Incubations (Time and Protein Dependence): Pilot microsomal incubations were
performed in order to establish appropriate protein concentration and time points for linear reaction
conditions for metaxalone turnover. Metaxalone at 0.75 and 7.5 yM was incubated with 0.1, 0.25, 0.5,
and 1.0 mg/mL microsomal protein for 60 minutes at 37°C, and incubations with 0.5 mg/mL were
incubated for 0, 15, 30, 45, and 60 minutes at 37°C. The reactions, in 0.1 M phosphate buffer, pH 7.4,
were initiated by addition of 1 mM NADPH. Negative controls (no NADPH and heat-treated
microsomes) were included to account for any non-enzymatic or non-NADPH dependent reactions.
The reactions were terminated at the appropriate time points by addition of 1 volume (relative to total
reaction volume) of methanol. The samples were centrifuged at approximately 3000 rpm and the clear
supernatant was transferred to a clean tube and analyzed by the LC-MS/MS method described above.
A concentration of 1 mg/mL microsomal protein and incubation time of 60 minutes were determined to
be the most suitable for further incubations.

2.3.2 Task 2: Incubations with Selective CYP Inhibitors

The objective of these experiments was to identify CYP450 isoform(s) involved in the potential
metabolism of the parent test article in a microsomal system (which approximates the in vivo
distribution of hepatic enzymes) and selective CYP chemical inhibitors. The specific chemical
inhibitors and concentrations used are detailed in Table 1 below.

Table 1. Protocol for in vitro Assessment of Chemical Inhibition in Human Liver Microsomes.

P450 Isoform specific chemical inhibitor concentration
CYP1A2 Furafylline 50 M
CYP2A6 Pilocarpine 100 pM
CYP2B6 Thio-TEPA 75 uM
CYP2C8 Quercetin 10 pM

10
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CYP2C9 Sulfaphenazole 20 uM
CYP2C19 Ticlopidine 1uM
CYP2D6 Quinidine 10 uM
CYP2E1 Clomethiazole 100 uM
CYP3A4 Ketoconazole 1uM

The inhibitors or vehicle control were incubated with the pooled human liver microsomes (1 mg/mL)
and B-NADPH (1 mM) in 0.1 M phosphate buffer, pH 7.4. The reaction was initiated by addition of
0.75 or 7.5 uM metaxalone and incubated for 60 minutes. Incubations were conducted in triplicate
and terminated by addition of organic solvent. Samples were extracted and analyzed by LC-MS/MS
as described in Section 2.3.1. The rates of test article depletion were compared to controls without
inhibitors.

2.3.3 Task 3: Studies with Recombinant Cytochrome P450 Enzymes

In order to determine which specific CYP450s are capable of metabolizing metaxalone, individual
CYP450 recombinant enzymes were incubated with 0.75 and 7.5 uM metaxalone. CYP1A2, CYP2A6,
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4 expressed enzymes at 5
and 20 pmol protein were incubated in 0.1 M phosphate buffer, pH 7.4 with B-NADPH (1 mM) and with
metaxalone for 60 minutes at 37°C. The incubations, performed in triplicate, were terminated by
addition of 1 volume (relative to total reaction volume) of methanol. The samples were analyzed as
described in Section 2.3.1. The rates of test article depletion were compared with control
(microsomes expressing no recombinant CYP450 enzymes). Additional controls included incubation
with each isoform with the universal CYP substrate, phenanthrene. Turnover of phenanthrene was

monitored fluorometrically at 254 nm (excitation) and 378 nm (emission).

3.0 DATA HANDLING

3.1 Data Analyses
Micromass Masslynx software (version 3.4, Manchester, UK) was used to collect and process
chromatographic data. Data were graphed with the software program Microsoft Excel® 2003
(Redmond, WA). Reaction velocities were calculated using the following equation where TA=Test
Article:

Percent Turnover = 100 - {TA(final)}[TA(0 min)} X 100

11
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Percent Inhibition of Turnover = 1 - [TA(0 min)-{TA(finak-inhibitor)] X 100

[TA(O min)]-[TA(final-no inhibitor]

3.2 Data Storage

All raw data and supporting documents will be stored by the Archivist at CelizDirect. The data will be
transferred to archives according to CellzDirect Standard Operating Procedures after submission of
the final report to Mutual Pharmaceutical Company, Inc.

3.3 Regulatory Compliance

This study was conducted in compliance with the appropriate CellzDirect Standard Operating
Procedures. All analytical runs were evaluated based on the acceptance criteria set forth in
CellzDirect SOP IV-002. More specifically, analytical runs were accepted only if at least 2/3 of the
quality control samples (>50% at each level) were within +20% of the nominal values. Any deviations
from the acceptance criteria were clearly documented.

4.0 RESULTS AND DISCUSSION

4.1 Metaxalone Method Validation and Preliminary Incubations

LC-MS/MS-based methods were developed for metaxalone quantification and were validated for
linearity and reproducibility within the appropriate concentration range. Preliminary incubations of
metaxalone with pooled human liver microsomes (using 0.1, 0.25, 0.5, and 1 mg/mL microsomal
protein in 60 min incubations, and 0, 15, 30, 45, and 60 minute incubations with 0.5 mg/mL
microsomal protein). Linear conditions for metaxalone disappearance were observed with both time-
and protein- dependence as shown in Figures 1 and 2, Table 2). Maximum turnover of 38.0% at
60 minutes with 1 mg/mL protein.  This turnover was NADPH-dependent, indicating that
disappearance of metaxalone under these conditions was likely a metabolic process involving
CYP450 enzymes. Based on these results, the microsomal protein concentration used for all
subsequent assays was 1 mg/mL with an incubation time of 60 minutes to maximize the dynamic
range of substrate turnover. These incubations were conducted with 0.75 and 7.5 pM metaxalone
(approximately 1x and 0.1x Cmax) as substrate.

4.2 Selective CYP Inhibitors

Selective chemical inhibitors were used to evaluate the effects of individual CYP450s in human liver
microsomes on the metabolism of metaxalone (Figure 3, Tables 3 and 4). Metaxalone

disappearance was observed at 24.6% at 7.5 uM vs. 29.8% at 0.75 uM at the conditions examined.
12



Report: Reaction Phenotyping for Human CYP450 by Metaxalone

These results are consistent with the data produced in vivo by Bruce and coworkers showing 27% of

metaxalone was converted to a carboxylic acid derivative that appears to be subsequently

glucuronidated to an additional metabolite (9). Inhibition of metaxalone disappearance in human

liver microsomes with either 0.75 and 7.5 uM metaxalone was observed by the addition of the
CYP1A2 selective inhibitor furafylline (80.6 - 111%), CYP3A4 inhibitor ketoconazole (126-130%),
CYP2E1 inhibitor clomethiazole (98.6-113%), and CYP2D6 inhibitor quinidine (98.7-59.5%) (Figure
3). In addition, marked inhibition of metaxalone turnover was observed with CYP2C19 inhibitor
ticlopidine (72.6-93.1%), CYP2C9 inhibitor sulfaphenazole (81.4-52.8%), and CYP2C8 inhibitor
quercetin (77.2-84.7%). Significantly smaller inhibition of turnover was observed with CYP2A6 and
CYP2B6 inhibitors, however these responses were not supported by the chemical inhibitor data
discussed below. Therefore, CYP2A6 and CYP2B6 likely do not play a significant role in the
CYP450-mediated metabolism of metaxalone. It is noteworthy that higher concentrations of
metaxalone led to lower CYP450-dependent turnover (24.6% at 7.5 uM vs. 29.8% at 0.75 uM) as well
as a stronger contribution from multiple CYP4350s. Overall, these data indicate that CYP3A4,
CYP1A2, CYP2E1, and CYP2D6 are the major CYP450 enzymes involved in metaxalone metabolism
(as monitored by metaxalone disappearance) in human liver microsomes, with a smaller contribution
from CYP2C19, CYP2C8, and CYP2C9. No published reports on metaxalone metabolic phenotyping
were found.

4.3 Recombinant CYP450s

Individual human recombinant CYP450 enzymes (Supersomes®) were used to evaluate the effect of
individual CYP450s on the metabolism of metaxalone. The universal CYP450 positive control
substrate phenanthrene, examined with each recombinant enzyme to ensure proper activity,
confirmed that each recombinant enzyme microsomal preparation was active. Metaxalone
disappearance at either 0.75 or 7.5 yM was evaluated in incubations containing either 5 or 20 pmol of
recombinant CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 or
CYP3A4 (Figures 4 and 5, Tables 5 - 8). Several CYP450s at both 5 and 20 pmoles were shown to
be capable of metabolizing metaxalone at 0.75 pM concentrations inciuding CYP3A4, CYP2E1,
CYP2D6, CYP2C19, and CYP1A2 which showed percent turnover of 17.9, 11.3, 9.9, 6.9 and 9.2% at
5 pmol CYP450, and 34.0, 16.2, 19.5, 12.5, and 34.8% at 20 pmol, respectively. At 7.5 uM
concentrations of metaxalone CYP3A4, CYP2E1, CYP2D6, CYP2C19, and CYP1A2 were most
effective with percent turnovers of 16.6, 18.4, 12.6, 6.3, and 10.0% at 5 pmol CYP450, and 32.4,
17.2, 24.9, 18.7, and 30.4% at 20 pmol CYP450, respectively. CYP2C8 and CYP2C9 also
moderately metabolized 7.5 pM metaxalone (ranging from 3.0% to 9.3% turnover) but were not
effective in metabolizing metaxalone at lower concentrations (0.75 uM). These data demonstrate that

13
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multiple CYP450s can contribute to the metabolism of metaxalone, however CYP1A2, CYP3A4,
CYP2E1 and CYP2D6 appear to be the most efficacious in metabolizing metaxalone.

5.0 CONCLUSIONS

Metaxalone (0.75 and 7.5 pM) appears to be metabolized by CYP450s in pooled human liver
microsomes with a percent turnovers ranging from 23.9-31.5% under the conditions examined.
Analysis of metaxalone metabolism by reaction phenotyping using both chemical inhibitor and
recombinant CYP450 approaches revealed that CYP1A2, CYP2D6, CYP2E1, and CYP3A4 are all
capable of metabolizing metaxalone, and are likely the major enzymes governing the CYP450-
mediated metabolism of metaxalone in humans. Some possible contributions from CYP2C19,
CYPCYP2C8, and CYP2C9 were also observed.

14
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7.0 FIGURES

Figure 1: Time Dependence on Metaxalone Metabolic Turnover
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Figure 2: Protein Dependence on Metaxalone Metabolic Turnover
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Figure 3: Metaxalone (0.75 and 7.5 pM) Phenotyping in Human Liver Microsomes with
Selective CYP450 Inhibitors
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Figure 4: Metaxalone (0.75 pM) Phenotyping Using Recombinant CYP450s
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Figure 5: Metaxalone (7.5 uM) Phenotyping Using Recombinant CYP450s
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8.0 DATA TABLES

Table 2: Time and Protein Dependence on Metaxalone Metabolic Turnover

0.5 M
Metaxalone
Concentration

Sample ID i {(uM)

| Time 15min - Protein 0.5mg/mL | 0.5uM-T15-P0.5-1
Time 15min - Protein 0.5mg/mL { 0.5uM-T15-P0.5-2

Time 45min - Protein 0.5mg/mL
Time 45min - Protein 0.5mg/mL

Time 60min - Protein 0.1mg/mL |
Time 60mi tein 0.1mg/mL

o

| Time 60min - Protein 0.5mg/mL | .
Time 60min - Protein 0.5mg/mL | 0.5uM-T60-P0.5-2 0.300

aeke

" Heat Treated HT-0.5uM-T60-P1.0-1

Heat Treated HT-0.5uM-T60-P1.0-2

HT - Heat Treated
No - No NADPH
N12 - NOT INCLUDED IN CALCULATIONS; VALUE BELOW THE LLOQ.
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Table 3: Chemical Inhibitor Data in Human Liver Microsomes with 0.75 pM Metaxalone

0.75 uM Metaxalone

Concentration % inh of Mean % inh
M Mean (M) % Tumover ] t er of turnover Standard Error

0.75UM-T60-P1.0-1 )
0.75uM-T60-P1.0-2 0.561 273
0.75uM-T60-P1.0-3

0.75uM-T60-P1.0-P-1
0.75uM-T60-P1.0-P-2 0.658 147 506
M-T60-P1.0-P-3

0.75uM-T60-P1.0-Qr-1
0.75uM-T60-P1.0-Qr-2 0.769 0.39 98.7
Quercetin 60-|

0.75uM-T60-P1.0-Ti-1
0.75uM-T60-P1.0-Ti-2 0714 7.5 74.7
CYP2C19 -T60-P1.0-Ti-3

Ticlopidine

0.75uM-T60-P1.0-Clo-1
0.75uM-T60-P1.0-Clo-2 0.896 -16.1 154
0.75uM-T60-P1.0-Clo-3 6

Clomethiazole CYP2E1
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Table 4: Chemical Inhibitor Data in Human Liver Microsomes with 7.5 yM Metaxalone

7.5 pM Metaxalone

Concentration % inh of Mean % inh
inhibitor ver Mean Standard Emor tumover of tumover

Standard Error

7 5uM-T60-P1.0-1
7.5uM-T60-P1.0-2

7.5uM-T60-P1.0-P-2 7.28 145 412

7.5UM-T60-P1.0-Qr-1
7.5uM-T60-P1.0-Qr-2 8.48 045 9822

7,5uM-T60-P1 .0-Qr-3
o 5 §

7.5uM-T60-P1.0-Ti-1
7.5uM-T60-P1.0-Ti-2
CYP2C19 i

7.5uM-T60-P1.0-Clo- )
7.5uM-T60-P1.0-Clo-2 8.54 025 101
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Table 5: Metaxalone (0.75 M) Phenotyping 5 pmol CYP450

Concentration Mean % Standard

o,
CYP Sample ID (M) Mean (uM) % Tumover . . ver  Error

1A2 1A2-0.75uM-T60-5pmol-1 0.653

1A2-0.75uM-T60-5pmol-2 0.742 6.2
1A2-0.75uM-T60-5pmol-3 0.761 0.719 3.9 9.20 4.20
; i s

2B6 2B6.0.75uM-T60-5pmol-1
2B6-0.75uM-T60-5pmol-2 0.813 28
2B6-0.75uM-T60-5pmol-3

T

2C9-0.75uM-T60-5pmol-1
2C9-0.75uM-T60-5pmol-2
2C9-0.75uM-T60-5pmol-3

2C19-0.75uM-T60-5pmol-1

2C19-0.75uM-T60-5pmol-2
2C19-0.75uM-T60-5pmol-3

2E1-0.75uM-T60-5pmol-1
2E1-0.75uM-T60-5pmol-2
2E1-0.75uM-T60-5pmol-3

Note: Calculations performed with machine precision of Microsoft Excel.
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Table 6: Metaxalone (0.75 uM) Phenotyping 20 pmol CYP450

Concentration Mean % Standard

)
cYP Sample ID (M) Mean (M) % Turnover . = ver  Error

\ S < / . VN
A2 1A2:0.75uM-T60-20pmol-1  0.540
1A2-0.75uM-T60-20pmol-2 0.511

m A2-.75uM-1'60-20pmoI-3

2B6-0.75uM-T60-20pmol-1
2B6-0.75uM-T60-20pmol-2
_2B6-0.75uM-T60-20pmol-3

7
PR gé

2C9-0.75uM-T60-20pmol-1 )
2C9-0.75uM-T60-20pmol-2 0.760 40
2C9-0.75uM-T60-20pmol-3 0.834 0.772 5.4 2.42 4.15

pe
2C19  2C19-0.75uM-T60-20pmol-1 )
2C19-0.75uM-T60-20pmol-2 0.618 133
2C19-0.75uM-T60-20pmol-3

2E1-0.75uM-T60-20pmol-1

2E1-0.75uM-T60-20pmol-2
2E1-0.75uM-T60-20pmol-3

Note: Calculations performed with machine precision of Microsoft Excel.
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Table 7: Metaxalone (7.5 pM) Phenotyping 5 pmol CYP450

Concentratio

P le 1D
CcY Sample n (uM)

Mean (pM) % Turnover Mean % Turnover Standard Error

1A2-7.5uM-T60-5pmol-1
1A2-7.5uM-T60-5pmol-2 N14 NA NA

pmol-1 l
286-7.5uM-T60-5pmol-2
2B6-7.5uM-T60-5pmol-3

T

i

2C9-7.5uM-T60-5pmol-1
2C9-7.5uM-T60-5pmol-2
2C9-7.5uM-T60-5pmol-3

2C19-7.5uM-TB0-5pmol-1
2C19-7.5uM-T60-5pmol-2 717 71
2C19-7.5uM-T60-5pmol-3

2E1-7.5uM-T60-5pmol-1
2E1-7.5uM-T60-5pmoi-2 6.42 16.7
 2E1-7.5uM-T60-5pmol-3

N14 - NOT INCLUDED IN CALCULATIONS; NO PEAK DETECTED.
Note: Calculations performed with machine precision of Microsoft Excel.
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Table 8: Metaxalone (7.5 pM) Phenotyping 20 pmol CYP450

Concentratio

n (M) Mean (pM) % Turnover Mean % Turnover Standard Error

CYP Sample ID

“1A2-7.5UM-T60-20pmol-1 .
1A2-7.5uM-T60-20pmol-2 5.72 32.3

1A2-7.5uM-T60-20pmol-3

2B6-7.5uM-T60-20pmol-1 .
2B6-7.5uM-T60-20pmol-2 8.29 1.8
2B6-7.5UM-T60-20pmol-

4

m’ 7
2C9-7.5uM-T60-20pmol-1 .
2C9-7.5uM-T60-20pmol-2 8.31 1.6
2C9-7.5uM-T60-20pmol-3 7.54 8.13 10.7 3.73 3.58

2C19-7.5uM-T60-20pmol-1
2C19-7.5uM-T60-20pmol-2 8.32 18.0

2C19-7.5uM-T60-20pmol-3
TS . )

6.7 511 o
2E1-7.5uM-T60-20pmol-1
2E1-7.5uM-T60-20pmol-2

2E1-7.5uM-T60-20pmol-3
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APPENDICES
Appendix1:  Study Protocol

Proposal # SP046306
Reaction Phenotyping

In Vitro Assessment of Reaction Phenotyping (Enzyme ldentification
for Human Cytochrome P430 Emymegs(by%me }

Proposal Number; £PE4G3I06 1 MPCLO03-06-0002

Date: November 17, 2008

Sponsor: Batamandra, LLC.

Sponsor Comntact: 4. Michas! Morgan, Fh0., DABT
Serior Consultard
4800 Hampden Lang

Bethasda, MD 20814
Tet 301-652-6110 ext. 131
Fax: 301-652-6739

LelizDirect: CelirDirect, Inc.
440 Hillsbor Street
Suile 130
Pitishoro, NC 27312
Tel: 8196459059
Fax: 918-545-98090

Cellzlirect Contact:  Joff Hergenvadar
CeilzDirect, Inc.
Tel; 919-842-5436
Emall: jefih@oelzdirect.com

Approved By: Chuis Black, Ph.D.
Vice President Sciendific Operations

Condidentiality: mwmmwapmwwmmmm
Wm3mmmmwmmawmmm
axpreseed consent of CelxDirect, Inc.

Purpose of Study: The aim of these studies is to identify the cytochrome P450 enzymes invoived in
the in viro blotransformation of Metaxalone in support of drug developrent
efforts a8 URL Molual, in care of Salamandes, LLC. The metabolism of the test
compound, provided by the Sponsor, will be examined in human fiver
microsomaes, utiiizing specific inhibitors, Based on the results from these siudies,
MWWWWWW%mem
test arficle wil be determined,

CONFIDENTIAL - DO NOT COPY OR DISTRIBUTE
Poge 10f8
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Proposal # SP04GI06
Reaction Phenotyping

INTRODUCTION

ammmﬁmmmmamagmﬁmf«amofmmmmmwms
oxidative cylochrome PASD enzymes {P450) is the most common retabolic pathway. To characterize the
mwwaaawwm,mmmmmmwwmmmx
W.WW{W%&M@WameWMMQ
mmm@m%@w%m&%%%hwm,wmmmmﬁm
and formation of toxic or active melabalites, and is warranted if P450 enzymes pontibute o grester than
. 25% of 8 drug's total clearance {13). Wawwm&m&a&cmwsmﬁm
memmmmm&mmmwmmmﬁm@whaywwsm

other Phase | (lavincontaining moncoxygenase, monoaming oxidase, epoxide hydrolase) and Phase 1;
(UDP-glucuronyliransfarase, glutathione S-ransierase, sulfotransferase, methyitransfers ‘
mynmmm}dwgmiaw&mgmmmymmmwnmawmm
considerad,

"fhegawinmmmymammmmmmﬁaaw&ﬁdmi&mw
cortribution of specific enzymes to overall metabolic clearance, followed by systematic characlerizatior
mmmwmmﬁmdmmawm To do this succsssiully, more than
ong approach should be used, mammmiwmtwnm
isoform are a valuable lool for avaluating the intrinsic abliity of sach individual isoform to metabolize a
drug candidate (7). i the test compound is metabolizec by multiple enzymes, further studies with highly
selactive chemical inhibitors andfor antibodies can be conducled in human hepatic microsomes 10
address $w relative cordribution (1. An appropriate approach for an inhibiion study is 1o examine the

noentration-dependent affect of a particular chemicalfantibody on the metabolism of the test copnpond
1o enable avaluation of the relative contribution of 8 P450 isolorm. Chernical inhibilors for which there is
W&m&cmwmmmw%mmmmmm‘ ‘The disadventage of this
mmaxmfmmwmmwmmmm«* Potert inhibitory monccional
antibodies against various human P450 isoforms are more specific inhibitors. A lourth apgroach is more
mwmmmmwﬁm{x&mwdmwmmm
mmwpmw,mmmmam&m{vm},mmmm
W&mfmmadam&mmmmmmmmammmmmm
m,mmmw&mmsmmmmmmmwmwwammmm
tuatman Bver miorosomes can be evalualed (7, 8

L L AT

mmmmmmmmmwmmmmmmmm
that are wolved in the melabolism of the investigational drug. For this study, only the use of CYP450-
s;mﬁcm&mwﬁimmwmmmcw¢mﬁmwmMvwmmmwm&
metaxslone.

CONFIDENTIAL - DO NOT COPY OR DISTRIBUTE
Page 2of8
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CellzDirect

oottt

EXPERIMENTAL DESIGN

mmma%smammmwmmmmmmmmmmmm
i the in vitro biotransformation of the test compound. The scope of work 1o be performed for s &8
outiined in the following tasks: Task 1) Setup of Anslvlice! Methodology, Profiinary Incubations, and
Validation; Task 2) CYP450 Selective inhibition Studies; and Task 3} Report.

Task 1: Setap of Analytical Methodology and Prefiminary Incubations

mwmm&rmmmmwmmwmmzmmmmmmm
mqwaﬁmmmmmwmmmmmemm, The Sponsor will provide
CelizDirect with adequate parent materisl and Internal standard {if available) as well as stuctural
information. CelizDirect ideally requests approximately 50 mg of parent material. Setap of the analytical
mwwmwmmmmmwwmwmmmwammm‘
My,mmwﬁmmmmmmmwwmmmm
sys?amiewmkmpe,WMW,WW&M@%Man&mW.
Wmmmwmmwmmm;m
of quantitation. A standard curve, comprised of at least § calibration standards, will be prepared and
pasessed.

WM@MW&MMW}:W%WWW&@MM
parent tost article to establish the appropriate incubation Ume points, Specifically, this will entall aralysis
of the tme and protein dependence on test anticle depletion. in beigt, both incubation time and protein
WIW@%!MW%M%&WM&WWWMQ&W@W
inifial rate conditions. Mext, a standard curve range will be selecied 1o ensure that test artice depletion
can be quardified. NW@WM{%WHWW—&WW}%MW&@
account for any non-enzymatic or non-NADPH dependent reactions. An organic solvent will be vsed
terminate the enzymatic incubations. The incubafions will be analyzed using the LC-MSMS system,

WM:AW%WWM%%MW&W%MWMW%%WW
fiver microsomes. To this end, a tripiicate standard curve and six QCs (al three different concentration
fevels) will be aralyzed. Standard curves will be run 8t the beginning and end of each run. The validation
wiil alm to address the fliowing:

Linsarty (Comrelation Coefliclant)
Specificity {blank matrix}

E ® ¥ %

cmwimmmmmmm%mmanammmmsmasmmh
CellzDirect 80Ps. Specifically, if the back-calculsted values for sach calibration standsrd are within
imgxzs%atmumwawmmsmammmmmmwmacmmam
concentration level and 213™ of the back-calculated QC samples overall are within 20% of their

amwwwm?mm&mMmmmﬁwmwmwengm
concentrations are approximenely Cug, and 0.1 X Coax, I 1he T value is avaiiable). Based on estimated

CONFIDENTIAL ~ DO HOT COPY OR DISTRIBUTE
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CellzDirect
Proposs! # SP(40306
Reaction Phenotyping

MW&WWMM&W,WWM%MW&MWW%@
Sponsor,

Task 2: Studies with Specific Inhibitors

mmmm«mwwm@m&&mamwmmmwmm:@m
«wmwanw@amwmmmmm&mmﬁmwmm
erymes. This is accomy wmmawmnmmmmmmw
donors, selective CYP4A50 substrate probes, and known CYPAS0-specific inhibitors. Using the assay
validated in Task 1, evalustion of substrate depistion in the presence and absance of selective chemical
inhibitors and antibodies will be performed. The following CYP450 isoforms and inhibitors will be
vestigated: CYP1A2, CYP2A8, CyP2B6, CYP2C8, CYP2Ce, CYP2C1g, CYP2D8, CYP2E1 and
CYP3A4. The specific chemical inhibitors to be used are detalled In Table 1 below. The incubation time
and substrate concentrations will be chosen based on the results from Task 1 and in conjunction with the
SPONSEL. ncubations will be conducted in triplicate in the presence of inhibitors.  Samples will be
WWWMWSMMmmdm&MWw@%W%W{mimmﬁ
in triplicate}.

Yabie 1. Protoco! for jo vilro Assessment of Chemical inkibition In Human

T CYP2019 Ticiopidine
CYP2D6 Quanidine
CYPZE Ciomethaizoe
CYP3A4 Katoconazole 1pM

Task 3; Dats Anslysis and Repont

CelizDirect will prepare a report on the findings of the study). Specifically, CellzDirect will detall the
method developed, validation results and Incubation specifics in e experimental saction. Rewlts and
discussion will Include which isolorms appesr 1 be responsible for the metabolism of the test compound.
The dats will be presented in tebles and figures.

CellzDirect, Inc. will provide the Sponsor with a draft report for comment prior 1o finalization. The final
report will be provided using CelizDiract’s standard format, uniess specified otherwise by the Sponsor.
mrmmam,mammﬁamm&wmaﬁmmwofmw
conclusions, introduction, materials and methods, results, discussion, references, and appendices
Wmﬂwmmm.ammmmmmwmmawmmm&
the deviation discussed. Tha Study Director and a reviewer will sign the report,

CONFIDENTIAL ~ DO NOT COPY OR DISTRIBUTE
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Proposal # SP046306
Reaction Phenolyping

ETHICS AND COMPLIANCE STATEMENT

mmmﬁmmmmmmmwmﬁmﬁmmmmmm{w;
Regulgtions, 29 CFR Part 58, but wil be conducted to the high standards of record keeping, and in
mmmmammsmmmﬁnmmw@dmnmmﬁmm,
observations, comments, results, and data will be clearly documented.

GUALITY CONTROL PLAN

Mswm,mmmm,mmw&mmmm, Al
Wminmmﬁ%smmmm, Ansiyticat runs will be evaluated on the
m&ammmwt«mmmm@mowmammmnmmm
Operaling Procedures {SOPs). CelizDirect's Quality Control Unit will subject the data and all study
docurentation o roview and verification, Associated documentation includes, but Is not fimited 1o,
WW&,M&QW&W&WWMMWWM&M&QWW&
compounds of interest.

TIMELINES
DRAFT REPORT Janvary 2, 2007
FHAL REPORT 2 days afer receiving client comments
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Proposal ¥ SP046306
Resction Phenolyping

APPROVAL SIGNATURES

Signatures from CelleDirect, Inc.

Date: 20 NMev 2wl

e

Chels Black, PhO,
Vice President Scientific Operations
CelizDiredt, inc.

Signatures from Sponsor

/ 7

J. Michael Morgan, Ph.D., DABT
Sanior Consultard
Salamandra, LLC

5,

L]
ti}
B

Date: .7~ ROV - 2000,

Signature: -

Matthew Davis, MD, RPh,
Vics Prasident, Branded Products & Medical Affairs
URL Madusl
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Proposal # SP046306
Reaction Phenolyping
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Appendix 2:  Certificate of Analysis

SYNFINE

ik

BEGEMRCH

CERTIFICATE OF ANALYSIS

YT

Date: FEB 15 2006 Retest date: VFeb. 2007
Compound Nanae: Metaxalone
Steveture:
Molueular Weights 22136
Molecular Formula: CraH NG, (ﬁ
Bource: SwnFise Resesrch HG O\X/ﬁﬂ
Source Lot Ne.: P-1083-116A1
Storage conditions: Store ut room temperaturs in a well CH,
chosed container
Test Dexeription Specifieations Results
Visunl Description White to off white solid Confarms
Hdentification
MS | Coslorms W sirusture Confurms

T RMR | Conforms © strustre Conforms
Chromatographic Puity Not fess than 98.0% 99.8%
by HPLL '
Recommendation: Releuned

Name Department Sguature Date
Reviewed snd epproved by Jusn Xu Ansiyticat Services % Reb . of, 2046
apwww&%ambed Quality Assurance @ /&0& 1 z2wst
£

SynFine Research, :m,y@mm,mm&mwmmmm«mm
Tob: (908) 737702, Fax: (968) 7576199, ewnil: rusearchiisvalivecon
www. synfinecom
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REVIEWED AND
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Sample Name: Metazalone

ot No.o: Pe1055~116A1 Data Acquired: 27/6/2006 B:22:32 M
i
1600 -
1400 - -
1200
o
- 3‘& O\/Q/“
&ae
) -
400
] Malecuter Weight »221.26
Molseali Formals
00 - Mt 0y, 40,
2@(3«
2 & 5 & g
' ;‘2,%; ?«ng % 2, ?L 2
o 5 10 18
Peak ey Type Arsa Arae % Hame
# {ming
1 2.108 W 4.51 g.00
Y 3 2.888 b G.43 4.00
3 %.59%9 B8 4.82 3.0
4 5.821 83 2.88 8.01
& £.494 #8 1.44 4.01
& 7,857 R 4.42 .03
¥ §.197 an §.17 0.04
g 8,704 a8 10.30 .07
] 16,072 wrE 1.21 §.01
16 10.500 ™ 13741.58 98,80 Yetaxalone
16,652 ¥ 4.6% 0.00

P owe
P

Fage 1of i
36



A

REVIEWED AND
MultiView 1.2 Tuesday, February 7, 2006 2:23 PM APPROVED page 1ot 1,
ORIOTIB2.17.14 PN (P-10B5-118A1) ' \
Period 1, Expt. 1; Mass range: S0.0 1o 500.0 by 0.4 amu; Dwel 1.0 ms; Pause: 5.0 ms S N P ef, 22ef
Arq. Time: Tua, Feb 7, 2006 &t 2:17:14 PM; Exp. Comment: Q1 Scan
+01: 210 min {18 soans] from FUN 00TACN 1UL, sublracled (scans 7 1o 95), subtraciod {scans 130 to 138}, cenbiolded 1.3407 cpy

1.367

1.207

1.107¥4

1.0071

8.006

§.006

7. Dut~

intensity, opb

£.0a6
5.0e6
4,068+
3,006

2.006

1.008

2.4

F———

SMudeubsr Weight =231.24
Moteeutasr Fanmula =00, KO,
Ml

150

¥
200

250
miz, amu

; ¥
300

380

suojexejol Aq 0SrdAD uewni Joj BuidAjousyd uoioeay Joday



8¢

auojexejap Aq 0SHdAD uewni Joj BuidAjousyd uoljoesy :poday

REVIEWED AND
APPROVED
P-1055-116A1, 1H NMR in CDCI3 . {
xb&\d ;;;& 7 Aue
£ 6 £ e 0 ;
- S g 2 33 g ]
e o o3 & i ok g
o] Lo P¥ 4 P R L
= w % - . == e =
Otk Bita Foatals
e Shee 1100605
LaPby
PrCHe
B - Maguivirien Patsestary
beta, 2and02n8
ke 2.1%
b HPRAR
3 wo MaixEo
ERaBs ng,%
1 3ien
SatAReY otsd
o
85
suR o, 418 By
FUMRRE &, SRRIBY Ni
4 R
e 45,
i #3508 nuns
e 4.9
3868 &
i T SRANN0NE ses
[OTR————— - ¢ ML e ]
RS A8
#% .00 gon
3 4,58 45
wnt 420, 5320005 Wiy
g - reesben g Molsoular Woight ~211.26
g 8535085 Wi Hhalouudr Formube ~Cp 1, NG,
et s Watexatons
s €98 fe
@& . 2
% . &.2¢
k “ﬁ’ Wﬁ- F i
H 1 i H % 1 H £ M 1 H
% & K & & L 3 2 3 g
{\s& / ‘i & €
Efé B8 2 BE g
o o o mE - w



Report: Reaction Phenotyping for Human CYP450 by Metaxalone

Appendix 3: Microsomal Characterization

HUMAN LIVER MICROSOMES
Characterization Data for Pool HMMC-PLO20

OVERVIEW

The following highlights the characterization data for our GLP-validated 15-donor human microsoms
pool (HMMC-PLO20). CelizDirect's human microsomes are available from individual donors or in a
poolad format. Custom pools are available upon request, and can be spedifically {ailored to meet the
customers’ specification. If you need more information, please contact us at 866.952.3559.

DONOR MEDICAL HISTORY

Lot Mo Sex  Age Face Alcoho Use MadicaboneDnug Uss Gmoker  Cmse of Death
HMMC-SONS - M. B4 Lo Yas Alcobiol and drug abuse UNK  Urdanown

{cocairie and marjusna)
HMMC-SDHE M 67 c Yes None No Head trauma )
HMMCSDHG M 4D L AA No None No Subarachnoid hemorthage
HMMC-SD120 F 53 c UNK None UNK  Intracranial hemorbage
HMMCSDI21 M 48 C No Hypertension medications No Head trauma
HMMC.SD122 W 57 c UNK None UNK  Subarathnoid hemorhage
HMMC-SD123. . F 62 ¢ Yes None Yes . Infracranial hemorrhage
HMMCSDI24 M 62 c UNK Mona Mo Irtracranial hemorthage
HMMC-SDI28 F 3] ¢ Yes None Ne Inteacranial heforthage
HMMC-SDIZ M 28 c Yes Drug abuse {cotaine, Yeos  Anoxia

marnijuana and

methamphetamines)
HMMCSD132 M 8 H Yes Hypertension medications No Intracranial hemorthage
HAMC-SDM F % c UNK None UNK  Anoxia
HMMC-SD135 M 44 c Yes Hypertension medications Yeu intracranial hemonthage
HMMC-SDI6 ™ &4 c Yes Nonve Yes  Anoxincardiovascdar
HMMC-SD003 — F 24 ¢ LMK None UNK.  Anoxia

Key:M=mAmericm,c=caumm¥-1=f-ﬁspatﬁc,UNK=Unm

GENOTYPING RESULTS KINETIC PARAMETERS
For individual Donors incladed in Pool For Pool HMMC-PLOZ0
Lot Mo CYPLC8 CYPRS CYPRG fsofoem Hom Winax
it {pmoimining
HMMC-SD1S 2k ot 4ot CYPIa2 41 081
HMMC-8DI8 wifed wifet “4hed CYP2a6 10 1.2
HMMC-8D1G whiwt 2t wetfut CYP2u6 % 048
HMMC-S0120 et wiwt wifet cypacs 87 0.2
HMMC-50121 it 2t Aot oyrzs 130 o3
HMMC-SD122 wifwt 2 At CYP2C19 54 0.054
HMMC-SD123 whfwt “2het Wit CYP2D6 46 D2
HMMC-SD124 20 st wifwt CYP2EL 84 20
HVMC-SD128 2k i wifwi CYP3A4 88T £ 60
HMPMC-SD129 Wil 2t 4wt CYP344 MDZ 22 0.5
HMMC-SD132 wifet 20 wifst _ Key: 85T = 88 Testovimront Hy D2 = Wedazslam Tonydioxdase
HMMC-8D134 2k witnt 3t Addisiceat information
HMMC-SD135 witwl whiot 4 Cytochrome be (neolmg} 038
HMIMC-SD138 wifnt it vl Cytochrome ¢ reductase {nmolmin/mg) 120
HMMC-SD003 wivt wifat wiint Cyiochromie PAS0 contant (nmolimg) 0.26

??msedafamgmwa&dbymdm&cpmwﬁydceﬁz&ma These data am not to be reproduced, published, or
dishibuted without the expressed written consent of CellzDiredt.

seevaose: 86695.CELLZ (33559) CELLIDIRECT.COM CellzDirect-
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HUMAN LIVER MICROSOMAL ENZYMATIC ACTIVITIES
Graphical Representation of Enzymatic Activities for Singls Donor Lots and Pool HMMC-PLOZ0
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