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Ferroptosis has emerged as a significant pathway in various pathological conditions. Studying the effects
of inhibiting ferroptosis on liver injury is instrumental in gaining a deeper understanding of the mech-
anisms. This study the design and synthesis of a multi-channel near-infrared emitting fluorescent probe
TXVQ. When the probe TXVQ responds to HSO3~, the fluorescence intensity at 500 nm of TXVQ increases
with the addition of HSO3~. As the concentration of H,0, increases, the fluorescence intensity of TXVQ
at 600 nm is enhanced. Concurrently, as viscosity rises, the fluorescence intensity of the probe TXVQ at
725nm will gradually increase. The probe TXVQ, with its ability to monitor HSO;~, H,0, and viscos-
ity through three distinct fluorescent channels, is advantageous for its application in the biological field.
Subsequently, cellular experiments have demonstrated that the probe TXVQ can monitor changes in in-
tracellular HSO; -, H,0, and viscosity. At the cellular level, it is found that inhibiting ferroptosis had no
alleviating effect on drug-induced liver injury (DILI), but it had a certain alleviating effect on acute kid-
ney injury (AKI). In a murine model, the effects of ferroptosis inhibition on DILI and AKI indicate that
inhibiting ferroptosis reduced kidney injury but not liver injury, highlighting its potential in kidney ther-
apeutics. TXVQ can detect various levels of HSO3~, H,0, and viscosity through three different fluorescent
channels, making it a powerful tool for diagnosing and treating kidney diseases, as well as deepening the

understanding of the role of ferroptosis in liver and kidney pathologies.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Intracellular redox imbalances, often characterized by the dis-
ruption of the Fe2t/Fe3* redox pair, are implicated in the eti-
ology and progression of diseases such as atherosclerosis, liver
disease, kidney disease, Alzheimer’s disease, and cancer [1]. Iron,
while necessary for health, can become detrimental when accu-
mulated in excess, leading to oxidative stress and tissue damage
[2,3]. Ferroptosis, a form of cell death characterized by reactive
oxygen species (ROS) accumulation, lipid peroxidation, and amino
acid metabolism, is a particularly intriguing manifestation of redox
imbalance [4]. This process is intricately regulated by a complex
network of factors, affecting functional units rather than causing
random damage to individual cells. ROS are integral to the physio-
logical processes of living organisms, playing crucial roles in signal
transduction, cellular immunity, and resistance to pathogens [5].
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Their significance extends into the realm of medicine, where ROS
are recognized as biomarkers for various diseases, such as neu-
rodegenerative disorders, atherosclerosis, ferroptosis, inflammation,
and cancer [6]. Concurrently, the viscosity level is a pivotal physi-
ological parameter influencing biomolecular interactions, signaling,
substance transfer, and the diffusion of active metabolites, thereby
playing a significant role in the assessment of physical health [7].
Reactive sulfur species (RSS) also contribute to the complex land-
scape of reactive species [8]. Notably, HSO3~ has been strongly
associated with cardiovascular disease, ferroptosis, and numerous
neurological disorders [9]. Maintaining a dynamic balance of ox-
idants and reductants at physiological levels is essential for pre-
serving good health. Although many fluorescent probes for RSS,
ROS and viscosity have been reported, most of them are single-
parameter probes or dual-parameter probes with overlapping de-
tection channels, which is not conducive to the application of
probe molecules in biological monitoring [10]. Multi-channel flu-
orescent probe technology in bioimaging offers the advantage of
detecting multiple target parameters and responding to various
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fluorescence wavelengths simultaneously, enhancing the sensitiv-
ity and specificity of biological detection [11,12]. This technology
allows for the simultaneous visual tracking of different molecular
events, such as RSS, ROS and viscosity, which often occur concur-
rently in biological processes.

Liver injury and kidney injury are two common diseases of the
liver and kidneys. Current treatment methods mainly include drug
therapy and surgical treatment. However, these two methods have
disadvantages such as long treatment duration and severe post-
operative complications. In comparison, inhibiting ferroptosis for
treating kidney injury can more precisely target kidney diseases re-
lated to iron metabolism, and can also protect kidney cells via re-
ducing oxidative stress [13,14]. Nevertheless, there are several chal-
lenges associated with the application of ferroptosis inhibition for
kidney injury treatment including the specificity, safety, and poten-
tial side effects of ferroptosis inhibitors [15,16].

Recent studies have highlighted the potential of targeting fer-
roptosis for the treatment of liver diseases, including metabolic as-
sociated fatty liver disease (MAFLD) [17], hepatocellular carcinoma
(HCC) [18], as well as acute kidney injury (AKI) [19]. In AKI, the
inhibition of ferroptosis has been suggested as a potential thera-
peutic strategy [20]. Preclinical studies have demonstrated that tar-
geting ferroptosis pathways, such as the glutathione peroxidase 4
(GPX4) pathway, can protect against kidney injury [21]. The use
of a ferroptosis inhibitor (ferrostatin-1 (Fer-1)) has been shown to
mitigate kidney ischaemia-reperfusion injury through the modu-
lation of H,0, and glutathione (GSH) overreactivity [22]. Yin et al.
discovered that at the tissue level, Fer-1 attenuated fatty liver, indi-
cating a strong correlation between ferroptosis and damage to the
liver and kidneys, though the precise effects of inhibiting ferropto-
sis on these injuries remain unclear [23]. The inhibition of ferrop-
tosis presents a novel approach to mitigating liver and kidney in-
juries, with ongoing research focusing on elucidating the underly-
ing mechanisms and identifying potential therapeutic targets [24].

The triphenylamine fluorophore, with its propeller-like struc-
ture, serves not only as a strong electron donor but also as a poten-
tial aggregation-induced emission (AIE) framework [25]. This char-
acteristic holds great potential in the design of fluorescent probes
that require high sensitivity and selectivity for detecting specific
analytes. Furthermore, triphenylamine derivatives are known for
their ease of structural modification. They can be functionalized
through simple reactions, such as condensation and metal coupling
reactions, with various substituents like aldehyde, amino, boronic
acid, halogen, and alkynyl groups [26]. This flexibility in structural
modification allows for the fine-tuning of the probe’s properties to
achieve the desired sensitivity and specificity for the target analyte.
Finally, we have synthesized a series of fluorescent sensors TXVP,
TXVT and TXVQ, based on triphenylamine derivatives and selected
the most effective TXVQ to monitor changes in HSO;~, H,0, and
viscosity to assess the impact of inhibiting ferroptosis on liver and
kidney injury (Scheme 1).

The advanced progress about this multi-channel fluorescent
probe lies in its ability to detect and differentiate between vari-
ous parameters associated with cellular stress and injury [27]. The
multi-modal response to different stimuli makes TXVQ a power-
ful tool for monitoring cellular environments, particularly in the
context of ferroptosis, where changes in HSO;~, H,0, and viscos-
ity are critical. The novelty of this work is multifaceted. Firstly, it
introduces a single probe capable of detecting multiple parame-
ters simultaneously, which is a significant advancement in the field
of fluorescence-based biosensing. This multi-channel capability al-
lows for a more comprehensive understanding of cellular processes
and can lead to improved diagnostics and therapeutic monitor-
ing. Secondly, the probe’s specific reactions with HSO3~ and H,0,,
along with its viscosity sensitivity, provide a unique combination of
detection mechanisms that can offer insights into complex biolog-
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Scheme 1. (A) Schematic of the modification of triphenylamine. (B) UV-vis ab-
sorption and fluorescence spectra of TPA, A2 and A3 (10 pumol/L) in DMSO. (C)
UV-vis absorption and fluorescence spectra of TPA, A2 and A3 (10 pmol/L) in 1,4-
dioxane. (D) Design strategy for organic dyes based on the triphenylamine skeleton.
(E) Schematic illustration of the differentiating effects of ferroptosis inhibition with
TXVQ probe on liver and kidney injuries.

ical events such as ferroptosis. Lastly, the distinct color emissions
for different parameters enable simultaneous and distinct monitor-
ing, which could be particularly useful in high-throughput screen-
ing and real-time tracking of cellular responses to various stimuli.
This innovative approach has the potential to revolutionize the way
we study and respond to cellular stress and disease processes.

Triphenylamine (TPA) as a chromophore has significant steric
hindrance and through-conjugation electronic effects, which en-
hance the stability of nitrogen-centered radicals [25]. However,
TPA exhibits a relatively short maximum absorption and emission
wavelength. Generally, the extensive conjugated structures of TPA
derivatives make them susceptible to - stacking leading to flu-
orescence quenching [26]. Hence, the modification of TPA led to
the acquisition of A2 and A3. A3 exhibits excellent spectral prop-
erties (Schemes 1A-C). Therefore, we have synthesized the probes
TXVP, TXVT, and TXVQ based on A3 (Scheme 1D). The synthesis
routine (Schemes S1 and S2 in Supporting information), the syn-
thesis procedure and intermediates, TXVP, TXVT and TXVQ char-
acterized by 'H nuclear magnetic resonance (NMR), 13C NMR, and
high-resolution mass spectrometry (HRMS) were listed in Support-
ing information (Figs. S1-S19 in Supporting information). Among
these, TXVQ stands out for its enhanced absorption and fluores-
cence emission wavelengths, as well as its robust fluorescence sig-
nal (Figs. S20-S22 in Supporting information), and can simulta-
neously detect HSO3~, H,0, and viscosity. Compared with single-
parameter probes, TXVQ as a tri-parameter probe that can provides
a more precise assessment of complex biological processes includ-
ing drug-induced liver injury (DILI) and AKI during the process of
the inhibition of ferroptosis (Scheme 1E), and reduce the risk of
false positives signals in vivo [28].
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Fig. 1. (A) Schematic diagram of fluorescent probe TXVQ for detection of HSO3™,
H,0, and viscosity. (B) Fluorescence spectra of TXVQ (50 pmol/L) in pH 7.4 PBS
buffer (50% DMSO, v/v) upon addition of HSO3~ (Aex =400nm). (C) Fluorescence
spectra of TXVQ (50 pmol/L) in pH 7.4 PBS buffer (50 % DMSO, v/v) upon addition of
H,0; (Aex =500nm). (D) Fluorescence spectra of TXVQ (50 pmol/L) in pH 7.4 PBS-
glycerol systems with the fraction of glycerol (f.w.) from 0 to 99% (Aex =630nm).
(E) Theoretical UV-vis absorption spectra and measured UV-vis absorption spec-
tra of HSO;~, H,0, and viscosity detected by TXVQ. (F) DFT-calculation results of
TXVQ-HSO3, TXVQ-H,0, and TXVQ.

Studies have shown that the phenylborate group is a detection
moiety for H,0,, and the probe TXVQ has been designed with the
incorporation of this phenylborate group [29]. Consequently, when
TXVQ interacts with H,0,, the phenylborate part of TXVQ is elimi-
nated, leading to the formation of TXVQ-H,0,, which emits an or-
ange fluorescence. Additionally, TXVQ can monitor HSO3~ through
a Michael addition reaction, resulting in strong green fluorescence
[30]. It also can detect variation of viscosity via the twisted in-
tramolecular charge transfer (TICT) mechanism, resulting in the
emission of strong red fluorescence (Fig. 1A) [31]. TXVQ in various
solvents demonstrates its distinctiveness with absorption peaks ex-
ceeding 640 nm and emission peaks surpassing 750 nm (Fig. S22).
In Table S1 (Supporting information), TXVQ exhibits a large Stokes
shift and the highest fluorescence quantum yield in glycerol com-
paring Cy5 (@ =0.2 in DMSO) as a reference.

TXVQ sensitively and rapidly detects HSO3~, H,0, with re-
spective linear ranges of 0-0.8 and 0-2.67 mmol/L, and detection
limits of 12.2 and 15.07 pmol/L (Figs. 1B-D and Figs. S23-S25
in Supporting information). It responds rapidly to these analytes
with fluorescence changes at 500 and 600nm, respectively, and
is effective across physiological pH ranges, suitable for bioassays
(Fig. S26 in Supporting information). Additionally, TXVQ exhibits a
red-shift in its maximum absorption wavelength and an increase
in fluorescence intensity at 750nm with rising glycerol content
in phosphate buffered saline (PBS), indicating a sensitivity to vis-
cosity changes due to inhibited molecular rotor rotation and en-
hanced m-conjugation [32]. The probe shows a robust linear re-
lationship between log fluorescence intensity and viscosity across
the range of 7.9 cP to 880.0 cP, and its viscosity detection is pH-
independent, highlighting its potential for monitoring intracellular
viscosity in biological experiments. TXVQ demonstrates excellent
selectivity and interference resistance for detecting HSO3~, H,0,
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and viscosity, with negligible fluorescence changes in the presence
of interfering substances, ensuring its reliability in complex biolog-
ical systems (Fig. S27 in Supporting information).

The probe TXVQ contains a phenylborate moiety that serves as
an H,0, monitoring group. In the presence of H,0,, it can un-
dergo a 1,6-elimination reaction with TXVQ to release the fluores-
cent group TXVQ-H,0,, emitting a strong orange fluorescence (Fig.
S28 in Supporting information) [33]. Additionally, the C=C formed
by the quinoline salt and triphenylamine derivative A3 via Michael
addition reaction with HSO3~, releasing TXVQ-HSO3; and emitting
a strong green fluorescence. Finally, TXVQ responds to viscosity
through the TICT effect, emitting a strong red fluorescence [34].
Mass spectrometry analysis and density functional theory (DFT)
calculations have verified these mechanisms (Figs. 1E and F, Figs.
S29 and S30 in Supporting information). The probe TXVQ exhibits
a photoinduced electron transfer (PET) effect, which quenches the
fluorescence of the probe. However, upon the addition of HSO3~ or
H,0,, PET effect of TXVQ was inhibited, leading to the emission of
green fluorescence of TXVQ. The theoretical calculation results of
the ultraviolet-visible spectroscopy (UV-vis) absorption spectra are
consistent with experimental results.

The cell counting kit-8 (CCK-8) assay demonstrated that probe
TXVQ exhibits low cytotoxicity, with cell survival at 80 % even at 30
umol/L, leading to the selection of 10 pmol/L for subsequent cellu-
lar and animal experiments (Fig. S31 in Supporting information).
In HelLa cells, TXVQ showed no fluorescence alone, but HSO3~ and
H,0, treatments increased green/orange fluorescence, validating
its cellular imaging capability of these analytes (Figs. S32 and S33
in Supporting information).

Subsequently, the ability of the TXVQ to monitor endogenous
HSO3;~ and H,0, was investigated in HelLa cells. The probe TXVQ
did not show a green fluorescence signal after incubation with only
GSH or Na,S,03, indicating that there was no endogenous HSO3~
production by the addition of only GSH or Na,S,03 (Figs. 2A
and B). However, when HeLa cells were incubated with GSH and
Na,S,03 together, the green fluorescence signal of TXVQ in cells
was significantly enhanced, indicating that TXVQ is capable of
imaging endogenous HSO3~ within cells. In the detection of en-
dogenous H,0, within cells, in the control group, after incuba-
tion of TXVQ with Hela cells, a faint fluorescent signal was de-
tected in the orange channel, indicating the presence of a certain
concentration of H,O, in HeLa cells (Figs. 2C and D). Cells were
then pre-incubated with N-acetylcysteine (NAC), which resulted in
quenching of the orange fluorescence due to NAC being a scav-
enger of ROS. When HeLa cells were preincubated with phorbol-
12-myristate-13-acetate (PMA), the orange fluorescence was signif-
icantly enhanced due to overexpression of endogenous H,0,. Fi-
nally, the PMA-stimulated cells were further treated with NAC and
it was found that the introduction of NAC resulted in a significant
decrease of the orange fluorescence. Collectively, the probe TXVQ
can sensitively detect endogenous HSO3~ and H,0, in living cell.

Finally, the study investigated the viscosity monitoring capabil-
ity of TXVQ in Hela cells. It is well known that dexamethasone
(DXM) can increase intracellular viscosity, hence DXM was used
to induce an increase in cell viscosity. In the control group, Hela
cells emitted a weak red fluorescence signal (Fig. S34 in Supporting
information). When DXM was incubated with HeLa cells, the red
fluorescence within the cells significantly increased and showed a
dose-dependent enhancement. This indicates that TXVQ can detect
fluctuations in cellular viscosity.

Before imaging ferroptosis cells with TXVQ, it is necessary to
determine the intracellular HSO3~, H,0, and viscosity, as they are
closely associated with ferroptosis. In the control group, very weak
orange and red fluorescence were observed with no green fluo-
rescence found, suggesting that HepG2 cells are devoid of HSO3~
and contain trace amount of H,0O, and the viscosity is very low
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Fig. 2. (A) Confocal fluorescence images. Hela cells were (al) only treated with
TXVQ (10 pmol/L), (a2) incubated with GSH (500 pmol/L) and TXVQ (10 umol/L),
(a3) incubated with NaS;03 (500 pmol/L) and TXVQ (10 pmol/L), (a4) incubated
with GSH (500 pmol/L), NaS;03 (500 pumol/L), and TXVQ (10 pmol/L). (B) Rela-
tive fluorescence intensities of the images in A. (C) HeLa cells were (c1) only in-
cubated with TXVQ (10 umol/L), (c2) incubated with NAC (500 umol/L) and TXVQ
(10 pmol/L), (c3) incubated with PMA (500 pmol/L) and TXVQ (10 pumol/L), (c4)
incubated with PMA (500 pmol/L), NAC (500 pmol/L) and TXVQ (10 pmol/L). (D)
Relative fluorescence intensities of the images in C. (E) Confocal fluorescent images
of HSO;~, H,0, and viscosity in HepG2 cells during ferroptosis. HepG2 cells were
incubated with RSL3 (GPX4 inhibitor, 10 and 20umol/L) and Fer-1 (10 pmol/L) for
1h and then with TXVQ (10 pumol/L) at 37 °C. (F) Relative fluorescence intensities in
the green, orange and red channels. Error bars represent mean & SD (n=5). Scale
bar: 20 pum. ****P < 0.0001.

(Figs. 2E and F). In this section, the ferroptosis inducer RSL3 cova-
lently inhibits the antioxidant GPX4, leading to the accumulation
of ROS [35]. After 1h of incubation with RSL3 (10, 20 pmol/L), a
significant and dose-dependent fluorescence signals increased. Fer-
roptosis is triggered by the lipid peroxidation pathway, lipophilic
antioxidants Fer-1 were selected as ferroptosis inhibitor [36]. Co-
incubation of RSL3 with the ferroptosis inhibitor Fer-1, the or-
ange and red fluorescence intensity in HepG2 cells significantly
decreased compared to those of the control group, on the other
hand the green fluorescence intensity was higher than that of the
control group. Throughout the ferroptosis process, there is a no-
table escalation in the concentrations of HSO5~, H,0, and viscos-
ity. TXVQ serves as a tool for tracking the variations in these levels
as ferroptosis process.

Liver injury, kidney injury, and ferroptosis all can modify the
cellular environment, leading to increased concentration of HSO3~
and H,0,, along with an increase in viscosity [37]. LO2 cell in-
jury, HEK293t cell injury and ferroptosis were induced using ac-
etaminophen (APAP), cisplatin and RSL3. Ferroptosis was subse-
quently inhibited with Fer-1. The APAP and ferroptosis heightened
fluorescence across all three channels, indicating elevated HSO3™,
H,0, and viscosity due to liver injury and ferroptosis (Figs. 3A
and B). Fer-1’s inhibition of ferroptosis did not reduce LO2 cells
injury effects. By comparison the cisplatin group increased fluo-
rescence, suggesting kidney injury and ferroptosis enhance HSO3™,
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Fig. 3. Confocal fluorescence images of L02 cells. (A) The control group: cells were
only treated with TXVQ (10 pmol/L). The APAP group: cells were treated with APAP
(500 pmol/L) and TXVQ (10 pmol/L). The ferroptosis group, cells were treated with
APAP (500 pmol/L), RSL3 (20pg/kg) and TXVQ (10pmol/L). Fer-1 inhibited group,
cells were treated with APAP (500 pmol/L), RSL3 (20ng/kg), Fer-1 (20ng/kg) and
TXVQ (10 umol/L). (B) Relative fluorescence intensities of the images in A. (C) Flu-
orescence images of HEK293t cells. The control group: cells were only treated
with TXVQ (10 pmol/L). The cisplatin group: cells were treated with cisplatin (20
pmol/L) and TXVQ (10 pmol/L). The ferroptosis group, cells were treated with cis-
platin (20 pmol/L), RSL3 (20pug/kg) and TXVQ (10 pumol/L). Fer-1 inhibited group:
cells were treated with cisplatin (20 pmol/L), RSL3 (20 png/kg), Fer-1 (20 ug/kg) and
TXVQ (10 pmol/L). (D) Relative fluorescence intensities of the images in C. Data are
the mean + SD (n=5 independent experiments). Scale bar: 25um. ****P < 0.0001.
ns, not significant.

H,0, and viscosity (Figs. 3C and D). Nevertheless, Fer-1’s miti-
gation of ferroptosis reduced these effects, indicating a protective
role against HEK293t cells injury. Briefly TXVQ can differentiate be-
tween liver/kidney injury and normal cells as well as tracking the
impact of inhibiting ferroptosis.

Drug overdoses, particularly with APAP and cisplatin, can cause
severe organ damage and even death. We used BALB/c female nude
mice to create DILI and AKI models. All animal experiments were
conducted in accordance with the guidelines for the care and use
of laboratory animals at Linyi University and were approved by the
Institutional Animal Care and Use Committee (IACUC) of Linyi Uni-
versity. Mice were injected with APAP (500 mg/kg) for 12h and
cisplatin (20 mg/kg) for two days, respectively. After administer-
ing TXVQ, enhanced fluorescence in green, orange, and red signals
in the APAP group indicated increased HSO;~, H,0, and viscos-
ity, confirming DILI (Figs. S35A and B in Supporting information).
A similar pattern in the cisplatin group validated the AKI model
(Figs. S35C and D in Supporting information), demonstrating the
effectiveness of TXVQ for imaging in both conditions.

Research shows iron metabolism issues and lipid peroxidation
contribute to liver and kidney diseases [38]. During sepsis, Wang
et al. noted increased GPR116, promoting hepatic ferroptosis and
worsening liver injury [39]. He et al. discovered that while delet-
ing ATF4 reduced fatty liver, it made cells more prone to ferropto-
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Fig. 4. (A) Confocal fluorescence images of TXVQ (10umol/L) in mice and organs (heart, liver, spleen, lung, kidney): control group, mice were injected with TXVQ (10
pmol/L); DILI group, mice were injected with APAP (300 mg/kg) and TXVQ (10 pumol/L); DILI-ferroptosis group, mice were injected with APAP (300 mg/kg), RSL3 (20 pg/kg)
and TXVQ (10 pmol/L). Fer-1 inhibited group, mice were injected with APAP (300 mg/kg), RSL3 (20 pg/kg), Fer-1 (20 pg/kg) and TXVQ (10 umol/L). (B) Fluorescence intensity of
the mouse in the images in A. (C) Confocal fluorescence images of TXVQ (10 umol/L) in mice and organs (heart, liver, spleen, lung, kidney). Control group, mice were injected
with TXVQ (10 umol/L). AKI group, mice were injected with cisplatin (20 mg/kg) and TXVQ (10 umol/L). AKI-ferroptosis group, mice were injected with cisplatin (20 mg/kg),
RSL3 (20pg/kg) and TXVQ (10pumol/L). Fer-1 inhibited group: mice were injected with cisplatin (20 mg/kg), RSL3 (20 nug/kg), Fer-1 (20pg/kg) and TXVQ (10pmol/L). (D)
Fluorescence intensity of the mouse in the images in C. Error bars represent mean + SD (n=5). ****P <0.0001.

sis, accelerating HCC [40]. This indicates a close link between liver
disease and ferroptosis, but its impact on the kidneys is less un-
derstood. Further research is needed to clarify how inhibiting fer-
roptosis affects liver versus kidney damage.

BALB/c female nude mice were subjected to an intraperitoneal
injection of APAP to trigger liver injury, followed by RSL3 to induce
ferroptosis, and finally Fer-1 to inhibit this process. Normal mice
showed no fluorescence, but the DILI and DILI-ferroptosis model
exhibited a marked increase. Upon Fer-1 treatment, a reduction
of fluorescence was observed (Figs. 4A and B). Organ imaging re-
vealed that APAP overdose led to both liver and kidney injuries.
Despite the decrease in fluorescence signals with Fer-1 treatment,
they remained comparable to the APAP-only group, suggesting that
ferroptosis inhibition did not mitigate liver damage. This implies
no direct correlation between ferroptosis and liver injury, as the
fluorescence reduction was attributed to lowered levels of HSO3™,
H,0, and viscosity due to Fer-1’s inhibitory effect on ferroptosis,
confirming that ferroptosis inhibition is not an effective strategy
for alleviating liver injury.

A kidney injury model was established in BALB/c female nude
mice using cisplatin. Ferroptosis was induced by RSL3 and inhib-
ited by Fer-1. Control mice showed no fluorescence, while the AKI
and AKI-ferroptosis groups exhibited increased fluorescence (Figs.
4C and D). Compared to the AKI group, the significant reduction
in fluorescence in mice with Fer-1 inhibition of ferroptosis indi-
cates that it alleviates kidney injury. Organ imaging detected flu-
orescence only in kidneys, indicating that an overdose of cisplatin
specifically damages the kidneys. Notably, Fer-1-inhibited mice still
showed higher fluorescence than controls. While ferroptosis con-
tributes to kidney injury, its inhibition by Fer-1 can only partially
protect the kidneys, implying other mechanisms may also regulate
kidney injury.

In liver tissue imaging, control mice exhibited no fluorescence,
but DILI-ferroptosis mice displayed higher fluorescence intensity
(Figs. 5A and B). The fluorescence imaging of Fer-1-treated mice
matched that of the DILI group, indicating that TXVQ can serve
as a probe for HSO3~, H,0, and viscosity. However, the inhibi-
tion of ferroptosis didn’t improve liver injury. This could be at-
tributed to the fact that the etiology of DILI is likely to involve
multiple modes of cell death, such as autophagy, pyroptosis, and

Fig. 5. (A) Confocal fluorescence images of TXVQ (10 pmol/L) in normal liver tis-
sue, DILI tissue, DILI-ferroptosis tissue and Fer-1 treated ferroptosis liver tissue. (B)
Fluorescence intensity of the liver tissue sections. (C) Confocal fluorescence im-
ages of TXVQ (10 pmol/L) in normal kidney tissue, AKI tissue, AKI-ferroptosis tis-
sue and Fer-1 treated ferroptosis kidney tissue. (D) Fluorescence intensity of the
kidney tissue sections. Error bars represent mean + SD (n=5). Scale bar: 50 um.
P < 0.0001.

ferroptosis. Although Fer-1 can inhibit ferroptosis, other forms of
cell death still existed. Moreover, various drugs induce hepatocyte
death through distinct mechanisms, necessitating the targeting of
different pathways to block cell death. However, in kidney tissue
imaging, control mice showed no fluorescence, while AKI and AKI-
ferroptosis groups showed increasing fluorescence (Figs. 5C and D).
Fer-1 treatment significantly reduced fluorescence compared to the
AKI group, suggesting TXVQ can track HSO3~, H,0, and viscosity
changes, indicating ferroptosis inhibition’s protective effect on kid-
ney injury. This study confirms ferroptosis’s role in AKI and sug-
gests targeting it could be a novel therapeutic strategy for kidney
disease treatment.
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The role of ferroptosis in liver diseases is complex, with evi-
dence suggesting that it can both contribute to liver injury and
potentially be harnessed as a therapeutic target for certain con-
ditions, such as HCC, where it can increase the sensitivity of can-
cer cells to certain treatments. In summary, we have developed a
multi-channel fluorescent probe TXVQ, which is capable of detect-
ing RSS (HSOs~), ROS (H,0,) and viscosity through green, orange,
and red fluorescence channels, respectively. This probe has demon-
strated broad application prospects in the field of biosensing. These
capabilities position TXVQ as a means to further our understanding
of ferroptosis’s role in both liver and kidney pathologies. TXVQ dif-
ferentiates between normal and injured liver/kidney cells, visualiz-
ing the impact of ferroptosis inhibition on these injuries. The re-
sults from the murine model indicate that the liver and kidney ex-
hibit distinct responses to the ferroptosis inhibitor Fer-1. Although
the inhibition of ferroptosis leads to a significant reduction in AKI,
as evidenced by the decreased levels of RSS (HSO5;~), ROS (H,0;)
and viscosity, DILI does not show such improvement. This suggests
that the pathophysiological mechanisms underlying liver and kid-
ney injuries may involve different sensitivities to ferroptosis inhi-
bition, with the kidney appearing to be more responsive to such
interventions. While ferroptosis plays a role in both types of organ
injuries, its inhibition may have organ-specific therapeutic benefits.
This could lead to the development of targeted treatments that are
more effective in protecting the kidney from injury while sparing
the liver from unnecessary intervention.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

CRediT authorship contribution statement

Wei Zhang: Writing - original draft, Methodology, Investiga-
tion. Lei Yang: Validation. Zhihang Jin: Investigation. Shusheng
Zhang: Visualization. Fawei Zhu: Resources, Project administration,
Conceptualization. Zhanxian Li: Writing - review & editing, Su-
pervision, Funding acquisition. Mingming Yu: Writing - review &
editing, Supervision.

Acknowledgments

We are grateful for the financial supports from Scientific
and Technological Key Project in Henan Province (No. 22170015),

Chinese Chemical Letters 37 (2026) 111220

Development Plan of the Youth Innovation Team in Colleges and
Universities of Shandong Province (No. 2023K]J219), Zhengzhou
University (No. 32211807) and Henan Provincial Science and Tech-
nology Research Project (No. JC21253010).

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.cclet.2025.111220.

References

[1] D. Song, C. Li, M. Zhu, et al., Angew. Chem. Int. Ed. 61 (2022) e202212721.
[2] X. Nan, Y. Huyan, H. Li, S. Sun, Y. Xu, Coord. Chem. Rev. 426 (2021) 213580.
[3] C. Zhang, S. Ly, K. Deng, et al., Adv. Funct. Mater. 33 (2023) 2301462.
[4] K.N. Wang, LY. Liu, D. Mao, et al., Angew. Chem. Int. Ed. 60 (2021) 15095.
[5] B. Yang, Y. Chen, J. Shi, Chem. Rev. 119 (2019) 4881-4985.
[6] J. Zhou, P. Jangili, S. Son, M.S. Ji, M. Won, ].S. Kim, Adv. Mater. 32 (2020)
2001945.
[7] S. Zeng, Y. Wang, C. Chen, et al., Angew. Chem. Int. Ed. 63 (2024) e202316487.
[8] H. Yan, F. Huo, Y. Yue, ]. Chao, C. Yin, ]J. Am. Chem. Soc. 143 (2020) 318-325.
[9] W. Zhang, F. Huo, F. Cheng, C. Yin, J. Am. Chem. Soc. 142 (2020) 6324-6331.
[10] L. Wang, Y. Ma, Z. Li, S. Li, W. Lin, Chem. Eng. J. 451 (2023) 139023.
[11] Y. Wen, E. Huo, C. Yin, Chin. Chem. Lett. 30 (2019) 1834-1842.
[12] S. Li, E Huo, Y. Yue, et al., Chin. Chem. Lett. 32 (2021) 3870-3875.
[13] W. Zhang, C. Chan, K. Zhang, et al., Adv. Mater. 36 (2024) 2311397.
[14] M. Wang, X. Guo, Z. Liao, et al., J. Hazard. Mater. 476 (2024) 134949.
[15] D. Sun, Z. Chen, J. Hu, et al., Chin. Chem. Lett. 33 (2022) 4478-4494.
[16] R. Alhumaidi, H. Huang, M.C. Saade, et al., Trends Mol. Med. 31 (2025)
669-981.
[17] W. Wang, L. Chai, X. Chen, et al., Biosens. Bioelectron. 231 (2023) 115289.
[18] Y. Wen, N. Jing, M. Zhang, F. Huo, Z. Li, C. Yin, Adv. Sci. 10 (2023) 2206681.
[19] X. Xie, Y. Zhang, X. Su, et al., Nano Res. 15 (2022) 6315-6327.
[20] D. Martin-Sanchez, O. Ruiz-Andres, ]. Poveda, et al., J. Am. Soc. Nephrol. 28
(2017) 218-229.
[21] Y. Wang, F. Quan, Q. Cao, et al,, J. Adv. Res. 28 (2021) 231-243.
[22] Y. Wang, H. Yan, Y. Yue, et al., Chem. Eng. ]. 464 (2023) 142496.
[23] J. Yin, L. Xu, H. Yang, et al.,, Anal. Chem. 96 (2023) 355-363.
[24] Y.C. Chen, ]J.A. Oses-Prieto, L.E. Pope, et al., ]. Am. Chem. Soc. 142 (2020) 19085.
[25] P. Zheng, A. Abdurahman, Z. Zhang, et al., ]. Hazard. Mater. 409 (2021) 124500.
[26] T. Zhang, F. Huo, W. Zhang, F. Cheng, C. Yin, Chem. Eng. J. 437 (2022) 135397.
[27] B. Dumat, G. Bordeau, E. Faurel-Paul, et al., J. Am. Chem. Soc. 135 (2013)
12697-12706.
[28] G. Jiang, H. Liu, G. Deng, et al., Angew. Chem. Int. Ed. 63 (2024) e202400637.
[29] Z. Wu, M. Liu, Z. Liu, Y. Tian, . Am. Chem. Soc. 142 (2020) 7532-7541.
[30] Y. Yang, Y. Chen, P. Pei, et al., Nat. Nanotechnol. 18 (2023) 1195-1204.
[31] R. Zhou, G. Liy, S. Fu, et al., Biosens. Bioelectron. 264 (2024) 116624.
[32] Y.Y. Li, J.L. Hu, J.R. Wu, et al., Biosens. Bioelectron. 254 (2024) 116233.
[33] L. Liu, S. Wang, B. Zhao, et al., Angew. Chem. Int. Ed. 57 (2018) 7518-7522.
[34] AT. Bui, A. Grichine, A. Duperray, et al, J. Am. Chem. Soc. 139 (2017)
7693-7696.
[35] W. Chi, J. Chen, W. Liy, et al.,, ]. Am. Chem. Soc. 142 (2020) 6777-6785.
[36] H. Gao, L. Sun, J. Li, et al.,, Adv. Sci. 10 (2023) 2303926.
[37] X. Zhang, LX. Li, H. Ding, et al., J. Am. Soc. Nephrol. 32 (2021) 2759-2776.
[38] N. Yamada, T. Karasawa, ]. Ito, et al., Nat. Commun. 15 (2024) 2195.
[39] Y. Wang, T. Wang, Q. Xiang, et al., Cell Biol. Toxicol. 39 (2023) 3015-3030.
[40] F. He, P. Zhang, ]. Liu, et al., J. Hepatol. 79 (2023) 362-377.





