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Abstract :

We designed and synthesized two different nitric oxide probes with different
fluorescence quenching properties. Fluorescence of all probes restored after reacting
with nitric oxide, and the result is not influenced by other reactive oxygen species.
For Rhodamine-H and FA-OMe, we have already studied the photophysical properties,
pH stability, selectivity, cell viability, and cell images. These results demonstrated that
these two probes are good nitric oxide probes and can be applied in biological system
potentially.
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»  2-Amino-3',6'-bis(diethylamino)spiro[isoindole-3,9'-xanthene]-1-one
(Rhodamine B hydrazide, RH)z_ & =
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Rhodamine B base Rhodamine B Hydrazide (RH)
hEA N R e g 1> ¥ 40 1218 45 o B~ 7.2 % rhodamine B base ;3 >t 180 ¥ =
zZG¥emyY SN EREF FHRBET B 18 £ 2 2 hydrazine *t - /] FF Y K-H
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3‘; #wnﬁ? | e B R /1 23REFE SN kB EFAF 4.8 5 >
& % 67.0% - ESI-MS, m/iz 457.1 ([M+H]"), M* calculated 456.2. ‘H NMR
(DMSO-dg) = 7.76 (m, 1H, ArH), 7.46 (m, 2H, ArH), 6.98 (m, 1H, ArH), 6.37-6.32 (d,
6H, xanthene-H), 4.27 (s, 2H, NH;), 3.32 (g, 8H, NCH,CH3), 1.07 (t, 12H,
NCH,CHs); *C NMR (DMSO-dg) = 12.46, 43.7, 64.76, 97.42, 105.46, 107.79,
122.16, 123.51, 127.72, 128.12, 129.63, 132.39, 148.11, 151.9, 153.04, 165.29.
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M* calculated 361.1. *H NMR (DMSO-dg): & = 7.30 (s, 1H), 7.00 (d, J = 9.0 Hz, 1H),
6.90 (d, J = 9.0 Hz, 1H), 6.77(d, J= 9.0 Hz, 2H), 6.30 (d, J= 9.0 Hz, 2H), 6.23 (s, 2H),
5.81 (br s,2H), 3.49 (s, 3H) ; *C NMR (DMSO-d6): & = 178.4, 166.2, 157.3, 152.9,
149.7, 131.5, 130.8, 129.8, 122.8, 120.7, 117.0, 114.7, 111.1, 103.1, 51.9.
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i & A2 F 5 2-(6-hydroxy-3-oxo-3H-xanthen-9-yl)benzoic acid methyl ester
(dA-FA-OMe) - & & 78.0% - ESI-LRMS: m/z 347.1 ([M+H]"), M" calculated 346.1.
EI-HRMS: m/z 346.0836 (M*), M* calculated 346.0841. '"H NMR (DMSO-d): & =
8.12 (d, J = 7.8 Hz, 1H), 7.80 (dd, J = 7.5 and 7.8 Hz, 1H), 7.71 (dd, J= 7.5 and 7.8 Hz,
1H), 7.40 (d, J = 7.5 Hz, 1H), 6.59 (d, J= 9.0 Hz, 2H), 6.30 (m, 4H), 3.54 (s, 3H) : **C
NMR (DMSO-ds): 6 = 178.7, 165.5, 157.2, 151.3, 134.8, 132.7, 130.7, 130.3, 129.8,
129.5, 129.3, 123.2, 110.3, 103.4, 52.2.
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buffer jjixfw®e = =t - 4 » 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl tetrazoilum
bromide (MTT) (20 L, 5mgmL ) 5| & 34 ¢ » e /] Bfmiri % {4 > 4r > 100 pL
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#-Raw264.7 %% 22 5 uM RH - 4232 % 4 /] pF{s » 2 PBS buffer ‘}?’-i;tjsm’?é =
© o L #1133 375 uM SNAP i DMEM 32 % 332 % fnve 2 [ pF > #-imve
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P Bt 5UMRH 32 % 8 ) ¥ o
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2 Y
L@

L

by

o

-

-

A B AHE

A§ %% A &2 Rhodamine-H %2 FA-OMe & fé— § “ § ehgfé- > 2
FRALTE S § 0§ F 2 e



RHE-F 1§ FRASF L2 HF B3] 3200

SOARH B - 5 v § F pisora,dcha s im o % RH 330 B2 ¢ %
o 10%:h- F oMo F REARY PR RBERINFIFIIEPEI HES
Hlod o U B EVTRA S A Y SHET T AL & rhodamine B (RB) - 4t
] RH 22 NO 2 & J 414 Scheme 1 #7757 » & L NO £ 2 Oz & Ji2 = NO2°NO;
£ NO A2 F 4 & NyOs® - % N,O:2 RH } 1 hydrazide amino group
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400 40¢

o)

—_—
O /\
O N, NOz +HiO HNO, + Ny O oH
i Rhodamine B
(RB)

3/2 N, + NO + OH

Scheme 1 Proposed mechanism of reacting RH with NO under aerobic condition
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Figure 1. (a) The absorption spectra of RH (dash line) and RB (solid line) and (b) the

fluorescence spectra of RH (dash line) and RB (solid line)

RH 2 RB i 2 R F 3

“§“§§%§%£ﬁ%@ﬁ?i HEpFama G825k 12
Faw kIFE ¢ TR WenpH Ed g s F kg ang #&—g—?if‘i’z—— % i g iop
%% cRH 2 RBenpH 28 7 5% 4r Flgure 2 #7157 o fpH & 4-12 gsa@v‘
AT ELEZ P RH GhF Lg% 7 RH pH%@ﬂngxi R Bl R
mg;§637¢£$§%mé#’n*-:lipH<4rr:I%P"f VIR A ey sk
A AR RMAL L P E%E2 Ed 3 pH < 4 mﬁ&HI%i’“ % RH
bhT ABRBRATR Do ApstE S RB A pH £ 4-12 FF Y pl AR BT E ¥ R
Blagipy iz o AT RHE-F 1§ F Bisd 2 RB I 7 gﬂ“ﬁi%
fadk B M 13 = ¥ LW EL T ' R (quench) o d i S B 2 R E_RH &
P- § 0§ F fisenAd RBApH B 4-12 87 &4 & Rt %P RH
A EEEY PTG AL R 5 R B o

51 .

2 . . . e - *

=y " .

ga

3

£

g |
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Q

@

5

ET-'II . L - i
4 5 6 7 8 9 10 11 12

pH

Figure 2. The pH dependence of the fluorescence intensity of 50 M RH (H) and RB (@)
in 100 mM HEPES buffer with 20% CH5CN at 25.0 + 0.1°C. The fluorescence intensities

were detected at 583 nm with excitation at 510 nm.
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A F R aFka R A AR EHE B 2 % 4o Figure 3a #75% © #-50 uM
RH %% %250+ 01CHE T4+ %2 02-04-06-08%2 10% - % i- 5%
F RS > #IAEFF RPFRE cnif v > 73 0% 583 nm iy K ag B 4 BT F B 4o o
PANE B s kR RENFT AL P Aok o R R 9ORH
HB-oF AR ERACEFXRPEFSORBE AL AL > FA 'N';laag);;eiwu;
Tk oo - RH A iR 2 - § g F 30 A4ais BRzARNY Lk, H B
% 4 Figure 3b #77% » ¥ 0P AR LB R D KR R AEF be » - 3?7 % aﬁ”z
Hieh B MBI FLRAK - F T RIETRF RS F LG Y AE
&R T2 0 4o Figure 3¢ #7oT o

a 1.0 equiv.
5 5 J NO equiv.
< 0.8 equiv. < 1.0
2 2 2 > 0.8
2 0.6 equiv. g 04
9 = 0.2
H 0.4 equiv. § 00
o
8 3
s 0.2 equi 3
S .2 equiv. [
o ]
[y
0.0 equiv.
0
T T T 1 0 9
0 600 1200 1800
L T T 1
Time (s) 550 600 650 700 750

C -

Fluorescent Intensity (AU)

<o
1

U U U
00 0.2 04 06 08 1.0
NO equiv.

Figure 3. (a) Time-dependent fluorescence spectra obtained when various equivalents of
NOq were added to a 50 uM RH solution (in 100 mM HEPES with 20% CH;CN at pH
7.4) at 25.0 £ 0.1°C (hex = 510 nm, Aem = 583 nm); (b) concentration-dependent
fluorescence spectra based on the intensities at 25 min as shown in (a); and (c) fluorescence

intensities upon various equivalents of NO ) based on (b).

CEEET TR R ¥ I EE B TR R
£ iy

- RH - § i § 0 pl& 2(limit of detection, LOD)* :
LOD = Xbi + 3Sbi
B Xpid 39 RHZ RT3 kg R Spid 39 RHZRF LR EEL o
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HEHEFHFEF-%RH A BE54 F49N0:10 5 £ 70ONOO ;100 § & 7 H,0; ~
NO; ~NO, ~HNO -~ OH-F & 1] PFis eny ks B 2 % 4o Figure 4 #751 - & RH
254 ENOF B >R REAE S 994 2 5 & RH & % 100 § £
HoO2~NO3 ~NO; 2 HNO £ s » #IRZ BN LB RAPEHE M RHES § &
NO & i ¥ %4 & : 4% RH % NO 2 OH-% & 1| pFis ehig % @ 5 » OH-en
ERANO 20 % » HA g feny MR T3 NO m32%,ﬁ* RH £ NO
2 ONOO < 1/ pFiccnsd %@ % > 104 € 59 ONOO #7ig = ey L3 s & 2.5
3 NO #181%-d 12 F 2% FHEHEE? NO¥ ONOO F FFi3 tepFiz » RH
¥ NO ehif plg % v ¢ < 3] ONOO ez 5 - #Am 2 #=42¢ ONOO 4 NO
B0, F a4 2%, x50, ¢ At superoxide dismutase (SOD)f f P BB G T
F#r4] ONOO 4 2 o Flpt I * RH i&{7mre &8 .4 4P - 3 it § cnid ,?J]El*:‘
Ak 3 %5 ONOO e 4 o

1000
800 +
600

400+

FlFy,

200

P

1

Figure 4. Specificity of RH for NO over other reactive nitrogen and oxygen species.

[P NTARN

Seq. 100eq. 100eq. 100eq. 100eq. 100eq. 10eq.
NO NOs3 NO; H,0; HNO OH- ONOO

Fluorescence responses of RH were determined in the absence (Fgry) and presence (F) of
following substances: 5 equiv. NO, 100 equiv. NO3 ", NO,, H,0,, HNO (Angeli’s salt),
OH-, and 10 equiv. ONOO™. All data were measured after 1 h addition reactive
nitrogen/oxygen species at 25.0 + 0.1°C.
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Figure 5. Cell viability with different incubation time (5 uM RH in 2.5%, v/v DMSO). Left
to right: Raw 264.7 cells without RH and incubated with RH for 2, 4, 8, and 12,

respectively.
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Figure 6. Exogenously generated NO detection in Raw 264.7 macrophage cells by RH.
Bright-field (up) and fluorescence (down) images of the RH-deposited Raw 264.7 cells in

the absence (a) and presence (b) of SNAP. The scale bar represents 50 um.
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Figure 7. Endogenously generated NO detection in Raw 264.7 macrophage cells by RH. (a)
The expression of iINOS in the absence and presence of stimulation with LPS for 4 h. Left
lane: cells without LPS stimulation; right lane: cells with LPS stimulation. (b) RH (5 uM)
incubation with cells for (1) 12 h without LPS pre-stimulation; (I1I) 2 h with LPS (1 ug
mL™) pre-stimulated for 4 h; (111) 4 h with LPS (1 ug mL™") pre-stimulated for 4 h; (1V) 6
h with LPS (1 pug mL™) pre-stimulated for 4 h; (V) 8 h with LPS (1 pg mL™)
pre-stimulated for 4 h; and (VI) Raw 264.7 cells sequentially treated with L-NNA (1 mM)
for 1 h, LPS for 4 h, and RH for 8 h. The scale bar represents 50 pm.
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Scheme 2. Proposed mechanism of FA-OMe with NO under aerobic conditions to form dA-FA-OMe.
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Figure 8. ESI-Mass spectrum of FA-OMe reacting with 20 equiv. NOyq in pH 7.4 100 mM
HEPES buffer for 1.0 min under aerobic condition. The peaks at m/z 361.1 and 346.1 are
ascribed to FA-OMe and dA-FA-OMe, respectively; the peaks at m/z 390.0 and 406.0
correspond to the N-nitrosoamine intermediate 1 and the nitroamine intermediate 2,
respectively; The peak at m/z 435.0 is assigned to the diazo nitrate intermediate 5 (or the

N-nitroso nitroamine intermediate 3, the 5-membered ring intermediate 4).
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Figure 9. Energy levels of the methyl 3-aminobenzoate, methyl benzoate, and xanthene
moieties. The values in parentheses were derived from the calculations considering the

aqueous environment
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Zwu e Rm dA-FA-OMe 1§ k€3 & 51t FA-OMe % 59 & » #7112 % FA-OMe
BNOF i it ¥ (e hdA-FA-OMe 2 & » i Eii & 24 4p % I B ehf % o

Table 1. Fluorescence quantum yields (®g) and absorption and emission maxima (Aaps, Aem)
of FA-OMe and dA-FA-OMe in 0.1 M NaOHq determined by comparison with a
fluorescein standard solution (@4 = 0.95in 0.1 M NaOH.q)

Compound abs (NM) em (NM) 71 (%)
FA-OMe 488 518 1.5
dA-FA-OMe 490 514 88.8
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Figure 10. Absorption spectra of FA-OMe (1 uM, blue line) and dA-FA-OMe (1 uM, red
line) in 0.1 M NaOH 4.
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Figure 11. pH dependence of the fluorescence intensities of 20 uM FA-OMe (4) and
dA-FA-OMe (e) in 100 mM HEPES buffer at 25.0 + 0.1°C. The fluorescence intensities

were detected at 524 nm with excitation at 460 nm.
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Figure 12. Fluorescence emission spectra of FA-OMe (50 uM) upon reaction with various
amounts of NOyq) in 100 mM HEPES buffer of pH 7.4 at 25.0 + 0.1°C (Aex 460 Nm, A 524
nm)
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Figure 13. Time dependence of the fluorescence intensity of 50 uM FA-OMe in pH 7.4
100 mM HEPES buffer with different amounts of the NO stock solution. The fluorescence

intensities were detected at 524 nm with excitation at 460 nm at 25.0 + 0.1°C.
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Figure 14. Selectivity of FA-OMe (20 uM) for NO over other reactive oxygen and nitrogen

species: normalized fluorescence response after 2 h relative to the emission of the probe in
100 mM HEPES buffer at pH 7.4 and 25.0 + 0.1°C (Aeyx 460 NnmM, Aer 524 Nm).
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Figure 15. MTT assay on Raw 264.7 murine macrophages treated with different

concentrations of FA-OMe for 24 h.
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Figure 16. Endogenous NO detection in Raw 264.7 murine macrophages by FA-OMe (10
uM): (top) DIC images; (bottom) fluorescence. FA-OMe incubation with cells for (A) 8 h
without LPS pre-stimulation, (B) 4 h with LPS (0.5 pg mL™) pre-stimulation for 4 h, and
(C) 8 h with LPS (0.5 ug mL™) pre-stimulation for 4 h. The scale bar represents 50 um.
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Figure 17. FA-OMe diffusion/localization in Raw 264.7 murine macrophages: (top) DIC
images; (bottom) fluorescence. After each image, the cells were washed three times with 2
mL of PBS. [FA-OMe] = 10 uM, [LPS] = 1.25 ug mL %, scale bars 25 um.
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Figure 18. pH dependence of the fluorescence intensities of 20 uM fluoresceinamine (A)
and FA-OMe (4) in 100 mM HEPES buffer at 25.0 + 0.1°C. The fluorescence intensities
were detected at 524 nm with excitation at 460 nm. Inset: comparison to that of 20 uM
dA-FA-OMe (@) in 100 mM HEPES buffer at 25.0 + 0.1°C.
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We have prepared two fluorescent NO probes, rhodamine B hydrazide (RH) and FA-OMe,

2 BER s
-

fe tE) ()4

/4

7
-~

possessing high NO specificity, photo-stability, pH stability and low
cytotoxicity. In exogenously generated NO detection study, clear intracellular
fluorescence was observed in the presence of S—nitroso-N-acetyl-D, L-penicillamine
(SNAP, a kind of NO releasing agent). In endogenously generated NO detection study,
increasing incubation time of RH/FA-OMe with lipopolysaccharied (LPS) pre-treated
cells could obtain a highly fluorescent cell image. These cell imaging results
demonstrated that RH/FA-OMe can efficiently penetrate into Raw 264.7 cells and

be used for detection of exogenously and endogenously generated nitric oxide.




