54 i b B I E e A

Vol.21 (2014)

<P 24 SR FEB R >

HEONARX =T 72X 2HEMHBNICBIT 5
B AEE £2 00 K- D S AR S AT

&

il

(-)-Epigallocatechin-3-0O-gallate (EGCG.
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1-1. 384 well MALDI S > 7L 7L — bk EIC
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YhM)YITADELRDBAT ) ==V T RAT)
720, EBEOBENMEETD 5 MG R ETo
Wi x24T o720 4y TIVIZIFEGCGE~ MY v 7
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V7L — b ETIREWEE Z /R LTz Ferulic

acid, Harmine, Norharmane, Harmane, Harmine
(3 LK ZDMBENGY < o 7z Mk BT
E MR Ob ODOIMWAIEFIZE A+ >
R ZIZCVWIRETHL EEZOND, F72,
Ferulic acid (&%~ 7 )V 7 L — b ETiXILigny s
WIREEZ IR LT\ 722s, Sl oMk L2815
AT, A< EGCG 2§52 L3 T& %do
72e —7iv 1L5-DAN D AIZBWTIEZ DEEE
HRE EIZBWTH@EWiREZ/R L. EGCG % %k
52 & TEZ (RIB),

KT, EBEOMWESFMZ % LT, 1,5-DAN
D=7 AR R 12 EGCGOAE ARy I L,
ZTIWREX M)y 7 ARBALTA X =T ¥ Tk
Mrzefrolze ZOMK, =7 A & BTl
5pmol/spot 7* 5. I Tl 50 pmol/spot ® EGCG
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% 1. MALDI-MSZRWEET hU v IRICKDEGCG A 74V DiRHEE

Chemicals Intensity Chemicals Intensity
Negative Positive Negative Positive

DHB 58 0 Acridine 25,233 0
CHCA 0 0 9-AA 16 0
SA 512 0 3,6-AD 0 0
HPA 1,007 0 3-AQ 537 0
5-ASA 0 0 6-AQ 5,072 0
Salicylamide 293 0 4-AP 25 0
DHAP 262 0 4-NA 62 0
THAP 9,716 0 1,5-DAN 75,808,529 0
HABA 1,467 0 DMAN 0 0
Caffeic acid 10,581 0 2-NSA 0 0

Ferulic acid 50,736,468 0 5-FU 25 163
Anthranilic acid 0 0 MTX 1,831 0
2-AB 208,205 0 NFR 0 0

IAA 216,431 0 RB 0 2,672
Dithranol 89 0 Diamond 0 0
Norharmane 48,008,145 0 Silver 0 0
Harmane 22,721,474 0 Colloidal 0 0
Harmol 1,898 0 TiO2 0 0
Harmaline 0 0 SiO2TiO2 0 0
Harmalol 43,260 0 BaTiOsStTiOs 0 0
Harmine 25,206,089 0
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EGCGEE&¥W 1uL Z MALDI B IV T L—KC7 754 U, MALDI-TOF-MS (&K
b negative ion mode TAIE LT (mean £ S.D., n=5),(B) MALDIY > ZILFL—
e ZARFEBBRT A ICHITD EGCG 1 F /iEHICHIFDEE, 100uM EGCG
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1,5-DANZFBWz MALDI-MS [CK 2V D AEZ MBI A ICHITHECCG A 4 > DR
{t. EGCG (5, 50, 500uM) ¥ U A/ IIA LEICE 02uLFDT7 IS4 Lick.
1,5-DAN &#& (10mg/mL acetone) Z2# L. MALDI-TOF-MS [C & b negative
ion mode TRIE LT, 85NIcT—% % Biomap T#ig o ET. m/z 457 4 F
IAR=I VT ERES,
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XER 2. EGCGZEREAOKRE LAYV AMBRICH
175 EGCG DEERRA X -7

MR E 51
2-1. EGCGORO/EET > TILDFHE

C57BL/6] (HetE. 6 ) ~ 7 A % 6 R Ot
£, EGCG % 2000mg/kg body weight & 7 %
X)W HRE OG- L7z, Control # & LT, 4
MAEEKE S Lz, EGCG#5 1 %, ~
7 AN, R, R L. AN O EGCG
LARVERET 5720, — oMK £ T
-80 C THA PR L 720
22. LC-IT-TOF-MS & B\ & E#ICH T 5

EGCG LNILDAIE

HFREAIEZ K 50mg )Y L, KETFA X
MFa—TIlE=—XEBIZANT, £22ITT
ATNVE Y% 50mg/200uL & 7B &) IR
L 7. 4,800rpm, 30 M O ST 2 M0 (1 »
7 — N WVIE30BH) REVFA X L. 2D,
4C, 15,000 x g, 304 &L REL 720 €D 13
100puLZ Ty RUZEYN L7z DTy X UI2
Sim (100 L) OFFR T F V&2 IR L 720 Ny
APTTEIA Ty 7L, 10% acetonitrile 100« L
WCFHEE L 720 MM Z 5] < 7290 EGCG i
FREE DL H)RB LIz, £y TVEEA
# 3L T LCMS-IT-TOF-MS (Shimadzu) (2
L. Mg %47 o720 BEHIE (A) 100 % HEHEK,
0.05 % Formic acid. (B) 100 % Methanol, 0.05 %
Formic acid & L7 J7 V ¥ MEM%EAT- 720 ¥t
# 1% 0.1 mL/min . B buffer i & %%, 0-2min,
5% ;2-7.5min, 5-60%, 7.5-17 min, 60-100% ; 17-
23min, 100% ; 23-24min, 100-5% ; 24-30min,
5%BDEMT T I Iy NaelTle T A
Luna 5u C18(2) 100A (Phenomenex) % 72,
UVANXZ bVid210nm, 280nm THH L 72,
Electrospray ionization (ESI) 12X ) 4 *+ ¥t %

17\, negative ion mode T7— % =157,

2-3. 1,5-DAN Z U\ /=MALDI-MS A X —2 >
JICE BB/ TOEGCG 2D e 1L
OCT Compound TH/W L 7-/K&kY > 7 vz o
TAF ATy VERHCTHENEZERL, AT~
LA7 L — MR T 72. Mk LI positive
control & LT 250uM @ EGCG 02uL % AKR v
b L7z (50 pmol/spot)s ¥ ¥ 7V % iz S & 72
#. 1,5-DAN ¥ # (10mg/mL acetone) & A 7
L—a—=74 Y 7ECEVEA LI, AT VLA
7L —1% MALDI A A=Y v 77 L — MIE
BT — 7 CHlE L 72#12 MALDI-TOF-MS (2
LV ——2MG Lz /20 ARy MICB
WTIOHDL—HF—Yay FERERELZARY
FVOFIER, TNENDAER Y FORELE L
720 #:5N 7257 — % % Biomap TN T4 Z & T,
A A=Y v 7§ %1572
2-4. 1,5-DAN%Z (/= MALDI-FT-ICR-MS (Z
KB XA —=JEBEDORETE
AR R ErbHonzE—=2r 4 A=Y DE
B RE T — ) ZEWA A A s a b gk
W & 4 M7 %6 i (MALDI-FT-ICR-MS, Bruker
Daltonk GmbH) |2 T47 - 72. BEARBIZIZ. OCT
Compound THW L 7-/#&Y >~ I VvE 2 54 F A
gy FeHCTHERZERL, AT Y VAT L —
MZER D AFVF 720 #A% E 1213 positive control &
LT250uM D EGCG0.2uL # ARy b L7z (50
pmol/spot) . ¥ 7 IV A X721, 1,5-DAN
% (10mg/mL 80% acetone) # A 7 L — I —
TAYTHEICEDRS00uL BER L, ATV
AT VL— 1% MALDIA A=Y Y ZTHT L — M
HEM T — 7 CTHEE L 72%. MALDI-FT-ICR-
MSIZHEL 720 SRS U T bbbl E—
rOTF—=5 &5y My ok (CHONPS %
F) ORRAGETELPOER SN HHY -7 21
B4s2LT, ¥—2DREXTo 72,
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EGCG Z#¥%5- L=~ 7 A g, Bl KT
DEGCG DA XA =V ¥ Tk Ihize TDIDIC,
I3, EGCGCZE#H G- L7z~ AN D EGCG
L~V %& LC-IT-TOF-MS # W Tl L7z, #
D KB, EGCG % 2,000mg/kg body weight #%¢
5 L7z~ 7 X Ol & BIEALHEIC 13 EGCG & &
bbb m/z 457 AARY FPVE—=ZHRR 5N
720 TOH YT NITH LT MS/MS M % 47 - 72
2%, EGCGHRmE MDY ZAANRT pLE—
sERLEN(B3A). 2hX ). EGCG &5
L7z~ A g (149.55 + 37.51 nmol/g Liver) &
B (11.17 = 1.82nmol/g Kidney) L& 121,
A5 7 P RIREDO EGCGHFELTWE I L
Bbhoro7: (B3B),

i

A O AL & 1,5-DAN & W 72 B &0 A
A= VT RAToTRR. MilE#E T EGCG & &
bbb m/z 457 DA A — VLD EGCG % 5-H#F
DOHRIZFRDO BN (B4A),

WU, m/z 457 ¥ — 27 DA A — JWHRAA Y (2
EGCGTHh AL LN DDLI2DY -7 DFER
fTolze —MeMIC, SN2 -2 2FET S
WA D MS/MS 1EMRBSLEAT R TH B, L
L. EENTBREINL E—2 0% I3RS
. Flo WMELRLVTH LD, 728 250
DI o7& LTH MS/MS TD Y — 7 [ 52 A3 i
L% v, 2T, A 1Z45 M7z TOF-
MS D X9 BiEROFEE L b RO THWE RS
fig B (>100,000) & B2 HE (<1ppm) T & &
Ji£ I 5 23] B T & 5 MALDI-FT-ICR-MS % J

- 3 - — G 5k )~ 9) ° = ==3 = ~
FIT, IO >0/HEICBIT 5 EGCG W, m/z 457 ¥ — 7 O & ik# 7z EGCG
A EIC at m/z 457 MS MS/MS @

=
_ ; 20
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z° i % 215
41 2 = °
J < £
E E . || E 50
& 4 EGCG & 4 457.07 <’ 33103 § ol _ND.
= | 281 2 e T 45707 ] Brain  Liver Kidney
| = z % 4 189.01
2z 24 £ 21 5
| 52 l s 5 305.06
E E E :
=0 - A N | 1 L
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éc“ | Standard g § 331.03
X = = |189.01
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2 =" = 4.0 E 1.004 1es.01
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2 20 z 204 & 0.50 305.06
X EO. \ £ 10 £ 025/ ’ 457|.o7
0 ; " = 00 -
g . 90— o
g ¢ Standard z ig g fgg 231.04
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z Z 3.0 < 0.754 457.07
% o % 204 5 0.50-
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& 3.

EGCCZROKES LY I REBICHITDEGCCHRAELEEL, (A)EGCGZ

B5 U~ D ZARtHE & BiEmEICHF S LC-MSZRWE m/z 457 E—J DRE
(B) LC-MS ZRW\cZ BT HIF D EGCG DL N)Ligkst (mean £ S.D., n=6),
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PG L7z~ 2O R & AR o 54 S
Niz¥— 7 LR KRG 2 D HIN S Iz
EGCGOMGHY — 7 Z R L 7-45 8. & mfifk
FCTHMRYE— 7 LEEOE— 27 BB SN2 & h
5. BFlE & B R 2 S8 Sz m/z 457 4
A —VHRIZFEPICEGCGTH A Z EHREN
72 (B4B), F 7z, BKREW T £ 13 EGCG D5
A I Tl —BE 2 DIk L BHRIC B 5 504

%

¥ EERAPHE SN TV BRIED T F
Y EGCG D ARRLKR PN 331 5 J5 1615 it 2 T 4L
b4 %728, MALDI-MSA *— 3 ¥ 7% 3
ELTEHBRONA A=Y VT HEOREEIT- 720
EGCG A #+ b8 5720, 40MEH Lo~
Ny 7 AEREEW A S MALDL %~ 7V 7

EEHVICE DR PO THLN I o7 L— b b, BRI R I8 A A7) —= >
(F4A), ThRATH) T LT, EGCG 2 BIKEICMITEX 5
- Optical
A HE Staining Mictoscopy _ MSI of m/z 457 -
EGCG spot ?
Liver ' O
EGCG
ECCG Control Control
P Low
Me<{ullaC°/“ex High
EGCE:%\.
Kidney Pelvis
TR T ™,
Control Bie
- — Low
B —
1.0 457.07768 . ,, 458.08142 Observation (i)
. 08 %10 [\ £1450.08239 \~459.08528
O o8 E os J z \
% 0.2 x \H/
_‘GC_.Z 0.0 xl l
£ 1o 457.07763 . 458.08099 459.08188 Theoretical
% 0.8 Ca2H17014 2 12C5413C4H17014 C§H171e'0101301
= g 10 220 459.08434
» 08 = £ 10 2C50™CsH 17044
g 04 = ' = i - oo
02 \Il/ 59 075 59.085 mz
N . | N | e
457.0 4575 458.0 4585 459.0 4595
m/z * Background
4. 1,5-DAN ZRBU\z MALDI-MS [C &% EGCG ##85 LIc Y I AR EBYIR ICB1F

EGCG 1 7# Do ti{t & MALDI-FT-ICR-MS IC&K D ZDE—JDERE. (A) 2,000
meg/kg body weight £E2 K SICEGCG #ROBS LT~ D AT & BB 15
1B~ 1,5-DAN &% (10mg/mL acetone) # &% L. MALDI-TOF-MS [T & b
negative ion mode TRIE Uz, BH5NIcT—% % Biomap T o ET. m/z
A7 A A VA A=I YV JERZF . (B)(A) DY > T L% MALDI-FT-ICR-MS [C{#
L. 85N cE—04 X—JDREE{TO I,
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MrEsh b,

o
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In situ label-free imaging of functional food factors in
mammalian tissues by mass spectrometry imaging

Hirofumi Tachibana
Division of Applied Biological Chemistry, Department of Bioscience and Biotechnology
Faculty of Agriculture, Kyushu University

Introduction: The spatial distribution of bioactive small molecules from dietary
compound is indispensable information for elucidating their biological effects. However,
there has been no analytical technique that can easily detect the localization in mammalian
tissues. Therefore, in this study we present a novel in situ label-free imaging technique for
visualizing the localization of EGCG, a major green tea polyphenol, within mammalian
tissue after oral dosing by establishing a matrix-assisted laser desorption/ionization-mass
spectrometry imaging (MALDI-MSI) technique.

Methods: To effectively ionize the EGCG for MALDI-MS, the optimum matrix needs
to be determined. For screening candidate matrix of EGCG, mixtures of EGCG and each
chemical compound solution were directly spotted onto a stainless MALDI sample plate.
These spots were measured by using MALDI-TOF-MS (AXIMA performance, Shimadzu).
To examine EGCG in the tissue section, normal or EGCG-administrated C57BL/6J mouse
tissues (liver and kidney) were sliced with cryostat and, then, thaw-mounted onto an ITO-
coated glass slide. A 1,5-DAN solution as matrix was sprayed using an airbrush. Data were
acquired in negative ionization mode with 50 um spatial resolution (10 laser shots/data
point). To identify EGCG and its metabolites in tissues, an isotopic fine structure analysis
was performed by ultrahigh-resolution Fourier-transform ion cyclotron resonance (FT-
ICR)-MS.

Results and Discussion: Among 41 chemicals as the potential matrix, S-carboline
derivatives, CHCA analogues, and 1,5-DAN could effectively ionize EGCG on MALDI
sample plate in negative ionization mode. Among such matrix candidates, only 1,5-DAN
was able to visualize EGCG directly spotted onto liver and kidney sections. Furthermore,
by using 1,5-DAN-based MALDI-MS, EGCG was visualized within liver and kidney
sections of EGCG-administrated mouse. In addition, combination of this label-free
MALDI-TOF-MSI technique and an isotopic fine structure analysis using ultrahigh-
resolution MALDI-FT-ICR-MS also visualized spatially-resolved biotransformation based
on simultaneous mapping of EGCG.

Conclusion: In conclusion, we demonstrated for the first time that MALDI-MSI could
visualize an orally dosed bioactive polyphenol of green tea, EGCG in mammalian tissues
without any labeling.



