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Assessing metabolic profiles in chimeric PXB mouse with humanized livers following oral dosing of troglitazone.
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1: Introduction

In the continuing search for new chemical entities the use of chimeric mice with humanized livers are being used in the search for unexpected drug metabolites. Chimeric mice, in which the Table 1. Averaged peak area data of troglitazone and metabolites detected in aqueous liver extracts.
majority of the hepatocyte population of the mouse liver has been replaced by human hepatocytes, have the capacity to express human Phase | and Il metabolic enzymes and hepatic Peak ID Assignment MS2  RT m/z SCID 600 mg PXB 600 mg MetlD Solution was used to perform a targeted search of known endogenous metabolites using
transporter proteins with gene-expression profiles and phenotypes similar (up to 85%) to those of the original donor liver. To assess the viability of the chimeric Phoenix Bio (PXB) mouse in e —175 43'\6"1”5]3"7 Ty Yo LipidMaps entry information from the following compound classes: phosphatidic acid,
modeling human liver metabolism, troglitazone (TGZ) was dosed orally over 7 days at two dose concentrations (300 & 600 mg/kg). In pre-clinical studies TGZ showed inter-species differences M1 Di-hydroxy glucuronide 8 61 648 1756 " 954 17,5  Phosphatidylglycerol , phosphatidylserine, phosphatidylethanolamine, phosphatidylinositol,
in metabolism particularly in sulfation and glucuronidation pathways. The present study evaluated the metabolic profile of troglitazone and endogenous metabolites in the PXB compared to M2 Hydrated glucuronide s 8.40 634.1963 4,842,608 3460630  Phosphatidylcholine. The analysis enabled identification of over 80 ions that differed significantly
control mice (severe combined immunodeficiency - SCID) using high mass accuracy MS/MS analysis. M3 Hydrated sulfate + 8.81 538.1211 5,390,498 6,246,988 between sample groups (concise summary: Table 2). Putative identifications were made based on
M4 Hydroxy sulfate + 9.18 536.1054 25,491 28,861 mass accuracy and isotope score. Fold differences are shown between PXB and SCID at no dose
MS Di-hydroxy N 9.63 472.1435 177,029 184855 (0mg/kg), high dose (600mg/kg) and for all animals averaged (0, 300 and 600 mg/kg). Although the
. M10 Hydroxy glucuronide + 9.88 632.1807 174,260 125,705 . fthe d VS id . ds that diff db d . h
3 " Resu ItS M12 Hydroxy sulfate + 1159 536.1054 336,482 230,705 aim of the data analysis was to identify compounds that differed between PXB and SCID mice, the
2 . M at er | a.l S an d M et h 0 d S M13 Glucuronide + 11.07 616.1858 12,618,486 8,414,646 data analysis also revealed subtle differences occurring possibly as a result of troglitazone dosing.
- 3.1: Troglitazone metabolism M15 Sulfate + 13.37 520.1105 25,852,882 26,671,871 Some compounds such as the glycerophosphocholine compounds were consistent in up or down
: L : : - M16 Di-hyd 10.52 472.1435 345,952 150,980 L - - - S - - (C
Liver extracts from SCID (control ) and PXB (chimeric) mice were analyzed using a high Analysis of aqueous liver extracts by accurate mass negative ion MSn enabled detection of V18 D:_hzd:zx s 4721435 105877 sy 'cgulation irrespective of dosing, hence showing most significance in S-plot analysis (Fig. 3b) due to
resolution LC/MSn system (Nexera LC coupled with a LCMS-IT-TOF; Shimadzu metabolites by MetID Solution software (Fig. 1). Confirmation of troglitazone metabolites was M27 Mono-hydroxy v 1477 456.1486 193,239 280,266 homogenous variance averaged across all dosing groups. Conversely other lipid species exhibited
Corporation). Both aqueous and organic extracts were analyzed using a Phenomenex also possible through analysis of common fragmentation data (Fig. 2). M30 Mono-hydroxy + 1574 456.1486 2,657,528 2,307,728  differences in the fold change, although still up or down due to being PXB or SCID, show that
Kinetex column (C18 1.7um, 2.1x100mm); aqueous components were separated at a administration of troglitazone may influence the concentration of these lipid levels.
flow rate of 0.6 mL/min, with the column maintained at 30 °C. The chromatographic e a00000 cononor M concon
. . . . . 1.00 —
system used a binary solvent system delivered as a gradient of solvent A (H,O containing ] m/2162.0561  © m/z145.0295 - - - - - -
0.1% formic acid, 10mM ammonium acetate) and solvent B (ACN containing 0.1% formic e curasnoss 5© | Petaléalr_ea daﬁa comparlrllg re:;;ltlve I%vgls; of troglth)t(%zon((ej rggtlanoll_tesf shovv_efl dl[ffe_rt (;nces n o o | | |
acid). The gradient conditions were: 5% B (5 min), to 35% (3 min), to 50% (22 min), to oso] 1650299 m/a2760700  CLOMSNO3S s POECES 72 METAbOIIC proTiies were alSo 0bserved between an mice, consistent wi Table 2. Endogenous metabolites identified as significantly increased (green) or decreased (red) in PXB mice
95% (2.5 min) held for 5 min, re-equilibriation 2.5 min. The solvent composition was then ol | 5 metabolic profiles reported in human and mouse the sulfate conjugate being the most compared to SCID mice at 0Omg, 600mg dosing and data from all animals averaged (SCID- indicates not detected in
held at 100% B for 6.5 min after which the column was returned to 5% B over the next 2.5 - T USSR ‘ U S R— C23H27NO4S / abundant metabolite detected while glucuronidation was greater in mouse. SCID mice).

. . . . ] . 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 m/z m/Z 412.1588 S/x DB I’efel’ence Putative ID Formula |On I’TI/Z RT %RSD 0 mg 600 mg A” animals
min, making a total cycle time of 25 min per sample; organic extracts were separated HaC NH 3.2: Endogenous metabolite brofilin QA/QC  PXB/SCID PXB/SCID PXB/SCID
US|ng a d|ﬂ:erent grad|ent methOd (CaSU‘O-PeI’eZ et al 2010) - (mOb”e phase A - MS/MS fragments Fragment Formula Expected mass Mass accuracy (ppm) \\ T ] ] g p g . .. . tm g:;ooigilggg: ;ggﬁigjf;lé?Z)/:lB:3(92,122,152)) ngi?gsggp {m:::ﬂ']: 30252232831 294:35 8621 ]i".?:l SlC(;I(ES)Z- S]glgél-
water:acetonitrile (60:40) 10mM ammonium formate pH5, B - propan-2-ol:acetonitrile o Loes poslinibiony 11288 i _ \ Organic liver extracts were analyzed to examine endogenous lipid differences between PXB MID370 Glycerophosphocholine C8H2ONOBP  [M+H+ 258101 048 3.8 _& 10.78
(90:10) 10mM ammonium formate) at a flow rate of 0.5mL/min 369.1546 C22H26035 369.1530 43 © and SCID livers. Data was aligned using Profiling Solution software (Shimadzu Corporation) LM GL03010078  TG(16:192)/16:1(92)/18:3(9Z,12Z,152)) C53H9206  [M+H+ 8256967 2416 7.0 7.92 10.46

' . L . ' . . 363.1577 C23H2404 363.1602 -6.9 d . . | t | . PCA |‘f rm d t mn r d_ﬁ: r n n LM GLO3010018 TG(].GZ].(QZ)/]AZO/]BI].(QZ)) C51H9406 [M +NH4]+ 820.7389 24.12 4.8 1102 8.59 8.76

The LCMS-IT-TOF acquired positive and negative MS and MS? data using high speed 276.0714 C14H15NO3S 276.0700 5.1 C22H26035 C23H26045 and principal component analysis ( ) was performed to examine group differences using LM GP01010490  PC(14:0/18:1(117)) C40H78NOSP  [M+H]+ 7325558 1121  13.3 |[(NNCOIBSEN  9.47 8.76

) ] ) .. ) i 179.0175 C9HBO2S 179.0172 1.7 m/2369.1530 m/2397.1479 Simca-P (Umetrics) HM DB01235 5-Aminoimidazole ribonucleotide CS8HUN3O7P  [M+H+ 296.0642 0.41 3.2 148 7.53 8.26

polarity switching (m/z 150-1250). Profiling Solution software (Shimadzu, Japan) was 162.0576 COHINO2 1620561 9.3 - ' LM GP10020005 PA(O-16:0/14:1(97)) C33H6507P  [M+H+ 6054541 1408 6.9 10.93 6.63 6.65

applled to metabollte proflllng anaIySIS to assess the Impact Of Changes In ||p|d profllesl 145.0299 CI9H602 145.0295 2.8 \L LM GP10010088 P:?(]BZC/)/ZZZ?(BZ,IG?))) C38H7108P {M-::ﬂ']- 6854814 10.26 7.2 _ 2.98 6.81(;
. . LM GP06010075 PI(14:0/22:2(13Z2,16Z C45H83013P M-H]- 8615499 10.89 4.7 481 4.64 5.

MetID Solution software was used for a targeted metabolomics study in addition to MS/MS Troglitazone: Cy,Hy;NOsS [M-H] 440.1537 RT 21.79 min 0 LMST05040015  Tauroursodeoxycholic acid C26HASNOBS  [M-H- 4982895 660 32 9.79 434 541

searching for drug metabolites through similarity scoring MS" data of potential SR T OrDTaon0T EEES:;‘{;?,’;?;‘;) CasrerOT {m.]“i Sorae | T 5 621 = a3

metabolites by comparing common fragment ions to parent drug MSP data. Figure 3. Statistical analysis of organic liver LMGP01010508  PC(14:0/20:5(5Z,8Z,11,14Z,17Z)) C42H74NO8P  [M+H]+  752.5225 8.50 8.2 6.73 4.40 4.59

traCtS Comparing a” SCID tO a” PXB LMGL0O3010166 TG(17:2(92,122)/17:2(92,122)/18:2(92,122)) C55H9406 [M+H]+ 8517123 24.18 57 591 4.36 4.56

Inten 100,000} ex LMGP01010490 PC(14:0/18:1(112)) C40H78NO8P [M+H]+ 732.5538 10.23 4.1 6.65 4.53 451

C23H27NO4s sol 440 1496 samples. LMGPOI010512  PC_LMGP01010512 C44H7T6NOSP  [M+H]+ 7785381 8.62 9.0 6.48 587 4.45

o000, CH m/z 412. 15886&% 1 248,586 LMGP01010490  PC(14:0/18:1(112)) C40H78NO8P  [M+H+ 7325538 1019 338 6.41 4.41 4.38
o | . 3 I 397.1455 . ) LMGL03010140 LM GL03010140 C55H9606 [M+H+ 853.7280 24.36 45 4.59 4.68 4.23
a5~ TGZ-hydrated sulfate - |—TGZ- glucuronide HaC o CHs 0l . a) PCA anaIyS|s revealed two main LMGP01010494  PC(14:0/18:2(11Z,14Z)) C40H76NOSP  [M+H+ 730.5381 9.21 3.7 5.55 4.39 4.18
aso-  Cy,H,59NOgS, | C5oH35NO;S 3 20] | experimental groups (PXB and SCID) LMGP01010541  PC(15:0/18:1(11Z)) C41H8ONO8P  [M+H+  746.5694 1546 4.1 4.23 4.27 4.06
4255 [|\/|-H] 538.1211 [|V|—H] 616.1858 O 1 1 . . . . . LM GP01010633 PC(16:0/20:5(52,82,117,147,177)) C44H78NO8P [M+H+  780.5538 9.51 3.2 2.57 254 2.33
o ; N 1 o) et E R : with no clear grouping associated with LMGPO1050125  PC(15:(92)/0:0) C23H46NO7P  [M+H|+ 480.3085 568 4.4 -3.63 -180 -2.30
v RT 8.81 min RT 11.07 min P 00—t zéi‘ — " dosing of troglitazone. Tight clustering of =~ LMGPOI10645  PC(16:0/22:5(42,72,102,132,167)) C46H82NO8BP  [M+H+ 8085851 1050  14.0 -3.39 -188 -2.34
.75 HO || L e A/ C I . d t d d t LM GP06010076 PI(14:0/22:4(72,102,13Z2,16Z)) C45H79013P [M-H]- 8575186 9.36 5.0 -2.62 -2.24 -2.38
s TGZ @) CHs CaH2603S Cr3H2E04S MS/MS TGZ-sulfate: C24H27N0882 [M-H] 520.1105 == Q Q samples Indicated gooa sys em LM GP10020032 PA(O-18:0/18:4(62,9Z,12Z,157)) C39H7I07P  [M+H+ 683.5010 18.30 7.6 -3.24 -2.20 -2.46
e C,4H,,NO.S /2 369.1530 /2 397.1479 . ey efmeme B A mEmemm e stability throughout the sample analysis LMGL02010197  DG(20:3(8Z,112,142)/20:4(52,82,11Z,147)/0:0) C43H7005  [M+H+ 6675296 18.13 2.9 2.95 2.43 -2.49
N [M-H] 440.1537 C2/4T470N105i57 RT 13.37 min eriod LMGLO3010722  TG(18:3(92,122,152)/18:3(9Z,122,152)/ 20:(117)) C50HID006  [M+H+ 9057593 1837 7.0 -10.88 110 -3.98
i RT 21.79 min iz ast. P . LMGPO1011755  PC(19:0/22:6(4Z,72,10Z,13Z,16Z,197)) C49HB6NOSP  [M+H+ 848.6164 13.07 3.5 -6.06 -3.26 -4.47
S | i )\ ' LMGPOI011670  PC(18:3(6Z,92,122)/22:6(42,72,10Z,13Z,16Z,19Z))  C48H78NOSP  [M+H]+ 828.5538 9.53 9.3 -5.62 -3.80 -4.64
2.50 - ‘ +TGZ-squate ' 4om0000 LMGP01010788 PC(18:0/20:2(11Z,142)) C46H88NO8P [M+H+ 814.6320 15.13 4.0 -5.38 -3.58 -4.71
225 G HNOLS. e R B LM GP01020004 PC(O-10/16:0) C25H52NO7P  [M-H|-  508.3409 6.35 w7 -10.58 -3.88 -4.85
2on 24027 =872 » O o e + - o aseens LMGP01010788  PC(18:0/20:2(112,147)) C46H88NOSP  [M+H+ 814.6320 1554 5.7 -26.45 -4.61 -5.38
o | [M-H] 520.1105 | o .900.000) pm LMGP03010199  PS(16:0/22:1(117)) C44H84NOWLP [M+H+ 8185906 851 62 [ECOESE 50 -5.65
Lres RT 13.37 min o LMGP01011028  PC(20:0/22:6(42,72,107,137,167,197)) C50H88NO8SP  [M+H]+ 862.6320 14.48 4.7 -20.00 -9.37 -14.21
0 S \H 251 440438 e s LM GP01020072  PC(0-16:0/4:0) C28HSBNO7P  [M+H+ 5524024 710 62 |[JNCASIONNN -12.65 -14.76
1.25E TGZ- di-hydroxy AN 2“ ‘ _ _

M NOLS TGZ-mono-hydroxy o 1) ; - b) g i b) OPLS-DA S-plot analysis comparing
"®- [M-H] 472.1435 I CyqH,,NOGS "o 3 | " Fi .7 'm/2780.5538, RT 9.5 min PXB to SCID enabled ions of highest ]
= RT9.6-11.1 min [M-H] 456.1486 " | 297 p0a8 . Ls  ° Diacylglycerophosphocholine significance to be identified. Two - C |
RT 14.77, 15.74 min e - e ‘ ) : 4 OoNncliusions
oo . - I\ ARk | . _CHNO iz i diacylglycerophosphocholine
T L P raonesy | > 326045 MS/MS TGZ- glucuronide: C4yH4sNO,;S [M-H] 616.1858 ‘ m/2 732.5538, RT 10.2 min compounds (labeled) were detected at ~ « Human specific troglitazone metabolism, consistent to published data, was shown from PXB mice.

RT 11.07 min Diacylglycerophosphocholine Significantly hlgher levels in PXB mice

compared to SCID.

p(com)i]

 Endogenous lipid differences between PXB and SCID were detected some consistent irrespective

Figure 1. Liver metabolite profile of control mouse (SCID) following oral administration of troglitazone ) _ ) _ _
of troglitazone dosing and others that may be influenced by troglitazone dosing.

(TGZ). . . . | .
Figure 2. Fragmentation analysis of troglitazone by accurate mass MSn data. Common fragment ions
and neutral loss information consistent to troglitazone parent enabled characterization of metabolite
structures.

» MetlD Solution combined use of accurate mass and isotope scoring enabled greater confidence in
putative metabolite identification.
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