












PK of M23, the Major Circulating Metabolite, in Humans

M23 was previously identified as a human circulating metabolite of
KAE609 from a first-in-human study. The structure of M23 (Fig. 1),
generated by biotransformation using compound 2 (M18) as a substrate
with human recombinant CYP1A2, was elucidated by NMR (Huskey
et al., 2016). Subsequently, M23 was chemically synthesized and used
as the reference standard with the internal standard ([13C6]KAE609) for
the quantification of M23 by LC-MS/MS analysis. Thus, the concen-
trations of M23 were determined by both radiometric and LC-MS/MS
assays in this study.
PK parameters of M23 in each subject are summarized in Table 3.

Concentrations of M23 were quantifiable as early as 1 hour postdose in
all subjects and reached the maximal mean concentration of 265 ng/ml
at a median tmax approximately 24 hours postdose. The t1/2 of M23 was
approximately 35.3 hours. Exposure of M23 was similar among
subjects 5101, 5103, 5104, and 5106; however, much lower exposure
of M23 (approximately one-third of the other subjects) was observed in
subjects 5102 and 5105.
Exposure of KAE609 and M23 was compared using radiometric or

LC-MS/MS methods. The mean exposure of KAE609 (AUC0–120 h

approximately 75 mgEq×h/ml) by the radiometric method is com-
parable to that obtained using LC-MS/MS quantification (AUCinf

approximately 67.0 mg×h/ml). Similarly, the mean exposure of M23
(AUC0–120 h approximately 11.7 mgEq×h/ml) by the radiometric
method was comparable to that by LC-MS/MS quantification
(AUC0–120 h approximately 16.1 mg×h/ml). The mean exposure ratio of
M23 (AUCinf 18.3 mg×h/ml) to KAE609 (AUCinf 67.0 mg×h/ml) was
estimated to be approximately 29%.

Metabolite Profiling of [14C]KAE609 in Urine and Feces

Recovery of radioactivity from urine was less than 5% of the dose;
thus, metabolic profiling was conducted from only two subjects (5103
and 5104). Urine and fecal pools were prepared and quantitative
information on the metabolites from each subject appears in Table 4.
Representative metabolic profiles in urine and feces from subject 5103
are depicted in Fig. 3, B and C, respectively. A detailed summary of
KAE609 and metabolites in excreta from each subject can be found in
Supplemental Tables 2 and 3.
[14C]KAE609 was not detected in the urine. The prominent radio-

labeled components were M23 and M14, with an average value of

Fig. 4. Overall metabolism of KAE609. The exposure
of KAE609 and metabolites in plasma is presented as
the percentage of AUC. The recovery of KAE609 and
metabolites in excreta (urine, feces, and semen) is
presented as the percentage of the dose.
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approximately 1.4% of dose. All other metabolites were present at low
levels, contributing, 0.5% of dose. M35.8 was a glucuronide based on
LC-MS/MS analysis, presumably derived from M48.
KAE609 and M23 were two major components in human feces,

accounting for a mean of approximately 32% and 36% of the dose,
respectively. The amount of KAE609 and M23 excreted in feces varied
to some extent among six subjects. Several minor metabolites were also
identified, each accounting for , 2%–3% of the dose. Three minor
metabolites (M16, M23.5A, and M23.5B) were not observed from
previous nonclinical ADME studies. The proposed structures of metab-
olites are presented in Fig. 5.

Metabolite Profiling of [14C]KAE609 in Semen

Semen samples were collected at 6, 12, and 24 hours postdose (n = 2
per time point and only one collection per subject). A representative
metabolic profile of a semen sample from subject 5103 is depicted in
Fig. 3D. Quantitative information on the metabolites from each subject
appears in Table 5. The amount of total radioactivity excreted in semen
from each subject was minimal, ranging from 832 to 15,177 ngEq
(,0.005% of the radioactivity dose). The most abundant radiolabeled
component in semen was M23, accounting for approximately 56% of
total radioactivity in semen. Two prominent radiolabeled components
were KAE609 andM16, accounting for approximately 12% and 10% of
total radioactivity in semen. A few minor metabolites were also
identified, each accounting for approximately 3%–6% of total radio-
activity in semen.

Overall Metabolism of [14C]KAE609 in Plasma and Excreta

Figure 4 presents the mean exposure of KAE609 and metabolites in
plasma and mean recovery of KAE609 and metabolites in feces, urine,
and semen. KAE609 was the major circulating component, accounting
for approximately 76% of the total AUC. M23 and M18 were two
prominent metabolites, accounting for approximately 12% and 8% of
the total AUC. However, both KAE609 (approximately 32% of dose)
and M23 (approximately 36% of the dose) were major components in
human feces, the primary route of elimination. KAE609 was not
detected in urine and M14 and M23 were two minor metabolites
excreted in urine. Only a trace amount of radioactivity was excreted in
semen (,0.005%of the dose).M23was themajor component, followed
by KAE609 and M16 in semen.

Structural Characterization of [14C]KAE609 and Metabolites by
LC-MS/MS

Structural characterization of metabolites was based on their
elemental composition derived from accurate mass measurements and
fragment ions in their data-dependent MS2 and MS3 mass spectra.
Comparison of metabolite fragment ions with those of KAE609
allowed the assignment of regions of biotransformation. The accurate
mass, elemental formula, and diagnostic fragment ions of each metab-
olite are summarized in Table 6 and proposed structures of the
metabolites are presented in Fig. 5. Structural elucidation of M16,
M18, M23, and M37 was based on LC-MS/MS and NMR analysis and
was further confirmed by chemical synthesis (Huskey et al., 2016).
Detailed description of structural elucidation of compound 4 by

NMR can be found in the Supplemental Results and Supplemental
Table 1. Compound 4 shared the identical molecular ion and the
identical product ion spectra with M16 from human feces. In addition,
M16 and compound 4 shared identical elution times in three HPLC/
UPLC systems tested. A detailed description of HPLC coelution can be
found in the Supplemental Results. Therefore, we concluded that
compound 4 is M16.

Metabolite Pathways of [14C]KAE609 in Humans

An overall metabolic pathway for KAE609 in humans is summarized
in Fig. 5. KAE609 was well absorbed and extensively metabolized in
humans, such that unchanged KAE609 in feces represented approxi-
mately 32% of the dose. KAE609 underwent C-C bond cleavage and a
1,2-acyl shift to form ring expansion metabolite M37. This novel
biotransformation was catalyzed by CYP3A4. M37 was oxidized to
M18 by CYP3A4 and was further hydroxylated to M23 by CYP1A2
(Huskey et al., 2016). M23 was further oxidized to M16 by all 19
commercially available cytochrome P450 (P450) enzymes, albeit at low
levels (data not shown). KAE609 also underwent oxidation to M40
with 2 mass units lower than that of KAE609 and one metabolite (M48)
with 4 mass units lower than that of KAE609. KAE609 and these
oxidative metabolites were further hydroxylated and/or oxygenated to
numerous minor metabolites (M29.8, M34, M14, M21.8, M23.5A,
M24, M32, and M35). M48 underwent glucuronidation to M35.8 and
M23.5B presumably was a carbamate metabolite of KAE609.

Discussion

KAE609 is an antimalarial agent in development (Rottmann et al.,
2010; Meister et al., 2011; Spillman et al., 2013). An oxidative
metabolite, M23, was identified in human plasma; however, M23
was not detected in rat and dog plasma (Huskey et al., 2016). M23 may
pose concerns for metabolite exposure coverage (see U.S. Food and
Drug Administration 2008, 2010, and 2012 guidance, available at
http://www.fda.gov/cder/guidance/index.htm and http://www.fda.gov/
Drugs/GuidanceComplianceRegulatoryInformation/Guidances/de-
fault.htm). Our strategy was to conduct an investigation of the human
ADME early in development to define the metabolite pathways of
KAE609, to elucidate potential preclinical safety exposure concerns,
and to determine the potential effect of intrinsic and extrinsic factors on
KAE609.
A single oral dose of 300 mg [14C]KAE609 was well tolerated by all

six subjects and no significant adverse events were reported. KAE609

TABLE 6

Fragmentation patterns of KAE609 and metabolites

Structural characterization of metabolites was carried out by LC-MS/MS analysis. The
proposed structures of the metabolites were based on their elemental composition derived from
accurate mass measurements and fragment ions in their data-dependent MS2 and MS3 mass
spectra. Comparison of metabolite fragment ions with those of KAE609 allowed the assignment
of regions of biotransformation, as presented in Figure 5.

Compound [MH+] m/z Elemental Formula Diagnostic Fragment Ions

KAE609 390.0573 C19H15Cl2FN3O 390, 347,b 319,b 312, 284, 276
M14 404.0362 C19H13Cl2FN3O2 404, 386,b 360, 351, 325, 278
M16 420.0322 C19H13Cl2FN3O3 420, 402,b 376, 367, 341
M18 388.0416 C19H13Cl2FN3O 388, 359,b 324
M20.8 410.046 C18H15Cl2FN3O3 410, 392, 349, 226,b 184
M21.8 420.0302 C19H13Cl2FN3O3 420, 402, 379,b 362,b 337, 252
M23 404.0363 C19H13Cl2FN3O2 404, 375,b 340, 235
M23.5A 420.0324 C19H13Cl2FN3O3 420, 391,b 356, 328
M23.5B 434.048 C20H15Cl2FN3O3 434, 419,b 405
M24 404.0362 C19H13Cl2FN3O2 404, 375,b 340, 235
M29.8 406.0524 C19H15Cl2FN3O2 406, 210b

M32 404.0375 C19H13Cl2FN3O2 404,b 386
M34 406.0528 C19H15Cl2FN3O2 406, 391, 210,b 182, 175
M35 402.0216 C19H11Cl2FN3O2 402, 374, 367,b 346, 338, 323b

M35.8 562.0595 C25H19Cl2FN3O7 562, 386b

M37a 392.0574 14CC18H15Cl2FN3O 392, 327, 279, 210,b 175b

M40 388.0419 C19H13Cl2FN3O 388,b 359, 210
M48 386.0256 C19H11Cl2FN3O 386,b 351

aThe molecular ion of M37 was previously detected in human hepatocyte after incubated with
[14C]KAE609.

bIndicates the most abundant fragment ions.
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was absorbed with a median tmax of approximately 3.5 hours and a Cmax

of approximately 1780 ng/ml. Mean clearance (CL/F) was approxi-
mately 5 l/h, suggesting that KAE609 is a low clearance drug. The
pharmacokinetic parameters of KAE609 (Table 1) were in good
agreement with the data obtained from other clinical studies, with the
exception that the t1/2 of KAE609 reported in this study was approx-
imately 33 hours, which is longer than that estimated in other clinical
studies (approximately 24 hours). This observation was attributed to
the sensitive quantitative assay and long collection time intervals (up to
312 hours postdose) in our study. Similar to humans, the PK of
KAE609 also had a long terminal half-life (8.2–10.9 hours) and low
plasma clearance (0.201–0.252 l/h per kilogram) and good oral absorp-
tion (72.5%–100%) in rats and dogs (Huskey et al., 2016).
Radioactivity (KAE609 and metabolites) disappeared slowly from

the blood and plasma, with a mean t1/2 of approximately 41 hours
and 47 hours, respectively, indicating a slower elimination of total
radioactivity compared with the parent (approximately 33 hours) (data
not shown). The higher radioactivity in plasma relative to whole blood
suggests that drug-related radioactivity has no special affinity and
distribution to red blood cells (data not shown). Plasma protein binding
of KAE609 is known from previous studies to be high ($99.7% in
humans).
The most abundant radioactive component in plasma was KAE609,

accounting for approximately 76% of the total plasma radioactivity
(pooled from 0 to 120 hours or from 0 to 144 hours). M23 was the major
circulating metabolite, accounting for approximately 12% of the total
plasma radioactivity. Several minor oxidative metabolites (M14, M16,
M18, and M23.5B) were also identified, each accounting for approx-
imately 3%–8% of the total plasma radioactivity. M23 was further

quantified by LC-MS/MS using reference compound 3 and internal
standard ([13C6]KAE609). The t1/2 of M23 was comparable to that of
KAE609 (approximately 35 hours). Exposure (AUCinf) of M23 was
estimated to be approximately 29% of KAE609.
Exposure of M23 was greater than 10% of total radioactivity in

plasma; thus, safety evaluation of M23 in nonclinical species is
planned according to guidance recommendations (see U.S. Food and
Drug Administration 2008, 2010, and 2012 guidance, available at
http://www.fda.gov/cder/guidance/index.htm and http://www.fda.
gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/
default.htm). M23 exposure was greater than 25% of KAE609
exposure; thus, evaluation of in vitro drug–drug interaction potential
of M23 is in progress. Our investigation of the human ADME early in
development proved to have significant effect on subsequent pre-
clinical safety evaluations for clinical development.
After oral administration of [14C]KAE609, the recovery of total

radioactivity was greater than 85% of the dose in excreta of six subjects
within 14 days postdose; these findings indicated that, in all likelihood,
significant prolonged tissue retention of radioactivity was not occur-
ring. Radioactivity was excreted slowly, consistent with the long half-
life of total radioactivity in blood and plasma. Fecal excretion
(approximately 85% of the dose) was the primary route of elimination
of KAE609 and its metabolites. KAE609 and M23 were two major
components recovered in feces, accounting for approximately 32% and
36% of the dose, respectively. Thus, KAE609 was well absorbed
(.68%) and extensively metabolized in humans.
Although it is not a common practice to collect semen in human

ADME studies, detection of drugs and their metabolites in semen has
been reported previously, particularly in patients with HIV (Ette et al.,

Fig. 5. Proposed metabolic pathways of
KAE609 in humans. M37 was not detected
in this study; however, it was detected in
hepatocyte incubations across species and in rat
plasma, bile, and feces. Structures of M37,
M18, M23, and M16 were characterized by
LC-MS/MS and NMR analyses and further
confirmed by chemical synthesis. The amount
of each metabolite recovered in excreta, as
expressed as the percentage of the dose, is
presented; the trace amount represents , 3% of
the oral dose.
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1988; Taylor and Pereira, 2001; Avery et al., 2013). Semen was
evaluated since subjects in prior studies had reported semen discolor-
ation after taking KAE609 at higher doses. Further investigation
clarified the potential cause of the discoloration and distribution of
KAE609 and its metabolites. Semen samples were collected once from
each subject at 6, 12, or 24 hours postdose (n = 2 per time point). Total
radioactivity excreted in semen was negligible, accounting for ,
0.005% of the dose. M23 was the major component in semen,
accounting for approximately 56% of the total radioactivity, followed
by KAE609 and M16 at approximately 12% and 10% of the total
radioactivity.
The source of the color of M18 and M23 was attributed to their

extended conjugated systems of double bonds in the structures (Huskey
et al., 2016). In this human ADME study, M23 andM18were identified
to be the prominent radiolabeled components in semen, which explained
the previous observation of colored semen reported in clinics. Further
evaluation of semen samples did not indicate any abnormalities in sperm
counts and sperm mobility.
M16was detected in semen, accounting for 10% of total radioactivity

excreted; therefore, structural elucidation of M16 was further pursued.
Based on product ion spectra, M16 was the oxidative product of M23.
We incubated compound 3 (M23) with a panel of 19 human recom-
binant P450 enzymes. All P450 enzymes were capable of generating
M16, albeit at very low levels. Because of the low yield by P450
enzymes, it is not feasible to generate a sufficient quantity of M16 using
bioreactions for structural elucidation. Our attempt to isolate M16 from
human urine and feces also produced an insufficient quantity. Thus, an
alternative approach using electrochemical synthesis of M16 was
explored.
Electrochemistry has been proposed as a quick and simple tool to

prepare human metabolites (Faber et al., 2014). It is mostly used to
prepare hydroxylated metabolites in the benzylic position or in aromatic
rings, provided that it is activated by electron donating groups, such as
phenols, ethers, or anilines (Jurva et al., 2003). Despite the high number
of investigated compounds, very few studies have prepared sufficient
amounts for NMR analysis (Stalder and Roth, 2013; Fredenhagen et al.,
2014). In our hands, electrochemistry is especially useful for com-
pounds that are sparingly water soluble and that therefore are not
reactive in aqueous enzyme reactions (Schroer et al., 2010). Operation
under constant voltage, rather than constant current, frequently gives
higher yields because overoxidation is reduced, but it leads to longer
reaction times. Because the proposed structure of M16 suggested
benzylic oxidation, electrochemical production of reference material
was undertaken. A boron doped diamond electrode under acidic
conditions gave the desired product in 10% yield. Surprisingly, the
oxidation proceeded stereoselectively, because the hydroxyl radical
attacked from the opposite site of the neighboring methyl group.
Stereoselective electrochemical allylic oxidation of cholesteryl acetate
has been described (Okamoto et al., 2004).
The metabolic pathway of KAE609 was proposed (Fig. 5). KAE609,

a spiroindolone derivative, undergoes an unusual C-C bond cleavage,
followed by an acyl 1,2 shift to form a ring expansion structure M37.
This novel biotransformation reaction was catalyzed by CYP3A4
(Huskey et al., 2016). M37 was subsequently oxidized to M18 by
CYP3A, hydroxylated toM23 by CYP1A2, and further hydroxylated to
M16 by all 19 P450 enzymes tested. KAE609 also underwent oxidation
to M40 with 2 mass units lower than that of KAE609 and one
metabolite (M48) with 4 mass units lower than that of KAE609.
KAE609 was directly hydroxylated to form two metabolites (M29.8
and M34). Two metabolites (M40 and M48) were further hydroxylated
to several metabolites (M14, M21.8, M23.5A, M24, M32, and M35).
One glucuronide (M35.8) was also identified in urine. Of note, M37

was the primary metabolite of KAE609 in humans even though M37
was not detected in any matrices in this study.
Metabolism of KAE609 was qualitatively similar but quantitatively

different across species. The major metabolite via CYP3A was M37 in
rats and M23 in dogs and humans, which is formed from M18 by
CYP1A2 (M18 was formed from M37 via CYP3A). M23 was detected
in rat and dog feces but not in plasma. We hypothesize that the
quantitative differences across species are probably secondary to the
known differences in relative amounts of the different P450 enzymes in
each species and potentially to a difference in transporters.
Two observations support a transporter difference hypothesis. In

dogs, a continuous intravenous infusion of M23 to achieve a plasma
M23 exposure similar to that found in humans after oral dosing of
KAE609 still yielded a dog semen concentration that was approxi-
mately 300-fold below that found in humans. M23 was the major fecal
metabolite in both humans and dogs; therefore, M23 formed from
hepatic metabolism was distributed to blood and bile in humans, but
only to bile in dogs.
Overall, a single 300-mg dose of KAE609 was generally safe and

well tolerated in these healthy male subjects. There were no serious or
significant adverse events, and no clinically significant laboratory
abnormalities were reported in this study. KAE609 is mainly excreted
into feces with no urinary excretion. In contrast with dog and rat ADME
studies, M23 is the major metabolite found in plasma, feces, and semen
in humans.
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Experimental Section 

HPLC/UPLC methods for comparison of compound 4 and M16 from human fecal 

homogenate 

Three HPLC methods were developed to confirm that compound 4 and M16 from human fecal 

homogenate shared the identical retention times.   Method 1: HPLC column, mobile phases and 

gradient were the same as described above.  Method 2: HPLC column Phenomenex luna C18 

column (150 x 4.6 mm, 5 m) was used.  Mobile phases consist of solvent A: water containing 

0.1% formic acid, and solvent B: acetonitrile /methanol (1/1, v/v) containing 0.1% formic acid. 

The linear gradient started at 20%B for 3 min, increased to 45%B from 3 to 10 min, to 65%B 

from 10 to 20 min, to 95%B from 20 to 30 min, hold at 95% B from 30 to 35 min. Method 3: 

UPLC HSS C18 column (150 x 2.1 mm, 1.8 m) was used.  Mobile phases consist of solvent A: 

10 mM ammonium formate containing 0.1% formic acid, and solvent B: acetonitrile.  The linear 

gradient started at 5%B for 5 min, increased to 20%B from 5 to 10 min, to 40%B from 10 to 20 

min, to 50%B from 20 to 30 min, to 95% B from 30 to 32 min.   

NMR analysis of compound 4 (M16) 

One-dimensional and two-dimensional NMR spectra were measured at 26 °C on a Bruker 

AVANCE III spectrometer (600 MHz proton frequency) equipped with a 1.7 mm 
1
H{

13
C,

15
N} 

CryoProbe™. The NMR sample was prepared by dissolving compound 4 in 40 µl DMSO-d6.  

The following NMR experiments were carried out: 
1
H-NMR, homonuclear experiment (COSY, 

ROESY and TOCSY) and heteronuclear experiments (HMBC, HSQC). All assignments are 

based on chemical shifts and homo- and hetero nuclear correlations. 



Result Section 

Structure elucidation of compound 4 by NMR 

M16 was a new human metabolite identified in all biological matrices, electrochemical synthesis 

of compound 4 was undertaken to facilitate the structural elucidation of M16. The 
1
H-NMR of 

the starting material compound 3 (Table 1) is fairly simple with 4 aromatic protons, two of which 

show coupling to the fluorine atom, and a CH3-CH-CH2 spin system. The compound 4 has one 

oxygen atom more than compound 3 according to high resolution mass spectrometry (HR-MS). 

This oxygen has to be attached to C-9 indicated by the chemical shift of C-9 at 61.9 ppm, 

extracted from the heteronuclear single quantum coherence (HSQC) experiment. Correlation 

spectroscopy (COSY) correlations are observed between the hydroxyl hydrogen at C-9 and the 

H-9 at 5.03 ppm and furthermore from H-9 to H-8. Nuclear Overhauser effect spectroscopy 

(NOESY) correlations between the methyl protons CH3-C8 and H-9, as well as H-8 and 

hydroxyl hydrogen at C-9 indicate the trans relationship of the hydroxyl function and the methyl 

group at C-8 (i.e. 8S, 9R). This conformation is confirmed by a small 
3
J coupling constant of 1.8 

Hz between the protons H-8 and H-9 compatible with a dihedral torsion angle of about 90 

degrees between these two protons.  

HPLC co-elution of compound 4 (M16) with M16 in human fecal extract 

M16, a minor metabolite in human semen, urine and feces, shared identical product ion spectra 

with compound 4. However, structural elucidation of M16 by NMR analysis was not possible 

due to an insufficient amount of sample isolated from human feces and urine. To verify whether 

M16 is identical to compound 4, three HPLC/UPLC methods were developed, as described in 

methods.  M16 and compound 4 shared identical elution times under three HPLC/UPLC methods 



using three different types of columns, confirming M16 is compound 4.  The retention times for 

M16 and compound 4 were 15.4, 18.9, 12.3 min for method 1, 2, and 3, respectively. 



Table 1  
1
H- and 

13
C assignments of compound 3 and 4 and important HMBC correlations.  

Atom 

number
 

a
 

3 4 

1
H NMR 

13
C 

shift
 b
 

HMBC 

correlations 
1
H NMR 

13
C 

shift
 b
 

HMBC 

correlations 

1 8.22 s  128.5 
 

8.30 br s  128.0 
 

2     128.8 H-4 
  

131.1 H-4 

3     172.0 H-1 
  

174.1 H-4 

3-OH 12.14 br s  
  

12.08 br 
  

4 6.16 s  101.0 
 

5.99 s  101.6 
 

4a     144.3 H-1 
  

144.2 H-4 

6     147.1 H-8     148.3 H-8 

7         
8 5.29 qd, 6.6, 6.1 47.6 CH3-C8 5.14 qd, 6.8, 1.8  56.0 CH3-C8 

8-Me 1.09 d, 6.6 16.5 H-9R, H-9S 1.00 d, 6.8  15.9 H-8 

9     5.03 br d, 2.7  61.9 H-8, CH3-C8 

9R 3.27 dd, 16.6, 6.1 
24.8 

H-8, CH3-

C8 
    

9S 3.21 d, 16.6 

9-OH     
5.72 br s  

  
9a     121.8 H-8, H-10 

  
121.6 H-8, H-9, H-10 

9b     124.3 H-9S, H-13 
  

124.0 H-9, H-13 

10 7.82 d, 9.5  106.7 
 

7.83 d, 9.5  106.4 
 

11     152.6 H-10, H-13 
  

152.8 H-10, H-13 

12     119.7 H-10  
  

119.0 H-10, H-13 

13 7.75 d, 6.6  114.6 
 

7.79 d, 6.2  115.0 
 

13a     137.5 H-10  
  

137.2 H-10  

14 12.28 br s  
  

12.08 br 
  



14a     126.3 H-9S 
  

n.o
 c
 

 
14b     142.7 H-1, H-8     140.5 H-8 

14c     101.9 H-4 5.99 
 

101.6 
 

 

s, singlet; d, doublet; t, triplet; q, quartet; br, broad. Coupling constants are given in Hertz. 

a) for atom numbering see Figure 1  b) The 
13

C shifts were extracted from HSQC and HMBC correlation peaks  c) not observed in the HMBC 

experiment.   



Table 2 Recovery of KAE609 and its metabolites in human urine  following an oral 

dose of 300 mg [
14

C] KAE609 

 

The pooled urine samples were extracted from two subjects and analyzed by LC-MS/MS for 

metabolic profiling.  The HPLC separation of KAE609 and metabolites was performed using a 

Zorbax SB-C18 column, as described in Materials and Methods. 

Subject 5103 5104 Average

M14 0.9 2 1.45

M16 0.4 0.5 0.45

M20.8 0.3 ND 0.15

M23 1.4 1.4 1.4

M24 0.3 0.5 0.4

M32 0.1 ND 0.05

M35.8 0.1 0.1 0.1

M48 0.1 ND 0.05

% Dose 3.6 4.5 4.05  
 

  



Table 3 Recovery of KAE609 and its metabolites in human feces (expressed as % of 

dose) following an oral dose of 300 mg [
14

C] KAE609 

 

The pooled fecal samples were extracted and analyzed by LC-MS/MS for metabolic profiling.  

The HPLC separation of KAE609 and metabolites was performed using a Zorbax SB-C18 

column, as described in Materials and Methods. 

 

Subject 5101 5102 5103 5104 5105 5106 Mean SD

M14 ND ND 2.31 ND ND ND 0.385 0.943

M16 3.29 2.35 2.06 2.98 1.85 3.38 2.65 0.653

M18 ND 2.35 ND ND ND ND 0.392 0.960

M23 52.5 26.8 48.4 30.7 20.6 38.3 36.2 12.5

M23.5A/M23.5B
a 2.22 3.56 3.59 2.35 0.325 2.43 2.41 1.19

M29.8 4.57 2.48 2.31 2.04 ND 2.37 2.29 1.45

M32 3.36 1.69 1.95 3.30 1.85 3.04 2.53 0.78

M33 1.21 2.71 3.35 1.65 ND 2.91 1.97 1.26

M34 1.74 2.59 1.60 ND ND 5.87 1.97 2.17

M48 2.28 2.11 2.06 3.14 1.77 2.97 2.39 0.546

KAE609 11.5 36.7 21.5 39.7 59.2 21.7 31.7 17.1

% Dose 82.7 83.4 89.2 85.9 85.5 83.0 85.0 2.47
a
M23.5A/M23.5B:  two metabolites were coeluted and the recovery reprsent the mixture of two metabolites.  

 


