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a ratiometric nitric oxide probe
with baseline resolved emissions by an ESIPT and
rhodol ring opened-closed integrated two-photon
platform†

Xumei Wang,a Qi Sun,a Xinjian Song, *a Yan Wanga and Wei Hu *b

In recent years, reflecting the degree of cellular inflammation through in situmonitoring of nitric oxide using

fluorescence sensing has received much attention due to many merits such as non-invasiveness and easy

operation. In particular, two-photon excitationmicroscopy can significantly improve the imaging resolution

and visualization time. In the meantime, a ratiometric-based nitric oxide fluorescent sensor can avoid the

interference of many factors, including light source intensity, solvent scattering degree, solvent color,

solvent viscosity, probe distribution, and instrument performance, and improve the accuracy of the

result. However, the mutual interference of two emission peaks is still an issue restricting the

development of this field. In this work, the Rh-NO-F dye obtained by modifying the rhodol dye with

benzothiazole exhibited excited state intramolecular proton transfer (ESIPT) in the closed ring state. In

the open ring state, however, the emission wavelength can be significantly red-shifted by increasing the

degree of dye conjugation. By introducing o-phenylenediamine, the recognition domain of NO, we

successfully designed and synthesized a ratiometric two-photon NO fluorescent probe, Rh-NO-P, which

showed a 154 nm increase in the maximum emission wavelength before and after the response and

almost no interference between the two emission peaks. Confocal imaging showed that the probe could

achieve in situ detection of exogenous NO fluctuations in cells. The probe was also successfully applied

to detect the changes in NO content during wound healing in mice.
Introduction

As an important free radical in living organisms and an indis-
pensable messenger molecule in pathological processes such as
heart disease, immune system disease, and neurological
degeneration disease, nitric oxide (NO) is produced from L-
arginine under the action of nitric oxide synthase.1–5 Revealing
the distribution and concentration uctuations of NO is
essential for the early diagnosis of the above-mentioned
diseases.6–10

Currently, uorescence imaging has provided powerful
assistance for real-time and in situ detection of NO distribution
and concentration uctuations in living organisms due to its
advantages of simple operation, visualization, high sensitivity,
and high spatial and temporal resolution. A large number of NO
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uorescent probes have been developed, which mainly include
organic uorescent probes and metal–ligand complex
probes.11–15 However, due to the limitation of the response
mechanism, most NO probes exhibit the characteristics of
a turn-on or turn-off type, and ratiometric uorescent probes
are rarely reported.16–20 It is known that ratiometric uorescent
probes can correct the two emission peaks by themselves to
eliminate the effects of environmental factors on the experi-
mental results (including articial interference caused by the
environmental change of the probe, probe concentration, and
excitation intensity) and increase the effective range of the
uorescence measurement.21–26 Based on FRET scaffold
carrying BODIPY and TMR uorescent beams, Xiao's group re-
ported a ratiometric uorescent probe with high sensitivity and
selectivity to NO, which was the pioneering work in this eld.27

Aer that, NO sensitivity ratiometric uorescent probes have
been continuously reported.28 However, the crosstalk interfer-
ence between the two emission peaks seriously affects the
accuracy and resolution of the results. Therefore, expanding the
distance while reducing the interference between the two
emission peaks and effectively improving the accuracy and
resolution of ratiometric uorescent probes remains one of the
scientic problems requiring urgent solutions.
RSC Adv., 2022, 12, 2721–2728 | 2721

http://crossmark.crossref.org/dialog/?doi=10.1039/d1ra08426g&domain=pdf&date_stamp=2022-01-19
http://orcid.org/0000-0003-1897-3145
http://orcid.org/0000-0001-9639-0338
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra08426g
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA012005


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Ja

nu
ar

y 
20

22
. D

ow
nl

oa
de

d 
on

 1
0/

18
/2

02
5 

2:
05

:5
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
The current strategies for constructing ratiometric uores-
cent probes mainly include the charge transfer mechanism
(ICT, including intramolecular electron transfer and twisted
intramolecular charge transfer),29 excited state intramolecular
proton transfer (ESIPT), and energy transfer (including uo-
rescence resonance energy transfer and through-bond energy
transfer).30,31 The charge transfer mechanism and excited state
proton transfer are based on changing the energy difference
between the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) of the mole-
cule, which could lead to synchronous changes in the emission
wavelength and the absorption wavelength before and aer the
response. The complete separation of the two emission peaks
requires two different excitation wavelengths, which will result
in more cumbersome detection procedures and unguaranteed
accuracy. In recent years, ratiometric uorescent probes con-
structed based on energy transfer, especially through-bond
energy transfer, have been reported by our group to have
single-wavelength excitation and dual-emission peaks baseline
separation. However, the large molecular weight and high fat
solubility limit the probes' high sensitivity real-time target
monitoring in living organisms.

Our group previously reported a uorescent dye Rh-NO-F
based on the rhodol dye, which exhibited excellent photo-
physical properties of the rhodol dye, such as high uorescence
quantum yield, large molar absorption coefficient, and good
light stability, but also extended the p-conjugated system of the
rhodol uorescent dye through the introduction of the strong
electron-withdrawing group 2-(2-hydroxyphenyl)-benzothiazole
(HBT), thereby ensuring that the emission wavelength reached
the near-infrared region.32–34 In this work, Rh-NO-F was modi-
ed with o-phenylenediamine (Rh-NO-P), a typical NO recogni-
tion domain, to close its ring, thereby quenching the
uorescence emission of the rhodol dye. Thus, the free state
hydroxyl group can undergo an excited state intramolecular
proton transfer with HBT to emit shorter-wavelength uores-
cence. What's more, regardless of whether excitation in one-
photon mode (380 nm) or two-photon mode (800 nm), two
non-interfering uorescence emission peaks (with emission
wavelengths of 457 nm and 611 nm) appeared before and aer
the reaction between Rh-NO-P and NO, which had a distance of
154 nm. In vitro experiments showed that Rh-NO-P had a highly
sensitive response to NO with a detection limit of 51.3 nM, and
its ratio intensity reached the maximum at 20 s, which was
enhanced approximately 110.9-fold. In the end, we used NO as
an inammation marker and successfully tracked the uctua-
tions in the degree of cellular inammation during wound
healing in mice.

Results and discussion
Preparation and photophysical properties of Rh-NO-P

Two emission peaks without crosstalk are very important for
further improvement of sensitivity and resolution. The
construction of a proportional sensing system with two separate
emission bands by spiro ring opening and excited state intra-
molecular proton transfer (ESIPT) has been reported. We
2722 | RSC Adv., 2022, 12, 2721–2728
combined the rhodol open-closed loop and ESIPT mechanism
to develop a proportional probe that completely separates the
two emission peaks. Due to the excellent optical and physical
properties of rhodol dye with a typical D–p–A structure,
including high uorescence quantum yield, large molar
absorption coefficient, good light stability, etc., it attracts
extensive attention in the construction of various uorescent
probes and biological simulations.35–37 In addition, rhodol dye
modied with benzothiazole (named Rh-NO-F) can take
advantage of benzothiazole to increase the electron-
withdrawing ability and the p-conjugate extension ability of
the uorescent parent molecule to improve the emission
wavelength and two-photon activity cross-section of rhodol.
More importantly, in this study, Rh-NO-F was modied with o-
phenylenediamine (Rh-NO-P), a typical NO recognition domain,
to close its ring, thereby quenching the uorescence emission
of the rhodol dye. Since the free state hydroxyl group could
undergo an ESIPT with benzothiazole, short-wavelength blue
uorescence was emitted. When the probe Rh-NO-P interacted
with NO, the recognition unit o-phenylenediamine le, and Rh-
NO-F was in an open-loop state. Additionally, the rearrange-
ment of electrons in rhodol caused the hydroxyl group to be
converted into a more stable ketone carbonyl group so that the
ESIPT effect disappeared, and the system produced red uo-
rescence. The probe showed a ratio emission peak without
crosstalk in response to NO, which contributed to the
improvement of the sensitivity and resolution in biological
imaging. Based on the aforementioned strategy, Rh-NO-P was
successfully synthesized. The synthetic routes and character-
ization details are shown in Fig. 1a and S1–S3.†

Based on the above analysis, this study rst detected the
photophysical properties of the uorophore Rh-NO-F in
different solvents. As shown in Fig. S4 and Table S1,† Rh-NO-F
has two obvious absorption peaks in different solvents at
350 nm and 560 nm, and the maximum emission peak appears
at 580–590 nm. The polarity of the solvent has a negligible
inuence on the emission wavelength and quantum yield of Rh-
NO-F. Meanwhile, Rh-NO-F shows the highest quantum yield in
dimethyl sulfoxide (DMSO, F ¼ 0.61, rhodamine B as a refer-
ence). Therefore, in all the following experiments, we used PBS
buffer containing DMSO as the measurement conditions. Next,
the solubility of Rh-NO-P was determined under the conditions
of PBS buffer (10 mM, pH ¼ 7.4, containing 10% DMSO). The
results are shown in Fig. S5.† The absorption spectroscopy
shows that when the concentration of Rh-NO-P reaches 25 mM,
the intensity does not reach the plateau, indicating that the
probe still has good solubility and therefore it can be used for
detection in subsequent experiments. Then, the absorption and
emission spectra before and aer the reaction of Rh-NO-P with
NO were investigated. It can be seen from Fig. 1c and d that Rh-
NO-P itself has an obvious absorption peak at 360 nm, and the
uorescence emission occurs at 457 nm. However, aer the
reaction with NO, the absorbance at 360 nm increases slightly,
and a new peak occurs at 560 nm. In addition, the uorescence
emission peak moves from 457 nm to 611 nm aer the
response. The possible reason for this movement is that the
probe reacts with NO to produce the triazole derivative
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (a) Chemical structures and synthetic route of Rh-NO-P. (b) Mechanism and pathway of probe Rh-NO-P for NO. (c) Absorption spectra
and (d) fluorescence spectra of Rh-NO-P with (red line) or without (green line) NO. Logarithmic plots of the dependence of fluorescence
intensity on excitation power for Rh-NO-Pwithout (e) and (f) with NO. In (e) and (f), data represent themean of three replicates, and the error bars
indicate the SD. Concentration of Rh-NO-P: 10 mM.
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intermediate 1; then benzotriazole is hydrolyzed and falls off to
form the uorophore Rh-NO-F; the ESIPT effect disappears, and
the opening of the rhodamine ring occurs (shown in Fig. 1b). In
order to verify the speculation of the response mechanism of
probe Rh-NO-P and NO, HR-MS was applied (see the ESI,
Fig. S6†). It can be seen that the molecular ion peaks of Rh-NO-
P, 1 and Rh-NO-F are 611.2089, 622.1831, and 521.1452,
respectively, which proves the rationality of the speculation. In
order to evaluate whether the probe Rh-NO-P can be used for
two-photon confocal imaging, this work investigated the rela-
tionship between two-photon emission intensity and excitation
optical power. The results indicated that the slopes of the
square of the two-photon excitation optical power versus the
two-photon uorescence intensity of Rh-NO-P and Rh-NO-F are
close to 2.0 (2.38 and 2.06, respectively), indicating that the two-
photon absorption process can occur in Rh-NO-P before and
aer the reaction with NO (as shown in Fig. 1e and f). We also
investigated the quantum yield and two-photon activity cross-
section of Rh-NO-P before and aer the reaction with NO (see
the ESI, Fig. S7 and Table S2†). It can be seen that the quantum
yields before and aer the reaction between Rh-NO-P and NO
are 0.41 and 0.56, respectively, and the two-photon maximum
activity cross-section at 800 nm reaches 49.5 GM and 189.8 GM,
respectively, indicating that the probe can be applied for two-
photon confocal imaging.
© 2022 The Author(s). Published by the Royal Society of Chemistry
Based on the above ndings, this study explored the
response of the probe Rh-NO-P to the concentration of NO. The
absorption spectra show that with the increase of the concen-
tration of NO, the absorption peak at 350 nm is slightly
increased while the absorption peak at 560 nm is signicantly
enhanced (shown in Fig. 2a). It can also be seen that the
emission peak intensity at 611 nm gradually increases. Mean-
while, the uorescence intensity at 457 nm gradually decreases
(as shown in Fig. 2b), and the distance between the two emis-
sion peaks reaches 154 nm, indicating that the probe Rh-NO-P
has a signicant ratio response to NO. Besides, the two emis-
sion peaks have almost none of the crosstalk, thereby
increasing the accuracy and resolution of the detection. We also
investigated the relationship curve between the uorescence
intensity ratio (I611/I457) and NO concentration. As shown in
Fig. 2c and d, when the NO concentration is lower than 12 mM,
the I611/I457 and NO concentration have a good linear relation-
ship, and then the reaction reaches a plateau. The correlation
coefficient R2 ¼ 0.994, indicating that the probe can achieve
accurate detection of NO. More importantly, the detection limit
of this method can be calculated as 51.3 nM based on LOD¼ 3s/
k. In addition, the reaction between Rh-NO-P and NO gradually
reached a plateau aer 20 s (red line in Fig. 2e), indicating that
the probe Rh-NO-P can quickly respond to NO. In the absence of
NO, no changes in I611/I457 were observed in the reaction solu-
tion, indicating that the probe was stable in the system. The
RSC Adv., 2022, 12, 2721–2728 | 2723
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Fig. 2 (a) Absorption and (b) emission spectra for Rh-NO-P (10 mM) upon addition of NO (0, 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and 14 mM). (c) Calibration
curve and (d) linear correlation between the F.I. ratio (I611/I457) of Rh-NO-P and the concentration of NO. (e) I611/I457 of Rh-NO-P as a function of
time after the addition of 12 mMNO. PBS buffer solution (10mM, pH 7.4, containing 10% DMSO). (f) I611/I457 of Rh-NO-P for blank, Cys (1 mM), Hcy
(1 mM), GSH (1 mM), H2O2 (1 mM), cOH (100 mM), O2c

� (100 mM), HOCl (100 mM), NO2 (100 mM), ONOO� (100 mM), NO2
� (100 mM), SO2 (100 mM),

H2S (1 mM), H2Sn (1 mM), Fe3+ (1 mM), Ca2+ (1 mM), Mg2+ (1 mM), Zn2+ (1 mM), Cu2+ (1 mM), and NO (12 mM). One-photon excitation wavelength:
380 nm. In (c)–(f), data represent the mean of three replicates and the error bars indicate the SD. Concentration of Rh-NO-P: 10 mM.
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changes of I611/I457 with the pH value of the solution before
(green line) and aer (red line) the reaction between the probe
Rh-NO-P and NO (see the ESI, Fig. S8†). It can be seen that the
Fig. 3 (a) Two-photon fluorescence images of BV-2 cells incubated wit
20, 40 mM) and 40 mMNOC-9 pretreatedwith AG (0.5mM). (b) Mean inten
and red channel (580–650 nm) with 800 nm excitation. Scale bar: 50 mm
the SD (n ¼ 18 cells from three independent cultures for each group).

2724 | RSC Adv., 2022, 12, 2721–2728
I611/I457 value of the probe Rh-NO-P in PBS solutions with
different pH values (2–11) is basically unchanged, indicating
that its uorescence intensity before and aer the reaction is
h Rh-NO-P, obtained under different concentrations of NOC-9 (0, 10,
sity ratio of (a). Emissionswere collected at blue channel (410–530 nm)
. Data represent the mean of three replicates and the error bars indicate

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a) Two-photon fluorescence imaging and (b) averaged fluorescence changes of Rh-NO-P-loaded (10 mM) BV-2 cells when subjected to
different treatments during LPS/IFN-g induced inflammation: Sham group (untreated cells); control group (LPS/IFN-g treated cells); NS-398
group (NS-398 treated cells during LPS/IFN-g-induced inflammation); APO group (APO treated cells during LPS/IFN-g-induced inflammation);
negative group (negative control group of NOX2KD); and NOX2 KD group (NADPH oxidase 2 gene knockout). For the fluorescent images, the
experiment was repeated using three cultures; similar results were obtained each time. Scale bar: 50 mm. For changes in fluorescence: untreated
cells, Sham group: n¼ 48 cells from three cultures; LPS/IFN-g treated cells, control group: n¼ 61 cells from three cultures; NS-398 treated cells
during LPS/IFN-g-induced inflammation, NS-398 group: n ¼ 51 cells from three cultures; APO treated cells during LPS/IFN-g-induced
inflammation, APO group: n¼ 51 cells from three cultures; negative control group of NOX2KD, negative group: n¼ 65 cells from three cultures;
NADPH oxidase 2 gene knockout, NOX2KD group: n ¼ 55 cells from three cultures. ELISA of (c) TNF-a and (d) IL-1b levels in cells from samples
shown in (a). (e) H2O2 levels in cells from samples in (a). (f) CCK-8 analysis changes in cells from samples in (a). Emissions were collected at blue
channel (410–530 nm) and red channel (580–650 nm) with 800 nm excitation. Scale bar: 50 mm. In (b)–(f), the error bars indicate the SD.
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basically not affected by the pH value. Finally, we investigated
the selectivity of probe Rh-NO-P for NO. Interferents including
Cys, Hcy, GSH, H2O2, cOH, O2c

�, HOCl, NO2
�, ONOO�, NO2,

SO2, H2S, H2Sn, Fe
3+, Ca2+, Mg2+, Zn2+, and Cu2+ were selected,

and the uorescence response of the probe was examined. It
was found that I611/I457 could not be signicantly enhanced by
interferents; however, it was enhanced aer the addition of NO
(Fig. 2f). These results indicate that the probe Rh-NO-P is highly
selective for NO.
Bioimaging application of Rh-NO-P in living cells

In order to investigate whether the probe is suitable for cell
imaging, its cytotoxicity was rstly detected. As shown in
© 2022 The Author(s). Published by the Royal Society of Chemistry
Fig. S9,† the cell survival rate obtained by Rh-NO-P (0, 5, 10, 20,
30 mM) cytotoxicity measurement with the MTT method is
signicantly higher than 85%, indicating that Rh-NO-P has low
cytotoxicity and is suitable for cell imaging. Next, we conducted
the light stability experiment of Rh-NO-P under a two-photon
confocal microscope, and the results are shown in Fig. S10.†
The cells were continuously excited with an 800 nm light source
for 60 min, and the uorescence intensity values at four loca-
tions a, b, c, and d were recorded regularly. Within 60 min, the
uorescence intensity of the probe aer the reaction with NO
does not uctuate signicantly, indicating that Rh-NO-P has
good photostability and is suitable for long-term cell imaging.
RSC Adv., 2022, 12, 2721–2728 | 2725
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Fig. 5 (a) In situ TP fluorescence imaging of the wound healing tissue of mice and (b) averaged fluorescence intensity changes of Rh-NO-P-
loaded (200 mL, 100 mM)wound healing tissuewhen subjected to different treatments: Sham group (untreated); control group (wound tissue) and
NS-398 group (wound tissue pre-treated with NS-398). Emissions were collected at blue channel (410–530 nm) and red channel (580–650 nm)
with 800 nm excitation. (c) Hematoxylin and eosin (H&E) staining (organ damage) analysis, IL-6 immunohistochemistry staining (IL-6 expression
revealed) and DHE staining (ROS revealed) of wound tissue when subjected to different treatments. (d) and (e) Quantification of IL-6 and ROS-
positive cells from samples shown in (a). n ¼ 5/group. Scale bars: 200 mm. In (b) and (d), (e), the error bars indicate the SD.
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Then, the confocal imaging of Rh-NO-P for exogenous NO in
BV-2 cells was conducted to explore the application of Rh-NO-P
in living cells. The results are shown in Fig. 3. In two-photon
confocal imaging, BV-2 cells were incubated for 30 min with
NOC-9 with different concentrations (0, 10, 20, 40 mM) and then
were incubated for 20 min with 10 mM Rh-NO-P. As the
concentration of NOC-9 increased, the uorescence of the blue
channel (410–530 nm) of Rh-NO-P decreased continuously,
while the uorescence of the red channel (580–650 nm)
2726 | RSC Adv., 2022, 12, 2721–2728
increased continuously. Aer the addition of 40 mM NOC-9 and
aminoguanidine AG (0.5 mM, NO scavenger), the uorescence
of the red channel disappeared, and the uorescence of the blue
channel was restored. The one-photon uorescence imaging
results are consistent with the two-photon uorescence imaging
results (Fig. S11†). These results indicate that the probe Rh-NO-
P was able to detect exogenous NO with high sensitivity in either
one-photon mode or two-photon mode.
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Subsequently, in this work, we used LPS/IFN-g to stimulate
the inammatory response of cells. The overexpression of
inducible nitric oxide synthase (iNOS) during the inammatory
response of cells resulted in the increase of NO levels. The two-
photon uorescence imaging results are shown in Fig. 4a and b.
Aer the cells were treated with LPS and IFN-g, the uorescence
intensity of the red channel was signicantly increased
compared with that of the Sham group, while the uorescence
intensity of the blue channel was almost negligible. Inam-
mation inhibitor (NS-398), oxidative stress inhibitor (Apocynin,
APO), and NOX-2 (ROS synthesis protein) gene silencing (NOX-
2KD) were applied, respectively. The results showed that NO
level was dramatically decreased, indicating that during the
LPS/IFN-g stimulation, inammation was caused by oxidative
stress of cells. Besides, the ratio signal of the negative control
group was signicantly higher than that of the NOX-2KD group.
The one-photon uorescence imaging results are consistent
with the two-photon uorescence imaging results (Fig. S12†).
The above experiments demonstrated that NOX-2 protein could
regulate oxidative stress of cells and cause inammation,
whether in one-photon mode or two-photon mode. ELISA also
demonstrated the accuracy of our view (Fig. 4c–e). The levels of
the inammatory factors TNF-a and IL-1b, and hydrogen
peroxide (H2O2, a marker of cellular oxidative stress) had the
same changing trend with the ratio signals, indicating that
inhibiting oxidative stress could signicantly suppress cellular
inammation. More importantly, the CCK-8 experiment
showed that oxidative stress inhibitors and inammation
inhibitors could both alleviate cell death induced by cell
inammation. This conclusion provides a theoretical basis for
wound healing in mice (shown in Fig. 4f).
Bioimaging application of Rh-NO-P in wound healing tissues

Finally, we used uorescence imaging of Rh-NO-P in tissues to
conduct the in-site tracking of the NO uctuation during wound
healing in mice. Before that, we examined the tissue toxicity of
Rh-NO-P. The hematoxylin and eosin (H&E) staining results of
tissues at different sites show that there is no signicant tissue
damage aer the addition of Rh-NO-P, indicating that the probe
has small toxicity and is basically unharmful to the tissues (see
the ESI, Fig. S13†). Besides, the imaging depth of Rh-NO-P in
the tissues was derived by the Z-scan technique (see the ESI,
Fig. S14†). The imaging depth of Rh-NO-P can reach 180 mm,
which proves that Rh-NO-P can be used for deep-skin tissue
uorescence imaging.

Based on the above ndings, uorescence imaging of
inammatory wound tissue of Rh-NO-P was investigated
(Fig. 5). The mice were divided into three groups: the rst group
is the control group; the right feet of the mice in the second
group were cut; the right feet of the mice in the third group were
also cut, and the mice in the third group were given a subcuta-
neous injection of NS-398 through the inner thigh. 12 h later,
the three groups of mice were injected subcutaneously with Rh-
NO-P (200 mL, 100 mM) through the inner thighs. 1 h later, the
wound biopsies of the three groups were imaged. The results
were similar to those of the cell model. The red channel
© 2022 The Author(s). Published by the Royal Society of Chemistry
uorescence intensity of the skin tissue of mice in the wound
group was signicantly increased compared with that in the
normal group, the blue channel uorescence was negligible,
and the ratio signal was signicantly increased. The ratio signal
of the NS-398 pre-injection group was signicantly reduced
compared with that of the wound group, indicating that the
wound can induce inammation in mice (Fig. 5a and b). H&E
staining light microscopy showed that the mice in the control
group had clear skin tissue structure and normal cell
morphology while the mice in the wound group showed
signicant abnormalities in the skin tissue structure, with
a signicant increase in nuclear pyknosis. However, aer add-
ing NS-398, the tissue structure of mice was less damaged and
recovered from time to time. The nuclear pyknosis was reduced,
and inammatory cells were reduced. Additionally, the expres-
sion of IL-6 by immunohistochemical staining analysis and ROS
expression by DHE staining were consistent with the cellular
results (Fig. 5c–e). The above experimental results show that the
inammation in mice is attributed to the wound, and NS-398
can protect the mice from skin damage caused by the inam-
matory response.

Conclusions

In this paper, based on the two luminescence mechanisms of
the ESIPT effect and rhodamine open loop, a ratiometric two-
photon NO uorescent probe Rh-NO-P was designed and
synthesized. This probe can recognize NO with high selectivity,
and its maximum emission wavelength before and aer
response increased by 154 nm. There was almost no interfer-
ence between the two emission peaks. When NO concentration
was 0–12 mM, there was good linearity, the response time was
short (#20 s), the sensitivity was high, and the detection limit
reached 51.3 nM. Additionally, the probe has low cytotoxicity
and high biocompatibility. Confocal imaging shows that Rh-
NO-P can achieve in situ imaging analysis of NO uctuations in
cells. The probe was successfully applied to monitor the
changes of NO content in wound inammation model tissues.
The results show that mouse wounds can induce cell inam-
mation through oxidative stress and cause cell death. The use of
oxidative stress inhibitors or inammation inhibitors can
inhibit cell death and ensure wound healing.
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