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Development of a Near-Infrared Fluorescent Probe Based on Nile Red
for ONOO™ and Its Imaging Applications
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Abstract The production of peroxynitrite (ONOO ) in situations of oxidative stress and inflammation has a profound im-
pact on cellular damage, inflammatory responses, and immune regulation. Thus, the advancement of highly sensitive and
selective techniques to detect ONOO is of great significance. These methods are crucial for gaining insights into disease
mechanisms, improving early disease diagnosis, and enhancing treatment effectiveness. In this study, we have designed and
synthesized a novel fluorescent probe, NR-Pro, specifically for the selective detection of ONOO . The probe incorporates a
2-hydroxy Nile red derivative (NR-OH) that is organically bound to a 4,4'-azabediyldiphenol group via an alkyl chain. Upon
interaction with ONOO , the probe releases the near-infrared dye NR-OH, leading to a significant “OFF-ON” fluorescence
signal response at 658 nm. The mechanism involves the initial attack of ONOO  on the 4,4'-aza-diyl diphenol group, result-
ing in the formation of an alkylamine-modified Nile red derivative and the release of two 1,4-benzoquinone molecules. Sub-
sequently, the alkylamine group undergoes further oxidation by ONOO , leading to the liberation of the near-infrared fluor-
ophore NR-OH and acrolein through a 1,3-elimination reaction with the involvement of water. Experimental investigations
have demonstrated that the probe exhibits a favorable linear relationship with ONOO  concentration in the range of 0 to 10
umol/L, with an exceptionally low detection limit of 17.7 nmol/L. Furthermore, the fluorescence emission of NR-Pro re-
mained unaffected by various biological species, including reactive oxygen species (ROSs), metal ions, enzymes, anions, and
amino acids. NR-Pro also exhibited minimal cytotoxicity and very high photostability, suggesting its potential suitability for
cell imaging applications. Moreover, our study confirms the remarkable imaging capability of the NR-Pro probe in detecting
both exogenous and endogenous ONOO in RAW264.7 cells. These findings present novel insights for the early diagnosis
and treatment of diseases, paving the way for potential advancements in the field.
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Figure 1 Fluorescence spectra of NR-Pro (5 umol/L) and ONOO  (0~50 umol/L) in PBS (pH 7.4, 20 mmol/L, 20% MeCN) for 30 min (a); the em-

bedded graph (b) shows the relationship between fluorescence intensity and ONOO
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Figure 2 Fluorescence kinetic curves (a) and photostability curves (b) of NR-Pro (5 pmol/L) and ONOO (20 pmol/L) in PBS (pH 7.4, 20 mmol/L, 20%

MeCN)
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Figure 3 Effect of pH on fluorescence intensity of NR-Pro (5 pmol/L)
and ONOO (20 pumol/L) reaction systems
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Figure 4 Fluorescence intensity of NR-Pro (5 pmol/L) and different
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Figure 5 Possible mechanism of ONOO  detection by probe NR-Pro
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Figure 7 Fluorescence imaging of exogenous ONOO  in RAW264.7 cells. NR-Pro (10 umol/L) was incubated with cells for 30 min, washed with PBS
and treated differently: (a) control group; (b) add 20 umol/L ONOO  and incubate for 30 min; (c) add 50 umol/L ONOO  and incubate for 30 min; (d)
average fluorescence intensity of cells in images a~c. Scale bar: 20 um
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Na S04 FH, W4 Jo k™= i i fik fee A 2 M 44k (B
B e/ LB ABE=10/1, V1 V), BEERAE A
K NR-Pro (54 mg, 7%% 31%). '"HNMR (DMSO-ds,
400 MHz) 6: 8.97 (s, 2H), 7.99 (d, J=8.8 Hz, 1H), 7.86 (d,
J=2.4Hz, 1H), 7.54 (d, J=9.2 Hz, 1H), 7.19 (dd, J=8.8,
2.8 Hz, 1H), 6.76 (d, J=8.8 Hz, 4H), 6.73 (d, J=2.8 Hz,
1H), 6.65 (d, J=9.2 Hz, 4H), 6.57 (d, J=2.8 Hz, 1H), 6.13
(s, 1H), 4.19 (t, J=6.0 Hz, 2H), 3.70 (t, J=6.8 Hz, 2H),
3.46 (q, J=6.8 Hz, 4H), 1.98 (s, 2H), 1.15 (t, J=6.8 Hz,
6H); *C NMR (DMSO-ds, 100 MHz) d: 181.35, 161.05,
151.81 (2C), 151.60, 150.73, 146.36, 140.86 (2C), 138.17,
133.48, 130.89, 127.15, 124.88, 123.90, 122.08 (4C),
117.88, 115.82 (4C), 113.88, 106.13, 104.04, 95.89, 65.77,
49.50, 44.45 (2C), 26.97, 12.48 (2C); HRMS (ESI) calced
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for C3sH33N30s [M+H]" m/z 576.2492, found 576.2498.
4.2 #£%t NR-Pro B3¢ gz

ONOO Wil #%: VK2R, 75 250 mL Ak
HHEEE 50 mmol/L NaNO, F1 50 mmol/L H,O, 1] 50 mL
KB, 3 HIES — N34 25 mL 1 mol/L HCI FIKERR,
— /A 25 mL 1.5 mol/L NaOH . Fik Ok HCI
R PGE L EI N NaNOo/H,0, R AR, H 8] 1) B A i i
1 s A NaOH ¥, Fr AL ik i ot 13
PRI RN 10 mL B0 R ARG AE. 3 IR IE TR
PR Ja il 52 HAE 302 nm AbHIWEFEE IS ONOO™
HIME (e=1670 Lemol 'ecm ). HoAtiF I E HIHI %%
imﬁ[ﬂ].

NR-Pro fifi £ i BT 1) A Wik 7 % FREUAL & 9
NR-Pro 5.76 mg, Fl DMSO ¥ & A% 10 mL %=,
FT A3 2RE R E N 1 mmol/L. RS, 7F 10 mL
b RO 25 L #REFRER, 1 mL 21, 500 pL
WS 22 PR W (pH 7.4, 0.2 mol/L), ARG MK ERE
5 mL. I ONOO , Bl & A FKE ONOO (0~
50 umol/L)MIHREHEW, WHESFEE T 37 C/KIBH
HH N 30 min W2 S840 AT LIRS B AR T AR AL
HOL. POEEF SR BN 1=580 nm, {XARSE
ZBEN S, 5 nm.

4.3 ‘AASCIS
43.1 maiESAfemia E R %

i} DMEM $5 3% 3£(10%85 4 MIE A 1% 55 2 -
HER)T 37 C, 5% CO, fHE K F A H 1 9% RAW264.7
Y M AE LI RE A K SR FARERY MTT B ikl g 354t
NR-Pro 4B EEHEAEF. K RAW264.7 4HIBEEFITE 96
LR B TR 24 h, B S 0 50 IS FIER B ) NR-Pro ¥
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F F R

W E 12 h. H PBS G b bRk B IREN IS, K 10
puL MTT (5.0 mg/mL, HEPES)#R In# L 4k 4205 5 4
h, SRJEERZ LIEW, FIO 100 uL DMSO ¥ i i
B, ERRIK DIESARTE 10 min, )5 PR
A5 LA WRAE 490 nm WO . RHEA X =
AlAg X 100%THE A FEE(VR), Hd 4. Ao 50 5L
YR R ZH (VRO PR BRI FE AT E 6 K.
432 LR R

¥ RAW264.7 4 Fe b 7E 4L I8 A A8 & FH 5 77 1L
o, A EEA K 12 he AT AMNETE ONOO™ UG T,
4iH5 10 umol/L R4t NR-Pro 7£ 37 ‘C F#¥ & 30 min,
i PBS (pH 7.4)¥i% 3 X, B4 AN [EIRE 1)
ONOO ™ (20 B¢ 50 pmol/L)## & 30 min. WJE{E ONOO™
FAGI, 4HM5E PG 2 BE(LPS, 1 pg/mL)H¥4 4 h,
i - 12+ DU R EE-13- 2R B (PMA, 1 pg/mL)#HI#L 30
min, #RJ5 IIAFREF NR-Pro (10 pmol/L)$#% & 30 min. {E
AR LA e B S aG K LPS Al PMA BT (148
Jio FH PR B2 (UA, 100 pmol/L)FiALEE 1 h, R/EMA 10
umol/L #R% NR-Pro W & 30 min. £ LRI 07 & 45
WH PBS ¥ 3 k5, HHATHOLILRE B (X 40 V7).
WORPEA: 594 nm, RGP REETEH: 640~720

nm.
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