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1-1. What is a Reactive Oxygen Species (ROS)
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1-2. History of free radicals

1. Triphenylmethyl radical was discovered in 1900.

2w O

Gomberg, M. J. Am. Chem. Soc. 1900, 22, 757.

2. “Free radical theory” was articulated of aging in 1957 speculating
endogenous oxygen radicals were generated in cells and resulted

in a pattern of cumulative damage.
Harman, D. J. Gerontol. 1957, 2, 298.

3. Superoxide dismutase was discovered in 1969.

=) SOD
.0 ———— > H,0,

McCord, J. M.; Fridovich, I. J. Biol. Chem. 1969, 244, 6049.
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1-2. History of free radicals

4. Superoxide was produced from leukocytes in 1973.

Babior, B. M. et al. J. Clin. Invest. 1973, 52, 741.
5. Endothelium-derived relaxing factor (EDRF) was NO in 1987.

Furchgott, R. F. et al. Nature 1980, 288, 373.
Moncada, S. et al. Nature 1987, 327, 524.

Furchgott, R. F. Murad, F.

The nobel prize in physiology or medicine in 1998



1-3. The sources and cellular resposes to ROS

Antioxidant T —
sources defences

Mitochondria Enzymatic systems Ultraviolet light
Peroxisomes CAT, SOD, GPx lonizing radiation
Lipoxygenases Non-enzymatic systems Chemotherapeutics
NADPH oxidase Glutathione Inflammatory cytokines
Cytochrome P450 Vitamins (A,C and E) Environmental toxins
less more
ONOO~ 'O9g” ‘RO .

HoO2 @ ‘NOs

. a 'o
RO OQNO ‘OH 2

Impaired physiological : Impaired physiological
el <— Rl —
l Random

Specific
Normal growth gellular signalling
and metabolism amage pathways
v V
Decreased proliferative
Y—v—vi

response

Defective host defences Ageing Disease Cell death

7
Finkel, T. et al. Nature 2000, 408, 239.



1-4. Mitochondrial ROS production

02 +H20 (ﬂ H20

ADP +P; ATP

Finkel, T. et al. Nature 2000, 408, 239.3
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2-1. Spin trapping and labelling using ESR

Spin trapping
Re
Highly reactive >O<R
free radical H
\
) :
Spin trappmg reagent Active for ESR analysis
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Spin labelling reagent

Active for ESR analysis "



2-1. Spin trapping and labelling using ESR

ﬁ{tﬁﬁl¥ﬁﬂﬁﬁ Japan

Moving Your Chemistry Forward

RAEVRSYTHEl & RAEVSR)L / ESR Spectrometry

= f k h . http://www.tcichemicals.com/eshop/ja/jp/category_index/00424/
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FRONTIERS IN LIFE SCIENCE
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http://www.funakoshi.co.jp/contents/3227
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N-Oxide o
19/21000 yen N-(1-Oxyl-2,2,6,6-T etramethyl-

4-Piperidinyl)Maleimide
10 mg/19000 yen
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2-2. Redox-sensitive probe

N-oxylradical moiety
,"\N/\, +e ,"\N/I“x +e A /IL~
L 4 ~ L 4 ~ ’f N ~

e — | —> |

o) -« 9 -« OH
-e -e

KO3S\r;l,SO3K >O< tBu\N/tBu
2 ) $
9 °
TEMPO Di-tert-butylnitroxyl radical

Fremy's salt
(1845, E. Fremy) (1960, O. L. Lebeder; S. N. Kazarnovskii) (1961, A. K. Hoffmann; A. T. Henderson)

QLN—Oo @N—O . cf. Dr.Tanaka's literature seminar

ABNO AZADO Mr Hashiz(ﬁ/r:lzl'iol;lt?rature seminar
1973, K. U. | Id) (1978, R. M. D :A.R :
( ngold) ( upeyre assat) (7/2/2012)

Seki, Y.; Oisaki, K.; Kanai, M. Tetrahedron Lett.

2014, 55, 3738.
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2-2. Redox-sensitive probe

Hydroxylamine

(loss of MRI/EPR contrast) Formation of hydroperoxyl radical

02-+H20 - HOQOe+HO"

OR

NAD(P)+

NAD(P)+
GS-SG
Ubiquinone . NAD(P)H
Paso HOO
Dehyd bat
ehydroscorbate H,0,
NAD(P)H OR
Fast
Ubi G'SF: raled
iquino
Paso-H QLL +
Ascorbate ; S 'lT
HOO®* HOO™
Vetal-f < radical Oxoammonium
etal-free organic radica
Gadolinium-based contrast agents (lossiof MRIEPR contrast)
contrast agents Nitroxide radical

Adverse effect: Nephrogenic (MRI/EPR contrast)

Systemic Fibrosis (NSF) Bakalova, R. et al. ACS Chem. Neurosci. 2013, 4, 1439.
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2-2. Redox-sensitive probe

\‘ :
\\ Nitroxide Oi’ 9
&

Generally not toxic
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\ l H:ghly toxic

Blood- bral
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arner

Bakalova, R. et al. ACS Chem. Neurosci. 2013, 4, 1439.
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2-2. Redox-sensitive probe

L\© N-oxylradical-enhanced MRI

HJC CH3

(A)

Dopaminergic area H,0

N
HC | CH,

M%O-TEMPO
Mito-TEMPO
(B) Control Before l 1 min after 5 min after 15 min after

Mito-TEMPO
(C) MPTP-treated Before l 1 min after 5 min after 15 min after

Bakalova, R. et al. ACS Chem. Neurosci. 2013, 4, 1439.



2-2. Redox-sensitive probe
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2-2. Redox-sensitive probe

1. Fast reduction and 2. low r: of N-oxylradical were problematic.
Modification of N-oxylradical
Signal intensity formula of SE method

S = f(v) p (1-exp(-T{T4)) exp(-Te/T,) exp (-bD)
T R R

r.and SBM formula
1 1
Foa-
(T1)inner sphere (T1)outer sphere
1 _ Pag rif, Tid, and ry
(T 1)inner sphere (Tlm + Tm)
1 2 yhgmgSS+D) [ Tre 3Tl ]
T\m 15 rgdH 1—|—(DS‘L'C2 l—l—coH‘ccl

: : + : + L, 1,2
= y =1,
Tei Tm T
I’1 WA+ Ok FnEE
R: 1& 52 A 57 - 0D [B] iz 5 BE

Caravan, P. Chem. Soc. Rev., 2006, 35, 512. 17



2-2. Redox-sensitive probe

Modification of N-oxylradicals for long in vivo lifetime
Inductive effects on rates of reduction of ascorbate

log fke/kyl

-0.3 0.1 0.1 0.3 05 0.7
INDUCTIVE SUBSTITUENT CONSTANTS
Six-membered N-oxylradical > Five-membered N-oxylradical

Morris, S, Swartz, H. M. et al., J. Pharm. Sci. 1991, 80, 149. 13



2-2. Redox-sensitive probe

Modification of N-oxylradicals for long in vivo lifetime
Reduction profiles of nitroxides with ascorbate

HO OH
1.0 0-0-60-60—6—6—6—066—00—0 o)
+= —— 1
o)) AT ATAT AT A T a — T = = v T
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T N Y V —V N/ N/ 7 7 / N N
e —o—3 5 o
8 - Q = 4 ° 6
9 3
x 0.5 - v— 14 0 "o
& —v— 15
o —v— 9
© 16 N \
()
e A, e - = = T = = = V 10 9 9
N '__ ‘;L‘ _4_. = 7 S — Y 2 17 10 2
00 A avLT _I_J.A — \ 4 \ 1 HO
0 co,Et 1 2 3 4 °
HO OH " i
|
Q
N N N N 1
: 6 ; ;
° ® ° *
4 15 14 16

Sterically shielded pyrrolidine N-oxylradical 3 was slowest.
Rajca, A. et al., Org. Lett. 2012, 14, 5322. 19



2-2. Redox-sensitive probe
Synthesis of sterically shielded pyrrolidine N-oxylradical 3
O

Synthesis of 7

O O
ﬁl])LO/

S

0]

NaOMe
THFIEt20
62 78%
0
/NN
(@] I
6 MH,S0O, NH,CI
reflux DMSO, 60 °C
55-77% S 16-45%

S H S

7

2,6-Substitution of piperidin-4-one

o OlHo

Crossed Aldol
Condensatlon J
N

S

0
Y. N, |
h o -~
).\\ HNL s
HOH

Grob-type
Fragmentation

Crossed Aldol
Condensation

N IZ

o Raney Ni
60 °C. EtOH y 2,2 ,6,6-tetraethylpiperidin-4-one
H
N —]
H = OH OH
7 .
Raney Ni . m-CPBA
° ———
6?4 Océgf,/o)H \ 20 °C, DCM "
R H (57-89%) iy
OAc 8 9
AcO_ I/\’ Bk
2 1. HCI, 0 to 20 °C, EtOH/H,0
2 Bry, —10 to 20 °C, CHCI, Br
(DMP) O 3.NaNO,, 20 °C, H,0
0to 20 °C, DCM (15-44%) N
(60-82%) " (')
O 1
Favorskii N~
Rearrangement HQ 9 0
KOH . NHS, DCC <
20 °C, H,O N 20 °C, THF
(52-71%) X (66-89%) p
3 3-NHS

Utsumi, H. et al., Tetrahedron 2010, 66, 2311.

Rajca, A. et al., Org. Le

tt. 2012, 14, 5322.



2-2. Redox-sensitive probe
N-oxylradical-enhanced MRI

20min

TEEPONE with lipid ESSillsgel
emulsion system

TEEPONE was found to have high resistivity against bio-reduction.

Fujii, H. G. et al., Neurosci. Lett. 2013, 546, 11.



2-2. Redox-sensitive probe

Modification of N-oxylradicals for long in vivo lifetime and high r1

1. HCI Q o
- 2.Br KOH
\, \ \I, E 40\/)1301;{ 3. Na2N02 RO C%—%
‘\}S\ S\{){H{ ’\f% | 44 60%) (33-59%) T‘IJ
Q? o “*\ 98 ,f”i’rN“' NHS, DCC toH
e@“‘““ﬂ Vi Qe
&/NN;:bﬂuNg MCI{; (80-90%)
s L pogte- | 1. @ R
) )’ MNWE% o » /( )i
SE—NM «—\M{ co ) . /-/"\'{: ( Gn ‘i (x equiv) = Gn <
%_NNMNMNj } o1 § e 2 PP' (y equiv) o ‘ _PPI” NR'
o A NS P B
N G2 (NHz); 2. R __N
7 NN g
‘ IRZALS - =
ﬂﬂ/r};N RN *ﬁfw\% Oﬁ% R o @ = nitroxide = y, R =mPEG-12
/7@ @ - ORCA ,QO\/}\ )OLJ‘
H water relaxiviy = ca. 5 mMs" N N e
(3-CP's one = ca. 0.14 mM-'s™) Ca

Qe
3-CP 1

Spirocyclohexyl N-oxylradicals and PEG chains conjugated to dendrimer
scaffold were effective.

Rajca, A. et al., J. Am. Chem. Soc. 2012, 134, 15724. »»



2-2. Redox-sensitive probe

N-oxylradical-enhanced MRI

Before injection 0-30 min 30-60 min 60-90 min

Spirocyclohexyl N-oxylradicals and PEG chains conjugated to dendrimer
scaffold enhanced MRI in mice for over 1 h.

Rajca, A. et al., J. Am. Chem. Soc. 2012, 134, 15724.
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3-1. What is an antioxidant

Native antioxidants
Mechanism 1

HO

AH \/‘ = Ae 0" "CieHas

a-Tocopherol

etc.

Mechanism 2 HO oH

Re RH HO

Ho © \_/‘ o7 °
AH —» A B Ae

OH etc.
Ascorbic acid
Sole drug which has antioxidant activity as its main effect

Edaravone

o) B -
Oe Re RH Qe
O e L~ X
It O 50
\N/ \N/
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3-1. What is an antioxidant

Proposed radical scavenging pathway of uric acid

O
d,
4\ -
H ,
uric acid (UA)
low solubility
Y

hyperuricemia
gouty arthritis

NH, e 2
& -2H+ oH
p-aminophenol 10 benzoquinoimine hydroquinone 11 benzoquinone

UA can be equivalent to p-aminophenol or hydroquinone.

Mashino, T. et al., Med. Chem. Commun. 2013, 4, 527. 25



3-1. What is an antioxidant

Radical scavenging activity of uric acid analogs

DPPH radical scavenging
rate constants (x 10° M ' s~ ')

H H H
= N N N
RN ﬁ R H R

Uric acid
la: R =-OH (2R --OH 3a:R=-OH 2 .
1b: R = -OCH; 2b: R=-0OCHj;4 3b: R = -H No cytotoxicity
2c:R=-H 3a
4
5
H H
Clme LI o)
O 10 Cytotoxicity
HO O HO /. HO N1
Edaravone
4 5 6
H
N
/Ep (I » @3:0
HO N
7 8 9

0.7
71
110
11
8.7
2.6
11
310
4.4
72

5-hydroxyindolinones (2a) showed sufficient activity with high

solubility and low cytotoxity.

Mashino, T. et al., Med. Chem. Commun. 2013, 4, 527. 27



3-2. Recent therapeutic antioxidant

Characteristics of H>

H: is a colorless, odorless, tasteless and
combustible diatomic gas.

H: is expected as a promising energy carrier in future

energy 5y5tem' cf. Dr. Saga's literature seminar
(7/10/2010)

H2 potentials for antioxidants
H2 reduces the ° OH that is produced by radiolysis or photolysis

of water.
Ross, A. B. et al., J. Phys. Chem. Ref. Data, 1988, 17, 513.

H2 behaves as an inert gas in the absence of catalysts or at body
temperature.

H2 can be dissolved in water up to 0.8 mM under atmospheric pressure.

Ohta, S. et al., Nat. Med. 2007, 13, 688.
Ohta, S. et al., Curr. Pharm. Des. 2011, 17, 2241. 23



3-2. Recent therapeutic antioxidant
H:2 has rapid diffusion.

hydrophobic
‘ Membrane
° H2 ..hydrophlllc 0
o %" i
° o6 *’ o o

Formation of highly ROS
Fenton reaction

H,O, + Cut——3 ¢OH + OH" + Cu?* .
o _— * OH is the strongest
Weise reaction

free radical.

.02-"' H202 _>.OH + OH- + 02

Ohta, S. et al., Nat. Med. 2007, 13, 688.
Ohta, S. et al., Curr. Pharm. Des. 2011, 17, 2241. 29



3-2. Recent therapeutic antioxidant
H:zdissolved in medium reduced °* OH in cultured cell.

* OH marker: HPF
Antlmycm A (ug/ml)

| ...

l\/ITGreen TMRM Merge

H:z decreased

2 ‘ r‘| * OH levels.

Hy— & =& <%
30
Antimycin A (ug/ml)

Fluorescent intensity per cell
iR

(o)}
o
]

w B
(@] (@
1

H:2 protected

N
(@]
1

e
(@)
1

Relative ATP level (%)

mitochondria.

0.5h 1h
Antimycin (30 pg/ml) 30

Ant 10 ug/ml
M?tc;rc':wgrllr:jl('la rﬂgrgnb)rane potential marker: TMRM Ohta, S. et al., Nat. Med. 2007, 13, 688.



3-2. Recent therapeutic antioxidant

a wn* wee o >O<
OH

* DMPO-H

a-c: H2 decreased

C +H,,, Fenton reaction SignaIS Of e DMPO-OH.
f +H,, +antimycin A
d-e: H2 showed
\ selective reduction of
Spin-trapping . cellular * OH

in cultured cell
* » x* ¥ Ohta, S. et al., Nat. Med. 2007, 13, 688. 31



3-2. Recent therapeutic antioxidant

H2dissolved in solution reduced * OH in cell-free systems.

2 120

= 0mM

5

5100 02mM o

S 80 £ 4

= 04mM §

S 60 l 2 3 H2 reduced * OH and ONOO-
= L ok 4 0.8 MM =

‘@ 40 2

@ Lo

E 20 Baseline 1 & somewhat.
o 20 . >
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g [ e e ] =0 . . . ,

T 0 5 10 15 20 25 30 =0 02 04 06 08
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* OH was generated by Fenton reaction.
¢ OH marker: HPF

:120- 120- O, <120+ H20, 140- NO-

’3‘120' 0 o\o g
N - — - N~ N
& 10041 & 100{py ¥ _ 1004 L 1004 N 120'1
I - I 2 - T . 3
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Q N S N N
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Ohta, S. et al., Nat. Med. 2007, 13, 688. 7



3-2. Recent therapeutic antioxidant

Inhalation of H:z protected against ischemia-reperfusion injury.
After1d

H, 225 * s44
48N . , — ° % 200 »
/_E\ « v = — 175 - *
P | € 150- i1
B 20{ =2 o 2 1251 1= W
- == ‘ | = 2 100- LA
£, : = = | g 541 L1+ BF
0d —= ==~ \ ! 25
A \ V \Y |
0 > 4 0124EF 0124EF 0124EF
H. (%) H, (%) H, (%) H, (%)
2 Striatum Cortex Total
After 7 d
- 250 1 ok
0% 2% |—
a 200_ * %%k
: H2 suppressed not only the initial brain
% 1504
2
g 1007 exs injury but also its progressive damage.
0.
O/D

®+ LY’
& & < Ohta, S. et al., Nat. Med. 2007, 13, 688. *°
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4-1. NO releaser

NO is a colorless gas that is unstable under R

physiological conditions (ti/2= 0.1-5 s).

g -
NO releasers, which can store and release NO, have been

developed for biological research on the roles of NO or
as candidates of chemotherapeutic agents.

. OOOC

N\
[ J 3+ N [ 4 [ J
RN UV light ON»F? - Transition metal
| S
NO R
- N o’
R=CH;, CH,COOH X

Fe (lll) complex

Fujimori, K. et al., J. Am. Chem. Soc. 1997, 119, 3840.
Mascharak, P. K. et al., Angew. Chem. Int. Ed. 2002, 41, 2512. 3>



4-2. Blue-light-controllable NO releaser

Design a visible-light-controllable NO releaser

N° *NO
ﬂ
a, O <v o, ,@ o, @ - NO/ NO release from BNN
NO M
BNN Aminyl radical Stable
(X = NMme) (X = NMe) quinone form

No cytotoxicity

+

Q" o]~
Photoinduced electron transfer ) BRI = © +=

Dye o |~
Fronuer orbital phemp group
Q of Dye Radical pair
Visible light cf. Mr.Kojima's literature seminar

Jv

(4/28/2012)

NO releasing
moiety

OH H* *NO
ON\%'/Q/ Zl ON. N@
Antenna

’ Antenna ] Antenna moiety

Radical pair Stable
Visible light quinone form

NOBL-1 (1)
(NO releaser triggered by Blue Light)

Nakagawa, H. et al., J. Am. Chem. Soc. 2014, 136, 7085. 35



4-2. Blue-light-controllable NO releaser
Synthesis of NOBL-1 (1)

O,N CHO O2N CHO O2N X~ COOt-Bu HaN COOt-Bu
RO RO O Ol O
OH OBn OBn OH

2 3 4 5

H
N

\©\/\/000t-BU
OH

COOH

CHO

1

(h)

12 NOBL-1 (1)

“Reagents and conditions: (a) BnBr, K,CO;, DMF, rt, 90%; (b) BrCH,COOt-Bu, PPh;, sat. NaHCO;, THF, rt, quant.; (c¢) Pd—C, MeOH, H,, rt,
79%; (d) NHMeOMe-HCl, EDCI-HCI, N-methylmorpholine, CH,Cl,, rt, 67%; (e) 8, TFA, CH,CL,, rt; then, DDQ; then, BF;-OEt,, DIPEA, 0 °C,
64%; (f) Cp,ZrHCl, THF, tt, 70%; (g) 5, AcOH, CH,Cl,, rt; then, NaBH(OAc),, rt, 83%; (h) HCl, AcOEt, t; (i) NaNO,, AcOH, H,0, 0 °C, 44%
(2 steps); (j) benzaldehyde, TFA, CH,Cl,, rt; then, DDQ, rt; then, BF;-OEt,, DIPEA, rt, 48%.

Nakagawa, H. et al., J. Am. Chem. Soc. 2014, 136, 7085. 37



4-2. Blue-light-controllable NO releaser

Spin-trappingin cell-free systems

N S
Ho/\H\H\/ Y ' 'NO
_____ OH OH s---‘F:ez"-S OH OH
)\ OH
S N

Blue-light irradiation (470-500nm, 200 mW/cm?)

I
2mT Fe(MGD), OH OH

Detection of NO generation from NOBL-1 in cell-free systems

50

40

30

20

Fluorescent Intensity (a. u.)

10

n
-

Ex. 560 nm
Em. 575 nm

n —(A) Not attenuated

—(B) Attenuated to 50%
——(C) Attenuated to 20%

" ——(D) Attenuated to 0%

Temporally precise control of NO release
from NOBL-1 could be achieved.

120
NO marker DAR-4M

180

240

300 (s)

Nakagawa, H. et al., J. Am. Chem. Soc. 2014, 136, 7085. 33




Tension (g)

4-2. Blue-light-controllable NO releaser

Fluorescence imaging of NO release from NOBL-1 in cultured cell.

After photoirradiation After incubation with After photoirradiation
with NOBL-1 NOBL-1 in the dark. without NOBL-1.
Blue-light irradiation (470-500nm, 25 mW/cm?)
NO marker: DAR-4M AM

Changes in tension of rat aorta ex vivo

0.9 o NoBL-
0.6
0.5

e
FS

e
w

ODQ: sGC inhibitor
Nakagawa, H. et al., J. Am. Chem. Soc. 2014, 136, 7085.

L-NAME: NOS inhibitor .
10 min

5 min



4-2. Blue-light-controllable NO releaser

Proposed mechanism of photodecomposition of NOBL-1

H
N COOH
Blue-light irradiation (470-500nm, 200 mW/cm?) m
——
Na COOH N COOH
\©f\l Antenna
Gl
—

m/z 567

Dismutaiton

[ Antenna ] B Antenna N%g\/coo'_' NH;
0
-

Semiquinone form i
LC-MS analysis q Hydrolysis

(a) 1000000 ¢ 100
90
S 800000 = 80 Antenna Antenna
8 g ™
g 600000 NOBL-1 S 60 m/z 403
g (®) (0) ® 50
£ 400000 § 40
2 &l = N COOH Ho O
< 200000 l j = ‘EI\/
oL Al 1, |
0 10 20 30 40 100 200 300 400 500 600 700 OH Hydrolysis _

Retention time (min)

CHO

100

(b) 99 d 9o Antenna Antenna
80 80
3 70 s 70 /m T o m/z 402
< 60 < 60 Y
> > FF
£ 50 E 50 m/z 402
§ 40 g 40
£ 30 £ 30
20 20
10 | l 10 P o A A L l A
o l A I 1 0
100 200 300 400 500 600 700 100 200 300 400 500 600 700

mz Nakagawar:"zl-l. et al., J. Am. Chem. Soc. 2014, 136, 7085. 40
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5. Application to ROS-dependent chemical reaction

Redox active catalyst mediated by ROS

) Non-toxicity

Selective-activation K

Reactive Oxygen

OFF form ON form
4 Species (ROS) k
Water solubility Cell permeability

42




5. Application to ROS-dependent chemical reaction
Ros-dependent chemical reaction and changing the function

of protein

Redox active catalyst
mediated by ROS

Artificial chemical
reaction

Living cell
ROS locally increased

Serious human diseases
Cancer, diabetes, etc.

Changing the
function of protein
Is it possible to apply this system to controling the ROS ? ::



5. Summary
Section 2

Probing for the redox status using N-oxylradicals

',J\
L d

L
+e .-

— |
S —

-e

A
NT -
ne

o)

* Various kinds of N-oxylradicals for probing have been developed.
» Slow reduction and high r: of N-oxylradical were important.

Section 3

Developments of small molecules for antioxidants

* Drug which has antioxidant activity as its main effect is only

edarabone.

* H2 has potential as recent therapeutic antioxidant.

Antioxidant
¥ RH

Re




5. Summary

Section 4
Visible-light-controllable NO releaser

NO releasing Visible

; light
moiety g NO

Antenna moiety

* NOBL-1 which bears NO releasing moiety tethered to antenna
moiety released NO on blue-light irradiation.

* NOBL-1 can be a useful tool for understanding NO action in tissues
and may also have potential for phototherapy.

Section 5
ROS-dependent chemical reaction

Chemical biology tool
ppecies (Ragy g Medicinal application

Reactive Oxygen
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Appendix 2-2. Redox-sensitive probe

SE method

S=1f(v)p (1-exp(-Tr/T1)) exp(-Te/Tz) exp (-bD)
S:EFIRE f(v): i p: 78 b USREE T MEEADRER  To: AefR Fi e ]
b: bfE D: JEHUER Tri#k ViR LEfH  Te: — = —IKffH

r.and SBM formula
1 1
I [Gd] =
(T1)inner sphere (T1)outer sphere
1 _ Pyg
(T 1)inner sphere (T'1m +7Tm)
1 2 58215 S(S+1) Tten 371

Ti. 15 e l+witd, 4oyt

1 1 | |

Tei  Tm " TR N T =12

P.: G FE T DENGR g GATENL LK T 1 fEAIRBICH DK T D

PIFAERERT T, FEARBE DK T OFEFIRERT (T y)inner: innersphere \ZAETET D AKSY

T DOFEFEFHE (T 4)outer: OUter spherelZFIES 5 K531 DRETNRGHE  y y: WeUBER L

Jo: BT DORT gg R—THiT S:GAXOEFAE U rogy: GA-THHMOHHE o,
BT ROT e N DT —F T 1y, 1o PR PR A A AERIC X 2 A B R

FaEJ TR WA 7 T DEIREHEE Ty T el 11K FIIRFH]

Caravan, P. Chem. Soc. Rev., 2006, 35, 512.
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2-2. Redox-sensitive probe

Healthy brain High reducing activity
T12 <2 min

+ e
) 7
Reduction>6j< Nitroxide-enhanced
Oxidation N MRI signal

Cancer-bearing brain High oxidative activity

Nitroxide-enhanced
MRI signal

Nitroxide-enhanced
MRI signal

Nitroxide-enhanced
MRI signal

Bakalova, R. et al. ACS Chem. Neurosci. 2013, 4, 1439. 47



3-2. Recent therapeutic antioxidant

Diffusion of Hz in cell

Ohta, S. et al., Nat. Med. 2007, 13, 688.
Ohnta, S. et al., Curr. Pharm. Des. 2011, 17, 2241. 13



5. Strategy for detection of ROS and related protein
First step: ROS-dependent activation of catalyst

Reagent Active reagent
Second step: Trptophan-selective conjugation
Active reagent l ] "&

Challenge:

Development of reagent activated ROS-dependently
and conjugating selectively to tryptophan



2-2. Redox-sensitive probe
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