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AT e ANFATEINT- L ZICEESND Z En, BRIV,
ZFDD, AR — AEITIIRBFA COBLZEEBE LEL 2 b, A
AF~—N—BRIE L= FIELEEZOND, A XA — LTI T 58
MOMEFEE LT, BEk7 e~ 797 4 —E&OHE (LC-MS), H A7
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W& RERERICIES 5 Z L3O CREETH 5, FTHIRERHmIL, fHiER
PR ZED THTRROSERENIEFICEA TN D Z LD, MREIE TE (IR
BAZ RO —L) DHFCHELSNTWRWIRIICH D, £72. IBERHEDIE
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Fig. 1. Overview of metabolome analysis.
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DONFREATRE 1O B9 D RS

F—H P

U MR ISR ORER & L COR BT, A— h 77— (17), s
% (18), 7 UnE (19, 20) 72 EOfEx DEYFH T o ACBWTHHE
BB 2 RICITWE TH D, o, Y VIEEIZ, 72277000 =1
Aafhyxy (21), = R FEe /A4 F (22), M/MIEHERT (23), ¥
TN Vku— (24) REDREAT 4 = —F —DEARTHLHDH, €D
7o, ERAAL I~ — I —CREEEE & L To 2 b IRESCREEESE DR
O T D7eoizid, U VIEE OMBEREST (IBE A # A v — L) (25)
MBEER %, Ll U UIREITEEROIRNIRRES X OMmMEE bk S
HZENLTROSERMENIEFICEATEY . T ORBEAMATIIRETH -
Teo ZDT2D, U UNREA Z AR v— LENT AT O 7oL, [l 4 D5y FFi%a 5
HEL., ZOMEEER JOMEFERLBIGT 208N D H, ZNAETICY &~

RE A X AR e — MENT TIEOBEICE L COREN K NI TNDE, H

WHNTWOLEESITFHOEEREMENZ LD, 77T AL~ULTOIE
72 [RIEITILE > TRV (26-28), IREFEBD T HE O diacyl B4y 1-Fi &
ether B! (alkylacyl 3 LU alkenylacyl) ®7y 1 & Tid, EEEDEHNFE L
DBHWIFEL, T EXKJTHDICF T VI —Y—A A OREEE &
ERETHMEND D,

WTAE, B 7 — U B BT EF (Fourier-Transform Mass Spectrometer: FT
MS) LTQ Orbitrap (ThermoElectron, CA, USA) 73 VU > IR ERERERIFRAT 12 <
o2 dH 5 (29, 30), LTQ Orbitrap X, =&Y Orbitrap & V=7 A A FF v
=" (lon Trap Mass Spectrometer: IT MS) O A 7 U » NEEGHEITHY . FT
mode (2L 27Vl —Y—A A OEEEFHRE . ITmode ITB1T 2 LMD
MS" IZ KV EEFEREBIGFRETH Y | MEREERN L FEET DY VIFED
MR REAT ICIER ICA R ER& ORI CTh D LB X 6D, RIFSE Tl C18
FAH 7 H5ED HBEREDEV C30 Wik » 7 A & LTQ Orbitrap Z /A5t 7=,
U UNEE—F T R O & i IR T2,

&R
PLs, phospholipids; PC, phosphatidylcholine; PE, phosphatidylethanoleamine; PI,
phosphatidylinositol; PS, phosphatidylserine; PG, phosphatidylglycerol; SM,
sphingomyelin; RPLC, Reverse-Phase Liquid Chromatography; MS, Spectrometery;
ESI, electrospray ionization; CID, Collision-induced dissociation; NL, neutral loss.
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(1) =B E

HREEIE (MS-grade 7 =k U/, MS-grade A % /—/ L, HPLC-grade
AV Tax)—) saak/Lh) BLORIEK (HPLC-grade FEfE, 28% 7 >
=T KRR, 12M HERE) TR DA LT, IREEELTH D
dimyristeoyl PC, myristeoyl lysoPC, dipalmytoyl PC, palmytoyl lysoPC. dimyristeoyl
PG. dioleoyl PS % HAHAEA>5 . Lauroyl dihydro SM % Avanti Polar Lipids 7>
LENZENEEA LT,

(2) ~ v AlEEH 5D Bligh & Dyer &I X5V U EE R
2 AlimOKENE C57BLI6) ~ 7 A% HA SLC #RSth L VA L=, 3 It
D= AL LT (& 41 9) BLOW (& 139 %, 7
OARLL AKX — (1:2) THREISFHFA AL, gPicEEns
U UlEE % Bligh & Dyer {EIC L W ahi L7z (31), 6N 7-fhiHEKILE
BUATHIEL, 10mL 7 aak/Lh @ AX —/ (1:1) IZIEfEL T,
-20 °C TIRFF L7,

(3) alkenylacyl 43—-F& D EEAINK 3 fiF
[ —E &fE D alkylacyl 7> 7-fE (e) & alkenylacyl 73 1-fE (p) & XHBIF 5
7o TN =T VG FRE ORI R 24T - T, # e E A E 5> 300 pL
(ZaafRpvh A% /)—)L =1:1) I, A% /—/ 150 uL B LW 1M
HCL 150 uL Z¥RMIL., 2h L7z, KWNT, 7 mrrk/bA 150 b B &
O H,0 150 ul Z %A L, 3000 rpm T 5min mO0EE L 72, FTEO A
J& Z B L7z,

(4) C30RPLC

U UNRE Dy BEIL. LC-10AD VPu (BiEESERT, m#R) 38 LY Develosil
C30 Wi 7 & (BFkHb2E, & 150 mm x 1.0 mm id., 3 um) % /-
RPLC IZ XLV To7c, BEMAIZIEZ, AR (T F=FDL: XAZ ) —)1
H,0=19:19:2, 0.1% #EfR, 0.028% 7 > =7 KKK BLO Bk (1
Y FasX =), 0.1% FEfg, 0.028% 7 L E =T KRR AWz, HiH
100 pL/min {23 T, 0 — 5 min (holding) : A/B (95/5). 5 — 40 min (linearly
converting) : A/B (70/30). 40 — 90 min (holding) : A/B (50/50) O&AETH <
vy MEHEITo T,



(5) LTQ Orbitrap (2 X % LC-MS"

‘B 85yHTiE. LTQ Orbitrap (ThermoElectron) & &34 7 % FH VT, negative
ion mode (2 TiTo 7=, A A ALIEIZ ESI % HV . resolution: 100,000 at m/z 400,
ion spray voltage: -3500 V. scan range: m/z 200-1200, trap fill time: 200 ms [Z&%
ELTm, BFRED—T Vo HAHNWE, £/, ~VULZ, CID (ZBIT5
aYVarHALELTHY, 2 VarmpxiX¥—% 30% I[ZRE LT, IT
mode ICBIT 5. A4 A RIS L THBIAIZ MS® or MS® 24T 9
data-dependent MS? or MS® 1 4 > 88 OF%EIX, 100 counts PA k& L7z,
Fo BMEDOE WA T DBRN MSPorMS® ENH0E =9, 2cycle D
MS? or MS® 23T i=#. 30 sec D[], MS* or MS® D& &I 5
dynamic exclusion DFXE%1T->7-.FTmode (2L VD 7L —H—A 4 Dk
BEEBM ARG L, IT mode (251F 5 data-dependemt MS/MS  (MS?) & L
IEMS WLV T TT A M A UIERERRT LT, 7 T7ADY
VR FREDRIE 21T > 7=, Negative ion mode (23T, PE, PS. PI,
PG X [M-H] THiHEn b, WiEica ) v 2H5325 PC BLW SM 13,
[M+CH3COO] T &5, PC, SM, PS IX MS/MS (21 V| Hfh R 5=
) neutral loss (NL) (PC XU SM: 74 Da, PS: 87 Da) 4 LU % (32, 33),
TDH, ZNHD7 T ADIREIZELTiE, MS? O NL & b AH—& L
TH7% CID (MS®) %17\, S FHE%[FE LT,

KT TADT VA=Y —A I DIFRE LOHMERITIZE T2 CID @
A% % s> C Tablel (278 L7z,

Table 1. Summary of precursor ion and structural analysis for each
phospholipids.

class PC PE PG Pl PS SM
precursor ion [M+CH3COO] [M-H] [M-H] [M-H] [M-H] [M+CH3COO]
value of m/z even even odd odd even odd
cycle of CID ms? MS? MS? MS? ms® ms®
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(1) LTQ Orbitrap 12 L 5~ U Al L OWKD U o5& HE fE g

~ U A FlEd K OVKRERE 2 %52 L. C30-RPLC 35 X N LTQ Orbitrap % #H
BB DETNETE A X R — LMMEHT 24T > 72, AHFZETIL, data-dependent MS?
or MS* ICL V&2 T 2D IEENLIENINEA A [FA] 2 SE 57
»IZ, negative ion mode ZEIR L7z (SM DAL, [lysoSM-CHz]™ 23k &
o), SEERICBIT M2 DY MEE S FRED BN Z — % 2D map IZ
L7 (Fig. 2), TORER, Shggso ) VARG D RN, —FoBSh T
HZ BRI, 0. v U AFER L O L 0 [FE s U g
By ¥z Table2 (TR L7c, ~ 7 AMFIBIC IV TIX 291 70 F-FEAS, ik
IZBWTI 246 pFHERENENFERIES L. UV IRE T v 7 7 A Vi dids
IZE o TR D Z ENBIEINT, Hx DO FREOMEEIL, &9 FEOY
— JEREE ., %27 7 ACB T A= EBEORFETHRT s LIk A
H L7,

RPLC (2B 2R DEELFET D12, %7 7 AD 18:0-20:4 75F
D~vAryva~ 77 5% Fig.3 IR LTz, TOREE, PG, PI, PS, PC, PE
DIEIZIEH SN D Z E BRI NT-, ZOfFRIE, BEY VIgE (PG, PI,
PS) 7% RPLC (ZBW T, HEY UHEE (PC. PE) KV $ BiEHT52 &
ZRLTWD, AL, AEHWEBEIFEIZIS VT PS 1X, RELNIEN S
NAHZEIHEENLETH D,
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Fig. 2. Two-dimensional (2D) map of PLs from mouse liver and brain, obtained
by RPLC/ESI-MS in the negative ion mode. The 2D map has the m/z value of
[M-H] or [M+CH3COQ] ions along the vertical axis and the retention time along
the horizontal axis. When using a reverse-phase column, PLs elute in order from the
hydrophilic to the more hydrophobic molecules. (a) mouse liver, (b) mouse brain.
Dyradyl PLs indicate general term of diacyl species and ether (alkyl or alkenyl) acyl

species.
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Table 2. Numbers of identified molecular species peaks for each class
of phospholipids in liver and brain tissues.

PC PE PG Pl PS SM Sum
Liver 104 110 19 25 11 22 291
Brain 75 115 10 19 20 9 248
Common 42 60 7 12 7 8 136
PG RT: 20.31 a
2000000 / )
Sy
. P RT21.17 b
50000 - )
> T PEY /A o
= | PS A C
@ 100000 | .
() 1 .
] . y -
E = e -
. pC RT:/%S.SB d
1000000 - n
0 ] — /{ D
RT 27.20
1 PE €
2000000
0+ T T T B L
18 20 22 24 26 28 30
Time (min)

Fig. 3. The influence of a polar head group in the phospholipids with same
18:0-20:4 fatty acids on C30 reverse-phase separation. (a) 18:0-20:4 PG, (b)
18:0-20:4 PI, (c) 18:0-20:4 PS, (d) 18:0-20:4 PC, (e) 18:0-20:4 PE.
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(2) PC 43 +FE D[R E

~ 7 At PC O F#72/r1-FH1X, diacyl 16:0-18:2, 16:0-18:1, 16:0-20:4,
18:0-18:2, 16:0-22:6, 18:0-20:4, 18:0-22:6 PC T&h -7~ (Fig. 4), —JF. ¥ T
(X, fafniENEE-taF AR, b L <X, fRFfENIEE-E / A EaFnRNIEE DA
#+T#H 5.16:0-16:0,16:0-18:1, 18:0-18:1 PC N FEH /25y -Fi Td - 7= (Fig. 4),
F 72, ether OO FREIZEBWTIL, WTofgsriciBsWTh . alkenylacyl !
L0 b alkylacyl BDF 8% < DLy FREMFE S,

NENGRREE D IR FE N A7 CTH 5, 15:0-16:1, 17:0-20:4, 19:0-18:2 PC 73 Tk
BIOBIZBOWTRIE S, ThoRBENTFHED PC & alkylacyl %
AR X B2 Z 28 CT& 7= (Fig. 5), Fig.5a ({2 m/z854.6 OD~AZu~ k7
T LER LTz, £ORES, diacyl ! 17:0-20:4 PC. ether %o 18:0e-20:4 DI
IZENZIVENT 5 Z ERBIE SN2, FTmode (2 &Y #IE S 4172, diacyl !
17:0-20:4 PC @ 'L —H—A F > O'E &L m/z 8545904 TH YV, = DHE
Pl & DOFEIL -0.8 ppm FEE L, BMEEE CHIEINTWD I ERMR I
7= (Fig. 5b), L A—Hh—AF D MS® IZE VAT, miz 780.1 DA F
JUK [M-CHs]” @ A2 kL% Fig. 5¢c IR L7=, MS?2 12KV AU % 74 Da
D NL U H—L LT MS® 24T =558, JENEA 4 & lysoPC B A
Fr DT T T A M A UREREE S (Fig. 5d), 20:4 JEViEA
A& LT miz303.1 23, 17:0 fERilE A 4> & LT m/z269.1 73, lyso acyl 17:0
A 7> [M-R1=C=0] (loss of ketene) & LT m/z494.1 75, lyso acyl 20:4 1 7
& LT miz 528.0 NENFENR &7z, LTQ Orbitrap (28175, PC @
MS® B L MS® DBIZ % — % Fig.5e 1OR LT,

—75. alkylacyl ¢ 18:0e-20:4 PC @ 'L H—H—A 4 OEEMEIT miz
854.6275 TH V. T OHHME & DFEIX -0 ppm TH -7 (Fig. 5H), 7 b
B RBEIC, L A—H—AF> D MS? 12X 74Da @ NL 23EL T, miz
780.2 D i A F LR [M-CH3] 23H! (Fig. 59), K\ T, m/iz780.2 ® MS® %
1To bR, NEEA A & lysoPC BA#A 4> DT T T A "NAF U In%E
N s/ (Fig. 5h), 20:4 fENIEE A 4> & LT m/iz303.1 73, lyso alkyl
18:0 1 4> (loss of ketene) & L C m/z 494.2 N2t &7 (Fig. 5h),
BT, mlz 259 DA A%, 20:4 FERGEEA A2 b ZIRENIZAE U 2 iR R
A F o ThsnefEsns (Fig.5d, h),

INHOFE LY, LTQ Orbitrap @ FT mode & LA EEEIFERBLOIT
mode |Z &k AREEFEMETIETHZLiIck, 3727 T AL~ T SIEES
FTHEZFETEDZ ENRINT,
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individual species within the same class was calculated and show in average from three
15

different LC/MS data. Molecular species were confirmed by MS? and MS? spectra.

Fig. 4. Molecular species of PC from mouse liver and brain, identified by
constructed RPLC-LTQ Orbitrap method. Fold change (%) in peak area of
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Fig. 4. (continued)
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Fig. 5. Discrimination of diacyl or ether PC using both the high mass accuracy in
the mass spectrometric data obtained from FT mode, and structural data obtained
from fragments in IT mode. Diacyl 17.0-20:4 PC (21.91 min) and alkylacyl 18:0-20:4
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PC (31.49 min) were eluted in that order. (a) extracted mass chromatogram of m/z 854.6,
(b) MS spectrum obtained by FT mode (21.91 min), (¢) MS/MS spectra obtained by IT
mode (21.91 min), (d) MS/MS/MS spectrum obtained by IT mode (21.91 min), (e)
fragmentation patterns for diacyl PCs, (f) MS spectrum obtained by FT mode (31.49
min), (g) MS/MS spectrum obtained by IT mode (31.49 min), and (h) MS/MS/MS
spectrum obtained by IT mode (31.49 min).
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Fig. 5 (continued).
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(3) PE 43 FFEDI[AE
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& D3RR Sz (Fig. 7a) . IRWNT, BRIIK RIS 24T - 723 8F (#HCL) @
WEEIT-TE T A, 2, 3 FHICHEH SN TV E— 2 OIERDPHER I L
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BIZIL C30RPLC 1T XY, MEEMEAKRTH D, RFEHE A EFIE DA FHE
DA U Td o BNENIR S O EE DR 5 5 FFED53HfE N2 — 0 OfE R %
Fig. 8 (/R L7z, 38:5 PC IZHHY T2, m/z 8666 D~ A/~ N7 T LER
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THBESN TS Z L3 iR S 417 (Fig. 8a) , 38:5 PE % [AIEkIZ, 18:1- 20-4
16:0-22:5, 18:0-20:5 PE DJEICHE —D ' — 7 THEES N TWD Z L 3R &
7= (Fig. 8b), Z® X 912, C30 RPLC IA#id& MK A2 BRI BEST D 2 }:75>
ARECH D Z ENHL Mo T,
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Fig. 6. Molecular species of PE from mouse liver and brain, identified by

RPLC-LTQ Orbitrap method. Fold change (%) in peak areas of individual species
within the same class was calculated and show in average from three different LC/MS

data. Molecular species were confirmed by MS? and MS? spectra.
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Fig. 6 (continued)



m/z 776.6 Isotopic peak of a
alkenylacyl 18:0-22:6
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Fig. 7. Acid hydrolysis analysis of alkenylacyl species. The addition of 1 N HCI
(+HCI) eliminated the peak of alkenylacyl species. (a) extracted mass chromatogram of
m/z 776.6 without HCI treatment, (b) extracted mass chromatogram of m/z 776.6 with
HCI treatment.
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Fig. 8. C30 RPLC/ESI-MS extracted mass chromatograms. Phospholipid species
with the same molecular mass but with different pairs of fatty acyl chains were detected
separately. (a) m/z 866.6 38:5 PC, (b) m/z 764.5 38:5 PE. The isotopic peaks of other
molecular species are indicated by an asterisk (*).
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Fig. 9. Molecular species of PS from mouse liver and brain, identified by
RPLC-LTQ Orbitrap method. Fold changes (%) in peak areas of individual species
within the same class was calculated and show in average from three different LC/MS
data. Molecular species were confirmed by MS? and MS? spectra.
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Fig. 10. Molecular species of SM from mouse liver and brain, identified
RPLC-LTQ Orbitrap method. Fold changes (%) in peak areas of individual species
within the same class was calculated and show in average from three different LC/MS
data. Molecular species were confirmed by MS? and MS? spectra.
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Fig.11. MS/MS/MS spectra of SMs in the negative ion mode. (a) d18:2-C16:0 SM,
(b) d18:1-C16:0 SM, (c) 18:0-C16:0 SM, (d) fragmentation patterns for d18:1-C16:0

SM.
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(6) PG 4y - FREDIFEIE
PG Do FFEDZARMEIIITIRO FVEATEY . KT W TIE 20:4, 22:5,
22:6 72 & PUFA BT 50 FRENFEICFEE S (Fig. 12),
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Fig. 12 Molecular species of PG from mouse liver and brain, identified RPLC-LTQ
Orbitrap method. Fold changes (%) in peak areas of individual species within the
same class was calculated and show in average from three different LC/MS data.
Molecular species were confirmed by MS? and MS? spectra.
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(7) Pl o3 TRED IR E

[FIE STz Pl o HEEIE, IME D bFIEO E R £ <, £nEh 25 fEl
KON 19 FETh oo, FFigs X OWMc, =820 7Hi 18:0-20:4P1 Th -
7= (Fig. 13),

0 Llemem I.-.m [ = HH"H N H’]N HH H n|_||”_| IH
'Juuuuamammmoozmmzmmmmmzmmmﬂ:mz\o\:'e\au\a
R-E- B L W W th A A th LA SN S &N SN N O 20 o8 X o8 B8 o —
mz = 3 ¥ 8 2 & 8 & a4 5 4238223 52288 H R 3 8 FS 200
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Fig. 13. Molecular species of PI from mouse liver and brain, identified RPLC-LTQ
Orbitrap method. Fold changes (%) in peak areas of individual species within the
same class was calculated and show in average from three different LC/MS data.
Molecular species were confirmed by MS? and MS? spectra.
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FUUET  BEE L UVINGE

ARFEIZFUNT, C30 RPLC & LTQ Orbitrap Z 7= U U EE A & R 11— L fif
Wr FiEEMESL LTe, ~ U AT 291 0 FFi%E, ~ U AT 246 4y 1FE % [F]
ETHT LIRS L (Tablel), E#RICE D VUIEE Y0 7 7 A A RE B2
L2 EHEHBMT L (Fig 4,6,9,10,12,13), LTQ Orbitrap |2 X 2 HEE & &
IS RORSIC LV T 7 AL ~ULTOER Y TRERIENAEE L 721
(Fig. 5) . ®IZ/% C30 RPLC (T L 0 #E1E BRI BARRIC BT 2 Z L 2 FERE L 7
(Fig. 8). £ 7-. etk Bligh & Dyer 112X 0 | alkylacyl 4> 7L alkenylacyl %>
FHREOXRBIAAIEEL 70 (Fig. 7) (Z#FFC P57) . k7 & @ alkenylacyl 43+
BB ICEOMEDOY VIEE T m 7 7 A LV OBIIZB W TIEFITHE B2 FiE
ThHDHZ EamR LTz, ABFETHEE L TIEIC IV FRE LAk E kD U
VIRE TSR, mEOME (33) LB LR, FEHIT 2 U LETH
STre ZOXIIAKRFEIT, RV TADY UIEE T v 7 7 A VIR IR
WCEHTHY, Fic BB 2 IR R O LT RO T ORI HF S+ 5 2
EMEBRIIFFIN D,

AR Lo T VIBET m 7 7 A VR R LB E LT, VUEES I
REEbT-bT 3D, IEMEEY =7 U 2 (Lands cycle) (34,35) (2805
Acyl-CoA:Lysophospholipid Acyltransferase (LPALT) DORILDERNKE < FHh
LTWDHDEEZHIND, LPALTs (%, Acyl-CoA FRFRAFFAMEF I O Sk
BRI DL DONENZENAFEL (36-39) . TDORIANIELIC L - TR D Z
ERMEINTWD 37), F£io, KFICHEWT, ABERMBEEET 557
FRENZHIFE S NT=, A ENEEROEFITHRED & Z AHMEIC STV R
WA, e B U ERINEBF IR W TR O BEIE(LIC L, AP SRR A3 1
MF 22 ENRHFESNTNDLZ LD (40), 7 A=/ CoA WENIEAES
WKDOT T A ~—L7p 0 FERERVBENESRSNTWDAREERS 5,

NEE A &R v — Lk R0 —o12, direct in-fusion B X OEMEZ v~ 75
7 4 — (Normal-Phase Liquid Chromatography: NPLC) % FH\ 7= F#% (26-28, 41)
MEE SN TWD N, BERMERE LOMEICHEET 20 FROE&FHR %
NS T 27201T1%, RPLC IZ X500 HEZ1TH) ZENEE LW EB X BN D,
NPLC 2L 0 VU U RE DB\ AT 1256, 7 T AEEOSBEXAIRETH 5 23,
K2 T ANO GRS ey (27), £D7=H, NPLC ZHW\W/= Y
VHRE A X R v — AMENTTFETIE, MER S TR EE S TRENS DA 4
Ty ya Al BB X OEE S EES 7 b AlReED B D, ERRIZ, NPLC
& RPLC ZZNENHWEY VIRE A X Ao — LMt 217, U U IEE y 1-F
DRI E & e L7782 L B & . RPLC 12X B F1ED A NPLC (2 & 5 Fik
IV HZL O TFREPFEE SN TS (33), ZOHRIE, NPLC Kb b1 4
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7y g rpEEE#V RPLC 2 W FIERNY VIEEO—F ity
THITHLZLERLTWD, o, ZOAF T Ly a OB,
direct in-fusion |Z X 5 FEICOWVWTHEXDHZ L TH D,

WA, eIk v~ N2 Z 7 (Ultra High Performance Liquid
chromatograph: UPLC or UHPLC) 23BAFE S N7 Z &nh, I T KR - OHHIE
MHEED BV, AR TEOLENZ R Lo oBERE 2B 5 50823, C18 WitH
77 LZBWTHA[REE e o7, BB, C18 WitH N 7 ATV TH AMIE TH
/o C30 Wi T A L RIEDOSBEN RIAD D Z Linh, A#%IE UPLC-MS |2
LDOMREA X AR — AT N ERIZIR D EB 2 B, RUFEOHE _ETHMHEH
LTWb, L22L, UPLC IF@EfiZzZ &b, IHKRD LC MW= U AFE A
Z R v — MR AR T HBRCIE C30 Wit Z ABEHTH D, o, IFE,
positive ion mode & negative ion mode % [FIFRFIZHIE FIREZRE S HTRT S BHJE &
NTHY, VAANBEORZRLTHMEEE R EBRENRE LICEEA X A —
LN TFEOBENBIE L T b0 LEZLND,

/N

AWFFENC L0 RS TR O Y U NRE SRR O M RN E I IS A
IRFIEE S LT,

1. LTQ Orbitrap EH &2 HTEHT L 2 K5 E & & ETHF RO RS, B IO, Bt
Bligh & Dyer JEIZ8T DBEINK RIS E D . 77 T AL~ TODhHF
FEDIEME/RRIENAIRE L 72 o 72,

2. C30 Wt/ m~ h7F 7 4 —F L LTQ Orbitrap #fAAbED Z Lick
D, HEEREEARTH D, KRB E REAFIEOAEFHENFR U T 5 2 AEHEEA]
HOMET ORI D THEEZNENDBE - FETDHZENAREERD
HKrxDERMBEZHFDL N TE,

3 AFEIZEIV  BEICHRESNTWEFELY b 24U Loyl %z FE
THLZLENAREL IRoTz,
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|l

fij 3

\
p={1}

W

5%

F/—F 5 Hi (3)alkenylacyl 3 F-FEOEEINAK I HE (2 THEEE L 7= RiEZ AW
T, DFEET WAL RZ—DICE £05 alkenylacyl 1KY HEE O FIE AT
W, LY UIRE T e T 7 A VORI TG LT,

1. Maekawa K, Hirayama A, lwata Y, Tajima Y, Nishimaki-Mogami T, Sugawara S,
Ueno N, Abe H, Ishikawa M, Murayama M, Matsuzawa Y, Nakanishi H, Ikeda K,
Arita M, Taguchi R, Minamino N, Wakabayashi S, Soga T, Saito Y (2013) Global
metabolomic analysis of heart tissue in a hamster model for dilated cardiomyopathy.

J. Mol. Cell. Cardiol. 59: 76-85.
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W N F~—h— R - BREFO DO, /BEE e Mg PR L ~r o
FIAE A1 D it B

mf R e SRR RS L Lo M - Mg, B, SIS
RS D MERER R

I P

MikEREHE, BONAIHERENZ N L (10) TNz, EKEEAICERRT
XL e T =T —RRIZEZHINTWD (2-9,42,43), LirL, A
A F<—D—DOFAITEZRHEIZOWNWTZIENY THY, ETF—X &M L7-H
e 72 R EAAE N N T2 D . E DOPRIR « FRAE - FIANTMEBNIAR LTV 54k
ZH D, Friz, MPRERBEYICET 2 EMERIT oI LMNIERT
WV, I CARMETIE, F—FETHELZ, ¥itH/ue~ T 7 4 —IC
L DHRE A Z R a— AN RIEE IS U7 S8R O AT R 2 B2 TS L
MAFIEE NS F~—H —FRRICBNTHEL SND FRRO = >0E 25
DT HZEEAEME LT, /e MaE & fPRICIRE A # R a— Lfig
MraiT-7,

(1) BEERENA A~ — B —PRB I Lo fii~ b 7 A ORE,

(2) M2 - FlEL LT L, IR I X DREREY L~ L~
(NA F~— B —RBIZBIT D HEIN 1) O,

(3) MiEEE O HHRE AR D) O EMEIZ RIE TR B O GUEMRE &
TEORE)

27N

oxFA, oxidative Fatty acid; UPLC, Ultra Performance Liquid chromatograph; TOF,
Time-of-flight; MRM, Multiple Reaction Monitoring; PUFA, poly-unsaturated fatty
acid; Cer, ceramide; CB, cerebroside; Ch, cholesterol; ChE, cholesteryl ester; DG,
diacylglycerol; TG, triacylglycerol; AA, arachidonic acid; EPA, eicosapentaenoic
acid; DHA, docosahexaenoic acid; TXB,, Thromboxane B,; HHT,
hydroxyheptadecatrienoic acid; HETE, hydroxyeicosatetraenoic; diHETE, di
hydroxyeicosatetraenoic; HDoOHE hydroxydocosahexaenoic acid; diHETYE,
dihydroxyeicosatrienoic acid; EET, epoxyeicosatrienoic acid.
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I RIRR K OEBRTTA

(1) BT

N - PERIO R DEEE AN 60 4 OIiEE HE PromedDX AR BHEA L
7o PromedDX 75 8N U 7= MLl sl O I DWW Tk, E 7 ERR R A
WICFTOMMEEZ B2 OERE, EITMHER LS TV D, RN, &2 ToOHER
FHINbA 7+ —b Rarty b aFHm THRICEISERIR Uz, S5 O P
(X ATH D% 200 K 0 14 h DL EOHER %71 D% B 411 10 REZAT - 7=,
PRIz 2h DAPICHLE « A A FHE U, B 512 -80 °C THRAF L 7o, #BiE %
KHE 15400, A e (FJAE 29 &%, YM: young male) . 5

(P OufiE 28 7. YF: young female) . Efin 5 (R Jufii 59 7%, EM: elderly male)
Ehnact: (PILE 59 %, EF: elderly female) o 4 #EIZ/3%E L7 (Table 3),
PromedDX #1725 26fF S u7-slbhE, K L CRlE L7-%ic o L. BRE R
AT 9 £ TOM -80°CIZTHFAEIRIE LT (BF 2 BIOBRE AR .

Table 3. Subject information (fasted whites, n = 15 each group)

Group Young male (YM) Young female (YF) Elderly male (EM) Elderly female (EF)

Age range (yr) 25-33 (median 29) 25-34 (median 28) 55-64 (median 59) 55-63 (median 59)

Height (cm) 154.9-185.4 (median 172.7) 149.9-182.9 (median 162.6)" 165.1-190.5 (median 177.8)" 152.4-175.3 (median 162.6)"
Weight (kg) 52.2-113.9 (median 78.0) 59.9-147.4 (median 93.4) 63.5-116.1 (median 75.8) 62.6-114.3 (median 90.7)
BMI [kg/m?] 18.0-36.6 (median 26.2) 24.9-49.7 (median 35.4)" 19.5-34.9 (median 24.5) 26.1-43.3 (median 32.7)"

(BMI, body mass index).

THeights and BMIs are significantly different between males and females of corresponding age groups (p<<0.05 by Man-Whitney U-test).
"Heights of elderly males are significantly higher than those of young males (p<.0.05 by Mann-Whitney U-test).
doi:10.1371/journal.pone.0091806.t001

(2) FERbEL

i U7 AR, 65— 55 i (3) ICHEU 72, MS-grade FFE2IIFE
flidE) 5 LC/IMS-grade 7884 KIZBAF LT BIEA LT, IREEELTH S,
1,2-dipalmitoyl d6-3-sn glycerophosphatidylcholine B X [6)
1,2-dioctanoyl-3-linoleoyl-sn-glycerol % Larodan 7>% . deuterated leukotriene B4
i Cayman Chemical 7»&ZNZEHEEAN L=, [EJEHiH 7 < 24 Oasis HLB Vac
RC cartridges /X, Waters L VA L7-,

(3) MEEHhH

MiEF L OMEE & OIFE i X, Bligh & Dyer (EOEIEIZ LV ITH- 7=, 1L
& - 4% 100 uL %2 A %/ — /L CATIR L, NEZEYE mix (1,2-dipalmitoyl d6-3-sn
glycerophosphatidylcholine . 1,2-dioctanoyl-3-linoleoyl-sn-glycerol . deuterated
leukotriene B4) Z IR L7z, IRWT, ZmBR/Lh: AKX/ —/L:20 mM U
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W U U SRR (Kpi) OFLAREEZY 1:2:08 225 X9 ICKIEATINL
724, 5 min OFEHLEIToT-, IBRARE JBIZHBiSE5720, & 1 HED
suauaiisE Kpi 2L, 1000 x g T 10 min OELyEEEZ{T->7-, b
BoKEZEBIR L, FREROAHEIL 100 MM kDU oLh A ) —)L 7
m AL A (R 48147 :03) D BB S D KIS OTINT K 2 fhHic
FVEN L S5 MERKITERZT ATHE L. ImL OZ aoR/Lh
AH =) (1:1) \ZHfRL T, -90°C THRAFELT- (BD Wi%y), 7V =5y
FFRDIFIED T DMK SR, FH—% FH_f 3) I[CHEL,

EEoXKBHRIZEEND A aY ) 4 REORLIENIEE (oxFA) % Oasis
HLB Vac RC cartridge # HW /- [EEfHIC X 0 R, B L7z, A&/ — 8
FOKIZE 0 PHfE L= 7 A2, 10 f5&D H,O (pH 3.0) THIR L=V
TINeT T4 Lic, o7 AEM%E, 3mL @ H,O BXURANFH LD
7T ADOWEEITVD, 3mL X7 B ML ABHESEET-, 5bh
FHIHARIZEZ T ATHE L, 1mL o7kl 0 A% /—)L (1:1)
[ZVEfR LT, -90 °C THRTE L7z (MF %)),

(4) LC-MS(/MS)

7Utn ) URE. A7 4 o TIEE, PTHEIRE R & OBUKED EWIRE R
Wz Ele BD EHyOREL, BEMERERE Y 7~ 87T 7 - RATRIAAVE
=7HTEE (UPLC-TOF MS, UPLC: ACQUITY UPLC, TOF MS: LCT Premier XE,
Waters) % H\ 7= @it (positive/negative ion mode) <T@ non-target DHERE
HIFEC KV RIE L=, &7 A0E, ACQUITY UPLC BEH C18 #ifH % 7 4 (150
mm x 2.1 mmi.d., 1.7 um) Z M7z, BEEOMAIIEARIIZITH —EOHEAK
ABEL AWK (TER=FU L AF ) —/L:H,0=9:9:2, 01% ¥,
0.028 % 7 E=TKEHK) BELU B ik (Y 7w/ — 0.1 %FFER,
0.028 % 7 =7 KEEHK) &M\ 7=, JiEE 70 uL/min, initial: A/B  (100/0)
IZEBUT, 0— 5min (linearly converting) : A/B (85/15). 5 — 25 min (linearly
converting) : A/B (70/30). 25 — 40 min (linearly converting) : A/B (55/45) .
40 — 50 min (linearly converting) : A/B (40/60) . 50 — 55 min (linearly converting) :
A/B (20/80). 55.1 — 67 min (holding) : A/B (15/85) D& Tr IV =y
MEHZIT> 7=, BEEHT1X. positive ion mode 35 X T' negative ion mode
] mode @ [a] Kf M & % 17 . capillary voltage: 3000 V/-2800 V

(positive/negative) . cone voltage: 40 VV/-40 V' (positive/negative) (Z8E L7z,
¥ 7=, negative ion mode (235155 in-source fragmentation %417 9 7. aperture
voltage % -60V (% L 7=, Positive ion mode {3\ T H IR O & i % |
negative ion mode (IZBWT 7 Vtr Y VEEBIXOA 7 4 FREOE&E
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37z, E7-. UPLC-TOF MS ([ZX Vi sz U EE OMEEMNT (I
FHHEREB L OY 77 7 ZOH5) 1%, FH—= 5 6 3) @) (6) [T,
oxFA Z & Ty MF W5y ORE X BEMEREIRIK Y 7~ F 7T 7 - =@ E
B By it (5500QTRAP: ABsciex., MA. USA) % W72 IRAY FiE
(UPLC-MS/MS: MRM) ([Z XV HIE L7z, MRM IZBF 57 L1 —H—A F
veTmag s A A0 transition & Table 4 (Zx L7z, 77 A%, ACQUITY
UPLC BEH C18 #ifHi7 7 & (150 mm x 2.1 mmi.d., 1.7 um) % V7=, BEhH
WZix. AR (HO /FEf2 100:0.1 (viv)) BXLO Bk (T r=FU X2
—/L 41 (viv)) ZHWiz, LCIZL, initial: A/B (73/27) (28T, 0 — 5min
(linearly converting) : A/B (50/50) .5 — 35 min (linearly converting) : A/B (20/80) .
35 — 40 min (linearly converting) : A/B (0/100). 40 — 50 min (holding) : A/B
(0/100) » 7 Z v MEHZ1T > 7, ¥EIE, 50 ul/min (0 - 35 min), 50 —
100pL/min (35 - 40 min). 100 uL/min (40 - 48 min) & L7-.

(5) U Fl i

AR B M I3 - M R A (-80°C (2C 30 min AL, K b CRElR)
Z 10 FfTo7z, 20 10 FIOREHEMEZT o7 7V HEREE L
WEHE (2 RIS AR & OIRBEREY L~V DR L g LTz,

(6) 7 — & fiFHT

UPLC-TOF MS I XV &b iL7e7 —# 1%, 2DICAL (Z=FiHwskAstt) %
HANTE—=7 O 21T (44), v — 7 R, BEEEE., v A7
KL, LTQ Orbitrap (2 X AHEEMNT ORERICES & R DORIEZIT- T,
FRREE BIX, WNEEEIC X DM EA2 T 72— 72 height fE% H W TITW,
Wilcoxon matched-pairs signed-rank test (I 4E - ifi & 7235 L OVHGRE Bl O [m1%kC
X B . £721%. Mann-Whitney U-test (3B 0753 X OME#R ) (2 X B#cE
T 21TV, p<0.05 ZAERELHE L, UPLC-MS/MS (2L VW iEbhi
F— 41X, MultiQuant (AB Sciex) % W TE— 7 HREEEZFEH L. PERERE
WL DHIEE T2 —7 area fEZ W CTHXEREEIT o2, HEHENTIZ.
UPLC-TOF MS @7 — & L [FEIFRIZITVY, p<0.05 Z A B2 EHE Lz, #igk
fi#HTIZIZ, R statistical environment (http://r-project.org/) software % Fu 7=,
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Table 4. MRM transitions for detection of PUFA and oxFA.

metabolite Q1/Q3
Linolenic acid (18:3 FA) derivatives

9-HOTrE(alpha) 293.2/171.1
13-HOTrE(alpha) 293.2/195.1

Arachidonic acids (20:4 FA) derivatives

Arachidonic acid 303.2/259.2
12-HHT 279.2/179.2
5-HETE 319.2/115.1
8-HETE 319.2/155.1
12-HETE 319.2/179.1
15-HETE 319.2/219.1
16-HETE 319.2/233.2
18-HETE 319.2/261.2
5,15-diHETE 335.2/201.2
5,6-diHETrE 337.2/145.0
11,12-diHETrE 337.2/167.2
14,15-diHETrE 337.2/207.2
Thromboxane B2 369.2/195.1

Eicosapentaenoic acid (20:5 FA) derivatives

Eicosapentaenoic acid 301.2/257.2
5-HEPE 317.2/115.1
12-HEPE 317.2/179.1
17,18-diHETE 335.2/247.2

Docosahexsaenoic acid (22:6 FA) derivatives

Docosahexaenoic acid 327.2/283.2
4-HDoHE 343.2/101.1
10-HDoHE 343.2/153.1
14-HDoHE 343.2/205.1
20-HDoHE 343.2/241.1
19,20-diHDoPE 361.2/273.2
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oI RS
(1) &5 e NE ONEEREY OFEE
BHEHIREZAT o T Fhids L OPERIN e 4% N 60 44 O M=k D iFE
A B RO — LN ATV, [RE SNT-IRE RS 7 7 A Loy fisk % Table 5
IZR L7z, BD B4 biE, 13 77 A it 228 5 RO RE BN FE S
iz, MF 2322 51%, PUFA 3 X T oxFA 73 25 2 FHENRIE S 417-, PUFA
IX. AA, EPA, DHA @ 3 /3 {fE23, oxFA |Z, AA BE{HEDY 12 4y -,
EPA Rt 3 /7 1-Fi, DHA RGN 5 0 HE, UV VU 2 701
FREDNZ I ENIRE STz,

Table 5. Numbers of identified lipid species in human blood by UPLC-MS(/MS).

Class number of molecular species representative molecular species
phosphatidylcholine (PC) 54 16:0-18:2 PC
lysoPC 9 18:0 lysoPC
phosphatidylethanoleamine (PE) 18 18:0-20:4 PE
lysoPE 2 20:4 lysoPE
phosphatidylinositol (PI) 8 18:0-20:4 PI
sphingomyelin (SM) 22 d18:1-16:0 SM
ceramide (Cer) 7 d18:1-24:0 Cer
cerebroside (CB) 8 monohexosyl d18:1-24:0 CB
sterol 1 cholesterol (Ch)
cholesteryl ester (ChE) 12 18:2 ChE
ubiquinone 1 coennzyme Q10 (CoQ10)
diacylglycerol (DG) 7 36:2 DG
triacylglycerol (TG) 79 52:3TG
free poly-unsaturated fatty acids (PUFA) 3 arachidonic acid
eicosanoids and docosanoids (0xFA) 22 5-HETE
total 253

(2) IfE L MiEMONRH L~ L 0FE (0 - i)

[FE S 7z 253 FREMRSMON, AEZRImEE - mif# (p<0.05) Z~L7-
R, HFEBMECBNT 34 o1 HELMEIZBWT 82 451, El Bk
IZBWT 107 Z5F. BB\ T 74 5+ Thotz, UV UVIEEB L OH
PERREIZ BV T, MERE L O FE#R 2 [3o77, lysoPCs LY DGs 75 i
D HIMIFIZEB W TEZEIZ (serum/plasma fold change > 1.5-fold 35 XY p<0.01)
RV LR LTz (Fig. 14), PUFA BX OV oxFA [ZBAL T, 77 % K
Vg, TXBy, 12-HHT, 12-HETE 7 & H3BEE 70 e - i 22 % 7= L 7= (Table 6)
B OERIT, MREEBROREREK L TWEH D EEZI NS,
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Fig. 14. Differences in lipid metabolite levels between human plasma and serum
samples. Lipid metabolites with marked fold changes (serum/plasma >1.5 or <0.67
and p < 0.01 values) between plasma and serum in any of the four subject groups are
plotted for each group. Statistical significance was estimated by Wilcoxon matched-pairs
signed-rank test (*p < 0.05, **p < 0.01, ***p < 0.001). Some metabolites (T, T1) with
same exact mass were eluted with different retention time and therefore seem to be
different molecular species of DG.

Table 6. PUFA and oxFAs showing >1.5 or 0.67 fold changes and p < 0.01 values
between plasma and serum at least one of the four subject groups.

Molecular species Plasma vs Serum (YM) Plasma vs Serum (YF) Plasma vs Serum (EM) Plasma vs Serum (EF)
MFC (S/P) p value MFC (5/P) p value MFC (5/P) p value MFC (S/P) p value
Arachidonic acids (20:4 FA) & its metabolites
Arachidanic acid 122 6.10E-05*** 140 1.83E-04** 144 6.71E-03** 1.63 3.05E-04%**
12-HHT 1.75 4.27E-04%4% 243 3.36E-03%% 138 4.27E-04%%% 225 3.36E-037*
8-HETE 041 1.53E-03** 045 4.27E-03** 036 1.25E-02% 035 4.27E-03%
12-HETE 161 8.36E-03** 216 1.83E-04%* 131 3.02E-02% 1.66 6.10E-D4%#*
15-HETE 072 2.62E-03* 0.55 6.71E-03** 0.62 2.56E-02* 0.46 6.71E-03"*
5,15-diHETE 079 1.22E-04** 0.64 5.37E-03* 064 1.35E-01 048 6.71E-03*
5,6-diHETTE 388 6.10E-05%** 329 6.10E-05+%% 333 1.53E-03%% 323 6.10E-055+%
Eicosapentaenoic acid (20:5 FA) & its metabolites
Eicosapentaencic acid 138 6.10E-05%** 1= B.54E-04%*= 1.39 3.36E-03** 1.79 B.54E-04%**
12-HEPE 138 1.81E-02* 1.60 2.62E-03* 148 2.52E-01 1.67 4.13E-02%

Docosahexaenoic acid (22:6 FA) & its metabolites

4-HDoHE 325 6.10E-05%*% 256 6.10E-05%%% 1.80 4.27E-04%%% 409 6.10E-05%*%
10-HDoHE 052 3.36E-03** 041 6.71E-03** 044 1.25E-02% 034 6.71E-03%*
14-HDoHE 151 4.79E-02% 1.66 2.62E-03%% 120 2.77E-01 214 6.71E-03%*
20-HDeHE 051 3.05E-04"** 0.62 1.22E-04** 0.50 5.37E-03* 053 5.37E-03**
(MFC (5/P), median fold change in serum/plasma; YM, young male, YF, young female; EM, elderly male; EF, elderly female; HHT, ienoic acid; HETE, i ic acid; diHETE,
dihydroxy acid; diHETYE, i jic acid; HEPE, i acid; HDOHE, jic acid).

Statistical significance was determined by Wilcoxon matched-pairs signed-rank test (*p<<0.05, **p=<0.01, ***p<0.001).
doir10.1371/journal.pone.0091806.t002

38



(3) t FNELMOMRHE L~ ofiE (B

PRI, REEANA A~ — I —RBOLZKER L 0G0 o0 T 57
. IRERH LV OMEEFE L, RE Sz 253 BERHMON,
BEMEZ (p<0.05) & LEREmIE, BAFMECBWT 16 451, &5
MFIZBNT 20 4y 1. BRIV T 61 1. ElinktEics T 33 4
T ThoTz, BERMERE (female/male fold change > 1.5-fold or <0.67-fold ¥5 &
O p<0.01) MR LB A Fig. 15 1255 Lz, HBEEHCEWTL, £
<D SMOFRENBHELY L0 NBEFEICE W LUV %R L7z (Fig. 15A),
—J . BREEZBWTIE, SM OAL LT ka7l 7 A (PCs, PE, Cers,
ChE, TGs, oxFA) DM 480 b7z (Fig. 15B), Ry 72 = L2, 18:0-22:6
PC. 18:0-22:6 PE, 22:6 ChE 72 & ® DHA Z & AT HIEEN. BrEL v & &tk
IZBWTHHEFEIZHR WLV Z R LT,

oXFA [ZBI L ClE, E#pfElcB\\ T 18-HETE B L 17,18-diHETE 78 B
L0 HLMEIZBNTEHEFIRN L~V AR LT,

(4) b MEBESREY LSV E 2 B8 (FihE)

PERI & BIERIC . BRI A A A~ — T — RO HER A L 72 0 155 7
LT D0, TREMAE L~V OFERmELZFHE LT, FESh 253 5
BERHMON, AEZRMZE (p<0.05) 27 LML, BrEmsEicks T 8
F. BYEMIEIZBWT 29 0, MEmIECHs T 81 45, LMEMmiEIC
BT 59 31 Thoto, BERMEZ (elderly/young fold change > 1.5-fold or <
0.67-fold 35 LN p<0.01) 2FBDOENT-HW % Fig. 16 (TR L7, BHIcE
WC, AT & ZImEEONREAH L~ 1id. 5 41 (5-HEPE, 16:0-20:5 PC,
d18:1-22:0 Cer, 20:5 ChE, 60:1 TG) #FrZ. 1ZIXFETH Y (Fig. 16A). =
NHIFETHIRE D bERIZBWNTEWL LA R LT, —FH, LB
TIEBEMEELRD TG ZHlé LTEL O FRNEE RFERmZENTRD bl
7= (Fig. 16B), Z L5 DOHMIL, cytochrome P450 &%) Cd % 18-HETE %
PrE, Bkl bERmICBWWTEWL L Z R LT, £72, 18:0-22.6 PC 72 &
® DHA Z&AT 28T, EiicB W TEEEZ /R LTz (Fig. 15B) |
BB WTERBRZEL R T Z ENH L E 72> 7= (Fig. 16B),

BWETR&HE LT, lysoPC DBEERFRZENMIE TOARBEI N Z
MWEFH5 (Fig 16B), Z 0 Z &%, MIFIZHBW TR MEEEE O FEIZ L
lysoPC D L~Lis B L7cToh, ASRIEE L Tz lysoPC DAFfinZEn3 H# F
NTLESTWDAREEZRIEL TWD,
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Fig 15. Differences in lipid metabolite levels in human blood samples between males and
females. Lipid metabolites with marked fold changes (female/male >1.5 or <0.67 and p < 0.01
values) between males and females in either plasma or serum are plotted for young (A) and
elderly (B) aged groups. Statistical significance was estimated by Mann-Whitney U-test (*p <
0.05, **p < 0.01, ***p < 0.001).
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Fig 16. Differences in lipid metabolite levels in human blood samples between young and
elderly age groups. Lipid metabolites with marked fold changes (elderly/young subjects fold
change >1.5 or <0.67 and p < 0.01 values) between young- and elderly-aged groups in either
plasma or serum are plotted for male (A) and female (B) groups. Statistical significance was

estimated by Mann-Whitney U-test (*p < 0.05, **p < 0.01, ***p < 0.001).
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i

(5) M if AR} oD RS R DS AT D2 NS KT T 5

i3

MR O HAERAEIC L 5% 7 7 ADRER#H v~V oZE oLk (10
cycles/2 cycles) D FE¥JfE% Table 7 {2/~ L7z, 10 RO fE@AZIZ LV, ChE %
fR< &TORE LR L, B TEH PUFA LT oxFA O L UL D
VisgRZE (<0.70-fold) Toh -7z, —J7. ChE X 10 BIOBFERAREIZ LD L
~ULISHER LTz,

Table 7. Effects of repeated freeze-thawing on lipid metabolite stability in
plasma of young males.

Class 10 cycles/2 cycles (mean) SD
phosphatidylcholine (PC) 0.85-fold 0.02
lysoPC 0.82-fold 0.06
phosphatidylethanoleamine (PE) 0.82-fold 0.06
lysoPE 0.81-fold 0.11
phosphatidylinositol (PI) 0.81-fold 0.17
sphingomyelin (SM) 0.88-fold 0.08
ceramide (Cer) 0.95-fold 0.15
cerebroside (CB) 0.79-fold 0.05
cholesterol (Ch) 0.70-fold -
cholesteryl ester (ChE) 1.12-fold 0.17
coennzyme Q10 (CoQ10) 1.05-fold -
diacylglycerol (DG) 0.70-fold 0.09
triacylglycerol (TG) 0.85-fold 0.15
free poly-unsaturated fatty acids (PUFA) 0.45-fold 0.10
eicosanoids and docosanoids (0xFA) 0.69-fold 0.11

BIUIE B2 LOVNME
5 B CHIORR LT, B R B BN TRIET D,
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B A MIUKRBIOIEE A Z R — MR L BIEE e 7 7 AL
DA

—IH 73
BEMNMAPARERY L~ R T REE BT 572D, IR E A
H Sk D MG B OIEE A # R v — AN 24T - 72,

I Rk K OEBRTTA

(1) IRE R

MR ZAT > TWRWEER AN 10 4 O IRk 2 PromedDX 2 HHEA L
72, PromedDX 7> b O IR DI AT, .J_[:%Duﬁuuf?éﬁ BT D B2
BR0EKRE2mT0D, BikiE, B 5 4 (27-33 mk, TRIE 32 %) B
O ZeME 5 40 (26-33 7%, HRfE 32 %) OIS, MikAEHZ, 2T
DR EZE NS A v T —A2 Rarvvy N2EEHTE-EL. BERLT,
PromedDX #E:72» 56 Siuizikbhid, ok ECRlEE L7 I1cE L. IRE R
21T 9 FTOM -80°C I THFELRAE LT,

(2) feEHhH
R R B =1 (3) ICHEL T,

(3) LC-MS(/MS)
B B B IH (4) ITHEUTL,

(4) 7 — 2 fRbr
B E-f B (6) ICHEL T,

B IHRER

(1) imHE - MmiEzE

s7Vta ) UEE, A7 4 ARE, VBLXONI T AT va—y
FREICBEE 72 AT - MG EIT B L OWTIICEB W T oo Te, — 7,
PUFA 1 X T oxFA 2B\ TIE, AE TITEO 3 E—E A O mAE Mg T 10
UL BB 2R L2 & LC. TXBy, 12-HHT. 12-HETE 2MEEL. W
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THHIMAEL D HIfFICB W TE W L)L %R L7z (Table 8), %7, 12-HEPE,
14-HDoHE, 20-hydroxy leukotriene B4 XL TO A &7,

(2) FE

M5E - MEFE O WT NN THERMZELZ R~ LT & LT, 11,12-diIHETIE,
14,15-diHETTE, 17,18-diHETE, 20-hydroxy leukotriene B4 73 % i = #17= (Table 8),
F£7-. 16-HETE B L O 18-HETE (X BHE0ORE CoHMBmE Sz,

Table 8. Oxidative fatty acid metabolites showing different levels between plasmas
and sera or in genders.

Metabolites with higher levels in serum than in plasma (more than 10-fold depending on the individual)

TXB, 12-HHT 12-HETE
Metabolites detected only in serum (plasma levels were below the detection limit)

12-HEPE 14-HDoHE 20-hydroxy leukotriene B4
Metabolites with different levels between males and females
11,12-diHETTE 14,15-diHETrE 17,18-diHETE 20-hydroxy leukotriene B4
Metabolites detected only in males (female levels were below the detection limit)

16-HETE 18-HETE

HIUIE B2 LOVNME

W E T, IBEAA A BRRICBWTHETREZ L2
DNNZT DT, Fllin - HERIO R H4EE A ATE 60 4 DOIFEA X Ar—
LRI 24T -T2, 22 TITo BB A ¥ R e — AT B, U U iRE. A
7 4 v AR, PEIEE A FICxg E Lz non-target O FiE L PUFA B X
N oA at /A RExGE Lz MRM OFED SN TW5, FigD
non-target OFVED LC DB, FH—EOM A KA L LTEY, 77
Vxy FEFERHIEE G IERRRSMHFICHKBE L, £, FHLTWS
LC 8L MS (UPLC-TOF MS) TH YV, ZH—F®D LTQ Orbitrap & %725
D3, T FEOPRIEIZIVT LTQ Orbitrap 38 L OVEEME Bligh & Dyer % Hu»
THEY., F—EHOFEOFHENENIINL TN D,

RONNEE A A~ —H—ERIE LIz~ b Y 7 2R 5720 58N
L ~L DM - MiEAEEZA SN Uiz, ORISR, MmiFicsn Tl s b
2 L C lysoPC, DG, PUFA, oxFA 72 & D% < OIFENRHM D L~ L 384
HZ EMHBNE o7 (Fig. 14, Table 6), Ziuik, MiFIZHBWTIE, Mk
EE[E L ZFE > T Phospholipase C 235EMA LS4V, 77 % RUBRA A — RS L
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L7fER, 2o DREIO LA REINLIZb DL B2 bhd (24,45), Z
D& LY MIE TIEAERNOIRE R A B 2 EREC B L 720 ATREME S R
SN, ZORREREZEMIT LML LT, &MEIZBIT D lysoPC DOFEEZEN
MAETOHRFBDO NI LR B 5 (Fig. 16B), ZAUiX, IMiF Tl ik
B DB LY lysoPC D LUK U, ASRIFET DM EN M TE 72
WZEERIBELTVWD LD EEZ LD,

Fo AR T IR L LT, LY b ifyEizs T 5,6-diHETIE @
VAUV R E W 2 L (serum/plasma fold change: > 3.2-fold) . 35 X O
8-HETE @ L ~ULNEAZE 2KV Z & (serum/plasma fold change: < 0.41-fold)
ZH LM L7z (Table 6), IMEEEFEIZIS VT I D OIRERHY L~V N4
T HHFIEBIED & Z AR TH D, 5,6-diIHETIE (ZB8 L CixZ ORiIBRIA
Td 5 5,6-EET 2MMI/MRICBWTEEM DV U L (capacitative calcium
entry) Z5|EE T EWVIEGRNIEEINTEY (46). 56-diHETIE A3 IfLik
FEEICBI G LTV 5 ATREIE DS R S L7,

B2, FEMEBMEOIEE e 7 7 A VE, FE H 6 B THL
IZ L7z (Table 8), ZD#EH, TXB, X° 18-HETE 72 E& o amcB L
T, M - miEZE, L LIEMEERRBEO LN L OO, il LIZRIR & ik
THE, RRIFET D EZTFITHRETETOWRWZ ERBALNE RS T,
MBS L e LT, BIEEN VRN L HBICEZ DN, TOEE
BL_vD7a 7y A VI RESERLZEND, IFERRIKIT, BFOX
BIZ L AEARANORRERBE (L Z EfEICKM L TE 6T, "M F~v—h—#
RIITIANEYTHDL Z RIS, LEOHMREIY, BEASAA A ~—7
— PRI, EREOIMEEZ NS Z ENEE LW EARENT,

I, M HREAGEHY) L~ DML - FlnE 2 A L. (Fig. 15,16), T O
HC, JRENA A~ — I —HRBICBITLIREHERT L2055 RENREY %
Table9 (TR L7z, T O OFREBEIZ L 54 8) (fold change) 7% Table
9 AT HIPHAN TANA A~ — I —EMH & 72 o To BRI MR 2 0 2 H& R
T ERVBLIOTHERELZET LI ENRB SN, EFE, SMBT VYA~
—IROEEBZWE~— I —FER e LTHESNTWD 2 Enn (42), Z0mkk
PEZ Il 2 BT, RERIZFEFICAHEB 2 6ND, o, TGs 1% 2 fi5LA
FORMEL R T FRENSEFET D oA F~v—I— & LT
FrEYITHDLEEZ LND,
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Table 9. Potential confounding factors for lipid biomarker exploration.

metabolite gender- or age-associated difference maximum value of fold change
SMs female > male (both ages) 1.89-fold
TGs elderly > young (female) 3.60-fold
18-HETE male > female (elderly) and young > elderly (female) 0.53-fold
DHA-esterified PLs female > male (elderly) and elderly > young (female) 1.71-fold
DHA-esterified ChE female > male (elderly) and elderly > young (female) 1.74-fold
5-HEPE elderly > young (male) 2.24-fold

AW L0 AEBE RO TIZ SMs DO L-ULREME LD & LEICBW TS
W ENHALMNEZR 572 (Fig. 15), mEOHREIZEL V. SM EHHIEIZ = 2
a7 B LT D ATREMEDS RIE STV D0 (47), SMs DPEZE N = X
a7 AZEK L T DI OWTIREEmO RN H 5, O H & LT,
TARaZ ULV RE LR T LT DR % O Em 4t (48) 2BV T
SMs O L~ BHEL D b EmnZ & (Fig. 15B), 72, HERLE O L)L
PMEWIIIZIBNT S SMs OPEZENRHE SN TWD (49) Z &ERET b b,
LA, SMs OPEEITT= R F a7 LSO 6 DR F1Z L0 H# i T
LERBMEREmWEB X DD, Flo, BERMEELZ R LUICEER#®M E LT,
18:0-22:6 PC F LN 22:6 ChE 72 X' DHA &HIEE R %7 515 (Fig. 15B),
T, 7 v MZEWT, DHA SIS T 2R OIEMEORIENZ, =X b e
TFUMBEE L TWADARRER S D LG Sz (B50), LrLAans, Zhb
DRI B W THEBZE L RLTWD Z &5 (Fig. 16B), = A ka4
YDORHIRHT, OKTFH DHA REHHIEEIZE S L T\ 5 AIREME D R S 4L
7o A5t SMs B L DHA &AM O - Tl A2 ORI OV T
D72 HMRED G S D,

MEIZBIT D TGs OFHZEL = A ha 7 UG L TWDAREEMERH 5,
WEOHEIZEY ., =& ba )3, low-density lipoprotein 73 & OAEHIENC
BHG- L CWARIEEMEDRIZ S LTV D (B1), £ D7z, Elntc Rz B W TIE,
PARRIZ DA k1 7 WD R 23 lipoprotein ORI 228 % K IX L,
ZOREFRLELT TGS DLW EHERKIETNDLIHEDEEZBND,

BT D 5-HEPE DM ZIZET 2 M2 F IR Th 523,
Schuchardt 52XV | M2 5 5-HEPE 72 £ EPA koA a4/ A R
D L~YL L GRIMEKEH O EPA A EENRSFHBE L TWD LD Z &l
INTWD (52), HiTIE, ElBME, HhBEXL Y b &FHk EPA 21
Y UIRE R X OHIICE D AT W E W S e (53,54) bV, Zhb
DELG)N 5-HEPE OFHpEIC B %2 KT L TW A RIEEMEDRH 5,
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17 FRRE O WU AR DS OB ENEIC RIF TR B 2GR L2 fE . ChE
RS ETOI7 7 ADRE O L)L BEHERARIZ X 0 95 Z E S
& 7eo7c (Table 7)., FFIZ PUFA B LT oxFA O L-LDIK FRBEZE Th -
Too T, JFENA A ~—H—REZ1T O BRITIE, BEOREIZIEIT O
SEEATOIRE, —EOFEEZET L LRSIz, —F, ChE O L~L
(SRS 2D IR 2 Elc kT A2 LB N ERoTz, ZDOZ L
X0, WA OBRE T, BRDM D7 57, Lecitin-cholesterol acyl
transferase 72 & O~ OFERESNHEIT LTS Z LN S (55), 4
%, REHREEMOE 2 55T E LT, RO EHRAFICE T 2 IBERHY
DEFEWNZFTMT D MEERHDH EEZ HND,

IINFE

ARE F—HiB LU _HICBWTURE A A~ — U —RRICB T 28 E
KRB KOS A~ — T — AR IUC B 5 A 2 157,

1. [BEANA A~— I —BRIITEERAEOMERNLE LN EEH LML
7=,

2. AT 4 AI Y VEDNRA v — RO T L 0155, B
DR 2 5 LTz,

3. PUEBGRSRARIC LV RFEDOIFE LA NED T2 L 26N L, T
ARBIDTEZAT 9 70 & B O BE AR 2 T 2 B EZ R LT,
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B R e MR EAERE Lo M - miEE, BAoE, Fls
(B 2 MR AR

B—IH X

B B B RIS, KM N A A~ — I —RRICEBIT
HRBRAZHGICT 7720, MAFAKMEREYICE L TX %R o — AT
HiTo77,

[

GC-MS, gas chromatography-mass spectrometry; UPLC, Ultra Performance
Liquid chromatograph; IT, ion trap; OPLS-DA, Orthogonal Partial least squares
Discriminant Analysis

I RIRR LOERTTIE.

(1) Mk

0 R IH (1) ERERORBIKZE V=, PromedDX 2> 6 24 Edu 7wk
(X, K ECREE L2kl IRERMEZ1T 5 £ TOM -80°C (2 THAEIR
fEL7e (BF 2 EloWUREEAE) . A miksUeix, fh - ?E'Jﬁ@é%ﬁé‘ﬁf‘ibé
Metabolon (Z264f L7z,

(2) RFHhHE LY GC-MS B LT LC-MS(/MS)

AR ORI, Metabolon #1238 1) D HEHEE (56) [ X Wi L
7o HILEE « MIEREI SO Z %7 & MR EMET 572D DN
EYEME 2RI LT A S ) — VICHER L TELT 52 & Tliole, £0%,
&4 EL L. UPLC-IT MS (LTQ, Thermo Fisher Scientific, MA). GC-MS
E (57,58) lcFnEnfdt L7z, UPLC-ITMS DHIE X, FRrEHy,
Ra#ty. FnEFnIckEfbt SN _—2>0RICL>TiIThbnTWaba =%, FiF
X EARIZEES TS, UPLC-IT MS O HIEREHT, 50 uk o ki %
FHATHE L%, TNEh, 01% ¥/ 50 ub (UPLC-IT MS @M 5e1F) |
6.5 MM [REEKFET =7 L 50 uL (UPLC-IT MS HRMES) (S HIAMR S
52 ETHI LT, GC-MS HOMIEREHL, 50uL O E{EEZEFE T A THz
B L72%. 25uL R U AF LT UL Y 7/1/2%17%2 F7IFBLOYTE =
MUV rgy v ra~ndty (5:4:1,5% hUZF LT )
25uL CHEIAEME L 7=, 60 °C T 1h WE4 5 Z & THEMRL LT,
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(3) RS
B BB IH (B) ICHEUT,

(4) T — XM

MmAE - MiEzZE, Mz, FRnzZEOkiIL, Welch’s t-test # H W\ TH B ZMRE
%17 7=, Orthogonal Partial least squares Discriminant Analysis (OPLS-DA) (%,
SIMCA-P+12 (Umetrics) % f\\CiT-7=,

(5) AL SNTREH DA T = A 5 RN

Rz, 72 7B (AA) . 7T R (P, mAK{E®E (CH)
T F—RE (BE). Mo FIEEMRH (Lip) . &R (N, =277 72—
BLOEH I G (CoFV) 1238 L, B A2 T = AMIZBWVWTHE (p<
0.05) ZE@EZ R LI-REWE 1 L LTrarfblL., &Lz, ®kW\WT, %5
ODNTCARAT ZHZNAT =2 AIZBT H5REOBRBTIRL, ZOlE%K /2
UxAIZBITAHEEERE LT,
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BT AR
(1) BRI OBUKIERE) L ~L O el SR Fig
OPLS-DA (T & » T, BRIEONRHY L~ O FERIfFENT 217 > 7= (Fig. 17).
Z ORER MHE - MIFEEDRBHEOSHEICHF LG L TEY ., IRWTHEZE - Fifn
A CTholz, [FES 297 RO H & 5% Table 10 128 L7z,

Young male
Old male
Young female
Old female
Young male
Old male
Young female | Serum
0ld female

Plasma

2]

g JOF 1n3 JOX |

R2X[1] = 0.063787 R2X[2] = 0.053536 Ellipse: Hotelling T2 (0.95)

Fig. 17. OPLS-DA model of overall metabolic profiles. Data obtained from human
plasma (red) and serum (blue) samples of young males (closed circle), old males (open
circle), young females (close triangle), and old females (open triangle) were analyzed.
The goodness-of-fit parameter R2 and the predictive ability parameter Q2 were 0.448
and 0.297, respectively.

Table 10. Classification of identified metabolites

class number of metabolite respctive metabolites
amino acids 73 glycine, serine, threonine

peptides 29 bradykinin, glycylvaline
carbohydrates 21 fructose, galactose, glucose
energy metabolite 5 citric acid, lactic acid

small lipids 144 palmitic acid, 2-arachidonyiglycerol
nuclotides 11 inosine, uracil, xanthine

cofactors and vitamines 14 bilirubin, heme

total 297
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(2) BUKHERE L~ LD M - 57

M4 - My OBKMERHY L~ L OE8NE, Bl LU ERMICIE W T
IFXFEEROFERZ R LT (Fig. 18A), MIEEEEIZLE D &7 X7 E D53 EY)
TH H7F FEIT (glycylphenylalanine, glycylvaline 7z &) 35 X QMR EEH
SGPEY) T d % 2-arachidonylglycerol 72 & O /Ny 1R I ME X 0 & 1y
BWTHRICE WL~ LZR LT (Fig 18B), — 5. MKEEEIZ X 0 2R S
NAHRY RTF R ThD bradykinin 1L, 1M3F LY & MW THEIZEWD
LoL &R LTc (Fig. 18B), [FAIE S 472 297 23O, 2 Ll Eo i - i
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Fig. 18. Differences in the metabolite levels between plasma and serum. A. The
number of metabolites with statistically significant differences and with at least 50%
changes in their levels between plasma and serum. Values within boxes indicate the
number of metabolites. B. Example of metabolites showing significantly different levels
between plasma and serum. Each dot represents the data of an individual subject. Data
shown are human plasma (red) and serum (blue) samples from young males (closed
circle), old males (open circle), young females (close triangle), and old females (open
triangle).
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Fig. 19. Differences in the metabolite levels between ages and sexes. A, C. The
number of metabolites with statistically significant differences and with at least 50%
changes of the levels between young and old (A) or male and female (C) subjects.
Values within boxes indicate the number of metabolites. PL, plasma; SR, serum. B, D.
Pathway occupancy rates of statistically different metabolites between young and old
populations (B) or males and females (D). AA, amino acids; P, peptides; CH,
carbohydrates; E, energy metabolites; Lip, lipids; N, nucleotides; CoFV, cofactors and
vitamins. Blue, the ratio of metabolites higher in old subjects (B) or females (D) than
young subjects (B) or males (D), respectively; red, vice versa.

53



Young

Old

Pep

CH

Lip

CoFVI

Female > Male, P < 0.05
Female < Male, P <0.05

I Fold change>1.5 [ Fold change<1.5
B Fold change<2/3 [ Fold change>2/3

L Bl

247 [ 25

SR

252 | 23

pL i

269 ls

SR

268

N

Glycine, serine and threonine metabolism
Alanine and aspartate metabolism
Phenylalanine & tyrosine metabolism
Tryptophan metabolism

Valine, leucine and isoleucine metabolism
Cysteine, methionine, SAM, taurine metabolism
Urea cycle; arginine-, proline-, metabolism

Fructose, mannose, galactose, starch, and sucrose metabolism
Glycolysis, gluconeogenesis, pyruvate metabolism
Nucleotide sugars, pentose metabolism

Pyrimidine metabolism, uracil containing
Hemoglobin and porphyrin metabolism

Fig. 19 (continued).
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Table 11. Marked age-associated differences in the metabolite levels of human
blood samples. Each fold change of age-associated differences indicate old/young
metabolite level ratio in both matrices. *1: CMPF,

3-carboxy-4-methyl-5-propyl-2-furanpropanoate, *2: BHBA, 3-hydroxybutyrate.

metabolite age-associated difference maximum value of fold change
phenylacetylglutamine eldely > young (male serum) 2.02-fold
mannitol eldely > young (male and female serum) 2.74-fold
taurolithocholate 3-sulfate eldely > young (both plasma and serum) 2.25-fold
hyocholate young > elderly (both male plasma and serum) 0.39-fold
pregnenolone sulfate young > elderly (both plasma and serum in both sexes) 0.42-fold
urobilinogen young > elderly (male plasma) 0.44-fold
3-methylhistidine eldely > young (both female plasma and serum) 2.22-fold
p-cresol sulfate elderly > young (both female plasma and serum) 2.34-fold
cystine eldely > young (female serum) 3.86-fold
leucylphenylalanine young > elderly (female plasma) 0.43-fold
xylonate eldely > young (female serum) 2.07-fold
5-dodecenoate (12:1n7) young > elderly (both female plasma and serum) 0.38-fold
myristate (14:0) young > elderly (female plasma) 0.34-fold
palmitoleate (16:1n7) young > elderly (female plasma) 0.43-fold
10-heptadecenoate (17:1n7) young > elderly (female plasma) 0.39-fold
10-nonadecenoate (19:1n9) young > elderly (both female plasma and serum) 0.37-fold
dihomo-linoleate (20:2n6) young > elderly (female plasma) 0.48-fold
CMPF* elderly > young (both female plasma and serum) 4.52-fold
15-methylpalmitate young > elderly (female plasma) 0.41-fold
taurocholate eldely > young (both female plasma and serum) 2.89-fold
taurodeoxycholate elderly > young (both female plasma and serum) 2.83-fold
glycolithocholate sulfate elderly > young (both female plasma and serum) 2.18-fold
taurolithocholate 3-sulfate elderly > young (both female plasma and serum) 2.24-fold
scyllo-inositol eldely > young (female plasma) 2.49-fold
BHBA*? young > elderly (both female plasma and serum) 0.27-fold
dehydroisoandrosterone sulfate young > elderly (both female plasma and serum) 0.46-fold
5alpha-pregnan-3beta,20alpha-diol disulfate young > elderly (both female plasma and serum) 0.12-fold
pregn steroid monosulfate young > elderly (both female plasma and serum) 0.39-fold
pregnanediol-3-glucuronide young > elderly (female plasma) 0.22-fold
arabonate eldely > young (female serum) 2.01-fold

Table 12. Marked sex-associated differences in the metabolite levels of human
blood samples. Each fold change of sex-associated differences indicate female/male
metabolite level ratio in both matrices.

metabolite

gender-associated difference

maximum value of fold change

pyroglutamine

cystine

alpha-ketobutyrate

N-methyl proline

methionylalanine

HWESASXX*

2-aminooctanoate

glycochenodeoxycholate

chiro-inositol

BHBA

4-androsten-3beta,17beta-diol disulfate
5alpha-androstan-3beta,17beta-diol disulfate
5alpha-pregnan-3beta,20alpha-diol disulfate
pregnanediol-3-glucuronide

male > female (both plasma and serum in both aging)
female > male (old serum)

female > male (young serum)

male > female (both old plasma and serum)
female > male (old plasma)

female > male (young plasma)

male > female (both old plasma and serum)
male > female (old serum)

male > female (old plasma)

male > female (old serum)

male > female (both old plasma and serum)
male > female (both old plasma and serum)
female > male (both young plasma and serum)
female > male (young plasma)

0.28-fold
3.0-fold

2.07-fold
0.17-fold
2.55-fold
3.35-fold
0.38-fold
0.48-fold
0.23-fold
0.41-fold
0.43-fold
0.42-fold
7.58-fold
3.91-fold
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Fig. 20. Effect of freeze-thaw cycles on the metabolite levels
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. A. The number of

metabolites with statistically significant differences and with at least 50% changes of
the levels between 2 (FT(-)) and 10 (FT(+)) freeze-thaw cycles. Values within boxes
indicate the number of metabolites. PL, plasma; SR, serum. B. Pathway occupancy rates
of statistically different metabolites either with or without freeze-thaw cycles. AA,
amino acids; P, peptides; CH, carbohydrates; E, energy metabolites; Lip, lipids; N,
nucleotides; CoFV, cofactors and vitamins. Blue, the ratio of metabolites higher after 10
freeze-thaw cycles than 2 cycles; red, vice versa..
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Fig. 21. Inter-individual variations of metabolites in subjects with the same
background. Calculated relative standard deviation (RSD) values were rounded to 1
decimal place, and the number of metabolites listed at each RSD value was shown in
sum. Dotted lines represent RSD values of 0.5 (arbitrary thresholds).
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