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Pharmacometabolomics [ ]
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Figure 1. Workflow of Pharmacometabolomics
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3. Ginsenoside Rk;&] @433 A A &4

AL @7 U3 (Araliaceae)ll &3k thd A =221 Panax ginseng C.A.
MEYER®] ¥E]& o] &3t Aokow A, X, 14, A9, T 59 <
YA-gS 7 deA low, dA7MAE 4kl S ket AR

Sl o AT A%E T vk

QAFe] Al ZA <l HA Aol E(ginsenoside)= 1A -2 wIEA AFE
do A, 7hadte el wet AR 3hsh2 ®strr yehuAl d o] e,
T5712 AA D FAF (red ginseng, RG)oli= RG 5°] A w-=Alo] = (red
ginseng unique ginsenoside, RGUG)2] 2|7} Bl ¥ o, o]= &2 3}sh3
by agoll A, E3 el & deglycosylationo] doJUAl HW, =40
Ae AA AP =7 AAEE Aoz dEa Uk olglA AAE A x
Atol ol dist st AelEde B AFE Tl RuEHTE 2 B o
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g, 2 Aol d RGUGE F3FE =diE) sk WE dvtstd = N
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Deglycosylation

et
OGlcGle
Ginsenoside Rb, Rb, Rc, Rd Ginsenoside Rg;
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Figure 2. Structural modification of dammarane glycosides by heat processing
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. A 3 =5 3

1. 49 A=, Aok 8 7|7

1-1. A5 9 A<}

Acetylsalicylic acid (aspirin, ASA), arachidonic acid (AA), collagen, apyrase %!
formic acid (85%):= Sigma Aldrich (St. Louis, MO, USA) Z5E ¢33t}
HPLC-grade methanol<> Duksan (Kyungki-Do, South Korea) . =¥, Fluo-3
acetoxymethyl (AM)<> Invitrogen (Molecular Probes, Eugene, USA) © =4 E]
T-9138F 2™, 5(S)-HETE, 8(S)-HETE, 11(S)-HETE, 12(S)-HETE, and 15(S)-HETE,
4 wateri= Cayman Chemical (Ann Arbor, MI, USA)ZF-E G135}t

1-2. 48 5=

Sprague-Dawley (SD) A€ 34 (male) 21F (OrientBio, Seoul, Korea)E 23
TEZ AMgEGon, 9l $ 23 £ 05T, 60% dUsETE AAEHE

=AM 48A1%E o e AX FH A ARESISITE AR

rir

=8 1¥AE (AL, Seoul, Korea)s AME3IoH, HIAFE

1o

Aw2 AMedsn seddxdagde ddseAdaegatged wet
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1-3. A3 717]

- Ultra performance liquid chromatograph (Waters, Milford, MA, USA)

- Hystar chromatography software (Bruker Daltonik)

- ESI-micrOTOF mass spectrometer (Bruker Daltonik GmbH, Bremen, Germany)
- Reverse-phase C18 column (Acquity BEH 50 mm x 2.1 mm i.d.1.7um, Waters)
- FP-777 fluorometer (Jasco, Tokyo, Japan)

- 5415R, 5810 R Centrifuge (Eppendorf AG, Hamburg, Germany)

- Optima TLX bench-top ultracentrifuge (Beckman Coulter, Brea, CA)
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2. Ginsenoside Rk, 28] 3

2-1. 7}& 214t (Sun ginseng, SG)&] A=

White ginseng (WG)= 120CoA 3AIZF autoclaveQtoll Al 7t S<3F &,

Az7)olA 2443t o] AZAA, SGE A ZsH
2-2. Ginsenoside Rk; 8] &3

SG 2 kg& MeOH 3 LZ 70 TolA 2 AZF &<t 33] reflux FE3 H,

>
FEle shbe @H U ekl SG FEE 380 g2 AT HHE

w2

G FE&E°] H0 15 LE 7}3te] 3E3E H, n-BuOH 1.5 LE 33]

ofo
=

%319 n-BuOH 7H8-%38 <F 85 g2 d3th n-BuOH 714%3 F 30 ¢&
sk 600 g° silica-gel=> AFE3Fo]  silica-gel column chromatography &
Al th. CHCl: MeOH ©°2 FA®E o]FAs AREsiion, =4
T4 Q1 stepwise gradient (40:1 = 30:1 = 20:1 = 10:1 > 5:1)& A3} F
10708 MHF F8S (Fr. 1 ~ Fr. 10) 930tk o AlF +38 F Fr. 75 10
mg/mL2 FE=Z MeOH¢| =91 ¥, semi-preparative RP-HPLC®l 5%]3}1it}.
55% ACN aqueous solution (+<: 5.0 mL/min)S ©|&A S =% 3l UV 203
nmel A HAEEAES W, oF 1330 AEHE A5 Yo E st AT
Algel &Elds REEFoR wgit dojxl =4 =

&8st 55% aqueous ACNs ©]FC= 3fo] HPLC/ELSDE &3}o]

sl

717

4
o

glst o, ojnl FEH AW dF EFF (authentic sample)?}2] ESI-MS



3. Ginsenoside Rk; 2] @43 $3JA A4

3-1. Washed platelets 2] A

Male SD rat 250 * 20 g)= tlelFoHE2 &S v &, 545 2
st Ao 2 HE AE (whole blood)= A3 3F3A T 2.2% sodium citrate S &
sHAE AREsElow, &5uAlst AEE 1698 HEE s AES A
SFTh A NS 200 x gollA 10 B3 A4 EeEstel dad FH I
(platelet-rich plasma, PRP)= A2 ™, Aox PRP washed platelets =7 3}

7] #18Fe] 200 unit/mL apyraseE F7FsE 9, 1900 rpmoll Al 10 E1F 242

ST} Apyase® AP e F Al WMol AA wEEYoN, AR
2] & doJ% platelet pellet> tyrode buffer= HE A|Zl & d43 F47]

(platelet analyzer)® dAe] 745 EQlstSitt. A3 AF8=  washed

platelets= 600 ~700 X 10°7}/mL=Z Y30} A Z% AT}

3-2. @auHAAEA

Ginsenoside Rk, 2] A% S5 A A2 turbidimetric method®l] 7]z St
WO E  optical aggregometers  ©|&3sto] AT WP 500 uLE

37 ColAd 3 B2k vjekst 3 1100 rpmS. 2 wWHESFHEA DMSO°l| &2l A| 7]
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ginsenoside Rk; solution 5 pL&S Yil 30 ZZF 57} wijeksisich. o 7]

collagen (HEF &% 1.0 pygmL) AA (HFEE 3 upM)= 72 5y Yl

37 CeollAd 1100 rpmO 2 wHF wjekatqic).
]

BEste] dAago ST = ZE% (tubidity)® 4%

biet. 3 Aol WE ma

2 A= dad

olo
ol

4 Are B

il
&

&

3} (shape change)E FET F ALEF AAE 716H7] Zef Collagens
o]

ol

FRom, 72 5%9] Ginsenoside Rk; ¥ ASAE A Tof A23lo], F
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Sampling Procedure for washed platelets = Sampling Procedure for metabolomics

gl 4.6 x 10° Platelets
Whole Blood Tyroid buffer 4 5

1:6 anti-coagulant Arachidonic acid and collagen
{2.2% trisodium cifrate)

Sprague Dawley 300 g, 2.2% sodium citrate solution

Centrifugation

‘ 1700 rpm, 5 min —
PRP (supernatant) @

Collection of 200 pL of samples

‘ Add apyrase @
: .
N Ccntrifugation Addition

1900 rpm, 10 min 100% Cold Methanol 800 pL
. >
ellet
Drying and Reconstitution

Tyroid's Buffer 3 ml with 70% Methanol 200 pL.

Pellet suspension @

Washing (1). Add apyrase 200 units per PRP 1 ml ‘ Filtering with 0.2 ptM PTFE
Washing (2). Add apyrase 2units per PRP 1 ml * PRP: Platelet rich plasma Injection to UPLC/MS

Figure 3. Schematic procedure for sample preparation for washed platelets (left) and metabolomics (right)
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4. UPLC/Q-TOFMS E#XWH o] A=

o3 ) A S B4 317] ol 2A, global metabolites profilingol] 2 g3k &
e AAsta ddstr] $18kel 15718 amino acids (alanine, arginine,
aspartic acid, methionine, phenylalanine, glutamic acid, asparagine, glutamine,
histidine, leucine, tryptophan, proline, serine, tyrosine, and valine) X TXB,& ©]-&

ko JA (Precision), 24 (Linearity), %37 (Limit of detection)®] &

%8 ol gd BAWHES AT
4.1. 24 =34

Ultra Performance Liquid Chromatography (UPLC)
- Gradient elution programs; 0-30% B (10 min), 80% B (25 min), 100% B (27 min).
Solvent A: Water (0.1% formic acid), Solvent B: Acetonitrile (0.1% formic acid)

- Flow rate: 0.2 mL/min

Quadruple Time of Flight Mass Spectrometry (Q-TOF)

- Capillary voltage: -4.5 kV (positive ion mode), 4.5 kV (negative ion mode)
- Temperature dry gas (He, 99.9%): 200 °C (4 L/min)

- Calibrant: Lithium solution (Isopropanol, methanol and water)

- Mass scan range: 50-1000 m/z

17



4.2. B4 73 (Method validation)

4.2.1. 424 (Precision)

A e YA (Precision)> HEE 15709 ofv]imAbtat TXB,S WY&
AlZF % mass to charge ratio (m/z)= ©]-&3t%] 75 3FSA T Intra precision<> 60
hgmLe] FEeN A ST Eek Al W AlAEle] Wk ) doma AAEY
O v, Inter precision<= 10 - 80 pg/mLe] &% W te|A] A 4 F3F Al AE
of 4 dto] 4 ForA FIHHUY. A= mean £ SD.E FEAISH

.

42.2. 2’473 (Linearity)

Mz

v ol AXA (Linearity)< 15719 ofv] Al 42 TXB,9] intensityS ©]

}o

ofo
ol

)

Aottt AA sx29 HAAAGS y-42H, A4 Ve =S

E] positive ion 2! negative ion mode®| 4] Z}Z} H 7} St

M
1%
=
ox
(G
i)
fljo

for
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N
r
ek
¥
pac
rlr
A
2
1o
off
bt
mlm
Jo
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ol
N
do
ol
2
N

A71M oz MY ETHAE, ST ATAY VeV E wEh
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5. dAd e dALA 4

51. ¥4 =4

Ultra Performance Liquid Chromatography (UPLC)
- Gradient elution programs; 0-30% B (10 min), 80% B (25 min), 100% B (27 min).
Solvent A: Water (0.1% formic acid), Solvent B: Acetonitrile (0.1% formic acid)

- Flow rate: 0.2 mL/min

Quadruple Time of Flight Mass Spectrometry (Q-TOF)

- Capillary voltage: -4.5 kV (positive ion mode), 4.5 kV (negative ion mode)
- Temperature dry gas (He, 99.9%): 200 °C (4 L/min)

- Calibrant: Lithium solution (Isopropanol, methanol and water)

- Mass scan range: 50-1000 m/z

Aaw S AE W BAL AYH RIS W

olo
[

of ¥ %, A& 200

uL & 33l A= eppendorf tube o %! $, HFZ -20 T 100% MeOH 800

59

uL & 7Fsbgltt. ©F 10 &3 voltexing A7 %, 14,000 rpm ©| A 20 &3+ ¢4

il

Halato] Ao 500 pL & FHe F, ol MES A& U

]_

2,

| & E

ol
il
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AzE AZ] 200 uL 2] 70% MeOH & 2] 3 31 voltexing ¢ ¥, 0.2 uM

PTFE syringe membrane filter & o] €3l filtration 3} LC/MS =

Ak B4 A A ekl (Figure 3)
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Holg &3 % X7 (Date processing)

UPLC/Q-TOFS.ZH-E <dojx do]E = Profile Analysis softwares ©]-& 3}
dlo]H WA ®(Bucketing)= 43331 th. UPLC/MS2] H|©]E{ = mass to charge

ratio, retention time 2 intensity's O.= ©|Fo] A Qlo], FAEA BAS

[\

ARl HolH 2 Wgsiol & oS 7P St oo & Aol

= HA"o 2k 7lsS o83t HOlHE 3akdolM 2xpdor whEof F

ebell A= mizE AT HACE A v -, ol thE intensityE

o
N
)
fo,
o,
-
s
Loty
ol
o,
rlr
ol
1>
©
)
—n
=3
X,
o
r®
rlo
s
o
(o
>,
)
~
N
o
l
=

T HANAN AEE m/ze O =E peak cluster WS ©]€, compound=Z A
AHE mzT intensitys o] g3ke] Elo]EE F3 sk wlolth Peak

cluster "< related isotope intensity %! charge statesE ©]-23}%] compound&

ol

A7t WO E find all compounds®] 2t 75 ©]&ste] o] 7hsdt
o ATeld s F oA S ARRste] HolEe Ao, find all
compounds 7]5 © % ART 0.1 min, Amv/z 0.1 da =7 3ol AAIE AT WA
NGS5 Foto]l AR Zb compoundsell thste] breakdown and a one-way

analysis of variance (Tukey’s HSD test p-values < 0.05)& 2 A| 3} 153+ 2}o]

g nad sl
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7. OhHE B (Multivariate analysis)

HAYS Tt doz 33 HolE2 SIMCA-P+ (vI20O)0Z FEH T,
Principal component analysis (PCA) %! partial least-squares discriminant analysis
(PLS-DA) #4& 33} tt. PLS-DA+  500-purmutations Hell 2] 35}o]

A4 AS54S Fdsh] fEA

o
¥
o
o
2
|o
L
2!
i
1o

cross-validation
R* 4 Q*& At 2d 48 Al missing data %k 60%= 4733
o, HAHClE e Qe B+ W4 "Pareto Variance"ol| 9]l scaling
HAag 25 7Y outliers F71sl7] $180A4], Student’s t-distribution2]
multivariate generalizationS 3} Hotelling’s T WS AFg3lich T3k o
T-olA & PLS-DA ¥4 3 $ dolX variables important in the projection

(VIP)E ol 83ke] §3el Aol Pstel Fiz bl Aesksck
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8. Cyclooxygenase (COX) &4

8-1.COX &49 AA

AA°l 9]

ok

g SHE AstAl Aslsk= ginsenoside Rk; °] TXA, 34
AA JEE H7st7] 918ke] colorimetric COX inhibitor screening assay kit
o]g38tol COX-1 B COX-2¢l wiet AAaxE AASIATE L3k ASAE
positive control® ARGFOZM, F °FEzke] COX oA AEE staat
aFlth COX &4 AE 2, Kitell -1 A Aol wpek AAJskl o, 96-
well plate®]l assay buffer 160 pL 2 heme &< 10 uLS ¥ 3L, COX-1 A]eF
(5= COX-2 A2k 10 uL ¥ A& 10 pLE 7}8F 3, 25 CollA 5 3 pre-
incubation 3} TF 7] colorimetric reagent 20 MLQ]- 71-gS 20 uLE
7Fgk % 25 CeolA 583b incubation 3kl 590 nmelA FFEE UTH
COX-1 (i COX-2)7F 5917FA] &2 background®} DMSOTF %713t vehicle
control& 73] 2748 F¥EE 100% inhibition, 0% inhibition & Z 3}

AlEe A (%) AAtskit

8-2. AA A=

Be A 33 vk AAjEglow, Aaoes 2 A5 AP skl g
A ZA T (inhibition %)2] mean + S.D.& XEAFFTE EI AT
FAA 7942 Duncan’s multiple-range testE ©]-&3F one-way ANOVA

(Analysis of Variance)& &3l 717433t}
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9. 4 F Y calcium H3 =HA

Fluorescent Ca®" indicator® A% QFO Z loading 3}7] 913}o] +H]¥ washed
platelets (1x 10°/mL)°l 5 mM Fluo-3 AM % 2% pluonic-F1272 %7} 3+ 3 60

w3E A2olA vk AIZY o] dEelE 500 < golA 10 mingt A4 E

>,
Y
S,
)

o
=)
s

@,
&
o
ne
flo
o
o

2] 21 4= (physiological saline)= | ¥ E} Al 7
1.0 x 10%mL2] dA &S A2t} Fluorometer cuvette©l] 2 mLe] WP A5
Y1 37 CollA wHt A7) 123t pre-incubation A 7] 3L, FP-777 fluorometer

(Jasco, Tokyo, Japan)°l| A excitation at 488 nm, emission at 535 nm Z 714 &3

o

St Rk = &v(DMSO)E H L 30%3F HEE AL F, collagen
0.5mM %! arachidonic acid 50 uyM& 3 7}8Fo] 5-7}8F= fluorescence intensity &

S5l AZ W ARLAA fUE 2 FEE BAFAL

p—

F 5 CaCl, | mMS 373l Z7138 fluorescence intensityS =79 3Fo] Al &

ejFoM FdE Ze R AT 2l e ta A 9shy
AlRreal et
-, 2
24



10. Western blot analysis

PRPZH-E] Yo%l washed platelet pellet== HEPES tyrode buffer (pH =7.4) = &
g A1 3, A% 5737] (platelet analyzer)® A#S] s 1A
28 o] AF839 washed platelets> 1.0 X 10°7)/mLZ 93o] #| 2% 3tk WP
500 uLE 37 CollA 3 #3F viekst $ 1100 rppm o2 wHHsHA] DMSO°| &

sA1Z1 ginsenoside Rk; solution 5SuL 2l vehicle

ftlo
o,
=
[\
M
s
o
N
X
=
o2
_0'L
38

T} 7] collagen (1.0 pg/mL) W AA 3 uM) = ZtZ} 5 ulL® 2al 37 CeoflA

1100 rpm O % 5:%F W R v eFal A th Cuvettes ice-batholl @3 C.&2M R

R

S TAAZ I, MESS liquid nitrogens ©|-E freeze-thawedS Al W HHE

ot
o

-

© 2 M, homogenation AFTE. 4 T, 100,000+ 6087+ A Eg

supernatanti= cytosolic, pellet<> membrane % © 2 Z}7} ALt} 2} &

i)

2 50 mM Tris-Cl (pH 7.5), 150 ml NaCl, 1% Triton X-100, 1% Sodium deoxycholate,
0.1% SDS, 2mM EDTA, sterile solution 2! protease inhibitors (Gendepot, Barker,
TX, USA)E o] &3to] lysiset §, ¥€olx protein lysatesi= Precast 4% ~12%
polyacrylamide gradient gel (Invitrogen, Carlsbad, CA, USA) $] ¢l loading ¥ %I T}.
SDS-PAGEE  ©]g3lo] ©aAS #2832 ™, polyvinylidene difluoride
membrane (Pall, Pensacola, FL, USA)= %%l %, membrane= 3% nonfat milk =
blockingd} 1 T}, Anti-12 LO (1:1000, Abcam, Cambridge, MA, USA) %! B-actin
(1:1000, Santa Cruz, CA, USA) & ©o|&3}o] &3 9™, incubation 5,
membranes<> TBS + 0.1% Tween 205 ©|-&3}o] A% 3} t}h tHA] peroxidase-

conjugated secondary antibody (1:5000, Santa Cruz, CA, USA) ¢} &7, 603+ A
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2o A FAA1Z] $ Immunoactive proteinsi= WEST chemiluminescence substrate

(Pierce Biotechnology Inc., Rockford, IL, USA)°ll ¢]3l] &3} 2™, Chemi Doc

XRS (Bio-Rad Laboratories. Hercules. CA)°ll o]3ll 373} = 3l
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1. Ginsenoside Rk, 8] &84 S 2&

Arachidonic acid (AA)E 5% a3 SHAZGo] thste] A Alo]=
Rk, gako)EZ el a2 avE HAU O (Figure 4(a), FELT SH2E
= 7= oYY S txoFEE oto] Adste] # AT, 20 pM oA Rk

o] olxsllel] vla] AEe LA EHE EIT (Figure 4(b)

(a) (b)
Rk
Rk, SORM ) IVLJV !
<o g
£ Rk, 20uM 5 10
8 1 un 8
B10- Rk, 10uM & 20
0 30 ASA
Control 401 Control
30-

50 -

Figure 4. Anti-platelet aggregation activity of ginsenoside Rk; and aspirin (ASA)
(a)The anti-platelet aggregatory activity by ginsenosides Rk; was dose-dependent manner
on arachidonic acid -induced platelet aggregation. (b) The inhibitory activity of Rk;and
aspirin were compared at the same concentration (50 pM) and the Rk; strongly inhibited

the platelet aggregation.
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%41 syringe membrane filtration®. ZFE AAAHE F /o E-ES A

O W (Figure 5(a)), ©] + =42 77} palmitic amide (Peak #1) % oleamide
(Peak #2)% Q1 = AT} (Figure 5(c)). ©1&> 717} plastic syringe®] slip agent
2 syringe®] ¥&3 up-downs 93l syringe A|E Ao =3 UYoe =4
AL & 5 AT o] glass syringe®] AFE Y MeOH washing®l 2] &}

aRAow AA T F AU (Figure 5(b)).
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Intens ..
1 (a) Peak #2
0.8+
0.6

0.4
0.2-| Peak #1

0.0+ /\

Intens.
%106+

(b)

1.0+
0.8+
0.6+
0.4+

0.2+

0.0

17 18 o 20 21 22 23 24 25 26 Time [min]
xS

= (c) 2562629 Peak #1 o Peak #2

10 2822784

n 304.2599
025 278.2457

301.2528

..........
,,,,,,,,,

Figure 5. Identification of system impurities.
Base peak chromatograms of methanol filtered using (a) a plastic syringe, (b) the
washed plastic syringe; (c) Mass spectrum of impurity produced by syringe filtering ;
The peaks were identified as palmitic amide (peak #1, [M+H] = 256.2629) and
oleamide (peak #2, [M+H]'= 282.2780).The measured error were < 1 mda
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B ogela A BApbue Uy, 444 9 Ased 5o FEs
Eato] HEEon, 2 FEe 15719 ofuial W TXB,E o] &3}

EAT AL miz D WEE AR o] ate] BrE g ow, (Figure 6

ot

5 AlZFE] coefficient of variation (C.V.)&= 4% olUlolAl FdAdS YeATL 4
Al 4% 10 pg/mL ~ 80 pg/mL o] HleA FAHAT A U A=
StA o] A3} 2 A, chemical A 2ol W} positive 2! negative model| A 2] A3}
7F gEA UES FAs 4 AU (Figure 8) ol& =9, EHERS] AS
HZ A7} positive, negative ion mode® A ZF7ZF 0.12 ug/1.0 x 10° platelets %!
0.36 pg/1.0 x 10° platelets ©1%1 2™, ion model| whel oF 3uj A =2 &34 7}

Aol b A % &

ST,

32

T3k TXB,2] &34l positive, negative ion mode®| A Z+7} 6 ng/1.0 x 10°
platelets 2 30 ng/1.0 x 10° plateletsZ X, ¥ %2 TXB, S #3517+

negative ion mode 7} T A 3HS A Al FAT
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m/z

(a) Tolerance of R.T._Negative mode (b) Retention time ~ Dayl Day2 Day3 Average C.V.(%)

10 Aspartic acid 1.24 124 122 1.23 0.94
- - - # Aspartic acid Glutamic acid 131 131 129 1.30 0.89
8 . .
M Glutamic acid Methionine 228 233 238 233 2.15
6 A Methionine Phenylalanine ~ 3.57 3.52 3.55 355 0.7l
X Phenylalanine
o o . Tryptophan 415 417 419 417 048
4 X ;2 X X Tryptophan
° o o . Tyrosine 3.05 3.05 3.05 3.05 0.00
A A jrd ® Tyrosine
2 - 5 . + Valine Valine 417 417 415 416 028
0 1 injection 2% injection 3 injection = ThromboxaneB2 Thromboxane B, ~ 9.07 9.07 9.06 9.07 0.06
(c) Tolerance of R.T._Positive mode (d) Dayl Day2 Day3 Average C.V.(%)
10 Arginine 1.22 .22 1.16 1.20 2.89
9 ¢ ¢ B @ Arginine Asparagine 1.29 1.29 122 1.27 3.19
8 .
W Asparagine Glutamic acid 131 131 126 129 238
7 A Glutamic acid
. Leucine 315 3.3 3.2 3.13 0.49
6 X Leucine
5 X Phenylalanine Phenylalanine 355 357 352 355 0.71
4 ‘ @ Proline Proline 137 137 134 136 127
X X X
3 % % X Tryptophan
. Tryptophan 418 417 417 417 0.14
5 = Tyrosine
1 e e . Valine Tyrosine 3.08 3.07 3.00 3.05 1.43
_ _— A M D Valine 417 417 417 417 0.00
0 1stinjection 2" injection 3" injection

Thromboxane B, 9.07 9.09 9.05 9.07 0.22

Figure 6. Validation of the LC method
Precision test for mass to charge (a) intra-precision of m/z in positive mode, (b)
intra-precision of m/z in negative mode, (c) inter-precision of m/z in positive

mode, (d) inter-precision of m/z in negative mode
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(a) Tolerance of m/z _ Positive mode (b) Tolerance of m/z_ Negative mode
370 + Arginine 370
= Asparagine
320 4 Glutamic acid 320
270 * Glutamine P
® Laucing
o -
E 550 ® Phenylalanine € 29
% + Proline X o " 5
170 2 2 3 Tryitophan 170 b % % 2
H H H Tyrosine - » . »
120 -+ * -~ 130
+ Valine
70 Threatical mez [M+H] 1" Calibrated miz 204 Calibrated miz 304 Calibrated m/z ThromboxaneB2 0 Threotical m/z [M-H]| 1 Calibrated m/z 2+ Calibrated m/z 3+ Calibrated m/z
Day 1 Day 2 Day 3
5 . — - - Average
(C) Positive Formula MW R.T M+H Measured  Calibrated _— Measured  Calibrated e Measured  Callibrated (Amc;) STDEV
m/z miz miz miz m/z m/z
Arginine CeHaNsO> | 1741117 | 1.2min | 175.1244| 175.1258 175.1209 3.5 175.1263 175.1182 6.2 175.1192 175.1184 6.0 5.2 1.5
Asparagine CiHgN20s  [132.0535| 1.2min | 133.058 | 133.0647 133.0599 -1.9 133.0655 133.0604 2.4 133.0598 133.0598 1.8 2.0 03
Glutamic acid CsHyNO; | 147.0531| 1.3min | 148.0603 | 148.0651 148.0663 -6.0 148.0668 148.0607 -0.4 148.0599 148.0595 0.8 -1.9 36
Leucine CeHisNO: | 131.0946 | 3.1min [132.0994 | 132.1069 132.1028 -3.4 132.1063 132.1013 -1.9 132.1035 132.1024 -3.0 2.8 0.8
Phenylalanine CoHNO: | 165.0790| 3.5min [166.0909 | 166.0928 166.0894 1.5 166.0921 166.0846 6.3 166.0864 166.0858 5.1 4.3 2.5
Proline CsHoNO; [ 1150633 1.2min [116.0649 | 116.0736 116.071 -6.1 116.0733 116.0694 4.5 116.0687 116.0713 -6.4 5.7 1.0
Tryptophan CyHi2N2O: | 204.0899 | 4.2min [205.1051 | 2051064 205.0972 7.9 205.1065 205.0963 8.8 205.0970 205.0963 8.8 8.5 0.5
Tyrosine CoH;)NOs | 181.0739 | 3.0min [182.0878 | 182.089 182.083 4.8 182.0901 182.0797 8.1 182.0818 182.081 6.8 6.6 1.7
Valine CsHGNO: [ 117.0790 | 4.2min [ 118.0598 | 118.0689 118.0661 -6.3 116.0689 118.0644 -4.6 118.0647 118.0652 -5.4 5.4 0.9
Thromboxane Bz | CaglliOs  [370.2355| 9.1min | 39322981 5032554 3932235 1.3 393.2422 393.2269 4221 393.2591 393.2216 3.2 0.8 2:7
Day 1 Day 2 Day 3 "
(d) Negative Formula M.W R.T M-H Measnfrcd (‘alib@md A Measured  Calibrated . Measured  Calibrated Anid (Amda) STDEV
m/z mz m/z mrz mz m/iz
Aspartic acid C4H,NOs | 133.0375| 1.2min | 132.0279| 131.9779 132.0287 -0.8 131.9781 132.0258 2.1 132.1065  132.0264 1.5 0.9 1.5
Glutamie acid CsHoNO, | 147.0532 | 1.3min | 146.0449 | 145.9892 146.0451 -0.2 145.9905 146.0438 1.1 146.1295 146.0437 1.2 0.7 0.8
Methionine CsHNO2S | 149.0511 | 23min | 148.042 | 147.9863 148.0429 -0.9 147.9844 148.0385 3.5 148.1275 148.0407 1.3 1.3 35
Phenylalanine CoHuNO:> [ 165.0790 | 3.5min | 164.0693 | 164.0078 1640711 .18 164.0091 164.0693 0.0 164.1654  164.0697 -0.4 -0.7 0.9
Tryptophan CyH ;N0 | 204.0899 | 4.2min | 203.0821 | 203.0069  203.0829 203.0071 203.0822 0.1 203.1975  203.0820 0.1 0.3 0.5
Tyrosine CoHNOs [ 181.0739 | 3.0min | 180.066 | 179.9974  180.0653 0.7 179.9978 180.0643 1.7 180.1701 180.0664 -0.4 0.7 1.1
valine CsHuNO:z [ 117.0790 | 4.2min | 116.0487 | 116.0036 116.0486 0.1 116.0038 116.0459 2.8 1161185 116.0467 2.0 1.6 1.4
Thromboxane By Ca0H33Op  370.2355 | 9.1min | 3692283 | 369.0983  369.2313 -3.0 369.0952  369.2263 2.0 369.0967  369.2274 0.9 0.0 2.6

Figure 7. Validation of the LC method; Precision test for retention time (a) intra-precision of m/z in positive mode, (b) intra-precision

of m/z in negative mode, (c) inter-precision of m/z in positive mode, (d) inter-precision of m/z in negative mode
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Arginine? Asparagine! Tyrosine® Valine®
2000 20000 _
40000 4000 = . y=153.65x + 1564.7
y=409.01x - 911.06 y=42.505x - 380.03 I e Re= 09787
R?=0.984 R* = 0.9769 - 1
20000 2000 1000 0000
0 - T ] 0 T Y 0 -+ T ] 0 - T ]
0 50 100 0 50 100 0 50 100 0 50 100
Proline" Leucine! Phenylalanine¥ Tryptophan®
20000 -
2000 1000 7 gasix+ 1583 20000 = 174.2x + 16052 -
y=17.182x +343.54 y y y=148.1x+129.35
R2=097] R?=0.957 R?=0.9531 R2=0.9925
1000 . 500 10000 * 10000 -
0 -+ T v 0+ v 0+ T . 0 T )
0 50 100 0 50 100 0 50 100 0 50 100
Aspartic acid? Methionine? Glutamic acid® ThromboxaneB,Y
20000 50.03x 4 1736.4 20009010 037x + 26524 4000 1 51 504x + 669.42 40000 7y _ 48873 - 3827.3
NS R2=0.9575 R>=0.9959 R>=0.9984
10000 / 1000 //‘ 2000 //’ 20000 -|
0 -+ T 0+ T 10+ T 1 0 T ]
0 50 100 0 50 100 0 50 100 0 50 100
Alanine?- 4 Threonine! ¥ Histidine" ¥ Glutamine" ¥
6000 20000 6000
600 |\ sasane208sd o y=34.335x+ 1613.9 y= Ilif,s%xgzgloxu y= 18.854x +2302.9
- R?=0.8601 =0. i
200 R?=0.8162 4000 % L R 0,7:45
* A4 . 10000
200 2000 4 £ . 2000
0 0 + v 0+ T v 0+
0 50 100 0 50 100 0 50 100 0 50 100

Figure 8. Validation of the LC method; Linearity

The calibration curves were obtained using thromboxane B, (TXB,) and 15 amino

acids; the good linearity shown depends on their molecular characters in positive and

negative ion mode, respectively, "’ positive mode, ? negative mode, > both ion modes, ¥

’<0.9
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4. UPLC/Q-TOF MSE o] &3t tAlA] 24

= AZ carry over &S 1H3H7] 9

32

ol
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re
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il
1o
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o
S

]+ random sequences ©|-&-3to] AA
stiom, w8 AEe] F¢ ¥ MeOH TS FH3F3ITE. Random
sequence+= http://www. randomsequnces.orgs &3l AT o] AME F

==+ negative ion mode®l| A= WA A ko

iy

A F IE S =
(Figure 9 (d)), positive ion mode®l|A = °F7F ZFEst= Aoz &2l HSlth
(Figure 9 (b)). SFAIRF ZkE3t= Ao tist 2 o] FAAH X3 e

], o]o] meta-analysis 53] Al, ©]& I IAES A sl BAS FAE )

Intens. ]
081 (a)
; mw A_J M

00
Intens. |
x105] (b)
05+

00 N Jx L. A

Intens.

x1057 (¢)

- LN\—A
0.0

Intens.

x104] (d)

& & 10 D % %6 B 2 2 % Tmem

Figure 9. The confirmation of carry-over effect in analysis.
Base peak chromatograms of (a) seventh injected sample, (b) post-blank run applied at
eight measurements in positive mode; In negative mode, (c) 7™ injected, (d) 8" post-

blank run.
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43 Yo thAkA] 41& UPLC/Q-TOF MSS o]&3&te] 3iwglon, tf
Z, 4% A, Rk, oA"Y MEe| ste] 7} positive ion mode %

negative ion mode®l| 4] base peak chromatogram= < 1t} (Figure 10).

In;e1nos4._ (a) A}\\ BPC AQ:IKMS
4]
2]
. A LA /\JJLM mj\/p_ A
Intens. BPC 49.0-1001.0 +All MS
N M
2]
inten8.7 BFC 49.0-1001.0 +AIl VS
x104] () J u J\r\M
4]
2]
/\ A JLLI\ U\k m AA NN A
intend. BRC 49.0-1001.0 +AIl VS
xi041 - (d)
4]
0 8 1|8 2‘2 Time [mn]
Intens. BRC 49.0-1001.0 -All MS
« ! /\/J \ j \
05
inth® = /\ BPC 49.0-1001.0 -ATNS
- (D /\‘/J \
057 ]\
Intehd. A BPC 49.0-1001.0 -ATMS
a] (o) J UUK
05
|n|e198§5_ (h) BRC 49.0-1001.0 -AT VS
" M /\/\_,/\
0.0 . r T !
10 12 14 Tnme [min]

Figure 10. Base peak chromatograms of platelets samples
Positive ion mode (a) thZ" (b) 4 5% (c) Ginsenoside Rk, (d) ¢}~
3] ¥, Negative ion mode (e) Wz (f) 43 5% (g) Ginsenoside Rk, (h)

o252
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UPLC/Q-TOF MSZ B ozl ©|o]E = profile analysis software = =% <+,
HAY S AA sto], HAHOES AT A4 S = find all compounds®]]
] 3l positive X negative ion mode®l Al ZFZF 1071770 2 12,08771¢] I AZE
o]Fojzl HAH RS A& F SUAUTE & AFolX = meta-analysisel] -3l
Q47 g3 4 9l chromatographic traces X peaks= #|A3I7] $35F,
dilution factorE ©]€-3t correlation testS =3 3FATE" Correlation #ko] 0.59]

FQl WS AlA

£

o

Z wAHo| B Udd m/z5S UPLC/Q-TOF #4] A
AFE-¥ calibrantE ©]-8-3}0] calibrations A Al SFSI T} (Figure 11).
15719] ofm| At Z9hg-N 5 o] 83t dilution factors ©]8-% correlation test

5 Y%t A= Figure 129 oW, oF 65% WG7F ol =2 IFFE QT

1 T+B2 v
36910955
1
1
. 370.0944
: Wi /~"n"q_ EANEA AN Sl
1 T>B2Z 1
1369.2323
Thromboxane B2 [M-H] !
370.2316

Figure 11. Calibration using calibrant injected before every sample run.
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800.00 -
700.00 - B 1"injection
600.00 i 2™injection
500.00
400.00

300.00

Number of signals

200.00

100.00

0.00

0.5< 0.5-0.8 >0.8
Correlations

Figure 12. Correlations of m/z signals and the dilution factor

The standard mixture including 15 amino acids were diluted as 5 points and the total
number of signals was obtained from each peak list generated by Bruker Profile
Analysis Software. The correlations were calculated statistically and the signals did not

correlated (correlation values <0.5) with the dilution factor were about 65%.

Calibration®! m/zi= Human metabolome database (http://hmbd.ca)s 2] ©|o]E]H]
o]A~E Z|Rto R tAAlE &SI T (Figure 13, Table 1 2! 2). Calibration <~

9 Aol Ao mizo® PAAE olfate] UAAE BAF A, FEH

ofo

YA S S = Q1S ™ (Figure 13 (a)), calibration$-ol ¥ X m/zE ©]

gk

o

L.

]

stol A A, e s des @ T U3 (Figure 13
95}

ll

5t hAFAI ] AHAS $3Fe] calibration®] WFEA] Q.

ok
o
2

(b). = 4

Alste] Ft.
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Thromboxane B, [M-H]

http://www.hmdb.ca

(a) Before calibration; 369.0955 m/z

Adduct MW (Da)

HMDB ID Common Name Chemical Formula MW Difference (Da) Adduct
[Matching HMDB MW]
HMDB1164g 1 {octe-D-Ribofuranosy)-Ld-dinydronicoti ¢y 36n205 369.091522 [256.105927] 0.003967 M+TFA-H (1]
HMDB11655 2-(3-Carboxy-3-aminopropyl)-L-histidine C10H16N404 369.102753 [256.117157] 0.007263 M+TFA-H [1-]
HMDB00640 Glucosan C6H1005 369.103851 [162.052826] 0.008362 2M+FA-H [1-]
HMDB00368 2(R)-Hydroxyadipic acid C6H1005 369.103851 [162.052826] 0.008362 2M+FA-H [1-]
HMDBO00355 3-Hydroxymethylglutaric acid C6H1005 369.103851 [162.052826] 0.008362 2M+FA-H [1-]
HMDB00345 3-Hydroxyadipic acid C6H1005 369.103851 [162.052826] 0.008362 2M+FA-H [1-]
HMDB00321 2-Hydroxyadipic acid C6H1005 369.103851 [162.052826] 0.008362 2M+FA-H [1-]
(b)After calibration; 369.2323 m/z
Adduct MW (Da)
HMDB ID Common Name Chemical Formula MW Difference (Da) Adduct
[Matching HMDB MW]
HMDB03252 Thromboxane B2 C20H3406 369.228271 [370.235535] 0.004028 M-H [1-]
HMDB02886 6-Keto-prostaglandin Fla C20H3406 369.228271 [370.235535] 0.004028 M-H [1-]
HMDB04049 20-Hydroxy-PGF2a C20H3406 369.228271 [370.235535] 0.004028 M-H [1-]
HMDB01934 L(-)-Nicotine pestanal C10H14N2 369.229584 [162.115692] 0.002716 2M+FA-H [1-]
HMDB04350 Anabasine C10H14N2 369.229584 [162.115692] 0.002716 2M+FA-H [1-]
HMDB13623 12(13)Ep-9-KODE C18H3004 369.228271 [310.214417] 0.004028 M+Hac-H [1-]
HMDB12109 5,6-Dihydroxyprostaglandin Fla C20H3607 369.227692 [388.246094] 0.004608 M-H20-H [1-]

Figure 13. The calibration effect of measured m/z on database search.

The m/z of thromboxane B, (TXB,) was measured by UPLC/micrOTOF MS using

authentic standard. It was calibrated by a calibrant prepared with lithium formate. The

measured value (369.0955 m/z) was searched using human database and (a)

identification could not performed properly, (b) the accurate identification was

performed by calibrated m/z.
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TABLE 1. The list of metabolites observed in washed rat platelet, analyzed by

UPLC/micrOTOF MS in negative mode

Retgntion /7 Metabolite ID Chemica}jl Adduct

time formula forms
1.4 328.0444 cycle adenosine monophosphate CioH12N5O6P M-H
1.4 505.9965 Adenosine triphosphate ° Ci1oH1N5013P3 M-H
32 175.0805 Serotonin® CoH2N,O M-H
8.8 514.2790 Taurohyocholate Cy6H4sNO5S M-H
9.1 369.2291 Thromboxane B,° C,oH3404 M-H
10.8 498.2861 Taurochenodesoxycholic acid Co6H4sNOgS M-H
11.3 407.2757 Hyocholic acid C,4H4005 M-H
11.8 371.1720 Biocytin C16H28N404S M-H

12 448.3056 Glycoursodeoxycholic acid C,6H43NOs M-H
14.2 452.2770 LysoPE®(16:0/0:0)* C, HyuNO,P M-H
14.3 502.2884 LysoPE(20:3(8Z,117,147)/0:0)® C,sHysNO,P M-H
14.8 478.2920 LysoPE(18:1(9Z)/0:0)¢ Cy3HyeNO4P M-H
15.3 466.2941 LysoPCf( 14:0)¢ CyHysNO,P M-H
15.5 476.2783 LysoPE(18:2(9Z,127)/0:0)¢ Cy;HyNO,P M-H
15.5 500.2767 LysoPE(20:4(82,112,14Z,17Z)/0:0)2 CysHy 4 NO,P M-H
15.6 504.3076 LysoPE(20:2(11Z,14Z)/0:0)2 C,sH4sNO,P M-H
15.9 492.3096 LysoPC(16:1(9Z))® CyHsNO,P M-H
16.2 319.2283 15(S)-hydroxyeicosatetraenoic acid* C,0H3,05 M-H
16.5 452.2772 LysoPE(16:0/0:0)® C, HyuNO,P M-H
16.5 480.3071 LysoPC(15:0)% Cy3HygsNO,P M-H
16.7 319.2284 12(S)- hydroxyeicosatetraenoic acid® CyoH3,05 M-H
17.1 478.2934 LysoPE(18:1(92)/0:0)2 Cy3HysNO,P M-H
17.1 436.2823 PE(P-16:0¢/0:0)® C, HyNOgP M-H
17.2 319.2286 5(S)- hydroxyeicosatetraenoic acid® C,oH3,05 M-H
17.3 528.3089 LysoPE(22:4(72,10Z,13Z,16Z)/0:0)2 C,7H4sNO,P M-H
17.4 494.3255 LysoPC(16:0)® CyHsoNO,P M-H
17.5 506.3242 LysoPE(20:1(11Z2)/0:0)2 C,sHsoNO,P M-H
17.8 532.3403 LysoPE(22:2(13Z,167)/0:0)* Cy;Hs5,NO,P M-H
18.9 508.3393 LysoPE(20:0/0:0)® C,sHs5,NO,P M-H
19.5 480.3080 LysoPE(18:0/0:0)® Cy3HygsNO,P M-H
19.6 508.3387 LysoPE(20:0/0:0)® C,sHs5,NO,P M-H

? Calibrated m/z by calibrant.
® Observed metabolites were annotated by metabolomic public databases

¢Identification was confirmed based on retention time and m/z of authentic standards

4Molecular formula of [M-H]
° LysoPE is lysophosphatidyletanolamine
"LysoPC; Lysophosphatidylcholine
¢ Identification was performed using their fragments detected by LC/MS
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TABLE 2. Metabolites list observed in washed

UPLC/micrOTOF MS in positive mode.

rat platelet, analyzed by

Ret.ention /7 Metabolite ID Chemica}il Adduct
time formula forms
1.2 301.0414 Cinnavalininate C4sHgN,Og¢ M+H
4.3 289.1823 16,17-Epiestriol CgH,404 M-+H
4.6 333.2093 Carnosic acid C,oH2504 M+H
11.8 237.1018 Salsoline-1-carboxylate C,H4NOy4 M-+H
11.8 219.0908 Glutamylalanine CgH [ 4N,Os5 M-+H
11.8 198.0344  >-Hydroxy-2-methylpyridine-4,5- C8H7NOS M+H
dicarboxylate

15.6 544.3398 LysoPC(20:4(8Z,11Z,14Z,177Z))* CysH5oNO,P M+H
15.6 520.3388 LysoPC(18:2(9Z,127))¢ CycHsoNO,P M+H
15.7 400.3402 L-Palmitoylcarnitine Cy3HysNOy M+H
16.1 496.3362 LysoPC(16:0)® CyHsoNO-P M-+H
16.1 426.3571 Oleoylcarnitine CysH47NOy M+H
16.4 546.3550 LysoPC(20:3(82,11Z,147))% CyHs:NO-P M+H
16.5 518.3197 LysoPC(18:3(9Z,127,157))* CysH4sNO-P M-+H
16.5 459.2467 3-Sulfodeoxycholic acid Cy3H3305S M+H
16.5 419.2530 CPA(18:1(92)/0:0) C,1H;3004P M-+H
17.1 522.3541 LysoPC(18:1(92))* CysHs:NO,P M+H
19.6 506.3558 LysoPC(P-18:1(97))* CysHs:NOGP M+H
19.6 524.3668 LysoPC(18:0)* CycHs4sNO,P M+H
19.6 546.3494 LysoPC(20:3(8Z,11Z,147))* CysHs5»NO,P M+H
23.0 647.5025 SM(d18:1/12:0) C3sH71N,O4P M+H
23.2 305.2476 Arachidonic acid © C,oH3,0, M+H
27.2 455.3351 27-Norcholestanehexol Cy6H460¢ M+H
282 4313475 4alpha carboxy3 Szig_h;l cholesta-8-en CosHL0s M-H
28.3 381.2978 MG(20:3(8Z,11Z,147)/0:0/0:0) C3HyoO04 M-+H
292 4393414 27-Nor-Sb-cholestane- CreHueOs M+H

3a,7a,12a,24,25-pentol

?Calibrated m/z by calibrant
® Observed metabolites were annotated by metabolomic public databases

¢Identification was confirmed based on retention time and m/z of authentic standards

4 Molecular formula of [M]

¢ LysoPC; Lysophosphatidylcholine® Identification was performed using their fragments

detected by LC/MS with databases of lipidmaps (http://www.lipidmap.org)
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o

Profile analysis softwareE ©|-&sto] WAY F3F 5 dojxl WA &5 ©
g3sfo] FAF 4] (Principal componenet analysis, PCA)E A3}t
Positive 2! negativeZF-E] Ao} PCA ZA}+= Figure 14 (a), (b)°oll Z+7; e}
Wk Rk, 9 okAT™ MES U8 IFTH o7 s Beloy, g4

ol SAE AEH xS A AolE HEhA XSkl o, i

il

=212l partial least-squares discriminant analysis (PLS-DA)S A A1, A=

o

2 e 2Fol FAE 13} 39 & E=E S YT} (Figure 14(c),
(d)). A ¥ PLS-DA modelsZ5E R* @ Q* g2 AT & glon, R g

mae] s dolesr} drhud AYHIL YEAE FelFE Axo|n,

1o

= Aoty ¥ A3eA dojx PLS-DA models®] EFFAHS R* 2 Q
kel oJste] A5 21, positive 4! negative ion mode®A] R* #h2 Z+7}

0.98 and 0.99= 75l 2w, Q* 2 Z+Z} 0.82 and 0.83 #= 7Hxith o] A=

P

A3 PLS-DA7} dA R AMEE RFES 2 BlER & AdeT
AL, AR e M E 2 SRS 7HE  dEs Yrdt.
A oyZ PLS-DA A= 500 permutations Bl 2]3l cross validation & A

3t9laL, Figure 1501 B.oj7l wlo} o] %o TAE 5] LEZ| HA

e

¥ original point%}: Hop v, Q2 39 y—intercept%}ol 0H T} SIS0 2
positive ion mode(Figure 15(a)) % negative ion mode (Figure 15(b))ll A <3 &
PLS-DA ® 25 9] validations &l & 4 QAT
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w AFolM = 2 23] e a%E SEelr] 918 ortho-partial least-

squares discriminant analysis (OPLS-DA)E 2 A]

3} Al (Figure 16),

39 &l PLS-DA Aol Hlg] +8o FSstE &< & F S
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Figure 14. Multivariate analysis using metabolomes data

2000 3000

Negative ion mode Principal component analysis (PCA) score plots were

plotted by PC1 (1 component) and PC2 (2™ component) in (a) positive and

(b) negative ion mode. The control, full aggregation, ginsenoside Rk; and

aspirin groups were colored as black, red, blue and green, respectively. The

score plots of partial least squares - discriminant analysis (PLS-DA) were

plotted by PC1 (1* component) and PC3 (3rd component) in (c¢) positive ion

mode and (d) negative ion mode.
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Figure 15. Validation plot of statistical PLS-DA model.

The PLS-DA were established from meta-data files analyzed by LC/MS and the
validity of the PLS-DA models was evaluated by 500 permutation tests in (a) positive
and (b) negative ion modes, respectively. The horizontal axis represents correlation
between the permutated- and original y-vector and the criteria for validity were

satisfied in both ion modes, an indication the PLS-DA models were valid.
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Figure 16. OPLS-DA score plots
The ortho-partial least-squares discriminant analysis was performed to maximize the
segregation between groups and the clearer discrimination was observed in (a) positive
mode and (b) negative ion mode. The y-axis represents the scores that summarizes the

X variation orthogonal to Y.
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6. Eicosanoids X! TXB, A SA &3}

PLS-DA ¥ #2485 53l ¥o]% variable importance in the projection (VIP)
2HY 7 O5s Ure miz 7F A8ESCH, olF m/iz 2 breakdown
and a one-way analysis of variance (Tukey s HSD test p-values < 0.05)5 <3
gto] 194 Sl dARAIE &elskalt

Eicosanoids & |4+ 15(S)-Hydroeicosatetradecaenoic acid (15(S)-HETE), %!
12(S)-HETE 7} &<l H3low, w3t d4dt $Ho T3t 93ts =
Thromboxane A,2] Ay A 3£ <21 Thromboxane B, (TXBy) = AZ g 4+ 99
.

TXB,= Rk 3 obns@ Ae mie] ead #94 QA ghsts 2
= gl & F Sl%lem, 100 uM ASA 2 10 uM Rk °ll 93] 7HA¥ TXB,
level & Zt7} 66% 9 77%°] St

12(S)-HETE 9] 4, Rkell olaf @i &3] 285 vehd dEelA

St S g9l & 4 QY (Figure 17). ©]9F -2 A2 A, Rkl 9
3 Fdr 2 LS TXA, 9 12(S)-HETE 4 7| J&S v X
IdSsE ¢ F ek orxFdY ¥ daw e
cyclooxygenase A ZFE 02 21dt TXA, A A= el it} o],

B Ao s Rkl TXA, BAZE 7] 4%l olye}, 12(S)-HETE A4

NAE aAogE oA o FA ol Ay YUHT} arachidonic acid ©f 2] 3+
o -2 AYst dAgyE YeEld Aoz A7 E QT
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Figure 17. Alteration of (S)-hydroxyeicosatetradecaenoic acids (HETEs) and

thromboxane B, (TXB,)

(a) Thromboxane B,, (b) 12(S)-HETE and (c) 15(S)-HETE; The (S)-HETEs and TXB,

were determined using UPLC/Q-TOF system. Thromboxane B, decreased both Rk; and

ASA. The increase in (S)-HETEs was observed in AA-induced platelet aggregation. In

particular, 12(S)-HETE was significantly decreased by Rk; treatment, whereas it

increased when aspirin was treated. Data were expressed as mean =+ standard deviation

and the y- axis of plot expressed as intensity of mass to charge ratio. Statistical analysis

was performed by one-way anova. (* p<0.05)
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7. Cyclooxygenase(COX) A 3 &4

B AbA S B, 1E3EY AolE it UARE TXB,E &l &
Fom, of~uyl Y ginsenoside Rk, ol 23l TXB, dAd& A&t &&=

EAEEolA eyl flskel coxell ek A dF ads HA5A

o

COX+ AAS] thatapA ol ZHgsh= A=A, ofe 54 dx 2 dasd

L

SHel T ogsts ddsta Qv TXA, A4S 9dsta v’ AAE
coxell 93&l prostaglandin H,Z TtHAF¥E $ thromboxane synthase®l| 2]3l TXA,
2 AbE 3, o) o kS iAbARl TXB,E Al fok? 197 o

ol TXB,o A7 A= coxel wg Asjazss Aoz 952

9

AE=2 3t} COXE F 714 9] isoformQ COX-17 COX-2E ZEA5lH, ASA

1o

739, CoX-1¢] gt A &7t cox-20l vl Helu TXB, B4E
Atz Aoz deA doh?

2 Ader = coxe Ao did AAEE COXSl peroxidase E el 2
St oxidized N,N,N’,N’-tetramethyl-p-phenylenediamine (TMPD)%] A4 0 =2 &2l
st o, Y TMPDE 590 nmoll A A&tk

AE A3 ASAE LdE T OlE coX-2¢] H]E COX-19] tjste] A a7}t
s & 8, v gEH o R dIAETS &I T Ginsenoside Rk,
o] A, COX-1 9 cox-2¢l disf =% As] a5 deblith. CoX-1¢] d
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The inhibitory effects of ginsenoside Rk; and aspirin on (a) COX-1 and (b) COX-2

were measured by colorimetric inhibitor screening assay. Data were expressed as mean

+ standard deviation. Statistical analysis was performed by one-way anova. (* p<0.005)
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8. 4% Y [Cca¥] B =F

SFRTIALA S JIWO R dho] ozl fAAe] WsE AR A, A

S

o
ARl E Rk I obAF ™ A AMES 4 AT UARAEA 12(S)-HETEZ}

gHQ1E St} 12-HETE: AA UlAMA] & StUE A4, AA7F 12-LOXe o]&to] 12-

i

HpETEZ thALE 11, o]+ kgt thAMAIQl 12-HETEZ thALE T} (Figure

18). 12(S)-HETE”7} 4% S 280 ulx]

rir

2o thsle] 19603 H-E A
T7F A E o] gfom 3 HT AFoN= HAEZRY FEd ARE £

g 28-S Yehs 5450 12(S)-HETE A7 Ao x JgS v

rir

ZAo 7 WE g}

B Ao E AE Y AFAZHE Ca® 8 2 o] 12(S)-HETE A4
o &S A F U kel 23S T Rkl ok AE W A&

ZHE Ca” Y 9 AFEFE Y ¥ #F8S ST 10 pM Rk°ll 9

slo] Al U AFAZHEE Ca® F87F 54.8 £ 2.5% A= RS ol &
T ARom 1 mM CaClLe A7} &, JFZHE Ca’" 59 T3 48.8 + 7.9%

AAst= RS &AHS Tt (Figure 20)
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Figure 20. Effects of ginsenoside Rk, on arachidonic acid (AA) -induced changes
in platelet cytoplasmic calcium concentration.

Fluorescence was measured in fluo-3 AM loaded washed platelets. The y- axis
expressed as fluorescence intensity. Compared to (a) vehicle, the inhibition of AA-
induced calcium influx and release by (b) Rk; could be observed. The effect of

extracellular calcium was measured by addition of 1mM CaCl,.
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9. 12-Lipoxygenase(12-LOX) 2] translocation

AE g AZ2ZRE Ca® ¢8 2D 599 A32HEE 12-HETE A 0]
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T Ae g 4 91, ginsenoside Rk, 2] *2] Al, translocation®] A%
T S A k. A3A 0 2, ginsenoside Rk 2] A 2] A] 12-LOX©]

!

membrane . = translocation®] A€ S Z X, 12-HETES] AyAdeo PGS wlx

Cytosolic fraction Membrane fraction

Con Full RK, Con Full RKk,

12-LO

R =

Figure 21. Effects of ginsenoside RKk; on 12-lipoxygenase translocation from

cytosol to membrane.
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Figure 22. Biological behavior of aspirin and ginsenoside Rk; on anti-platelet

aggregatory activity
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Abstract

Analysis of the metabolome in a living organism or cell lines is important for
understanding of the biological system. In the past, only individual preselected
substances were measured and there was no ability to handle large amounts of data.
Recently, advanced biotechnology with information technology has generated the “—
omics” and the dynamic behavior of metabolism can be evaluated.

Ginsenosides isolated from white- or red ginseng have various biological activities
and their effects on anti-platelets aggregation have been evaluated over the years.
According to our previous reports, ginsenosides isolated from processed white ginseng
also exhibited anti-platelet aggregatory activity on ADP, collagen, arachidonic acid
(AA) and U46619- induced aggregation. In particular, Rk; exhibited strong inhibitory
activity in a dose-dependent manner against AA-induced aggregation and the activity
was 8 to 22 fold higher than acetylsalicylic acid (ASA) which was used as positive
control. ASA is a well-known inhibitor for the production of prostaglandin H, (PGH,)
by acetylation of cyclooxygenase; this is followed by decreased levels of thromboxane
A, and results in anti-platelet aggregatory activity. However, the action of Rk; in
platelets has not been studied yet. Thus, the aim of this study was to evaluate
metabolome of washed-platelets induced by the ginsenoside Rk; to further understand
Rk; behavior on AA-induced platelets aggregation.

A solvent extraction method was used for metabolomics study and the extracts were
subjected to UPLC/Q-TOFMS. Data files were processed with peak clustering and
were evaluated by partial least squares and orthogonal projections to latent structures

discriminant analyses. As the multivariate results, meaningful endogenous metabolites
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eicosanoids and thromboxane B, (TBX;) were identified. The TBX, acting as the key
element in platelet aggregation was decreased in both aspirin and Rk; groups and the
decreased level of TBX, was demonstrated as inhibition of cyclooxygenase activity
based on the COX inhibition results. Meanwhile, the 12(S)-hydroxy-5, 8, 10, 14-
eicosatetraenoic acid (12(S)-HETE) decreased significantly in Rk;- treated platelets
compared to those in the AA-induced group, but an increase was observed in aspirin
group. To understand the biological action of anti-platelet aggregation related to 12(S)-
HETE, we focused on calcium-dependent 12-LOX translocation from cytosol to
membranes and it was determined by western blot analysis. Therefore, this
metabolomics study elucidates that the anti-platelet aggregation of ginsenoside Rk;
resulted from two key metabolites, TXB, and 12-HETE, through their biological
behaviors.

This study shows that metabolomic analysis of metabolome in platelets is a possible
approach to understand anti-platelet aggregation action and we expect that this
metabolomics study will provide crucial information that can be used to discover other
novel drugs by measuring metabolites and it may be useful to monitor the metabolic

activation or inactivation that is triggered by the drug.

Keywords: Ginsenosides Rk;, Anti-platelet aggregation activity, Metabolomics, 12(S)-

hydroxy-5, 8, 10, 14-eicosatetraenoic acid, arachidonic acid, Thromboxane B,
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