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Ap Amyloid beta

ACN Acetonitrile

Ac-PUT  N'-Acetyl-putrescine
Ac-SPD  N®-Acetyl-spermidine
Ac-SPM  N'-Acetyl-spermine)

AD Alzheimer's Disease

Al (R)-(—)-1-Aminoindan

ApoE Apolipoprotein E

BAP (3R)-(—)-1-Benzyl-3-aminopyrrolidine

Borax Sodium tetraborate decahydarate + 10H,0 (Na,B,0O; « 10H,0)
CA15-3 Carbohydrate antigen15-3

CAA Cerebral amyloid angiopathy
CAD Cadaverine

CBD Cortico Basal Degeneration
CE Capillary electrophoresis

CHEA (S)-(+)-1-Cyclohexyl-ethylamine

DAc-SPD  N*, N®-Diacetyl-spermidine

DAc-SPM  N*, N*2-Diacetyl-spermine

DAH 1,6-Diaminohexane

DAP Diaminopropane

DBD-APy (R)-(+)-4-(3-Aminopyrrolidin-1-yl)-7-(N,N-dimethylaminosulfonyl)-2,1,3-benzoxadiazole
DBD-F 4-(N,N-Dimethylaminosulfonyl)-7-fluoro-2,1,3-benzoxadiazole

DM Diabetes mellitus

DPDS 2,2’-Dipyridyl disulfide

EDTA Ethylenediamine-tetra-acetic acid

ESI Electrospray ionization

FDA Food and Drug Administration
FL Frontal lobe

FLP Flurbiprofen

GC Gas chromatographic

HA 3-Hydroxybutyric acids

HA-d4 3-Hydroxybutyric acid-3,4,4,4-d4
HPLC High performance liquid chromatography
I.S. Internal standard substance
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IBP
LA
LA-d3
LOD
LOP
M
MRM
MS
NFT
NMDA
NMR
NSAID
oDC
oDS
oL
OPLS-DA
ORN
PA
PAO
PCA
PL
PMP
PSP
PUT
RSD
SPD
SPDS
SPM
SPMS
SRM
SSAT
TFAP
THFA
TOF
TPP
UPLC

Ibuprofen

Lactic acids

Lactic acid-3,3,3-d3

Limit of detection

Loxoprofen

Multiple infarct

Multiple Reaction Monitoring

Mass spectrometer

Neurofibrillary tangle
N-Methly-D-aspartate

Nuclear magnetic resonance
Non-steroidal anti-inflammatory drug
Ornithine decarboxylase

Octa Decyl Silyl

Occipital lobe

Orthogonal partial least-squares-discriminant analysis
Ornithine

L-prolinamide

Polyamine oxidase

Principal components analysis

Parietal lobe
(S)-(+)-1-(2-Pyrrolidinylmethyl)-pyrrolidine
Progressive supranuclear palsy

Putrescine

Relative standard deviation

Spermidine

Spermidine synthase

Spermine

Spermine synthase

Selected reaction monitoring
Spermidine/spermine-N"-acetyltransferase
(3R)-(+)-3-(Trifluoroacetamido)-pyrrolidine
(S)-(+)-Tetrahydrofurfuryl-amine

Time of flight

Triphenylphosphine

Ultra performance liquid chromatography
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Ornithine (ORN) Frot i 3

Putrescine (PUT) Fin e fofi

Cadaverine (CAD) Frot i 3

Spermine (SPM) Frot i 3

N' N®-Diacetyl-spermidine (DAc-SPD) Frot i 3

N' N*2-Diacetyl-spermine (DAc-SPM) Frot i 3

Diaminopropane (DAP) ALK

N®-Acetyl-spermidine (Ac-SPD) H Ak Ak

N*-Acetyl-putrescine (Ac-PUT) H Ak Ak

N*-Acetyl-spermine (Ac-SPM) Sigma-Aldrich (St. Louis, MO)
Spermidine (SPD) B SR

1,6-Diaminohexane (DAH: PNiZ Y4 H) Wb AR

[Z DfhFEE]

Acetonitrile (ACN) e
Methanol (MeOH) B AL 5
Formic acid (HCOOH) e i 5K
4-(N,N-Dimethylaminosulfonyl)-7-fluoro-2,1,3-benzoxadiazole (DBD-F) B R
Sodium tetraborate decahydarate + 10H,0 (Na,B40O; * 10H,0) (Borax) 0O Al S

LR ABIRBIC DWW, BEIMMHOHABR THWAHEAEIZLC-MS V' L— K, ZOfmo
HABTHWLEGE %7 L— a2 .
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ELTEANR L —X — (B EM)  EZ-2 /8— Y F )L K L — % — (Genevac)
UPLC : ACQUITY ultraperformance liquid chromatograph (UPLC I-class,Waters)
ESI-MS/MS : Xevo™ TQ-S triple quadrupole-mass spectrometer (Waters, Milford, MA)

1-2-3 UPLC-ESI-MS/MS &1t

UPLC DM EEMH
Column : ACQUITY UPLC BEH C18 column (1.7 um, 100x2.1 mm i.d.; Waters)
Temperature : 40 °C,

Flow rate : 0.35 mL/min

Mobile phase

A : 0.1 % Formic acid in water, Mobile phase, B : 0.1% Formic acid in acetonitrile
—B% =20-60-90-98-98-20-20(0-8-10-11-12-13 - 20 min)
Injection volume : 5 pL

ESI-MS/IMS D EX M
Detected ion mode: positive

Capillary voltage: 3.00 kV

Cone voltage: 50V

Desolvation gas flow: 1,000 L/h

Cone gas flow: 150 L/h

Nebuliser gas flow: 7.0 L/h

Collision gas flow: 0.15 mL/min

Collision energy: 10-38 eV (Table 1-1 & R)
Collision cell exit potential: 5 V
Desolvation temp: 500 °C

Analytical software: MassLynx, version 4.1



Table 1-1 Detection of polyamines labeled with DBD-F by UPLC-ESI-MS/MS

Polyamine Precursor ion Product ion Cone Collision  LOD* (S/N=3)

[M+H]+ (m/z) voltage (V) energy (eV) (amol)
Ac-PUT 356.13 311.08 30 10 34
DAc-SPD 455.19 100.08 30 22 9.0
DAP 525.13 437.03 30 20 12
PUT 539.14 451.10 30 20 6.0
CAD 553.16 465.06 30 20 18

DAH (I.S.) 567.17 479.07 30 20 n.d.**
ORN 583.13 495.03 30 22 23
Ac-SPD 638.21 550.11 40 25 43
DAc-SPM 737.27 100.08 40 33 21
SPD 821.22 733.12 50 26 10
Ac-SPM 920.29 834.20 50 38 10
SPM 1103.3 1015.2 50 38 24

*LOD: limit of detection, **n.d.: not determined



1-2-4 KRV 7 I ® DBD-F FHikql

KFEARY T (NHEEYE 2K < 11 M8 100nM)30ul 2 15mL~A 27 o0 F =
TIWICAN, SHICHEREYE (DAH100nM) 30 uL 2 BA LiE LT AR L — X
—IC TR L LT, FREICHE {338 DBD-F (40 mM) % 150 uL. Borax /K&K
(100 MM — pH 9.3) % 150 pL Sz, 60°C T 30 min s SH 72, KL T#H 3 <12 4C
SBE RIS EEIESE, AT T 7 40F— (0.20um) THBWL, AL 5

uL % UPLC-ESI-MS/MS % F\\ CHllE L 7=.

1-2-5 MEYRER HL

MEWE (R 1 mL) (T E SRR ISR L, E B I2-20°C THAEIRAE L 7=, 0 H B AT =
TN, %(%%mnmmm) LEM LT v ELB STk, RiFed 71T
W7z, BB 138 30 73R DR %2, & BIZITMER P O MK OB A EZ T2, 1
AT OB X 22X TH b o7,

HNABEZ, YIREE 84 (43~67 k), FHEHL 224 (38~8Lm) £ L C, [
FEROMEE N 14 2 DO BF 44 £ 75 OMERERIZ 1T - 7=,

(RWFFENZ U T R O BRH K OV B i, # ] B N2 R K OV oy B T N2 K5 D ffi BRSE
HEOL EBAFEREASELEE L, MAEHICHERLT)

1-2-6  MEYR i AL PR

NIZEHEY)'E (1.S.) & LTDAH(100nM) % 30pul iz, 7 h=1HK YU/ 90uL %0
Z RS DR Y L 30 pL ZIRINL, BT v 7 A Y —T 1 oMEE%,
IR T IS wlikiE Le (Br& > N7 ue). w0508 (3,000rpm, 10 min) #, EiExE 4
BERILL,02um TTZ 4 VX —AiEITo7-. A% 150 pL HFEL L, @O /NKR L —
A — TR £ L=, =0k, FE#IZ 40 mM DBD-F 150 uL, 100 mM Borax 150 uL il
% 60°C, 30 min i S, 4°C T5 M Mm LG & Ik 7. KIGHK % 0.45 um 7 4
VA — 2 L, UPLC-ESI-MS/MS CTHE &34 L 7=.



127 PR F =g

[ =)
11fEAR Y 7 2 > (2-2000 nM) 30 uL (2% L, NIE#EY)E DAH (100 nM) 30 uL % il x.,
TR R %, FR¥HEIC 40 mM DBD-F 150 pl, 100 mM Borax 150 pL /il 2 60°C, 30 min X
i &4, 4°C T 5 Mm UG & ko 7=, OGN E 0.45 ym 7 4 VX — A3 L,
UPLC-ESI-MS/MS TE &/,5#r L7z, BEMRITS %« FERE NIEEDEF SHRO B —
7 R O & IRE & W CER L7z (N=5).

(BN - BRIZESE]

AP - BREIZEMRENT 2 Ao AN LD Bl L72wER (Saliva A-B) & W T o7z,
HNAB) TR L 5 0B, HMZAETIE 5 HMOWEZITY, TALENEEM@O
RSD fil (%) %% L 7=,

@/IEI N7

2 FEO S AMERR 30 ul (2 11 FEAR Y 7 2 > (MEHR TR E I A& ' T SPM, Ac-SPM,
SPD, Ac-SPD: 1.7, 3.3 fmol, ORN, CAD, PUT, DAP, Ac-PUT, DAc-SPD, DAc-SPM:
16.7, 33.4 fmol), % 30 pL AN L, 1-2-6 |2 &3k L 7= J7 ¥ TR AL B % 17\,
UPLC-ESI-MS/MS Z A WMER H A FEAR Y 7 2 2 E 8 Uiz, ELTINER & JERN
ERF ORI 7 I OEEMAE LKL, WMENEEZFH L. RINEREE T
F/(FO+A)x100 (%) [F: 4= A e o LA, HA 25, FO: JEIRINEER B LA, HA 2
A ERRINE] THRELZ.

[ s p At 2 o PR R ]

2 FEDMEHRIZ DV T, @A EAE, L BIE O 2 B OB - BiEk I Z 2 vaiLei %,
DBD-F %A L, UPLC-ESI-MS/IMS ICTH RV 7 I v 2ER L. @wEHE LK
fEefREZ LR RO 20V IR LG AOKEEARN) T I VOERELRETHZ LI
KU, HREMAERIECR T 2MWEET R T I v oRERE LB L.
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BIfH FERERROBLZE
1-3-1 RVU 7 I ® DBD-F #F#E{k{

RYT I UTAEERRNICIASHFEL, Z0MiE 7 I 7 K2 258 EAT 5209
R zFFo TRy, BKkEoEmWT X JVBOMREYW TH 5 (Fig. 1-1). T FETHY
TIVOWMIa~ b 7T 7 42K EREITIE, AR (UV) Bt 2 vz,
A7 v~ 7T 74(GC) " ks~ 27774 (LC) %, v v 7 ) —&
KUkEh (CE) Y Z W2, WL OO FEIIHSL SN TE R, BEKE LRt % E
T D LxTE o7, £, wbFHEREREZA VW GHKK 7 v~ 87T
7 4 (HPLC) ZyBED MM o Tk, Mg RP CRIBICKRD LEREN SN T
WBHN, K —7 b RBEEORY 7 2 o OREREIZARATETH -7 %

ZORRRE RS, Fox OFRETIL, IFERMEY O L WAERRE O ST I b
% &£ 9127 o7 LC-MS Sl & s A R IR 2 A bE b 2 &icky, B M E
EZHOMEBRR) T I ORBIEEZERELEZ O Lan-T, SEOERETRY T
2 O EER IS b TS CfF ] & vz DBD-F 5 ALk # £ L7-. DBD-F &
AL T —MNZ, T U EHETTHRLISEITT H729, 0.1 M @ Borax (pH 9.3)
D H T 60 °C T 30 Ay 872 (Fig. 1-2). & HICAFER TIXETHMEDORY 7 I
WM EEPALEOBEEEDRR NS F~— I —L L TCORFREZINEY T '
FAELEOTZ 1LFEDORY 7 2 > (Fig. 1-1) O —FHBESHT 2 7.
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HoN~ " NH,

Diaminopropane (DAP)
N
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(0]
)J\N/\/\N/\/\/NHZ
H H

1 1
N -Acetyl-Spermidine (N Ac-SPD)

O

)LN/\/\

N
N N/\/\/W/

)
N1N8- Diacetyl-Spermidine (DAc-SPD)
N N
H2N/\/\N/\/\/ ~ \n/
H
o)
Nl—AcetyI—Spermine (Ac-SPM)

NH
H2N/\/\/ 2

Putrescine (PUT)

NH
H2N/\/\/\/ 2

1,6-Diaminohexane (I.S.)

HoN" >">""NH,

Cadaverine (CAD)

NH
H2N/\/\H/\/\/ 2

Spermidine (SPD)

H
H2N/\/\N/\/\/NT(
H
o]
8
N -Acetyl-Spermidine (Ac-SPD)

H
HZN/\/\N/\/\/N\/\/NHZ
H

Spermine (SPM)

O
H H
)J\N/\/\N/\/\/N\/\/N\[(
H H
1 12 . . O
N N -Diacetyl-Spermine (DAc-SPM)

Fig. 1-1 Structures of the tested polyamines

F

N 0.1 M Borax HN/\M/n\NH

=N, (pH 9.3) N
HZN/\M/T]\NHZ + - /O _ — \O /N\O
N \N/ ~_ 7/
N

SO,N(CH3), SO,N(CH3)2  SO,N(CH3),
DBD-F

Fig. 1-2 General reaction scheme between polyamines and DBD-F
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1-3-2 DBD-F #H&EARALA Y 7 2 > D LC-MSIMS — 5 53 Bt 43 7

DBD-F#H &ML L7z 11 FERY 7 I v & —F DB+ 5720, 77V b &
e BEHEE XN DRIE L, il o2 Rt L.

F 7 ESI-MS/MS T D @ EE 2 E S A R ET D720, £4- Y 7 I DBD-F#
BIKDIRA A & Z OO collision energy 5 O & w247 - 7=. ESI-MS/MS @ B
RH — X Fig. 1312 LTz, T BFAUERUNADORY 7 I % ERIL DBD-F O
S-N #E & 238041, miz 44.05 O 2 DB L7z, 7R oEN R ST, —JF,
T EFKRIE, DBD-F LRV T I UDORES LT N OBEOALE TYIAL72 m/z 100.08
DA F o B & 72, FEED MSIMS 227 L% SPD, Ac-SPD, DAc-SPD # f§iiZ
Fig. 1-4 12" L, 11FE L 1S, T X THEAKRD MS/MS T M| E M % Table 1-1 (277 L
7.

F7- Table 1-1 OFRMFTH A A A A4 %23 E L, UPLC-ESI-MS/MS 2T
Selected reaction monitoring (SRM) E— RIZ X W BIRTEIKE 20T Z21T-72. &
BEWCRA L TiE, MRx ekita L7oRE R, mEMICAI01% FEEAKB:0.1% ¥
a7t r=rUJL OFRTB%=20-60-90-98-98-20-20(0—-8-10-11-
12 - 13 - 20 min) OEBEABIC THEZITO ZEI2L Y, 1S Z2E 0 12 KOFHEKRD
v— 7 & —F Rt Lk Lz (Fig. 1-5 A). EHIC 11 FEHRY 7 2 102
K2 O TR (LOD) % SIN=3 THEH L& Z A, 9-43 amol & amol L~ /L
DEEE R BB L 2 0 ARIRE AT DMERT R Y 7 I A2 O TH A
BRThdEEZIDLNZ.
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(A) (B)

HN/\/\NH o :
)]\N/\//J\N/\/\/N\[(
H
: : m/z 100.07 <7 N
Ozsi—N\— O,S+N— : :O
miz4405  -miz 44.05 SOzN(CHy),

Fig. 1-3 Typical cleavage pattern of DBD-F-polyamines by ESI-MS/MS
(A) Polyamines other than Diacetyl types, (B) Diacetyl polyamines

33.04
100. [733.04
SPD
E,Q.
236.63 0
297 61 624.36
188.58 ‘ 821.08
0 | . : m/z
100 200 300 400 500 600 700 800
100- 550.11
Ac-SPD
el 11467
84.46
47010
55227
638.22
) SN S U 174
50 100 150 200 250 300 350 400 450 500 550 600 650
100+ 100.08
DAc-SPD
B_‘C'.
114.36 !
221 288.27 45517
l- T T T T T T T I T T T T T T T m/z

0+
50 75100 150 200 250 300 350 400 450

Fig. 1-4 UPLC-ESI-MS/MS spectra of SPD, Ac-SPD, and DAc-SPD
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Fig. 1-5 The selected reaction monitoring (SRM) chromatograms of polyamine derivatives obtained
from (A) authentic reagents and (B) the human saliva of a healthy volunteer. The UPLC-ESI-MS/MS
conditions are described in the Experimental Section and Table 1-1
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1-3-3 MEEH 1L FEAR Y T I o —F o B

T L 7= LC-MSIMS % i\ 7z 11 FliAR U 7 2 v O — 3 4y Bl tH s 2 MW s A L,
SOICHER P 1L FEARY 7 I OERIEOMN 2 BIE LIFREZ1T o 72

MER 30 pL (2K LRTALERZ AT\, MR PR Y 7 2 U 20 LRGSR, 5 & R
HESMETTIS. 280 12 KOFEADO Y — 27 2 —F o5 Z Licksh Lz
(Fig. 1-5 B).

£72, Fig. 1-5 B (e) THIHIS T, W b Bl A A - A 45 miz 638.2 —
550.1 D 2 KD E— 722\, e OERORER, 6.16 ICEM Lo — 271X
Ne-Acetyl-Spermidine T& % LR T, 6.35 WITIAH L7z B — 7 13 % O RS Bk
T % N'-Acetyl-Spermidine T % & FH Sz, Lo L, N'-Acetyl-Spermidine (2>
WCTIHESRDOANFRRETH o 72720, REFREIZITE > TWRY., SHBEHDATF
TEWRE, REEZITI>TETHD.
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1-3-4 HHAY F = a v

1-3-3 IZBWTHE AR Y 7 I VRIS LR R 2500, RICFEBRHEZ AV
TMEEP AR 7T I VOEBEOHNEZENE L, KAV T —va VRABREIT o 7.
DBD-F # &AL E L L THW 11 AV 7 I oRmEBRX: R T I &E
(fmol), Y: WY 7 I &K | DAH (1.S)) B — 7 mfEt] 2B L7z & 2 5, KRR
U7 2 B LT 1-1000 (fmol) O #iPHIZ 31 5 [EF E R O P E42 5 (r®) 130.9949 —
1.0000 & EHRMEOEVMETH 72, £LMEROMEE O IE AR~ RSD EH 2T
9.9%LL T & BAF7ZME T, RIENBERIEHIZE L TWD Z & BRI L7z (Table 1-2).
WIZ, HEZKAET2HMNTRRZ 11HRY 7 I VREOEER 2 FEZ VT,
BN, BMZ#HRBRZITo72. n=5 TRELZL A, BNLEEREITL 9.85%LL T,
H AR 9.74% L T TH Y, KIEDKEIZENTWD Z LR TE 72 (Table
1-3). F7, KRIEOEMERE Z MBS 2 5 FFl L7258, BmEI T 89.4%LL
BT, ZOEITAEMEST TOFRGMATH Y, RIEDEREITERLTND Z &N

ka5 7z (Table 1-4).

WG AR L AR 11 R Y T I O ERMEOLEE) & S L. @ o ALER
AT o TR AR AR GHORE « @b 1B 255 L LT, S DI - mfgx 1|, 2[H
EMOIRLEBEOMBERH AR 7 IV OREREZRR L. ZORKE, EERPRY 7 2
VEITEFEREICH N 87.7~106% E AENIF AT THV, WM E Ve LD
SEME DKL THREMICEB N2 & 23HB L7z (Table 1-5).
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Table 1-2 Calibration Curves of Polyamines Labeled with DBD-F

] Calibration range _ _ Linearity CV (%)
Polyamines Linear equation 2
(fmol) (R") n=3

SPM 1-1000 y = 0.00102x - 0.00346 0.9947 3.0-5.3
Ac-SPM 1-1000 y = 0.0193x - 0.0678 0.9997 4.3-5.3
SPD 1-1000 y = 0.0235x - 0.104 0.9991 1.3-6.5
DAc-SPM 1-1000 y = 0.0361x - 0.0187 1.0000 2.6-4.8
Ac-SPD 1-1000 y = 0.0213x - 0.0659 0.9996 5.1-9.9
ORN 1-1000 y = 0.0225x + 48361 0.9985 6.9-9.2
CAD 1-1000 y = 0.0365x - 0.406 0.9965 24-5.9
PUT 1-1000 y = 0.0482x - 0.0344 0.9998 3.4-7.7
DAP 1-1000 y = 0.0259x - 0.112 0.9991 0.7-5.6
DAc-SPD 1-1000 y = 0.0910x + 0.0610 1.0000 3.5-8.8
Ac-PUT 1-1000 y = 0.0357x - 0.106 0.9995 29-6.7
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Table 1-3 Intraday and Interday Assays of Polyamines in Human Saliva by
Proposed Procedure

Intra-day Saliva A (fmol) RSD (%) Saliva B (fmol) RSD (%)

SPM 9.76 4.89 7.76 6.53
Ac-SPM 2.87 1.04 1.23 3.10
SPD 6.69 7.25 6.72 4.56
DAc-SPM 58.2 3.95 86.4 5.81
Ac-SPD 8.00 0.560 4.27 1.65
ORN 131 4.28 50.7 8.30
CAD 51.1 5.97 59.6 5.32
PUT 185 3.23 264 5.21
DAP 173 4.56 67.0 5.71
DAc-SPD 66.6 7.30 59.4 9.22
Ac-PUT 218 9.85 331 9.08
Inter-day
SPM 9.52 5.15 7.65 4.68
Ac-SPM 2.81 5.61 1.17 8.09
SPD 6.23 2.28 6.56 2.51
DAc-SPM 55.2 8.24 84.4 5.26
Ac-SPD 7.90 3.90 4.05 3.79
ORN 125 2.91 51.2 5.74
CAD 50.5 9.74 56.3 8.93
PUT 180 4.12 259.4 2.28
DAP 166 6.55 66.2 7.11
DAc-SPD 60.6 4.81 55.1 5.09
Ac-PUT 208 5.37 329 2.40
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Table 1-4 Recovery of Polyamines Spiked in the Saliva of Healthy Volunteers

Intact Spiked Spiked
) Accuracy RSD Accuracy RSD
Saliva A amount amount amount
(fmol) (fmol) (%) (%) (fmol) (%) (%)
SPM 10.9 1.70 99.2 1.6 3.30 99.3 0.7
Ac-SPM 2.80 1.70 99.5 2.2 3.30 93.1 1.7
SPD 6.70 1.70 98.8 1.2 3.30 106 2.9
DAc-SPM 67.6 16.7 92.8 3.5 33.4 103 1.3
Ac-SPD 8.50 1.70 99.9 5.0 3.30 94.1 0.90
ORN 109 16.7 99.5 1.5 33.4 97.0 2.3
CAD 55.6 16.7 96.4 3.1 33.4 101 5.9
PUT 230 16.7 102 2.9 33.4 99.0 1.5
DAP 151 16.7 86.3 1.9 33.4 93.7 1.4
DAc-SPD 74.5 16.7 108 7.0 33.4 96.5 1.3
Ac-PUT 242 16.7 96.3 3.4 33.4 96.7 4.7
Saliva B
SPM 7.80 1.70 100 3.6 3.30 96.4 7.3
Ac-SPM 1.20 1.70 99.5 8.0 3.30 93.1 2.7
SPD 6.60 1.70 100 3.6 3.30 103 2.9
DAc-SPM 85.2 16.7 101 13 33.4 95.8 9.9
Ac-SPD 4.10 1.70 94.8 11 3.30 104 1.3
ORN 50.4 16.7 99.3 2.4 33.4 97.6 6.7
CAD 58.8 16.7 93.2 5.0 33.4 99.1 7.2
PUT 257 16.7 97.0 3.1 33.4 96.6 8.0
DAP 68.6 16.7 87.9 8.9 33.4 89.4 11
DAc-SPD 56.4 16.7 93.4 8.3 33.4 93.7 5.2
Ac-PUT 324 16.7 102 3.7 33.4 101 3.1
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Table 1-5 Freeze/Thaw Stability of Polyamines in Human Saliva

Saliva A Saliva B
freeze/thaw cycle freeze/thaw cycle

polyamines Initial (%) 1 2 1 2
SPM 100 95.2 101 106 99.8
Ac-SPM 100 98.8 98.5 93.4 95.5
SPD 100 102 98.8 102 101
DAc-SPM 100 98.2 89.5 98.8 93.4
Ac-SPD 100 95.9 96.7 101 101
ORN 100 88.8 92.2 92.2 93.0
CAD 100 100 97.6 98.9 97.7
PUT 100 103 98.2 99.2 97.7
DAP 100 99.9 103 98.8 99.2
DAc-SPD 100 92.2 89.1 89.9 87.7

Ac-PUT 100 94.5 102 95.5 102
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1-3-5 fEH AL OCAPVBEEERT R T I OEE

EWT, BB LR AY 7 IO EREEZHVT, @ A& LB AR EBEE,
HREBEOMWERP AR 7 I VREZSTL, ZOEMMELFHEL -,

FLAARET, VIREBE 84, HREREE 24T LT, AENROET AN 144 D&
A4 2 DR FARY) 7 I UV EDORE 21T 7.

EREMEREHES 7 7 TRLEZLOE Fig. 1-6-1 ICHAXKIZLZH D% Fig. 1-6-2 12
ALz FEREY, NTREFAKUSADOKRY 72> Tix, CAD, ORN, SPM 23 &F T
EHANEIMMEMICH D Z ENHHELEZ., —F, N T7EFALHEY 7 (Ac-PUT,
Ac-SPD, Ac-SPM, DAC-SPD 3 X U8 DAc-SPM) O M H 2 FE 13w A L 0 B Il AR
FIZBWTIHEFIZEWMEAM TH D Z &3 ¥ L7z (Fig 1-6). £ 7=, Ac-SPD, DAc-SPD
BELPDAC-SPM ® 3 5DARY T I VIHBEEICE W TORIEFITE S, MHERFIC
BWTH, RAICBIT DD INETORESNEBRLEFBELRVER oz BT
L2rL, WEFNHIREICEAEZNRELS, PERAA T ~v—T—LFRXDbDIE 720
Sz, T, MEROBRIICEAZRH L ENRRTHL EEX N, £ T,
MR DR S DB EZ T2, FHNOFRY 70 11 ORISR 5 kTl
HZ L, ZORE, Fig 1-7123-T X512, BARIEIC XKD CAD & DAC-SPD,
DAc-SPM @ k5., KT Ac-PUT, ORN 23l L TW b Z LI A SN, 20
EOREEDEADA T =X LFIRIEASATE L0, B—CTlER{BEHDORY 7 I~
EEEAEdT s 22k, X0 EMRZENITZDREEN RSN,
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Fig. 1-6-1 Average concentration of polyamines in the saliva of breast cancer patients
and healthy volunteers (mean + standard deviation).
H, healthy volunteer (n = 14); P, primary patient (n = 12); R, relapsed patient (n = 24).
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(A) SPM (B) Ac-SPM (C) SPD (D) DAc-SPM
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Fig. 1-6-2 Scatter plots of polyamine concentrations in the saliva of breast cancer
patients and healthy volunteers. (" : Average)

N, healthy volunteer (n = 14); P, primary patient (n = 12); R, relapsed patient (n = 24).
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)|
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Fig. 1-7 Percentage (%) of polyamines in healthy volunteers, primary patients, and
relapsed patients
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BAHN NE

ARE|ZT, LC-MS/IMS % W 7=+ 11 fEAR U 7 X > (DAP, PUT, CAD, Ac-PUT,
ORN, SPD, Ac-SPD, DAc-SPD, SPM, Ac-SPM, DAc-SPM) D — 7 45 il & £ 1 D Fe AT %,
L7z,

AETITHEAFEBRERAIEK TH S DBD-F 2R ) 7 2 KL, TOFHEKE
ESI-MS/MS (2 CEEERIE L7z, DEECIE 1.7 um A2 2T v U vy U B 7w
(ODS) ki - FHED WA T 7 2 ZEH L, UPLCIZE D 10 3UNIZ 11 FEDORY 7 I >
ZRIRF o BEHT T2 2 LITkB LT,

WA B FEEERIZIGSH L s 2 A, EBRT ORMEWEICiESND Z L7 <,
11 ARV 7 I ORETL2ZEICMDTHEII L. HWTHERFTARY 7 I OEE
HEOMESLZHIEL, SO ANV F—v a VilBREZIT o 25, WINEILER 86.3~
107.8%, HWAERE RSD 9.9%LL T, HRHAEFRE RSD 9.7%LL T & ARIEITHE A,
EREE L DICBFRERIETH D LR S L. £ 2B - g E R T, 1~-3
EOHREMABICEONTL, BERDTR) 7 I VAL ECERARETHDI Z ENRB SN
7.

BB EF LEFENOMERFARY 7 I U RERE T, 913, BREFIZB OV T
T TFARY T I RENSEMERICS 72, LML, EREICBEAZENKE L,
H—RUT7IvaEaNfF~v—F—CTH2 L3 LWVWEEZONT-. ZZ THEEND
BARVTIVEICHTIERI T I OEE LS, CAD & DAc-SPD,
DAC-SPM DEI & NN ABE TEH L TE Y, Ac-PUT, ORN O EIE B3 L Tz,
ZOEDICILFERRICHET S22 LI2LY, BEORY T I OlEFA LR
A DTGB W ~D NG A BN R S vz,
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B2E NSETEE D VR VBB O X TV E AR LC-MS/MS 43 #7
- EEWEH DL-YLER, DL-B-E Fuo X UEBOEER -

H1IE

EWENTOEBERZHIET2EBEEMEOLZIIXFINTH D Z ENILL
BAMENTWD. Bz, EHETIE D-v ) BN THREELZRG T2 8 ™,
D-7 A/XT X NS {Jén‘ﬂﬁkfﬂ‘/lx‘l&/ YW ERIET S Z L T R NHEERENT
WD ZDOEIET X BEITL DKL LAY O LT AR T OB BE OE W A
HEEINTEY, AFRERIHETH> CHLERELRABEEEZ RTHAENEL, £

DIRBOF T2\ A F~—T1— & LT@E‘M##mi DnooH5. LinL, &bkbE
RN BIEROMER OFEWEMENT T 25 72121, £V &EE D EE 7 e BYER
SEEEDNMETH D.

BUE, S EVER S BEEIC Tk u~ 77 o BNHVWLRD. £z,
N4 Elv]\7774’%ﬁﬁb\f F«%E?“é XX TNV BT LERHND FIEE, 3%7/1/5%%
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ZIZTARETIE, LV EKERS T VpHEZFEB T ~<, MSIMS #H IS AT Ee
X TR DORBEEIT -T2, SROMELEWITFIEE I VR BB E L,
THELTIHAT oA RAG KGR NSAIDs [Ibuprofen (IBP), Flurbiprofen (FLP),
Loxoprofen (LOP)] Z MW7z, HilRENTWVDHF T 72T I v 8HIZ OV THFENE

PRI L 7z

WICAZ V== THERF TN GEEFERMEREL LTAHThH - 232 v,
RNV R OIS LT SGE O AEZFHME L2, xtR & Lz VAR BRI
JLEE (LA), B-B Fo kU Esfe (HA)E L7z, LA, HA 1T & b (IS RBE 20N G IR 4 i 73
WENCE X DHERFEEDOKRNTO EF (BT F—3 X, F TV F—=v X)) R
BESNhTBY, BRFEORLAA~—T—D 1 DL LTEZLNTNDS 9 £/
LA, HA 13 & BTG 2 RO 2%, SR BRI OEH OEWE TR E®E T 7
VN, Z ZCARBIETIE, BEREEE TO LA, HA @Lﬂc BV T BRI 227
AU B0, MERZ WD CRE L. MR 2 V728020 T, BEICRTERIC Tk~
7LD, IFRBEICH S ISR FTEE T, f;kDLLKVEH# TR T, i A
/)%E%}iﬂﬂ%f% HEWS TR ENSD D 000 U LREE L THEILE Y DRREN
Mg &L~ &, 1ENCRINTE2ENRONDL Z LR ENRTZ LN, HEK
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DREETITRERARTHD EEZ LN TV, T2 THEOFEMRHEZ HV-
FiEEBEATEE, ZRooXRAERRL, @ESZHIERRE S L THARETSH
HEEZ, BERFP O LA, HA O DIRE N LIKOERZEEZITV, FERBFOF 27254 A
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28



B2H EBRMBROTGE

2-2-1 I

(=6 Z L5 Bl o S AL R SR e 4l 5 2K ]
(R)-(+)-4-(3-Aminopyrrolidin-1-yl)-7-(N,N-dimethylaminosulfonyl)-2,1,3-benzoxadiazole
(DBD-APYy),

(S)-(+)-1-(2-pyrrolidinylmethyl)-pyrrolidine (PMP)
L-prolinamide (PA)
(3R)-(—)-1-benzyl-3-aminopyrrolidine (BAP),
(S)-(+)-1-cyclohexyl-ethylamine (CHEA)
(3R)-(+)-3-(trifluoroacetamido)-pyrrolidine (TFAP)
(R)-(—)-1-aminoindan (Al)
(S)-(+)-tetrahydrofurfuryl-amine (THFA),

ETHRFEK LD A, #iEIX Figl 2

* w N H2

Q N. CF
oD o 1 OR
0
N =N N © )
H H

SO,NMe,

5 6 7 8

Fig. 2-1 Structures of chiral amines tested: (1) PMP, (2) DBD-APy, (3) TFAP, (4) Al, (5) CHEA,
(6) PA, (7) BAP, and (8) THFA
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[NSAIDs]
DL-lbuprofen
DL-flurbiprofen
DL-Loxoprofen

QLSO (AL 7/)
D-Lactic acids
L-Lactic acids
D-3-Hydroxybutyric acids
L-3-Hydroxybutyric acids

[NERELE D]
DL-Lactic acid-3,3,3-d3
DL-3-Hydroxybutyric acid-3,4,4,4-d4

O D
D

HO « D
OH

1

Sigma-Aldrich (St. Louis, MO, USA)
Sigma-Aldrich (St. Louis, MO, USA)

=4t

(D-LA; Sigma-Aldrich; St. Louis, MO)
(L-LA; Sigma-Aldrich; St. Louis, MO)
(D-HA; Kanto Chemicals; Tokyo, Japan)
(L-HA; Kanto Chemicals; Tokyo, Japan)

(DL-LA-d3; C/D/N lsotopes; Quebec, Canada)
(DL-HA-d4; C/D/N Isotopes; Quebec, Canada)

O HO p

HO CD,

Fig. 2-2 Structures of internal standards (1.S.).
1. DL-Lactic acid-3,3,3-d3 (LA-d3), 2 DL-3-Hydroxybutyric acid-3,4,4,4-d4 (HA-d4)

[ D fth k3]
ACN
MeOH
HCOOH
Triphenylphosphine (TPP)
2,2’-Dipyridyl disulfide (DPDS)

B Ak
B Ak
0O i 5
FOAb AL
FAb Ak

LT AR OWTIE, BIMHOHBRTHWAEAIZLC-MS 7 L—F, 0o
AR CTHWA A IR L — N & iz,

[Z7 > 1]

o' Wistar rats (7 weeks old) [Charles River Japan]
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2-2-2 FEERAEE

OB o [AERRURH] R S R OB CFI6RX TR (H 37)

[ARGUR LA ] B /N i (KPR BRI
ELTEANR L —X — (B EM)  EZ-2 /8— Y F )L K L — % — (Genevac)
HPLC : Agilent Technologies 1100 ¥ UV — Xk 7 v~ ~ 77 7
ESI-MS/MS : Applied Biosystems APl 3000 — J# DU & B & 45 4 &t
UPLC : ACQUITY ultraperformance liquid chromatograph (UPLC I-class,Waters)
ESI-MS/MS : Xevo™ TQ-S triple quadrupole-mass spectrometer (Waters, Milford, MA)
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2-2-3 HPLC-ESI-MS/MS

HPLC DM ERLE
Column : Mightysil C18 RP column (3 pm, 100 mm x 2.0 mmi.d.; B # /L)
Temperature : 40 °C,

Flow rate : 0.2 mL/min

Mobile phase A : 0.1 % Formic acid in water, Mobile phase B : 0.1% Formic acid in
acetonitrile

—Mixed A and B with suitable volume (Table 2-1 £ fift)

Injection volume : 2 uL

- ESI-MS/MS D #E £~ (AP13000)
Detected ion mode: positive

Declustering potential: 40 V,

Focusing potential: 200 V

Entrance potential: 10 V,

lon spray voltage: 5 kV

Curtain gas (nitrogen) pressure: 10 psi
Nebulizer gas (nitrogen) pressure: 14 psi
External turbo gas flow rate (nitrogen): 6 L/min
Turbo gas temperature: 500 °C

Collision gas pressure (nitrogen): 6 psi
Collision energy :35-40 eV (Table 2-1 & JH)
Collision cell exit potential: 10 V

System: Analyst software (Version 1.3.1, Applied Biosystems)
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Table 2-1 HPLC-ESI-MS/MS data for the NSAID diastereomers derivatized with

chiral amines

No D Mobile# K o Rs CE* | Transition (prec?ursor ion, m/z [ LOD**
phase (eV) / product ion, m/z) (fmol)
1 PMP+IBP 65/35 9.22 | 115|176 | 35 343.4[M+H]*/271.8 0.76
2 PMP+FLP 70/30 17.22 | 1.11 | 1.35 35 381.2[M+H]"/310.0 0.62
3 PMP+LOP 75/25 9.18 [ 1.21 | 1.71 35 383.3[M+H]/312.0 0.66
4 DBD-APy+IBP 40/60 11.46 | 1.16 | 2.70 | 40 500.4[M+H]/202.0 0.60
5 DBD-APy+FLP 45/55 14.00 | 1.18 | 3.85 | 40 538.2[M+H]/202.0 0.75
6 | DBD-APy+LOP 50/50 9.88 | 1.11 | 2.12 40 540.2[M+H]/202.0 0.57
7 TFAP+IBP 50/50 18.12 | 1.05 | 1.29 35 371.2[M+H]/182.8 0.76
8 TFAP+FLP 60/40 | 38.16 | 1.11 | 2.36 | 35 409.5[M+H]*/182.8 0.85
9 TFAP+LOP 70/30 | 38.02 | 1.09 | 2.19 | 35 411.4[M+H]*/182.8 0.91
10 Al+IBP 40/60 16.62 | 1.17 | 1.54 | 40 322.4[M+H]/116.8 0.96
11 Al+FLP 50/50 30.62 | 1.09 | 2.38 | 40 360.4[M+H]*/116.8 0.65
12 Al+LOP 60/40 35.34 | 1.11 | 2.85 | 40 362.4[M+H]"/116.8 0.68

*Mobile phase: H,O/CH;CN cont. 0.1% (v/v) HCOOH, *CE: collision energy

**LOD: Limit of detection
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2-2-4 UPLC-ESI-MS/MS

UPLC DJELHE
Column : ACQUITY UPLC BEH C18 column (1.7 um, 100x2.1 mm i.d.; Waters)

Temperature : 40 °C,

Flow rate : 0.35 mL/min

Mobile phase A : 0.1 % Formic acid in water, Mobile phase B : 0.1% Formic acid in
acetonitrile C: 0.1 % Formic acid in methanol

—Mixed A, B and C with suitable volume (Table 2-2 = )

Injection volume : 2 uL

ESI-MS/IMS DHERLE
Detected ion mode: positive

capillary voltage: 3.00 kV

cone voltage: 50V

desolvation gas flow: 1,000 L/h

cone gas flow: 150 L/h

nebuliser gas flow: 7.0 L/h

collision gas flow: 0.15 mL/min

collision energy: 20-25 eV (Table 2-2 & fif)
collision cell exit potential: 5V

desolvation temp: 500 °C

Analytical software: MassLynx, version 4.1
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Table 2-2 Separation and detection of LA and

chiral amines by UPLC-ESI-MS/MS

HA enantiomers derived from

Mobile Phase tR o Transition
CE** LOD***
Diastreomers | (H,O/MeOH/MeCN | L-LA, | D-LA, | =~ | Rs* (precursor ion, m/z
. K'1/K’> (eVv) . (fg)
in 0.1% HCOOH) | D-HA | L-HA / product ion, m/z)
PMP-LA 98/1.6/0.4 1.9 2.7 1.39 |[4.87 | 20 | 227.2[M+H]"/156.0 5.4
PMP-HA 98/1.6/0.4 3.8 6.2 1.63 | 9.4 20 | 241.0[M+H]*/170.0 115
S-DBD-APy-LA 75/20/5 10.0 | 9.6 1.04 | 1.08 | 25 | 384.2[M+H]’/202.0 -
R-DBD-APy-HA 75/20/5 11.6 | 12.0 | 1.03 |0.85| 25 | 398.2[M+H]'/202.0 -
R-AI-LA 75/20/5 7.4 7.2 1.03 [1.08 | 25 | 206.2[M+H]*/116.8 -
S-Al-HA 75/20/5 7.9 7.4 1.06 | 2.6 25 | 220.2[M+H]*/116.8 | 32.8
TFAP+DL-LA 95/5/0 9.5 9.5 - - 25 | 255.1[M+H]"/182.8 -
TFAP+DL-HA 95/5/0 14.3 | 14.3 - - 25 | 269.3[M+H]*/182.8 -

The values of k’, a and Rs were calculated using the following equations:
Rs = 2x(tr2 -tr1)/(W1+W5)
where tg, tr; and tg, are the retention times of the peaks, ty is the void volume of the

K" = (tr -to)/to ,

o = k1K’ ,

column, and W, and W, are the bases of the triangles derived from the peaks.
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2-2-5 @ B IRAL SIS O 16 R ]

FIRIZTHAHA TodH D TPP L TN DPDS {71 F T, IBP (10 uM) (ZxF L PMP (1.0 mM)
Mz, BIGHE% 5, 15, 30, 60, 90, 120, 180 73 DA HFHIICERE L, IABLE E%, Rk

ZRBENVEICHIEM L, HPLC-ESI-MS/MS TH BT L7~

& x ORI 31T 2 BOG

HKH PMP-IBP &8RO — 7 w4 b U, @SR ZRE L. JEX
Multiple Reaction Monitoring (MRM) &— K m/z 343.3 — 271.8 (BlA 4> - A 4 )
TITHo 7. D NSAIDs-F T V7 2 ORIG S [FERICIT - 72,

AR R X Fig 2-3 218

O
HO

DL-Ibuprofen (IBP)

Rz R3 )Oj\p/\(
R1>\N s*

DL-Flurbiprofen (FLP)

HO

DL-Loxoprofen (LOP)

Fig. 2-3 Derivatization reactions of NSAID enantiomers with chiral amines in the presence

of activation reagents.
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2-2-6  NSAIDs (IBP, FLP, LOP) # W /=i B8R {LRIER 7 ) —= 7

TPP (10 mM) 100 pL, DPDS (10 mM) 100 pL ®EAHKRIZF F /47 2 > (1 mM) 100
pul %0z 3&EMEAL &8 72 %, NSAIDs (10 pM) 100 pL % il 2 == 18 T 90 4y [é] f s & ¥ 7=
SOGE DIR 2B 5 L, 5RIEICBEE 2N 2 457- % > 7 )V % HPLC-ESI-MS/MS 12T
HE L. % %D NSAIDs-F T /L7 2V OMBEDLET, BA4 -0 A 4 2HE
L, fxi#7e MSIMS BB D /RT A — X —ZIE LT (Table 2-1).

Fio, ELLTEHERETICBT S, FMEYT AT LA ~—ORFRE K, 58
B¥ka, SyBERE Rs, MHEAR LOD (SIN=5) #HH L=, ZhthoitET o
Sl

k= (tg — to)/to,
o = k’l/k,z,
Rs=2 X (trz = tre) / (W1 + Wy)

(tr, tre, tro VX B — 27 OIERHEEFH], to, 130 T DITHREF S S 3072 W Ay O VA H R
Wl, W2 6i ]:o“—‘yrbg. )

2-2-7 FERE~DJEA (7 v i NSAIDs O i)

Z v MIfiL#E 0.1 mL (2% L NSAIDs (0.1 mL, 10 nM) % 0.3 mL ¥#sAnL, 15 M#HEH#
L7-. =058 (3000rpm, 10 min) #%, Li§#&Br4& > 232 7L — K [Sirocco Protein
Precipitation Plate (Waters, Milford, MA, USA)] Z H W CALEE L7=. AR 250 pL % £ 1
L, Wi £, 0.1 mL o7& b= MU VICHEM L. TO%, HBKRICXZ
LT 2> (1 mM), TPP (10 mM), DPDS (10 mM) # £ 0.1 mL iz, #FEKlE
1To7. BUSKE &R E1%, Bi%H 0.4 mL ICHIEME L, HPLC-ESI-MS/MS 434 %
BIZ7o7-. &M% Table 2-1 It - 7=.

B EBRITH MRS KRZOEWERO O DMEBEEEEOHN A T A4 ik »>T
IThbini. 7 v MI, 12O A 70, =|ildZ2 23L& L, ikl KDEIR
EHIR7Z2< AE SNz, 7y MURBRIROBNZIE Y = F v —T VikE 2 AV, ik
X TFATRKENRD S L, ~N) VLB IN AR = F L Fa—TIE IR,
& 512 10 43, 3000rpm T L4y B U i i A 45 7=
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2-2-8 DL-LA, DL-HA [Zx}9 2 ficiii &% 7 /Ly Bk B AR LR 0 8 3R

DL-LA, DL-HA % % 10 uM Z [V, 2 2 §iCH VR BB ONF RS m - 12T
32 PMP, DBD-APy, TFAP B LN AIICHOWT, RGBS 2l iz. FHiEE(L
ST Fige-3 LRETHS.

FHERE, ROSKOWEZEE L, REICBEHEZ M 5729 7% UPLC-
ESI-MS/MS |Z Tl L 7=. DL-LA, DL-HA FFERE 2 OBlA A2 -IRA T ZRE L,
Bl 72 MSIMS S5 E % E, W7 A —% —%BH L, DL-LA, DL-HA 5y B2 i
IREEAR LRI A E L7 (Table 2-2). £ T A — % — DR HIEIT 2-2-6 & FEE.

AR SO O fe di BRE [ 01k, AR LRI I LA, HA & IS EIR[BETh -
72 PMP (1.0 mM) % R\ 7=. 3 Brfé#s 1% UPLC-ESI-MS/MS C#fll & L, Multiple Reaction
Monitoring (MRM) <& — K PMP-LA: m/z 227.2—156.0, PMP-HA m/z 241.1—170.1 ($i A
F oA A )TITo Tz, EBEDO FIEIX 2-2-5 12E- 7z,

2-2-9  MEYK O£ E

MEWE (1 mL) (I REEGRBRE TR L, EHI2-20°C CTHURERAF L-. A ERTICE
D4 B (3000rpm, 10min) LM L7 A F v 2 S ¥ 7% L2 I e LCH
WL BEBRE IR 30 R LR A, S DICIEMERT O MR OBRAEZ -0, 1
AT O WEE 2 Th boTc. WERFEEIT 447580056 695k D 104 (Bl =
5/5), fEH NI 42 55 61 %D 10 4 (Bl =6/4) O M HERRL -,

(RN O T IR D BRI OV BT i, i) U S7 0K 75 S ONA T 329 B D ffi BR S A
Db EHANEHREBELRE L, MR ICHER L)

2-2-10 MR o Hij LLER

PNE #EH)'E DL-LA-d3, 930 pg (10 pmol) & DL-HA-d4, 108 pg (1 pmol) % 300 pL (100
nM / IE ACN) T o2 72RBRE ICHERR Y > 7' v 100 ul 2z, RLvT v 7 A I F
BT 1R E%, BIR CTI5 0 E Lz IRAW 2= 050 B8 (3,000rpm, 10 min) £,
i BRI L, Sirocco frZ X7 T L — N TT 4 NV H—AilEITo7-. JEiB%,
350 L BREL L, L= AR L —F — TEEFRER, ACN 100 pL ([ FFEfE L7z (MK
7).

LR TR L 2R Y 70T PMP, Al (1 mM) 100 pl & #ES 4 TPP (10 mM) 100
uL, DPDS (10 mM) 100 pL % iz 28R C 90 40 i S 7 (W 8EIE 4T ACN). Xt %,
WOTANRL —F — LRV IEEEZREL, &2 P 400 pL 2 FEMH LHE S
7 )& L T UPLC-ESI-MS/MS (2 THlE L7=.
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2-2-11 RN T —v g v

Er =479
DL-LA 100 pL (2.5, 12.5, 25.0, 125, 250 ng/mL) & DL-HA 100 pL (0.5, 2.5, 12.5, 25.0, 50
ng/mL) 2% L, WIEHEY'E DL-LA-d3 (25 ng/mL) & DL-HA-d4 (12.5 ng/mL) % 100 pL
Mz, PMP KON Al IZ Cah B & k1%, UPLC-ESI-MS/MS |2 CTHIE L7-. MERIZH <
PR & NIEE E A SR DL DOfE & IR 2 W THERL L 7=, (N=5)

[BEAN - HMZEHE]

AP - ARIZEREIT 4 NOMEE N XV L 7ZHE# (Saliva A-D) & HW T - 7z.
ANZB TR L 5B, AMEA#HTE S AMOBEZITY, TAENEEED
RSD (%) #&HH L7-.

E/EEN )
2 FE O H AMER (Saliva C, D) 90 pL (2 DL-LA (450, 900 pg), DL-HA (104, 208 pg) % 10
pul AN L, #iik o UPLC-ESI-MS/IMS % F W 7= E &%k % VW CHEJR o DL-LA, DL-HA
ZOEE L. B IRINMETR & FERINMEE ' @ DL-LA, DL-HA O & Bl % ik L, %
AR 2B H L7z, IRINEIER L FI(FO+A)X100 (%) [F : =5 INERE LA, HA &
JE, FO : FEWINMER T LA, HAJREE, A FEaiRin&E] THRH L.
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B3I FERERROBL
2-3-1 F 7727 I & M- NSAIDs i E (K1

HANVKRUEEET I VRS LTT X RE2ARKRT D T, MBI L 5 HES
BOSS— )T, ARG CTHEEHIE LTEM L7- TPP & DPDS 7#1E F @ Bl &
JSIE, BEREO L) B REEo T T Z 2N mbERTWn5 2 £, TPP,
DPDS % f W7 KIS 1E, AHERBEGFET TOMIERNEE L EOHRENH Y 19, R
FTR_RTT B b= P ABRKAEER L. KERTEH LEZFEERIGEAZ Fig.
2-2 |2 LTz,

P O KOSFERIX, DL-IBP & PMP @Jir\“ I kv EE b L7z, Fig. 2-4 1R &N
%)oto , BEARALSOSFRIT R RRE E & HICEIT L TR Y, Ao v — 7 b

0 WK ERD, ZTDHKk iﬂzﬂbok. ARG O R AR 1L, e R
‘f$1ZIKF’a'ﬂT*& FEWE R o728, &b IChRmEERIX 90 0 & L7z,

FEARERCTHEHLZMOREIZONTYH, FFEOBR LR, Z ORI
FCTURTHE SR NS, TPP, DPDS fF7EF, 7k h=F U, R TOX
FNT I KD F TV NSAIDs OFF BRSO R IE, 90 2 THDH Z &R
NV Wl

40



Peak area lcounts)

x10°

20
0
6.0
50
40
a0
20
10
0o

|. ’I T

e

*| -1RF
E[-1BF

L L
L L
e

40 a0 120 160 200
i

Fig. 2-4 Time courses of the reaction of DL-IBP with PMP at room temperature.
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2-3-2 NSAIDs FEIKT 7 25 L F < —@ HPLC-MS/MS 45 Bt 55 47

BFHEOXFTINT I LV FERILINTYT AT LA~—L72 -7 DL-IBP #E K
IFKITER=RFU /LR (0.1 %HCOOH &) ZBEHH L T HHFHZDOZEEE— K TO
B R T
fE 4, PMP, DBD-APy, TFAP 5 X OV AL ICH K L 72 DL-IBP ¥ 7 A7 L A~ —%, — &
R OB BN F CRFICOBES 7. L2 L, PA, BAP, CHEA B X ' THFA H
KD DL-IBP 7 AT A~ — DI A+ Th otz HBEICHKE L7 DL-IBP ¥ 7
AT LA —0O MSIMS A7 M LIZOWTIEFig. 2-512x L7z, &V T AT L
F~w—OBA A —IRA A, BRHRA (SIN = 5) IZ2W\WTid Table 2-1 IZ/R L7z,
PMP LIAM T B R LRI R DR A A 72> THEY, MRMET— RIZBWT, &0
TIIVARCBRIZB N THIRA F N —E Th H728, LC-MS/IMS HFFEAKRLEK L L T
BN THDHZENRBREINTZ. F72-PMPICELTY, WIZERILEMELIVER Y ¥
> (mlz 70.2) OEGPEINTELDONBA A2 D T ENHALTEY, WA
DA A BBEHENSZ L2056, LC-MS/IMS Al E (L LTHITH D Z &
DR S 7.

ZDfERZ% 7, PMP, DBD-APy, TFAP B3 X N Al L Tik., & HIZ DL-FLP &
DL-LOP O3Bl DWW T HET L7z, 2 b 4 ORI D X 7 ViR Re 2 3kl 7
R, RFMRE K, SR o, SBEE Rs 2% H L, Table 2-1 (Z/R L7, 7% %
® NSAIDs TIRROLDEENE >V T AT bA~—D27 u~ k7 7 A% Fig. 2-6 (2R
Lic.z7a~v M7 70BN RE I, H2RIEIC L0 SEEEIXR > TV,
IS AFEOREIZONT, FTARBILAECERICHT D LC-MSIMS & 7 L% HE
BIELRIEE LTHHATOD Z ERNRB I N,
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Fig. 2-5 ESI-MS/MS spectra of the derivatives obtained from the reaction of DL-IBP with
chiral amines (A) PMP, (B) DBD-APy, (C) TFAP, and (D) Al. The MS/MS spectra were
recorded by the collisional activation of [M + H]" of the respective derivatives. The other

conditions are described in Table 2-1.
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Fig. 2-6 MRM chromatograms of the diastereomers obtained from authentic NSAIDs (A) PMP +
DL-IBP, (B) DBD-APy + DL-FLP, (C) TFAP + DL-FLP, and (D) Al + DL-LOP. Injectedmounts of
each enantiomer of IBP, FLP, and LOP: (1) 47 pmol and (Il) 4.7 fmol. The HPLC-ESI-MS/MS

conditions are described Table 2-1.
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Fig. 2-7 MRM chromatograms of the diastereomers obtained from NSAIDs spiked in rat plasma (A)
PMP + DL-IBP, (B) DBD-APy + DL-FLP, (C) TFAP + DL-FLP, and (D) Al + DL-LOP. Spiked mounts
of DL-IBP, DL-FLP, and DL-LOP to 0.1 mL plasma: (1) 30 nmol and (II) 3 pmol. The HPLC-ESI-
MS/MS conditions are described in Table 2-1.
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FEE, DL-LA(ZxF L CiX PMP 538 KA Rs = 4.91 & ME—A%h T, DL-HA (ZxF L CTix
PMP % & (K (Rs = 9.37), Al FE (K (Rs=2.64) BNX T/ pBia[iETH D = & H3HH
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EREOENKETE20, VT AT LA~ — O D703 5B KK & 73
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7oL L. £, ZTRHORERNS, T AT LA~—IEIIBIT D F 7 V0
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Fig. 2-8 Time courses of the a b reaction of carboxylic acids with PMP at room
temperature.

(A) Enantiomers of LA. (B) Enantiomers of HA. The derivatization conditions are described
inthe “2-3-1-4” section
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B LB 8RO A 42 A A4 & LT MSIMS & L7245 % Fig. 2-9 (B1-4) 12
A L7z, PMPIZBIL T LAGEEKRE HAFEROBA 42— B A 4 1% miz 227.2—
156.0, 241.1—>170.1 TH v, 5 2 Hi TORERFLR, AffbEH LV e U ¥ (m/z270.2)
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Al-HA 358K 328 fg & T R TEEEICHRHENATEETH - 7=,
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Fig. 2-9 Mass spectral features of the derivatives obtained from S-PMP.

A: Mass spectra; B: MS/MS spectra.

1. PMP-LA, 2. PMP-LA-d3, 3. PMP-HA, 4. PMP-HA-d4.

The MS/MS spectra were recorded by the collisional activation of [M+H]" of the respective
derivatives. The other conditions are described in the “1-3-6” section and Table 1
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Fig. 2-10 MRM chromatograms of the diastereomers obtained from authentic
carboxylic acids and saliva of a healthy volunteer.

A: Authentic carboxylic acids (injection amount, 25 fmol each); B: Saliva.

The UPLC- ESI-MS/MS conditions are described in the “Experimental” section and Table 1

52



237 MHINYF—a v

S-PMP Z i E R b #K & L CTHW LA & HA @ D KO L-KO B EH[X: LA or HA
JEEE (ng/mL), Y: LA or HA #5E4k /1.S. ¥ — 7 HfEtk] Z1ER L 755 5%, DL-LA K O}
DL-HA (2 L T 2.5-250 (ng/mL) K T 0.5-50 (ng/mL) O #iPH 3 1) 2 [H] )7 4R O Ik &
2% (r®) 13 0.9979 — 0.9998 & EMMEDEWE TH - 72, E-HREROMEE O L TR
B CVIEDHAT 832 LLF TR T, RENSKREMIEMICHE L TWVWD I & MRRE
S 7= (Table 2-3).

FEEZETD2HM TR D LA KO HA BEOMERR 2 F¥EZ2 HvwC, AN, B
BB AEITo7-. n=5 TREE L7 L 2 A, HNZLENREIT 9.89%LL T, HMZLH%
L 92T% L FTH Y, RIEDKEEITENLTWD Z EDXMHE TE - (Table 2-4).83 5
(2, ARYEO EMERE 2 RMNENGRER 2 Ol Lz, & OfEE, BMEIREIT 97.7%LL
T, ZOEIXELESI TOFRHBHTH Y, RIEDNEEEIZERLTHDZENHDL
& 7p o 7= (Table 2-5).
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Table 2-3 Calibration curves of LA and HA enantiomers derived from S-PMP

(n=5)

Carboxylic acid Calibration range (ng/mL) Linear equation Linearity (Rz) CV (%)
L-LA 2.5 - 250 y = 0.2227x - 0.0569 0.9998 2.33-7.32
D-LA 2.5 -250 y = 0.2514x - 0.1927 0.9979 2.67 - 7.54
L-HA 0.5-50 y = 0.0139x - 0.0350 0.9994 0.96 - 8.27
D-HA 0.5-50 y = 0.0142x - 0.0381 0.9995 0.720 - 3.97
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Table 2-4: Intra-day and Inter-day assays of LA and HA enantiomers derived from
S-PMP (n=5)

Intra-assay D-LA L-LA DL-LA
Saliva A (ng/mL) 12.9 + 0.472 87.5 + 8.65 100 £+ 9.00
RSD (%) 3.65 9.89 8.97
Saliva B (ng/mL) 10.1 £ 0.571 122 + 10.5 132 +£10.9
RSD (%) 5.69 8.64 8.24
Inter-assay D-LA L-LA DL-LA
Saliva A (ng/mL) 13.1+1.22 87.4 £3.48 101 +£4.24
RSD (%) 9.27 3.99 4.22
Saliva B (ng/mL) 9.86 + 0.492 121 £ 9.03 131 +9.35
RSD (%) 4.91 7.46 7.14
Intra-assay D-HA L-HA DL-HA
Saliva C (ng/mL) 2.73£0.0204 ; 13.4+0.121 16.2 £ 0.140
RSD (%) 0.0.733 0.903 0.864
Saliva D (ng/mL) 8.37 £ 0.0301 | 22.6 £0.409 | 31.0+0.435
RSD (%) 0.358 1.81 1.40
Inter-assay D-HA L-HA DL-HA
Saliva C (ng/mL) 2.78 £ 0.0499 : 13.8 £0.721 16.5 + 0.719
RSD (%) 1.79 5.22 4.34
Saliva D (ng/mL) 8.46 + 0.241 22.2+1.25 30.6 £ 1.33
RSD (%) 2.84 5.63 4.35
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Table 2-5: Recovery of LA and HA enantiomers spiked in the saliva of
healthy volunteers (n=5)

Spiked sample

Spiked sample

Saliva E Intact Sample
(+4.50 ng/mL) (+9.00 ng/mL)
measured (ng/mL) 10.0 14.8 £+ 0.21 18.8 + 0.85
D-LA | Expected (ng/mL) 14.5 19.0
Accuracy (%) 102 + 1.45 99.4 + 4.48
measured (ng/mL) 97.2 102 + 5.11 106 + 4.38
L-LA | Expected (ng/mL) 102 106
Accuracy (%) 99.9 £ 5.02 99.4 +£4.12
Saliva F Intact Sample Spiked sample Spiked sample
(+1.04 ng/mL) (+2.08 ng/mL)
measured (ng/mL) 4.90 5.77 £ 0.110 6.84 + 0.201
D-HA | Expected (ng/mL) 5.91 6.95
Accuracy (%) 97.7 + 1.86 98.3 + 2.88
measured (ng/mL) 30.6 31.7 £ 0.812 32.6 + 0.580
L-HA | Expected (ng/mL) 31.6 32.7
Accuracy (%) 99.9 + 2.56 99.8 +1.77
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2-3-8 fdtE N & MEIRIE B OMERE LA, HA O &

BE IR B M QM AN D4 10 4 OEEHL T DL-LA, DL-HA % KM EIEICHE > T
UPLC-ESI-MS/MS Z3#7 L 7-.

Fig. 2-11 i21%, PMP B X O Al ZFE KL L L TR L, & L7 D-HA B X
O L-HA OEEHIRES KON DIL hE R LTz,

PMP #% (k. T? D-HA B XL TN L-HA OFEH A L, BERFEBE T 102 B L0 14.3
ng/mL T, 5 A OMERE L 6.71 B8 L OV 9.72 ng/mL TdH - 7= (Table 2-6, Fig 2-11
A). DL-HA OMEWR PRI, FEH IV SPERFEE COT I ®mMNro722%, DIL i
MHECIZIE =N e o 7o (REHRE 74.3 1 BEIRRE 81.5). F7=, ZiubOFERIL S-Al
FHEALTOHATER THIZIER AR L 720 (Table 2-6, Fig 2-11 B), {FHEMED & fE
RThdHrZ ERRBINT.

RAIZHEW ' DL-LA O E &4, PMP &8 biEZ AW TIT o 72, #5213 Table 2-6, Fig.
2-12 1IZ/R L2, L-LA OMERR ORI, A 52.4 ng/mL, HEJRIEEE 64.7 ng/mL &
MM KRERETIR OGN o=, — 5T, D-LA OB X 6.02 ng/mL, BER
JRE 41.6 ng/mL & HEJRIFREETO R E 2 BINA R S -,

Wi PRI BB O il 1 O DL-LA B O INIE, Z i E TIZ Avogaro 5 I X » THi
ST 0815 FZ A 5 1E, BERISERE B X OMER A O Mg+ o DIL % ik
L, HBEJRIFEERFZE OIME+H D-LA ORITEFH A L0 b3l ’IEJ75>07Z75> A EIEND
XIMIE S CIRBIE SN 2o E VW ERZWRE L Tz 1 Zhicxt LA EO
BFE T, BEREABE OMERT D-LA DENRZ LI BV EWVWIFEREZR Y, MIET

DFEF LT LR S 1228, BERE TO D-LA tbR EFMEE O BEAH T &2 s L7
o7z, D-LA WE EHOAKRNA D =X LNFRERPF SN TRV, LA O DIL
DBERIFH R ANA F~—T— & L CORBEMERRIE STz,
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Table 2-6 Determination of LA and HA enantiomers in saliva of DM patients and

healthy volunteers

Amount (ng/mL) D/L ratio Amount (ng/mL) D/L ratio
Amine| Saliva
D-LA L-LA DL-LA (%) D-HA L-HA DL-HA (%)

C 6.02 £4.21|52.4+21.9|58.4+£22.8(11.9+£8.12|6.71 £3.93 |9.72+4.70|16.3 +6.70|81.5 +48.9
PMP

DM [41.6 +44.9(64.7 £44.7| 106 £81.7 |62.9 +52.6 | 10.2 +7.42 |14.3+6.42 |24.6 £11.1 |74.3+£44.4

C n.d n.d n.d n.d 6.89 £3.33 (9.94+4.41| 16.8 +7.83 |77.5+ 37.2

Al
DM n.d n.d n.d n.d 9.52 +£+5.91| 16.7 £7.83 |26.2 +11.3|65.9+37.4

n.d: not determination
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Fig. 2-11 Concentration of HA enantiomers in saliva of DM patients and healthy
volunteers (n=10)

DM = Diabetes Mellitus patients, C = healthy volunteers.

A: Reacted with PMP, B: Reacted with Al
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Fig. 2-12 Concentration of LA enantiomers obtained from PMP reagents in saliva of
DM patients and healthy volunteers (n=10)
DM = diabetes mellitus patients, C = healthy volunteers
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iR g

LA, HA ® LC-ESI-MS/MS /34T CIXIBE SN 4FEDO T I U0 d, LA L TiX
PMP, HA IZ%F L TiZ PMP, Al 28 % Z Vo3 B AT RE e i B Rk gE & L TR &
7o. 5B Rs fEIL DL-LA IT%F L CTliZ PMP #3E{K72% Rs = 4.91, DL-HA IZ%F L Tl
PMP # (K (Rs = 9.37), Al i58{K (Rs=2.64) THV EORIEE 0722 k% 0%
B U7z, F 72 f I BRUE PMP-LA 75 3 {& 73 5.38 fg, PMP-HA 7% 3E {& 7% 11.5 fg, AI-HA
RN 32.8Fg L ETICBWTEKEICHRHENITETH - 7=,

IhBDHEEZRWIERS LA, HA OB EIEITRE, [EMEEICHEN, DL-LA I
2.5-250 (ng/mL), DL-HA % 0.5-50 (ng/mL) DO #iH CEEAGETH » 7-.

BAJE L 7o oMk & D CTREE N & BRI B OMER Y LA, HAZE& LT EL 25,
HA (ZBI L Tl NI PERIBHRE C DL OA/AFEOHINTR 5=, DIL k&
CREREBEFRON o7, —F, LAIXZ DL ARoOEEMITDOTICHENL TE
D, SHICDIL S K& S HERFEE TR A EF L, LA ® D/L o b R%
FRAA A ~—H—L L TCORREENRB ST,

LBIEIAD =X LD, F~—H— L LTCORKIE~DOICHASNHE SN
2.
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AD %, FiE, fBIA, TEIEEZERE T2 mmE CHEBEICAONDIERTHS.
BERREEZEZLNTVWEIONR, MNTOT IaA RB (AB) ZEKS L T 5# A8
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o B N W A~ O
I L L L L )

DHEER, FUF R EORE ) VB Wo TR T THY, TN HITE DB
RANMISEDN A U, MR RICEEZEZELLIETVnHEEXLNTND (T IrA R
B A — R, AD ORISR~ — B — R RITIE, WWEZW, A A—Y 7, &
{EFHFEPRESNTVD. ZOHRTYH, AD BEOMEMIEKT AR H 7 &
7B OMNRBPEW X, IF AD BFIZH S, BIEOHHERINLEILTEY, HEE
ER & LT, REIORBBRNAEETH -7 M0 BricMN o 7 v a2 — 2R, AD
DI EAL L TVD Z En@mE S T2 AD OMITHNED L T, HF
FLTWDONEREHHL TRV, 7 IaA NI A — NMEFLZE T TR T
RN ENRB ISR T, 2O, AD RBIEIC X DM O RE WAL % RIS
FENT S5 2 LU, WEEMATO B 2 MR D AREMES B 0, O BT A A
ICER SR TV %8,

ZZCARHEITIE, LC-MS ZAWT=AZ R —Aaf@frzIic AL, b MMEESESH
L, TOT7T— 222 EEBMIT+5Z LT, ADFREMICEZ 2B A (L ERE L.
LC-MS 73 #T121%, ESI-TOF (2 X% m/z 100~1000 DA A > A7 V—=v T L. %
75 B AT 21X, 2K 4 43 A [Principal components analysis (PCA)] % O BI] 43 #r
[Orthogonal partial least-squares-discriminant analysis (OPLS-DA)] # fHw7=. b FAK
IZHOWTIX, IR X 2MEZH (BEABOLE)S V- lEEZE (FL), SATH%E
(PL), #EZE OL)ZzZnZNM W, FEAOLE 21T O LRI, Ak EE
ANBEER & OEMEIC OV T LA L.

(A) (8) © = o
& %k

.gw —— 5 TR 1.4 - sk

H 13w 25 1 ok 1.2 A EETS

m20w 20 - 4 1 - -|— ok
15 - T 3 0.8 -

skkk
10 - 21 Iy 0.6 1
: | 0.4 - T
T 11 T 0.2 -
0 - 0 - 0 -
ddY-L ddY-H ddy-L ddy-H ddy-L ddY-H ddy-L ddY-H

Fig. 3-1 Fluctuation of N-acetyl-L-leucine (m/z 174.11) in biological specimens. (A),
Plasma; (B) Hair; (C), Kidney; (D), Liver. Each column plus bar represents meanzS.E.
(n=10)

Significant differences from ddY-L at same weeks are indicated by Student's t-test (*,
p<0.05; **, p<0.01; ***, p<0.001).
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B2H EBRMBROTGE

3-2-1 A
ACN B AL 5
HCOOH DS
Hydrochloric acid (HCI) I ol
MeOH B SRk
Tris-HCI buffer (50 mM) I ol
Sodium Chloride (NaCl) B SRk
Ethylenediamine-tetra-acetic acid (EDTA) DS
ORN R i 4
PUT R i 4
SPM R i 4
Ac-SPD H Ak K
Ac-SPM Sigma-Aldrich
SPD B SRk
DAH RV R
DBD-F RV R
Na,B,0; + 10H,0 (Borax) T ol S

UTHEBRBEZOWTE, BIHOHRTHWLEAIZLC-MS 7 L— K, ZOMo
AR CTHWD G ATk 7 V— a2 HWi.
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3-2-2 FEERAEE

etk Shake Master auto (/XA A AT 4 P A = R)

O [b NAERGE] % &5z 0 CFI6RX T AL (H 37)
[ RARGUEIDIAN] B B/ (PR B BLERT)

LT ANR L —HF —  EZ-2 /8— Y F )L K L — # — (Genevac)

FRAMEE ~ ¢ /L% — : Amicon Ultra— 0.5 (Merck)

UPLC : AUCQUITY™UItra Performance LC (Waters)

TOF-MS : (Waters LCT Premier XE™ TOF-MS)

[f#dT > 7 B ]
MarkerLynx™ XS (Waters)

[ Method parameters]
Mass tolerance = 0.05 Da
Apex Track Peak Parameters:
Peak width at 5% height (seconds) = 15 / Peak-to-peak baseline noise = 50
Apply smoothing = Yes
Collection Parameters:
Intensity threshold (counts) = 100 / Mass window = 0.05 / Retention time window = 0.10
Noise elimination level = 6
Deisotope data = Yes.
Maximum elemental composition:
C=500, H=1000, N=200, 0=200, S=10, P=10, and CI=10 (mass tolerance: 5.0 mDa)

[7—#~—2x]

ChemSpider (http://www.chemspider.com/)

KEGG (http://www.kegg.com/)

Human metabolome database (http://www.hmdb.ca/)
NIST (http://www.nist.gov/pml/data/asd.cfm)
MassBank (http://www.massbank.jp/)

BioCyc (http://biocyc.org/)
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http://www.kegg.com/

3-2-3 AR K D 1F

PRI, A 7 LA Ny U AT e Y= b T A
Xy FU—=2Z) (XD RE S, AD EBLERYRIAME S MRk e DT RRRE
X, AD DfERIAF & LTHMBNATWD T RYRZ /37 E (ApoE) BEI=HE 4T 3/3
IZE DY, BInHRER AR L. B OIS W & OO i 15 1%, Ak F 7w b
RBFBESLNEF TITbh, FEALE-80°C RETIZBWTARIIBE L. £TOED
BEBFBRRENE, 7794 FLEI A THHICHE Lz (Table 3-1).

(RAFZEAZ IO To R AR O HR 0 i, #R R SRS, 1@ A i e Mo OV Tl = i S
RFEOMBFEED S LM AFREHLFEZAE L, WEESCHELLT)

Table 3-1 Characterization of the AD and Control study groups

Brain

Sex Age ApoE Patho diag fix ) Onset Duration Cause of death
weight
F 85 33 Multiple Infract (MI) 4 1095 - - ileus
F 95 33 Ml 24 990 85 10 Respiratory failure
F 87 33 Multiple myeloma 10 1060 86 1 Multiple myeloma
F 95 33 Ml 12 1190 - - Bil duct cancer
M 82 33 Subdral hemorrhage 14 1320 - - Respiratory failure
M 79 33 Ml 13 1080 - - Heart failure
F 95 33 Ml 4 870 85 10 Heart failure
F 87 33 Cerebellium infarct 36 1080 - - unknown
Traumatic Subarachnoid
M 90 33 4 1190 - - Trauma
hemorrhage
F 93 33 Physiological aging 2 950 - - Heart failure
F 87 33 AD (BraakVI/C ), CAA, 6.5 960 81 6 anemia
F 95 33 AD (BraakVI/C) 6 920 86 9 Heart failure
F 91 33 AD (BraakVI/C ), Ml 3.5 980 76 15 Respiratory failure
F 93 33 AD (BraakVI/C ), CAA 3 1180 86 7 Heart failure
M 86 33 AD (BraakVI/C) 12 990 80 6 Pneumonia
Heart and
F 73 33 AD (BraakVI/C) 2.5 710 53 20 , _
respiraltory failure
M 97 33 AD (BraakV/C )+Ml 12 1160 91 6 Multi organ failure
Pneumonia, heart
F 88 33 AD (BraakV/C ), MI 11 1010 82 6 _
failure
91 33 AD (BraakV/C) 5 1260 84 7 Respiratory failure
F 91 33 AD (BraakV/C), Ml 20 1000 81 10 Sudden death

Bottom note: M: male, F: female, MI: multiple infarct, CAA: cerebral amyloid angiopathy.
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3-2-4  RHijLER

flHHR 250 pl Tris-HCI buffer (50 mM, pH 7.4)
NaCl (200 mM) in H,0
EDTA (2 mM) in H,0
+250 uL MeOH

Wil % AT DA AL, BRETF = — 7 (2 mL) (240 50 mg A L7, LRmo
Wik Z M (500 uL/50mg) iz, Yra=7t—X50mm% 2#HAN, 55K T
VI A X LTz, £Dt%, KA &% Amicon Ultra— 0.5 (Z7E A L 14,000 g, 10 min T L
AR A% 4T - 7. AU (4 78 3,000 BLF 4 i) %4 100 pl #EE L,
UPLC-TOF-MS & L 7=.

3-2-5 UPLC-ESI-TOF-MS 43 #7

UPLC 3 LK O ESI-TOF-MS D Il & S 1L LL T @ Table3-2 (277 L 7z.

UPLC # 7 A%, i S dibaEismd, LVIRWEHETE=2Y 7357
$, 2 B W, 1 DiE4 7 2 F vy U H AL (ODS) DML 723550 iz 5
LA ToHDH Waters tED T3-C18 B 7 A, b 9 —HITT UV B F g iz 2 714 nm
RyBrmEEn, 7I Bl A O EBENLED D R FFAEE 2
Sigma-Aldrich = HS-F5 & 7 A% H 7=,
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Table 3-2 UPLC-ESI-TOF-MS conditions

UPLC (separation conditions)

Column

ACQUITY UPLC™ HSS T3-C18 column
(1.8 um, 150 mmx2.1 mm i.d., Waters)

Discovery® HS-F5 HPLC Column
(8 pm, 150 mmx2.1 mm i.d, SUPELCO)

Mobile phase A

0.1 % HCOOH in H.O

Mobile phase B

0.1% HCOOH in CH3CN

Gradient elution

B% = 0% maintained (0 — 1 min),
100 % linearly increased (1 - 11 min)
and maintained (11 — 13 min),

0 % maintained (13 -18 min)

B% = 0 % maintained (0 — 10 min),
100 % linearly increased (10 - 25 min)
and maintained (25 — 30 min),

0 % maintained (30 min — 40 min)

Column temperature 40 °C
Flow rate 0.4 mL/min 0.3 mL/min
Injection volume 5uL

TOF-MS (LCT Premier XE conditions)

Polarity ESI positive (W mode)
Capillary voltage 3000 V
Sample cone voltage 0V
Desolvation gas flow 650 L/h
Cone gas flow 50 L/h
Source temperature 120 °C
Desolvation temperature 350 °C

MS range

m/z 100-1000
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3-2-6 ZEEMHITQO T oH (PCA) IZ X 55k

PCA 1, AMEEZFAMHL T, L DFERE HEMIL (ERk4: Component) § 5
LEEHMWE LESERMNTO 1 D THD. LC-MS & H W77 — X fif# T, miz,
v— 7 iR, REFRER (Rt) © 3 &% %Z — R THY, S nlTXTolbadmxr
s~ 7T AhRIZTry bT 5 20K T ey FESMMIZRL, SBMOELE R
REL, MbOHMOREWITEIZ PCL (BB 1 £km) otz itsd (Fig. 3-1 ). &
HIZPCLICEET2HEBHIZHBOREZWHMIZ PC2 (5 2 Ely) 2% ETDH. D
VHZBEE L, £x0O 70y &S ON Loding plot EMEIEND. KV
NTRHSNIZALEWIE @R SR S/, PCL, PC2 & /It L7-[EAE%
Hele, oz ey hL7=H D% Scoreplot EFES, ©>F D PCA @ Score
plot |4 > 7V Oy A FRIR I TE 5. A [ElNE AD B & 9E AD B (Control)
Z & % 10 iR OIK G 1 pk oy & 5L Z & (FL, PL, OL) 2k L 72,

A A wm22Ems

WIERS

U BLEGIESTLASE

> X,
Fig. 3-1 Principal components analysis (PCA)

(http://www.macromill.com/landing/words/b007.html)
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3-2-7 ZEEMHTQ® CHBISH (OPLS-DA) IZ X5~ — —HH%E

OPLS-DA IZFHRNZHBZ LN TWDLT —F N, BIpDH 2 7 V=120 DH 2 &R
LN GEI, T LT —2RELLD 7 NV—TIZANDDNEHRIT 5700 MU
CHIBIER%R) #8527 DFIETHH. A FEIOFERTIE AD # & IE AD B0 2 BT T
LNDHAT, miz Offi, ©— 7 3E, Rt D/XT A —X — 12XV 2 B O R X5
JEATo .

[S-plot Z# W7o~ —F — M U A MERK & T — % X— 2]

S-plot & %, om&mxf%%ﬂtﬂw%ﬁ%ﬁwf B Ehizznznolks
WIZHOWT, MERNIZAEREME (BER 022 & BENGRZE & OMBRE; 1 IS WIE EE =
72 < ﬁi%ﬁf%#a‘bé), BRI ~ — I — At (FEMIZ 31T 2 B — 7 JREE O 22 o ffl kf
il REWIZEERKREW) LT ry han7ZKTH D (Fig. 3-2 BHR) 113121128,
S-plot Z &M DAL Z & IHER L, F#EME%Z "3 p 73+ 0.85~1.00 Th HbEW%E
M U7z, i S e b Eawix, e m, BAEmE RIS oW T~ — I — A
VA RMEER L. U A NMCERSTALEMITONWT I rn~ N7 A0 E—7BIKRO
BAF At B DO BTV AT, ZDO X IRV IALTE ~— I — Gkt L,
w’mn@ﬁamsx«7%wﬂ&~y# ﬁﬁt@%ﬂ%ﬁw TR S F 7Rk
BT —HARX—= WAL, PHISHIZMERN T — % X— 2127204, Unknown
& & L“Cmbf:.

M TS 2 R# (AD ~— I — Ak Eaw) 1%, IMEALZ & O~ — I — 5l
ELTHE L., ZORRE, T XTCIcBEL TR SN TILEMIZO N TIEE LI
ARNT T LTz

SPlotiL=

-1, H=1)
U e

pear[1]F(Cormelation)
2 & o

y v -
JCIC 5 J
. u
-0
7 |01 ao o1
HJ)? jJ B¢ Loadings) i
H 1o

m&hg@;elmr_agh

database>
= @ )%fk\ ' feedback

Fig. 3-2 Method of metabolite profiling by a multivariate statistical analysis
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3-2-8 [A]E EHR

FIALICY A F R L T o ki@mo~—h — @it & ok <, b &4 H
TR S iz SPD, SPM IZOWT, fEfi~ v F o V2 RBITLRET HI &N TE. 2
i 10 pM & ¥ > 70 & RS T ¢ UPLC-ESI-TOF-MS Il 7E L, &HEEM, m/iz Lo
W4T o7, EHIZSPD, SPMIZAR Y 7 I Thot=7o®, & 1 ETH /= DBD-F
ERWTFHE R ATEE AW T, &K O O SPD, SPM (22T DBD-F #% &
D MSIMS A7 MV EREGR L, RIEEIT-7.
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e

3-2-9 MR T SPD, SPM Kk OB #E LS D E

AD BEMN THEINMEM TH L5 Z & DR LAY 7 I SPD, SPM T2\ T, i
HCHENL L7= DBD-F Z WA 7 2 oo a Ay, &M EEsRY 73 v
EBEZE=RLEZ.

% 72 SPD, SPM ORI & L ClE, 7 — ¥ X— X KEGG IZ XX, Av=F i
IR EEE% 3% (ODC: ornithine decarboxylation) 24 % 58 CT&H D, ORN, PUT, Ac-SPD,
Ac-SPM 23 B§5- L TwW% (Fig. 3-3). £2TC, Zb 6FEDORY 7 I OFRIKE &
1TV, AD BIEIC X D MHFE O R U 7 2 R & R L7z

DBD-F & &R T {E I3 L E CHWERTAEIEICIE W T 2. WEEEW'E (1.S.) &
L CDAH (100nM) % 20 ul %, 7& b= 1K VUL 40 uL % 0z 7= 5Bk & (2 Bk HH iR
IX20uL ZWIL, AT v 7 A I X% —T 1 MEEk%E, | T 15 oE Lz (B
& X7 AVER). L4y B (3,000rpm, 10min) &, EiEZESEBEEIL,0.2um TY 1L
Z—AHE{Tolc. AiK%AE 150 pL FRIRL, MO ANR L —Z —THEEEELL. £
D%, FEHIZ 40 mM DBD-F 150 pL, 100 mM Borax 150 uL /il %, 60°C, 30 min K& &
H, 4°C T 5 HMME LS &2 EIE L. RISHEZ 045 ym 7 4 V2 — 5 L,
UPLC-ESI-MS/MS IZ L W B &/5HT L 7-.

Ornithine (ORN) 2

l ODC*

Putrescine (PUT) ?
/

) .y _ >
Acetyl-Spermidine (Ac-SPD) SPDS**

\ Spermldlr:e (SPD)ﬁ_\
/

*»***NMDA receptor

Acetyl-Spermine (Ac-SPM) ? SPMS*** >~
excitotoxicity

\ Spermln:e (SPM) ﬁ

Fig. 3-3 Pathway of SPD and SPM
*ODC: ornithine decarboxylase
**SPDS: SPD synthase

***SPMS: SPM synthase

****NMDA: N-Methly-D-aspartate
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3-2-10 bRy EER
AD DB 2L, SPD, SPM K ONBHHE AR U 7 I ARG BE T~ 2 2k 23 A % i i
NWdHDHWITHIATAE T D00 BE L. KEBRTIT, MESD A 2 H V7= /e
KON, MEEMnoR) 7 I VEREITo-.

[ b4 KLk o> S 2 Y £ ]

RBELABICH O TCHUE
NGRS A PR = B
oDC x1000 #ab66067
SPDS X500 # ab156879
SPMS X500 #ab111884
NMDAR1 x1000 #ab17345
NMDAR2A X500 #ab16646

ARFEBRTIL, KFEHUE (ER) 2ZHNT ADﬁisfﬂ FE AD BE 5 15 o ik kLR &
T, JENE 7 = A (BURIRYE), AT T I 7 XYY (DAB) AL,
Bt lZid~~ h¥ v ) -4 (HE) ﬂ“@{ff@ﬁffﬂf&ft%ﬁﬁﬁﬁﬁ%ﬁo7‘_.
Fo, WAL FL, PL, OL & RiEfERecPE+ 2 (H) & L7z, PuREESR
T& % ODC, SPDS, SPMS O 1E /51 Fig. 3-2 7;;35@

% 72 NMDARL1 }% O NMDAR2A (X NMDA Z FKD 2 DY 7 % 4 7T 5. NMDA
SRR EIT NMDA (N-A FL-D-7 AT X ) N7 T =2 K& L TERIRMITIEH
TOHIZREKTHD. TEZDO 1 OOV T XA TN AD IZEEL TWAHRENRDH Y,
ADRIRED A~ F o b ZOZERIHEA T3 TH 5 P & 5|2 SPD, SPM A3
NMDA OO Y T H2 A 70T A=A N ThHLHWELH Y, SPD, SPM O AD & B M
BRI 5 EEZ, WO NMDA ZEIKD Gt 1T - 7.
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B3I FERERROEBLZE
3-3-1 MR DO IFEHE A

Jibd B 1A oD B R 1 1 Table 3-1 ICFE#k L7=. 7R UV RNEA'E E (ApoE) E/fx+AE4
RTO AD BEN 33 & Liz. MIEDOFHELFZW T AD 41T % %2 % § Braak stage 1%
PREARME L~ 5 b LT 6 THY, BABKL~LIEIC Thoto. £z, ARID
PRI 6~20 £ Th - 7. AD IMOFREMRA TIE, MO Z AR NZ 7 & >
N7 E DOAEAE % Gallyas-Braak 215 (G-B Z1E*) IC X MM AIZ LY, HEMIZ
M L 7= (Fig 3-3). AUERATR1E, FE AD BEO MR KT L, ADBED ABRNE ¥
BN OEERENHE L TWAZ ERbND. O ILATEEE(FL), SATEZE(PL)
BILOHEEOL) T X TOMEK TBHE I N0, AL IL OL<PLFL OJETHE
MEmTHD. ZNHDOFRERICESZIEAD KNAD BEA 0 FELT-.

*G-B AiEIE, b e b & MBREMMELSL (NFT) ZRBIRMICEG T2 A0 THEESN
7. L22L, NFT 20 TiER, o oF "F— - X7 Vb A ) "F—D—#HH
Bt lc et 5 . G-B EBHEOFME LT, PSPLCBD O 7' U 7HIKIN & 7 ZHE 258
LY Esnsd. —J, ©v7EROEAITHV. ZOXIREVAERBLTNDL X TD
isoform DEWEBEBRT D EWVIML H DN ENTILRV. G-B BIETIE, BH DK
N U UEENT T 4 SAERDSGS, VE—/MRIZREAE IRV, 7Y T EE
AETGETH S .
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a b c

d e f

g h
Fig. 3-4 The plaque/tangle pattern of Gallyas-Braak (GB) and AB/Tau staining from representative
AD/Control brain tissues.
(a), Frontal lobe region from Control patient. (b), Parietal lobe region from Control patient. (c), Occipital
lobe region from Control patient. (d), Frontal lobe region from AD patient. (e), Parietal lobe region from
AD patient. (f), Occipital lobe region from AD patient. (g), Ab staining from frontal lobe region (a). (h),
Tau staining from frontal lobe region (a). For routine immunohistochemistry, an anti-human $ amyloid
antibody (Dako, mouse monoclonal, 1:30), an anti-human pTau antibody (INNOGENETICS, clone AT8
1:1000) were used for detection of plaque/ tangle.
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3-3-2 AR Ay R @ UPLC-ESI-TOF-MS 73 4T

AD FIEIC & 0 23 2 AR (AL : FL, PL, OL) U ORElIZ B W T, AD
B (n=10) X UFE AD & (n=10) ORI 4T 4 Fhi L7-. UPLC-ESI-TOF-MS
MEEE, BESRICHEY, T3-C18 & HS-F5 D T L&MW, ROT 47 « 2 HT 47
F— NIZX %, m/z100-1000 O#iH CTHIE L 7= (Table 3-2). MMFHLHk D HiEIZ1E, 4
RBUBEC— M AICEH S 45 MeOH / iR &2 W=, 612, RAAEEITV, bR
BN B NS Sy 3000 LT OB OEMEFB L. KK %E
UPLC-ESI-TOF-MS Z3#1 L 7=#5 %, Fig.3-4a, b icfWEK T 5 Lo u~ 7T 05815
bh, RYT 4 7F— FTIE 1201 ~ 4699 f&, * /77 ¢ 7%F— KTl 385 ~ 1110
HolLaEWmoBHICKEh Lz (Fig. 3-3¢). £72, MIE DI M & L Tk, AD B (n=10),
JE AD B (n=10) T 6 [Al#E 0 R UHIE O HEFI LY, ¥— 7 miEo RSD E (%) %
SEAME L 72 A R, IR R o RSD = 0.08 - 1.63%, B'— 7 [{f&? RSD=1.44 - 8.93% &
WD 10%LL FTh o7, RIENSTFEMEICENL, SEEMITICRIG LT —4 T
boHZ ENFEH S L7 (Table 3-3).
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C

Control AD
lonization Positive Negative Positive Negative
Column | T3-C18 | HS-F5 | T3-Ci8 HS-F5 | T3-Ci8 HS-F5 | T3-C18 HS-F5
FL 1201 2818 543 1110 1281 2771 570 1062
PL 1607 4574 385 879 1664 4699 392 876
oL 1946 2317 423 634 1944 2284 431 630

Fig. 3-4 UPLC-ESI/TOF/MS chromatograms (T3-C18 and positive ionization) and list
of low-molecules in brain tissues from AD and Control groups.

a, The chromatogram of low-molecules in FC brain from control

b, The chromatogram of low-molecules in FC brain from AD

¢, The list of detected low-molecules in brain tissues
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Table 3-3 Validation of UPLC-ESI-TOF-MS analysis of typical m/z values in
pooled PL brain tissues from AD and Control.

Ret.Time. peak area

no. Calculated compound name m/z Ret. Time RSD(%) RSD (%)
1 139.99 11.39 0.08 8.52
2 Spermidine 146.17 0.80 0.69 8.67
3 Methyl 2,2-dimethylhydrazinecarbodithioate 151.04 0.60 0.71 8.24
4 (E)-(4-Nitrophenyl)diazene 152.05 10.45 0.10 7.29
5 3H-2,1-Benzoxathiol-3-one 1,1-dioxide 184.99 10.62 0.08 8.30
6 Spermine 203.22 0.80 1.63 6.64
7 (1,3,5-Triazine-2,4,6-triyltriimino)trimethanol 217.11 4.85 0.39 4.04
8 1-(4-Morpholinyl)-1-nonanone 228.2 8.20 0.33 7.18
9 3,6,9,12-Tetraoxatetradecane-1,14-diol 239.15 5.12 0.80 8.93
10 1,2,3-Propanetriyl tripropanoate 261.13 5.13 0.72 6.05
11 3-[4-(2-Hydroxyethyl)-1-piperazi nyI]-_N-(5—methy|—1,2-oxazol-3- 283.18 531
yl)propanamide 0.63 7.53
12 1,4,7,10,13-Pentaoxacyclononadecane-14,19-dione 305.16 5.31 0.63 382
13 3,6,9,12,15,18-Hexaoxaicosane-1,20-diol 327.2 5.45 0.59 7.09
14 334.14 5.13 0.12 4.24
15 346.04 1.27 0.59 5.70
16  (3E)-N,N-Diisopropyl-3-[(2-nitrobenzoyl)hydrazonolbutanamide 349.19 5.46 0.59 8.03
17 385.13 2.22 0.42 5.13
18 387.24 8.84 0.16 1.44
19 431.26 8.85 0.10 251

*The pooled parietal lobe tissues from AD (n=10) and Control (n=10) were performed
on the same day for determining the intra-day accuracy, replicate (n=6) analytes of
various peaks.
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3-3-3 ZEEMT

UPLC-ESI-TOF-MS 73 #riC L W 15 b e 7 — X X, 2L EMNTIZ L 0 FHm 21T - 7=
F7T, PCAIZKVEEZ L O BERDEEEZITVY, KIZ OPLS-DA IZ XV 2 BER EL#g
Z{To>7-. & 5|2 OPLS-DA OFERG BN D S-Plot Z WA Z &Il2X b, AD FIEIZ
LU, Blbxz TR E2HL Lz,

[PCA T L %Rk 4y bhik]

PCA score plot (3% > 7 VO p 2 HFEI LI D TH D . RFEHIL LT T3-C18
NIRRT 47— R THHLET—4% Fig. 3-5aclianLiz. £72, &7T
DORESMIZF T D PCA IE Fig. 3-6 (2R L 7=.

ENBEDOFRBLN L FL KO PL #ALIZF VT, AD BEDH > 711X Score plot £
FeE S B LTz, Zhic kv, AD BEO MR R4 Rk 4y 12 9E AD B & L
LT, HOMCERS D ENHHA L. & 512 AD B 10 BIAIZHE{EL L 7= PCA 2
BERLETED, ERSOEERRREVESF~—I—N, GREBTHEELTVSD
LM Eh.

—J7 OL ¥ iz Tlix, AD BEL Control BED 7 1 v MI O 2ITE ) HERICHm SN
TW/ZA, FL, PL IZHAR, I LORGONTOERNRKRELFFET DL LIFTER
Molo. ZORERD OB TR IE, BEABRSE IR LA T 2 /it RmE S
.

(34347 (OPLS-DA) (2 &5 AD ~—h —#E#]

R ZH972 OPLS-DA score plot (T3-C18 7 7 AR YT 7€ — K) % Fig. 3-7 IZ/R L,
FL, PL #BACICBI L CIX PCA [AIAE, 2 BEMICZEZRH D L IRELT-HA L HRBITH 2 &
MT&ET.

£/, BESEMEICEIT S S-plotiX Fig. 3-6d-f 2R L7=. Aok E, F@EMEE2RT
p A3+ 0.85 ~ 1.00 Th 1AM (AD BEFFRAVICHEI (O) LD (O) LT
H D) M Lz, i L7 b& %L, FL, PL B0 TIEH 60~100 & 72~ 7=, — 7,
OL TII&MEZIM-IILEMITEFEME LR o7, AD IZ X W RN Z RTILEY
2OV T, DR THRET L7/ R, S ik®sh UL & %%k % Table 3-4 (2R L 7-.
TRTCOEMENS B1LILEMRHE Sz, AMeAwiL, Wb AD FFEZE LI %t
T HHEDEEZEZILND.

79



S-Plot (C=-1,AD = 1)

m AD
" O Control
[=]
50T
o 5
"
<
o 5]
g o 5
af N B g
(5]
a
50T
t t t t t ¥ ¥ t -0.2 -0.1 0.0 0.1
-100 -50 0 50 100 p[1JP (Loadings)
t1]
S-Plot (C=-1,AD=1)
10
o
50T
a a “-9:‘ 05+
B L
o= | 5
20 o
i 00
— 8 o5
| = - n
-50 = o = . =
-
|- -
1.0
100 0 100 -02 -01 -0.0 01
1]P (Loadings
o P[P ( ings)
1001 S-Plot (C=-1,AD=1)
1.0 ‘I I
-
| '-.
501 F
. T 05 - o
ey w "= 2
=] E -f.
™~ m S
S 0 = = S 00
og o =
i B % L] '.-
50+ I 05 ——=
L]
=]
I ]
7100_— it it it 4 i i i i i i _1 U " ' " " i ! T ' " T "
100 50 0 50 100 0.3 0.2 0.1 -0.0 01 0.2

PI1IP (Loadings)
Fig. 3-5 PCA score-plots at[r11]d S-plots between AD and Control groups in each brain region (n= 10
for each sample). (a) PCA score-plot of frontal lobe region (explained variance (R2): component 1, 0.32
and component 2, 0.49, and predictive ability (Q2): component 1, 0.22 and component 0.21). (b) PCA
score-plot of parietal lobe region (R2: component 1, 0.3 and component 2, 0.45, and Q2: component 1,
0.21 and component 2, 0.17). (c) PCA score-plot of occipital lobe region (R2: component 1, 0.18 and
component 2, 0.28, and Q2: component 1, 0.08 and component 2, 0.03). (d), S-plot of frontal lobe region.
(e) S-plot of parietal lobe region. (f), S-plot of occipital lobe region.
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Fig. 3-6 PCA score-plots between AD and Control groups in each brain region.

a, PCA score-plot of FL region on positive ionization with HS-F5 UPLC column (R2: component 1, 0.27
and component 2, 0.45, and Q2: component 1, 0.16 and component 2, 0.23)

b, PCA score-plot of PL region on positve ionization with HS-F5 UPLC column (R2: component 1, 0.16
and component 2, 0.30, and Q2: component 1, 0.02 and component 2, 0.02)

¢, PCA score-plot of OL region on positive ionization with HS-F5 UPLC column (R2: component 1, 0.20
and component 2, 0.33, and Q2: component 1, 0.03 and component 2, -0.06)

d, PCA score-plot of FL region on negative ionization with T3-C18 UPLC column (R2: component 1,
0.34 and component 2, 0.55, and Q2: component 1, 0.23 and component 2, 0.40)

e, PCA score-plot of PL region on negative ionization with T3-C18 UPLC column (R2: component 1,
0.27 and component 2, 0.45, and Q2: component 1, 0.06 and component 2, -0.02)

f, PCA score-plot of OL region on negative ionization with T3-C18 UPLC column (R2: component 1,
0.21 and component 2, 0.31, and Q2: component 1, 0.05 and component 2, -0.05)

g, PCA score-plot of FL region on negative ionization with HS-F5 UPLC column (R2: component 1, 0.25
and component 2, 0.41, and Q2: component 1, 0.02 and component 2, 0.02)

h, PCA score-plot of PL region on negative ionization with HS-F5 UPLC column (R2: component 1, 0.30

and component 2, 0.50, and Q2: component 1, 0.11 and component 2, 0.21)
i, PCA score-plot of OL region on negative ionization with HS-F5 UPLC column (R2: component 1, 0.19
and component 2, 0.37, and Q2: component 1, -0.04 and component 2, -0.09)
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Fig. 3-7 OPLS-DA score-plots between AD and Control groups in each brain region.

a, OPLS-DA score-plot of FL region on positive ionization with T3-C18 UPLC column
b, OPLS-DA score-plot of PL region on positive ionization with T3-C18 UPLC column
¢, OPLS-DA score-plot of OL region on positive ionization with T3-C18 UPLC column
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Table 3-4
based on all brain regions

A total of 431 peaks representing possible biomarker candidates

lonization Positive mode Negative mode
Column T3-C18 HS-F5 T3-C18 HS-F5
Increase Decrease Increase | Decrease Increase Decrease Increase | Decrease
FL 65 62 57 33 21 28 9 5
PL 56 11 32 16 9 0 0 1
oL 0 0 16 3 0 3 1 3
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3-3-4 fLEMDOK Y IAIR KL NT — H RX— AR

ARIHH TIX, Table 3-4 DfE R LV, AD BEFFEMIZELT Db EM DL D> T2 FL, PL
HEEALIZ D W CREAIZ AR 72,

FL X O PL LDy D 5 6, miEE TR & 332 b&aMmicktL, 7 a~ b
T LDOE—IREPNREDHEEZToT-. IHICKEE—7miEN» 5 AD / 3 AD
e (%) KOtHEICBIT S plEdkdiz. TOfRE, —nboF—F2%% L2, AD
FERFRAZ(ET 2D 20 HitE D(ILEWITRK VAT,

IV IANTEALEDITK L, FEEBEEE E MS A7 R RZ — o B O
TRZITV, R EHR. 20k, T—FX—RICWAEL, THLILEMAEY
AR T HIENTE. FLIZEBIT H5EHR % Table 3-5, PL O #% £ % Table 3-6 (2
o~ L7z, FL, PL & & IZE &% 150-500 D4 T &M AR E SN TE Y, FL Tl
hn 16 fE, A 6 FEOLAWA, PL TIZEM 14 FE, WD 5 HOMILEMITK VAT
7. ZOHRT,FLLAOPL CHBEICHRBE SN TW4FEOLAEW Th > 7= (Table 3-7).
Z LT, %72 m/z 146.16 & m/z 203.22 DLEIT DWW TIX, TR O IE#EE O
ECTHDI-FITHEN00THY, T—F_X—=2 O FHILAEW T - 7= SPD &k U SPM
THDHAREMENEm W E Bbhi-. £72 SPD & SPM % AD M THE Z 2 s IC B b
H5EEZEZLNTVWD NMDASZFERDOT I=ANTHDLEWVIMENH VY, [FEFER
TV, AD & OREMEZFE LS HRDMEERH D L E X b

NMDA 5 &1k & 12 NMDA (N-A FL-D-7 AT XU lR) N7 T =2 b & L THEIR
HIWCHER T 2B EKTH Y, RIMEECWBISHAEL, RIRICERT 5 & HIHEmO%
BRI B W TH LI R &R ZH S Z/RIETH 5. F 7o AD IKIZ 31T 2 #R#& M fa 58
20, ZVE I UBOMBEENEEL TV O TIERNnWNEEZLNTEY, AB
28 NMDA ZRIED 72 I VU EEBFRENAL (SPD, SPM D& HNL & 1B D W 7 & A
) ITHEE L, NMDA ZR A%/ L7z Ca2+ii A2 NO PEAE & Mt 2% LT
D AREME R STV D B TAERRE S iz AD RIRIED A~ F » t, NMDA %
BIEOT 2 T=2FTHY, AD &L OB MEIIER Z4E D T 5 12918
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Table 3-5 Univariate analysis of metabolites from UPLC-ESI/TOF/MS data based

on S-plotin FL brain.

% increase

no. Calculated compound name Ret. Time m/z (AD/C) p-value
1 Spermidine 0.8 146.16 38.71 0.008822
2 2-Phenoxypyridine 6.77 172.07 -49.67  8.90x107
3 Spermine 0.8 203.22 82.89 0.000587
4 5-Isoquinolinesulfonic acid 3.25 210.02 -51.05 6.27x10°®
5 L-gamma-Glutamyl-L-valine 12.97 247.13 68.13 1.48x10°
6 3-{(R)-(Dimethylamino)[(1R,2R)-2-hydroxycyclohexylJmethyl}phenol 8.57 250.18 29.42 0.008145
7 4-Amino-6-(4-morpholinyl)-N-phenyl-1,3,5-triazine-2-carboxamide 11.21  301.14 68.89 1.22x107
8 1-(1,2,2-Tributoxyethoxy)butane 11.92  319.28 39.72 1.44x10°
9 11.92 341.27 63.79 1.26x107
10 11.21 342.17 62.06 1.59x10°
11 N,N,4-Triethyl-3-phenyl-3a,4,9,9a-tetrahydro-3H-pyrrolo[2,3-b]quinoxalin-2-amine 11.46  349.24 228.83 2.11x10°
12 3-Pyridinylmethyl (92)-9-octadecenoate 12.04 3743 17801 8.88x10™°
13 Ethyl (8-{[5-(diethylamino)-2-pentanyl]Jamino}pyrido[2,3-b]pyrazin-6-yl)carbamate 1155 375.25 63.43 0.000152
14 12.26 378.34 71.52 1.97x10°
15 151 395.07 214.23 1.10x10°
16 11.22 40041 -33.36 2.69x10°
17 9.64 417.08 -65.4 1.81x10°
18 11.66 42522  131.07  9.61x10°
19 124 425.29 60.65 3.27x10°
20 8.85 443.23 -42.69 2.82x10°®
21 12.56 554.18 -32.29 0.000211
22 7.48 559.94 -68.51 1.99x10°
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Table 3-6 Univariate analysis of metabolites from UPLC-ESI/TOF/MS data based
on S-plot in PL brain.

% increase

no. Calculated compound name Ret. Time m/z (AD/C) p-value
1 11.39  139.99 -51.23 1.31x10°
2 Spermidine 0.80 146.17 99.74 1.37x10°
3 Methyl 2,2-dimethylhydrazinecarbodithioate 0.60 151.04 82.24 2.90x10°
4 (E)-(4-Nitrophenyl)diazene 1045 152.05  -66.17  7.77x10™
5 3H-2,1-Benzoxathiol-3-one 1,1-dioxide 10.62  184.99 -44.56 5.88x10°
6 Spermine 0.80 203.22 49.65 6.21x10°
7 (1,3,5-Triazine-2,4,6-triyltriimino)trimethanol 4.85 217.11 52.25 0.000211
8 1-(4-Morpholinyl)-1-nonanone 8.20 228.20 15.71 0.0413
9 3,6,9,12-Tetraoxatetradecane-1,14-diol 5.12 239.15 96.83 2.66x10°
10 1,2,3-Propanetriyl tripropanoate 5.13 261.13 32.97 1.85x10°
11 3-[4-(2-Hydroxyethyl)-1-piperazinyl]-N-(5-methyl-1,2-oxazol-3-yl) propanamide 5.31 283.18 59.66 1.12x107
12 1,4,7,10,13-Pentaoxacyclononadecane-14,19-dione 5.31 305.16 22.88 0.00456
13 3,6,9,12,15,18-Hexao xaicosane-1,20-diol 5.45 327.20 33.41 0.000418
14 5.13 334.14 -43.48 0.000746
15 127 34604  -53.00 2.80x10™
16 (3E)-N,N-Diisopropyl-3-[(2-nitrobenzoyl) hydrazo no]butanamide 5.46 349.19 16.17 0.0178
17 222 385.13 40.65 0.00243
18 8.84 387.24 19.13 0.000286
19 8.85 431.26 9.74 0.00428
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Table 3-7 Possible biomarkers candidates for AD from increased m/z values

based on the metabolomics databases

Brain Ret. Elemental Composition
Possible biomarkers m/z
region Time (mDa, i-FIT)
FL Spermidine 0.6022 146.1656  -0.1, 0.0, C_H, N,
PL Spermidine 0.6046 146.1658 0.1, 0.0, C,H, N,
“:L ________________________ Spermine 0.6180 203.2221 -1.5,0.0,C,H,.N,
PL Spermine 0.5938 203.2226 -1.0,0.0, C, H,.N,
EL 3{(R)-Dimethylamino)[(1R,2R)-2-hydrosycyclohexylimethyllphenol 8.5688 2501775 3.2, 0.8, CyoH, NO,
PL  3-{(R)-(Dimethylamino)[(1R,2R)-2-hydroxycyclohexyllmethyl}phenol 8.2020 250.1796 -1.1,1.8, C1_H,,NO,

Unknown 10.8745 343.2235 2.9, 1.3, C22H3103
10.4778 343.2286 1.3, 3.5, CZZHle3

Unknown 5.5884 416.2824 3.0,1.4,C _H, N,OS
5.8498 416.2840 -0.7,0.8,C__H,_N.O_S

17 42 376
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3-3-5 SPD, SPM o [A] & 3B

SPD, SPM D% ik 10 uM % [F 5} F T UPLC-ESI-TOF-MS #Il & L, fRFEFIFR,
FOY MS A7 MIVORERZAT > Tofi R, ETOHEBICX L T—8L, Mif#kT o
m/z 146.16 & m/z 203.22 D{L&WILSPD, SPM TH 5 L& x L7z (Fig3-7). Lo L,
SPD, SPM & & IR HIF 2% 0.6~0.8 min & B REFS N TV AR WATEEMEN E 2> T2
72, FiE THWZ DBD-F Z WA U 7 2 VBB Rk 2 AV CERE G & 4T
ST, EBIT, KON O SPD, SPM (250 T DBD-F #E (A D MS/IMS 227 k
NERERL, RIELIT-o7 (B 1EF 1-2-1 KN 1-3-1 ). TOfEE, Fig.3-8a iR
TR 9 AL F I SPD, SPM [T HEANT R S, R B ARG & —F L, MS/IMS
AR MV HERIC—FEH L., LRIV, BT O miz 146.16 & m/z 203.22
DILEWIX SPD, SPM TH 5 L RIE TE /-,
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a Standard SPD (m/z 146.16) b Sample SPD (m/z 146.16)
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Fig. 3-8 UPLC-ESI/TOF/MS chromatograms and spectra of SPD and SPM standard and

brain sample.
a, The chromatogram(extracted ion: m/z 146.16) and mass spectrum of SPD standard on positive

mode.
b, The chromatogram chromatogram (extracted ion: m/z 146.16) and mass spectrum of SPD in

brain sample (FL region of AD).
¢, The chromatogram (extracted ion: m/z 203.22) and mass spectrum of SPM standard on

positive mode.
d, The chromatogram (extracted ion: m/z 203.22) and mass spectrum of SPM in brain sample

(FL region of AD).
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3-3-6  JM#EAE T SPD, SPM K OVE WAL HY O E &

SPD, SPM | NMDA Z&EZ N UHIIC/ER L, Mo ZMIcE S LT
EOWENHFY, AD EOBEMEL B LR Y 2o, BB TTHRELE
RYT7IvoEEEEZHAY, MEKSPARY 7> (SPD, SPM, ORN, PUT, Ac-SPD,
Ac-SPM) & —FEREZITV, AD FBIEIC X D2 RH L2 L7 (Fig. 3-9 a).

ZTORER, FLIZBWT, JEAD B2~ AD B ME#% - Tix SPD, SPM, PUT,
Ac-SPD, Ac-SPM IEENH BIZHEM L TW\Wb Z & 23HBH L7= (Fig. 3-9 b). F£7=, PL
IZ5WW T % SPD, SPM, PUT, Ac-SPD (2D W THAANMETA Td - 7= (Fig. 3-9¢). OL [T
WL, AU T I VIREOELITBIII SR olo. ZORERIL PCA X OPLS-DA
DFERICFIFE LRV D TH 7= (Fig. 3-9d). —F, ORNIZDWTIiX FL,PL,OL &
H 1T AD FIEIC K DR EZ LIRS R o7z,

L7275 - T, SPD, SPM & DU CTIX, ORN St EM TH H AR Y 7 2 > (PUT,
SPD, SPM, Ac-SPD, Ac-SPM) % AD J¢JiEf L5 L, ORN O AZ kL TWianZ &
B L7 (Fig. 3-10). ZAUiX, ORN 2»5 PUT ORBIBFICIER 9 5 4L =F o il % g
%3 (ODC) 7% AD RIEFRFICEFITIEMHL LR TH D & PHES . AD JREE L
ODC iEMEDBIEMEIC DWW TIE, EEM TIE WS, AR DB TZ DiFENs E5F-
THZERWESN TG B KEER X v, AD RJE & ODC {1 o B 2 41k
FHCFHME T 2 2 & & LTz,
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Fig. 3-9 UPLC-ESI/MS/MS with derivatization for the analysis of biogenic polyamine in the brain.
(a), SRM chromatograms of polyamine in AD frontal lobe (No. 11).
(b), Concentration levels of polyamine in frontal lobe (n510 for each sample).
(c), Concentration levels of polyamine in occipital lobe (n 5 10 for each sample).
*P,0.05 **P,0.01, *** P, 0.005.

91



Ornithine

Stimulating

AD process ODC

o _x Putrescinel

Acetyl-spermidineq{y | sos

SS‘A\

PAO

Spermidineﬁ ]

SPMS NMDA receptor

Acetyl's perrnlneﬁ - excitotoxicity

s;w\ Spermine{

Fig. 3-10 Metabolic pathway of polyamine.

Our results indicate increased SPD, SPM, PUT, Ac-SPD and Ac-SPM without a change of
ORN in AD pathology. One theory suggests that the NMDA receptor excitotoxicity is
caused by an excess of SPD and SPM due to ODC activity induced by plaque and/or tangle

deposition in specific brain regions.
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W, & 512, NMDA ZAEIZSWT S, NMDARL (2~ NMDAR?2 7% Ap&Zifs &
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Fig. 3-11 The immunostaining pictures of the enzymes around ODC metabolism and
NMDA recepters from FL area of representative AD/Control brain tissues
AD: a-e, Control: f-i, ODC: a/f, SPDS: b/g, SPMS: c/h, NMDARZ1: d/g, NMDAR2A: e/i
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Fig. 3-12 The immunostaining pictures of the enzymes around ODC metabolism and
NMDA recepters from Hippcampus area of representative AD/Control brain tissues
AD: a-e, Control: f-i, ODC: a/f, SPDS: b/g, SPMS: c/h, NMDARL1: d/g, NMDAR2A: e/i



Table 3-8 The immunostaining of the enzymes around ODC metabolism and
NMDA recepters from representative AD/Control brain tissues

oDC SPDS SPMS  NMDAR1 NMDARZ2A

AD1 FL +++ ++ + + ++
PL +++ + + + +
oL +++ + + ++ ++
H ++ + - + ++

“TAD2  FL ++ H- T +H- - H+
PL ++ + +/- + +
oL ++ +/- +/- + +/-

H ++ +++ +/- ++ +++

TTAD3 TRL T YT e TS il
PL ++ +/- + ++ +/-
oL ++ + + ++ +/-

H ++ + +/- + +++

TTAD4 O FL W T T FLTTTTTT w3
PL +++ + + ++ +
oL +++ + + ++ +++
H +++ + +/- ++ ++

TTADS CURL T W TR T ranh i P
PL +++ + +/- +++ ++
oL ++ + + +++ +
H +++ + + ++ +++

Control 1 FL +/- +/- - +/- +/-
PL + +/- - + -
oL + +/- - - +/-

Y » BN AU e S . .

Control 2 FL + + +/- + +/-
PL + +/- - + +/-
oL + + +/- + +/-

e R A X SR AL - .

Control 3 FL ++ +/- - ++ +
PL ++ + + ++ +
oL ++ +/- +/- ++ +

I B o e L. .

Control4 FL ++ +/- + +/- +
PL ++ +/- + ++ +
oL ++ + +/- + +

SRR » DI . S SR . S

Control 5 FL + + - + +
PL + + ++ +
oL ++ + + ++ +
H ++ + + ++ ++
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Fe—h—bBWIREBREN DR, EMICBT ORETFEORBEIEIEEN T
%S AD t L, SE#%OE MHBMAWD Z L2 XV fEERZ W S - R EE B E OB
1) AD M A ZRTA F7°1:'774’ Vo 7Bl otz E£MEALIC FL, PL, OL
D 3EALEAND Z &I , BBALIC K DRy ARGy DIEW S [FIRFICHERE L7z, JIE
A iﬁ%%i%{ﬁm_f Erze UPLC-ESI-TOF-MS/MS % fi\v™ AD 4, FE AD JidkH fk
KR OIR S R ERE L. B @oTr—% 222 &M L, AD K
Mk CREEMICZENT D 41’%@1!:/\%%%&1,71. ZDOHTY, AD K FL, PL #5471
o CHEINE 12 & o 72 miz 146.16 & m/z 203.22 DALA I 5 LR 5L % WV 72 [F) 8 F2BR
2TV, N EH SPD, SPM Th D Z ENHIBH L7z, SPD, SPM i, HIED AD J5¥#
HMTHHAY U F U OENZEILETHD NMDAZHFIEDODT I=A N THDHZ LN
LA THKY, SPD, SPM JEL D AD IKIZH T 2R AL Z S HIZFHE LS HET 2 LE
NHDHEEZ BN, £ Z T, UPLC-ESI-MS/MS Z W72 AR U 7 2 6 ff (SPD,
SPM, ORN, PUT, Ac-SPD, Ac-SPM) ® — & E &% 1T\, N ORN X Y 4h% % SPD,
SPM O AR 2 b 2 A L7, #52R, IF AD K & Hedz L AD I Tl ORN LISt R
U7 I VBENER LW, 512, AD MR A 2 Hvy, fEaiz XY ORN
KRBT B T 543 (ODC, SPDS, SPMS) DR H A ME L7=E 25, ORN D
PUT OfREIEER TH S ODC 1L AD I CTEBEICHRILL TV, LD/ REND
i T SPD, SPM @ AD ¥ B AUHIINIL, AD BIEIC XL Y ODC AEFICHEIL TR
ST MERTHDLZ ENRBE I, AD BIEIZ L D ODC {EMED X 1 = X LIZDNT
%, ABIZALDIEFE T ODCIEMED EH- 2 BT 2 HEDN S TWEA, MEIEIZIZE -
TELY, SLRHMEROLBEENBEE ST,

DX, LC-MS RV A XA — AENTERITEBOFHH AL F~—H —
BRBELO, SR OREORICH AT B A D = X LRI L A A TH D 2 & DRFE
HETe. %I DICHkAx REBICOHI N, ZoHEMEHVCERLINTZ AL 4~ —
N—REBA N = A L% s L, EROHZEIESCHERBIC RN D 2 & 2Rt
2.
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NA F =0 — LT EERORR A IR EBR 7R 8, KB DR ED LB IR I T 5
FOS%S% L MBT 240520, BN, FRI3AEMFRNEE TS S M BRI,
Mg IR, MEHICEENDEMEYE T, DNA RNA, ¥ V"I E, £-Th b OW
F, B RS ERYS T 5. &5, ARMER T TR EERILELN DT
WOLERSR PET B4R 8) bAA A ~—T—DM&ICE T D, N F~——IT,
MBS EMRAT 57 DOEHEY — L ThO, FRRFICES - EEICBTHERY —L
LRV DD HEDKEBERSKROREBIHEAT 28BN A~— T —2 R LET Z &
MTENL, EEBOBZKS BN RIBRIEOMNII REREELRITT ZENTES.
FIRBIBREZODRORPE T TR, BEZW - PHOZDO R HEREE,
DIZEIEMIT T 2 RMER RIS DR, KB A D =X LD L 5 EIEMLZ — 7
v NigkBl e ERE A RIS HA~OBRBRAEBEI N TN D.

ZDOXIENRAF~— I =R T L= REHEREED T, 7 LRI
BT A — LR ZIL LD ET I, A~ — D — R £, AFELRREN AL,
alo R "f d~—D—DNRAHEND LTkl I F~— I —DRZENHF T
%, MS OBRFEMNEA, LV EKE CEIRM RO AIREIZR Y, kx5 Coif
HNITOND LS ole. ZTHIZEY, KO TRV AL LICAZRTA T
n7 AT, ST A= AR AN v — T —RRELE L THEAZED
TW5., ZZ TR TIX, Z ORBRREWREITEITZ AV, EEAAL 4~ — T —
KAaEHME LT LC-MS I X2 R#EWfiEIT & LT, Zo0 b ERETo-. 1
SHIFREY E LT, HRERLEEEOROCBLEMZKY AL, FEE L OME
PEZ SEAME 3 DR AT, 2 D BIL, RERENICEILT 2K T2 ibs
W) %A% D TR L T <, A X R v — NRATHO &2 O T 8RR AR S AT A 1T o 72

1B CITEMNREDHRT S LG ARABRER TOESEMARE SRR T
v E~Y— I —EREEmE L, 8K LC-MSIMS #7112 L 5 E &L OB % & 3K
Hle. SHICHEREE L THREEOMEICERIATRERMR AR L, LR ABRE &
fEH NOMERT 1LFERY 7 I VREZKET 2 L8, KRN DBARZE
TORNCHAZ V== T L L TITAD L 72, S HLBNAREBIEORE 21T - 7=,

RNYT I X7 2 EEFROTD EIERE TSR EED DBD-F T T 5 2 & T,
WG 7 A TORFEZR< L, LC-MS/IMS # H\W MRM I XL W BB &4T-7-. 11
AR U 7 2 »[ORN, DAP, PUT, CAD, SPD, SPM, Ac-PUT, Ac-SPD, Ac-SPM, DAc-SPD,
DAc-SPD] #xf4: & L, 1.S.& LT DAH #Mwiz.

MEIEA) 1 mL BB IR L, B H12-20°C THUEMRT Lo, BRIz
Dy EfE (3000rpm, 10 min) LA L7z AF v 2k S E % EiE2 7 LT
iz, #EBRE IR I 30 RN LA %, S OICFMERT O MEOIRAZ <72
B, 1ERHAIOEEEZEZTCHL Lo, HIERFICIEMER 30 ub A L, 1.S.%
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G077 ER=bFIALEHOWTERY N7 #%, BLTZ AR —F—ICXDHEEL
DBD-F % pH9.3 F CT#s&E(A{k L LC-MS/MS (2 X v HIE L7z, HIE Sk 34 5% %
WREH L, BEIE H,O/MeCN SR A (0.1% ¥ B2 5 A) 80/20-40/60-10/90% (0-8-10 min)
DEAFTILFEARY 7 I UFFEREL 10 3 UNICHBET 2 Z &2k Lz, R S
CTHEWE B2 HIE LR, 11 AV 7 I v o—Fombiclsh Lz, E&ED
FEEE - EMEEAMER LI 2 A, BN - HIRAB & H12 RSD EH 15% LT, #El L
ARG 84~102% & RAaF iz m L7T-.

AN AEEREEHOZHRE T, YIREE 84, BREE 224 08K HARY T
IvEEEL, FAFEROBEEAN 144 EOERTARI T IV EOLEREZIT 7. R,
I HREEICBODTRHICY T FARY T I BENEINMERICH 7. L L,
EEMEICEMANEZNRELS BRIV T I Ve F~v—D—¢THZLFHLNES
ZONTZ. ZITHEHENORARY 7 IVEICHTHERY 7T I OEIG % ik L7
£, CAD & DACc-SPD, DAc-SPM O EIG NN AEZE T EF L TEHBY, ORN OFHIE R
WAL T\, 2%, ZOLH5C 1L ERBICHET S LIk, B—CTlEh<#
BORIV T IOl E2RALELRNAOBE LR ~DIEH72 E2mat L, B L
TeEEIEDN, LVEEEORVEZEIE~ERBEL TV ZE2HFT 5.

B2 ETIE, FRa RMEBHEBIZB T 2AKNELIHE SN TWVD LAX HA &%
F{b&m e U, 355 6 LC-MSIMS 3 Hric X 2 E &L AL L7, £72 LA HA X
WREMN A SO, FEUKEREICIFIARTIVER WS Z LITLY, S
RHEOFBLO 72 S MR TR TO O 21T o 7. JREBIL, BiE, RHZHIC
DIRMWBDNAF—D—DORRANLENTND DM & L, BERBFAA A ~—T— &
L CoOH MMHEZFEML 7.

X T VS BRI, TTIRD 8FEDOF T NART I Vb AT Y —= 72
F U R L7 LC-MS/IMS H1 % Z Vi8R L HWo . iR 7 U — =2 71T,
XTI VR g E LT NSAIDs Z vy, LC-MS/MS (28T % i8Ik D&, 4B
ELEOHEBIZEVFMM L7z, ZORE, AFHEOT I VNAFHTHD Z &R L0,
LA, HA Z W72 S 6 R D MatofE R, oBESE 45 E L, LAIZIX PMP, Al %, HA
21X PMP 235t Cd 5 &l L 7.

ARFBHT AR & [RIRR 00 B A & HER A B L 7o . MEWR oD RiTALBR 134 A B RS A B
W2 N ZBR Y v X7 W E AT o 1=, 7MWY > 7 /L 100 ub & LC-MS/MS A % &
VIHERA LRI A A BIEE T CRIG S, o DL-LA, DL-HA &l L, MER
D LA HA T T o aR Lz, 2 nboFERERELZH W
LC-MS/MS IZ L 2 ME{EH LA X ONHA OEEIENY F—a & LTlE, HNEER
13 9.89%LL T, HAMZEEREIL 9.27% L FTH Y, S HIZIRMEIFEIL 97.7%LL &
EARVEDKG B, IERERE I TV D 2 & AVEER S 4, ME#E H DL-LA 1% 2.5-250 (ng/mL),
DL-HA (% 0.5-50 (ng/mL) O#ipH CEEAHE TH - 7=.

st Lo sk x Hv, @ AN, DM B3 OMERR 10 fik 4 VO EER ' D-LA, L-LA
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DM & TZ NI EEALR 20> 72—J7 T, LA L TIE, DM EHICH VT DI
DM DRI IC K & v o 72728, DIL-LA L2 DM BEF CERZHMICH -7, Zh
F 0 LA O RAMARRH LS DM B2 W O 12 28845 L 7R D AIREE AV R S iz, 4 %%
XA D =R BORARCNA F~—H— L LTORKIE~OIEAER SN,

%3 E T, AL AW AR D ISR BR RO E LT 23 & MR r ST
DA AR — RN E AW TS, A~ — D —EREITo 2. K BIE, ERTO
WIS A A RE R TR D T A A~ =D —DRENBRKDOD LN TWVDHT LY A~
—RISRHENAE (AD) & L72. &6124ME, B MHMAWD Z &I2LY, ADIZXK DK
NORBEICOWTHENT L, AD DA 7 =X ARG FEFFICAN & LIFEZED
7.

b MEIRIMIIER ORBERAET, MHEKOZANRK O Z U X T EOFE %
Gallyas-Braak ZE15(C & DAk g A 1C L 0 A AIZFEAE L 723F AD #E, AD BED & KK
10 BiR9* > [#BAL : FL, PL, OL] &M\ 7. BIALELE, FBRER & AHIREORAR
THRED T A XM - B N7 B ZITV, RAAWICE D, 451 & 3000 LL RO
IbEW DI %G de ik Z R L7, ¥ 7% UPLC-ESI-TOF-MS {2 & » 4347 L,
BRI LT —42%2b L, £T PCAICL VSR EZITo72. fR, EABOFRH
M OETBHZE, BRIEIE CIX, XFHRHE & Mk L T AD B O MRk AR 55 1 5o (2B &
IZENDHY, S5 AD BE 10 BARIZ & TEMRDBEL L T, K513 A A4
=N —DFIENE VR TREB S, Hi\ T, OPLS-DA (2 XL Y 47- S-plot & H
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203.22 Db G LIRS 2 W2 RIEFER 21TV, £1L£ 4L SPD,SPM TH 5 Z &
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SPD, SPM L, HLTED ADJRIRIE TH D A~ T U OIENZRIKTH 5 NMDA Z %
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bz LI LIHETINERD D EE X BN, £ 2T, UPLC-ESI-MS/MS %
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VN, PO ORN LY #fiE 5 SPD, SPM O EAREBI AL 2 RA L. fE%, FE AD K
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e 2 v, iz L0 ORNARGETRR IR 12 17 A&/ (ODC, SPDS, SPMS) @
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