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Flavoplatins: photoactivated platinum(IV) prodrugs
bearing axial N-donors that trigger pyroptosis and
reduce drug resistance
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Photoactivated Pt(IV) anticancer prodrugs derived from clinical Pt(II) drugs have garnered significant atten-

tion in recent years, with O-donor ligands being the most commonly used photosensitive axial ligands.

N-donor ligands, however, such as N-heteroaromatics, offer the potential to enhance the ligand-to-

metal charge transfer (LMCT) of Pt(IV) complexes, thereby improving their photochemical properties.

Herein, we report a series of green-light activable Pt(IV) prodrugs bearing N-donor axial ligands, desig-

nated flavoplatins, based on carboplatin and oxaliplatin. These prodrugs, functionalized with flavonol

derivatives as photosensitive axial ligands, enabled rapid reduction under light irradiation to release Pt(II)

drugs and the corresponding axial ligands. Flavoplatins 3a and 3b demonstrated exceptional photocyto-

toxicity, exhibiting at least a 27-fold increase in effectiveness compared to carboplatin in both Pt-sensitive

and Pt-resistant cancer cells. Additionally, both complexes efficiently accumulated in the endoplasmic

reticulum and quickly induced pyroptosis via the NLRP-3/caspase-1/GSDMD pathway. This study under-

scores a promising alternative strategy for designing novel photoactivatable Pt(IV) prodrugs containing

axial N-donors with enhanced therapeutic potential, particularly for targeting specific cellular pathways

and reducing drug resistance.

Introduction

Flavonoids are an important class of natural products found in
fungi and plants,1,2 featuring a heterobicyclic structure with a
phenyl group substituted at the 2-position.3 Based on struc-
tural variations, flavonoids are categorized into several sub-
groups, including flavonols,4 which are extensively studied for
their anticancer properties.5,6 Among the notable flavonols,
quercetin–a dietary compound present in many fruits and veg-
etables–has shown broad-spectrum anticancer activity and pro-
gressed to phase II clinical trials.7,8 Other flavonols have been
reported to actively disrupt cell cycles, regulate signaling
enzymes, and induce apoptosis in cancer cells.9–11 Flavonols
also exhibit endoplasmic reticulum (ER)-targeting properties,
largely due to their strong hydrophobic interactions with the
ER.12,13 Further modifications to flavonols, such as the
addition of sulfonated substituent groups, have been shown to
enhance their ER-targeting ability.14 Additionally, the excited-
state intramolecular proton-transfer (ESIPT) properties of fla-

vonols result in strong and long-wavelength emissions in their
excited tautomeric forms,15 enabling their application in
whole-cell imaging and organelle probing.12,16

Since the discovery of cisplatin as the first anticancer plati-
num drug, significant efforts have been devoted to developing
novel Pt-based anticancer agents.17 For example, Pt(IV)
prodrugs derived from Pt(II) drugs including cisplatin, carbo-
platin, and oxaliplatin have been widely reported.18–21 A criti-
cal aspect of designing these prodrugs is their reduction to
release the active Pt(II) species, which drives their anticancer
activity.22–24 O-donor ligands are commonly employed as axial
ligands to confer multifunctionality on Pt(IV) anticancer
prodrugs based on clinical Pt(II) drugs.21,25,26 In contrast,
N-donor ligands are less commonly reported. Notable
examples include amidates and pyridines, which can also
coordinate axially to the Pt(IV) center through either oxidation
of Pt(II) drugs or ligand exchange reactions involving labile
axial ligands.27–29 It is noteworthy that axial amidates and
pyridine ligands can be efficiently released during the
reduction of Pt(IV) complexes.27–29 This observation highlights
axial N-coordination as a promising strategy for designing
Pt(IV) anticancer prodrugs. Furthermore, these synthetic
approaches allow diverse modifications of the axial ligands,
enabling the fine-tuning of reduction profiles, conjugation
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with bioactive molecules,29 or incorporation of photosensitive
ligands.

Photoactivation has recently emerged as a controllable
method for activating Pt(IV) prodrugs to enhance their anti-
cancer potency and selectivity.30–37 These prodrugs exhibit sig-
nificant cytotoxicity and additional bioactivities upon
irradiation, such as generating reactive oxygen species (ROS)
and inducing photo-oxidation of cellular components.37–39

Currently, most photosensitive axial ligands in clinical Pt(II)
drug-based Pt(IV) complexes are conjugated via O-coordination,
while N-coordinated axial ligands are rarely reported.
Intriguingly, N-donor ligands exhibit ligand-to-metal charge
transfer (LMCT) properties, which narrow the energy gap
between the ground state and the excited state, destabilizing
the Pt–N bond upon excitation.40 Consistent with this behav-
ior, azido, pyridine, or ethylenediamine N-donors enable
LMCT-mediated activation of Pt(IV) complexes under short-
wavelength visible light.31,32,41 Among these, pyridine–as an
N-heteroaromatic scaffold–offers synthetic versatility for conju-
gation with photosensitive molecules. More broadly,
N-heteroaromatic ligands exhibit strong electron transfer abil-
ities, enhance photosensitivity, and are widely utilized in
photocatalytic metal complexes.42 As a result, the LMCT bands
of Pt(IV) complexes containing N-heteroaromatic ligands are
significantly red-shifted,43 enabling activation by longer wave-
lengths of light. This property enhances the photosensitivity of
Pt(IV) prodrugs and facilitates the adjustment of activation
wavelength.

Herein, we report the design and synthesis of a series of
green-light-activable Pt(IV) prodrugs featuring flavonol-derived
N-donor axial ligands. Photocytotoxicity assays demonstrated a
significant increase in activity under irradiation compared to
dark conditions, highlighting their light-triggered therapeutic
potential. Notably, flavoplatins preferentially localized to the
ER and induced pyroptosis through well-characterized path-
ways, which contributed to reducing platinum drug resistance.
This study introduces a novel approach to designing photoacti-
vatable Pt(IV) prodrugs bearing axial N-donors and highlights
the potential of such agents to achieve enhanced anticancer
potency and selectivity through light-controlled activation.

Results and discussion

Previously, we reported a synthetic method for coordinating
N-heteroaromatic ligands to Pt(IV) complexes utilizing a ligand
exchange reaction with the axial halogen ligands of Pt(IV) com-
plexes.29 Building on this approach, flavonol analogs bearing a
pyridinyl moiety were rationally designed as axial ligands for
Pt(IV) complexes and synthesized following the previously
reported method.29 In brief, 3-hydroxy-4-acetylpyridine under-
went a condensation reaction with 4-diethyl-
aminobenzaldehyde under basic conditions, yielding a chal-
cone-derived intermediate. After neutralization with nitric
acid, hydrogen peroxide solution was directly added to the
reaction mixture, oxidizing the chalcone derivative to produce

the ligand flav-1 (Scheme S1A). Ligands flav-2 and flav-3 were
subsequently obtained by reacting flav-1 with acetic anhydride
and benzenesulfonyl chloride, respectively (Schemes S1B and
S1C). All synthesized ligands were characterized using 1H
nuclear magnetic resonance (NMR; Fig. S1 to S3) spectroscopy
and high-resolution mass spectrometry (HRMS).

By following our previously reported method,29 the bromi-
nated Pt(IV) complex cis,trans-[Pt(NH3)2(CBDCA)(OH)Br] was
reacted with silver nitrate to yield the aquated intermediate cis,
trans-[Pt(NH3)2(CBDCA)(OH)(OH2)](NO3), where CBDCA is 1,1-
cyclobutanedicarboxylate. The silver bromide precipitate was
filtered off before the addition of flav-1, resulting in the first
desired Pt(IV) complex cis,trans-[Pt(NH3)2(CBDCA)(OH)(flav-1)]
(NO3), designated flavoplatin 1a (Fig. 1 and Scheme S2A).
Similarly, starting from cis,trans-[Pt(NH3)2(CBDCA)(OH)Br], fla-
voplatins 2a and 3a were respectively synthesized through
ligand exchange reactions with flav-2 and flav-3 (Scheme S2A).
Additionally, we explored the modification of the axial hydro-
xido ligand of flavoplatins. Reactions of flavoplatins 2a and 3a
with acetic anhydride converted them into cis,trans-[Pt
(NH3)2(CBDCA)(OCOCH3)(flav-2)](NO3) (2b) and cis,trans-[Pt
(NH3)2(CBDCA)(OCOCH3)(flav-3)](NO3) (3b), respectively, while
the carboxylated product of flavoplatin 1a was not obtained
under the same condition (Fig. 1 and Scheme S2A). For the
oxaliplatin-based brominated Pt(IV) complex, the ligand
exchange reaction was modified by using an acetonitrile/
dimethyl sulfoxide (DMSO; 3 : 1) solvent mixture. This pro-
cedure yielded another flavoplatin trans-[Pt(DACH)(ox)(OH)
(flav-3)](NO3) (3c), synthesized by coordinating flav-3 to the
oxaliplatin-based Pt(IV) complex (Scheme S2B). The flavoplatins
were characterized by 1H, 13C, 195Pt NMR spectroscopy and
HRMS (Fig. S4–S18). Their purities were confirmed by high-
performance liquid chromatography (HPLC; Fig. S19).

The hydrolytic stability of flavoplatins in the dark was deter-
mined using HPLC (Fig. S20–S25). All the tested complexes dis-
played a half-life of over 24 h in HEPES buffer. Among them,
flavoplatins 3b and 3c were the most stable, remaining 95%
and 98% intact after 24 h of incubation, respectively (Fig. 2A).
Flavoplatin 2b also displayed moderately high stability, with
79% of the complex intact after 24 h. This suggests that the
introduction of an axial acetato ligand may contribute to the
stabilization of these complexes against hydrolysis. A compari-
son of Pt(IV) complexes bearing different flavonol ligands
revealed an additional trend: flav-3-containing complexes were

Fig. 1 Chemical structures of flavoplatins 1a, 2a, 2b, 3a, 3b, and 3c.
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more stable than those bearing flav-1 or flav-2 ligands (3b >
2b; 3a > 1a > 2a). The hydrolysis products of the flavoplatins
were analyzed by liquid chromatography-mass spectrometry
(LC-MS). During hydrolysis, the flav-1 and flav-3 ligands were
released from flavoplatins 1a and 3a, respectively (Fig. S20 and
S23). In contrast, the N–Pt bond in flavoplatin 2a remained
stable, with hydrolysis leading instead to cleavage of the
acetate group from the flav-2 ligand (Fig. S21).

We conducted additional tests to assess the stability of fla-
voplatins in the presence of sodium ascorbate (Fig. 2B and
S26–S31). Flavoplatin 3c exhibited the highest stability, with
over 80% remaining after 24 h, followed by flavoplatins 2b
(51%) and 1a (44%, Table S1). The other flavoplatins displayed
moderate stability in the presence of the reducing agent, with
a half-life of approximately 4 h (2a, 3.7 h; 3a, 4.2 h; 3b, 4.4 h;
Fig. 2B and Table S1). The reduction products of all tested
complexes were analyzed using HRMS. Flavoplatins are predo-
minantly reduced to carboplatin or oxaliplatin, releasing the
corresponding axial flavonol ligands (Fig. S32). During
reduction, the hydrolysis of the acetate group in flavoplatin 2a
occurred, resulting in the minor product ligand flav-1
(Fig. S27). Intriguingly, reductive ligand rearrangements were

observed in flavoplatins 1a, 3a, and 3b; in these cases, the fla-
vonol ligands remained intact; through the loss of an amine
and the axial hydroxido or acetato ligand, a class of flavonol-
bearing Pt(II) complexes was formed as minor products
(Fig. S26, S29, and S30).

To investigate the excitation profiles of the flavonol ligands
and flavoplatins, we selected flav-3 and flavoplatin 3a for com-
putational analysis. Time-dependent density functional theory
(TD-DFT) calculations showed that the lowest singlet excited
state (S1) in both species was primarily dominated by a HOMO
to LUMO transition. For flav-3, both frontier orbitals reside
largely on the ligand, consistent with a typical intra-ligand (IL)
excitation. In contrast, for flavoplatin 3a, the HOMO was
mainly distributed on the flav-3 ligand, whereas the LUMO
was centered on the Pt(IV) moiety, indicating pronounced
ligand-to-metal charge transfer (LMCT). This strong LMCT
character reduced the S0 to S1 energy gap following the conju-
gation of flav-3 (ΔE = 2.87 eV, λ = 432 nm) to the Pt(IV) center
(flavoplatin 3a: ΔE = 2.33 eV, λ = 533 nm; Table S2). This
decrease resulted in absorption at longer wavelengths.
Consistent with computations, flavoplatin 3a exhibited a sig-
nificant red shift in the experimental absorption maximum

Fig. 2 (A) and (B) Stability tests of flavoplatins 1a, 2a, 2b, 3a, 3b, and 3c; 200 μM flavoplatin solutions were prepared in 50 mM HEPES buffer (20%
DMF, pH 7.4) and incubated at 37 °C. Solutions were monitored by HPLC from 0 to 24 h. (B) Flavoplatin solutions with 2 mM sodium ascorbate (pH
7.4) were monitored by HPLC from 0 to 24 h. (C) HOMO and LUMO of flav-3 and flavoplatin 3a. (D) Absorption spectrum of 25 μM flav-3 and emis-
sion spectrum of 10 μM flav-3 excited at 405 nm, in 50 mM HEPES buffer (20% DMF, pH 7.4). (E) Absorption spectrum of 25 μM flavoplatin 3a and
emission spectrum of 10 μM flavoplatin 3a excited at 488 nm; in 50 mM HEPES buffer (20% DMF, pH 7.4). (F) Photoactivation tests of flavoplatins 1a,
2a, 2b, 3a, 3b, and 3c; 200 μM flavoplatin solutions were prepared in 50 mM HEPES buffer with 2 mM sodium ascorbate (20% DMF, pH 7.4), irradiated
by a green LED (495 nm, 0.9 mW cm−2) for 0 to 60 min at 37 °C, and immediately monitored by HPLC.
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(λmax = 484 nm) compared with flav-3 (λmax = 442 nm; Fig. 2D
and E), supporting the presence of an LMCT band driven by
aromatic N-coordination. Consequently, we employed a blue
LED (λmax = 425 nm, 1.0 mW cm−2) to investigate the photoac-
tivation profiles of ligands flav-1 to flav-3, and a green LED
(λmax = 495 nm, 0.9 mW cm−2) for flavoplatins 1a to 3c
(Fig. S33). Furthermore, we recorded the emission spectra of
flav-3 and flavoplatin 3a, with the fluorescence wavelengths
centered at 601 nm and 653 nm, respectively (Fig. 2D and E).

The activation of flavoplatins in HEPES buffer under green
light irradiation was monitored using HPLC, and the photo-
reaction quantum yield was calculated and presented in
Table S3. Most flavoplatins were efficiently activated within 1 h
of irradiation (Fig. 2F). Flavoplatin 3c exhibited lower acti-
vation efficiency, with 52% remaining intact in the buffer after
exposure. During the photoactivation process, flavoplatins
were reduced to carboplatin and oxaliplatin, with the detach-
ment of flavonol ligands flav-1, flav-2, and flav-3 (Fig. S34–S35,
Scheme S3).

Next, we tested the cytotoxicity of flavoplatins and the
corresponding ligands against ovarian cancer cells, as well as
the mixture of Pt(II) drugs and the ligands (Fig. 3 and

Table S3). As controls, cisplatin, carboplatin, and oxaliplatin
showed no light-dependent change in cytotoxicity, although
cisplatin and oxaliplatin displayed moderate cytotoxicity in Pt-
sensitive cells (Table S4). Under blue light irradiation, ligands
flav-1 and flav-2 demonstrated up to an 11.7-fold increase in
cytotoxicity relative to dark conditions. A 1 : 1 mixture of flav-1
and carboplatin produced comparable photocytotoxicities in
A2780 and A2780cisR cells, yielding a low resistance factor
(RF) of 1.1. Similarly, the mixtures of flav-3 with carboplatin or
oxaliplatin also reduced resistance upon irradiation (RFs 1.0
and 1.1). Under green-light irradiation, the Pt(IV) prodrug flavo-
platin 1a exhibited IC50 values of 79.3 μM and 84.3 μM against
A2780 and A2780cisR cells, respectively, with a low RF of 1.1
(Fig. 3 and Table S3), whereas flavoplatins 2a and 2b were not
photocytotoxic. In contrast, green-light-activated flavoplatins
3a and 3b achieved IC50 values of 14.2–18.3 μM (PI > 5.4) in
A2780 and A2780cisR cells, with RFs as low as 0.8, represent-
ing >35-fold greater photocytotoxicity than carboplatin and up
to 20-fold greater than the flav-3/carboplatin mixture. The oxa-
liplatin-based flavoplatin 3c was also active under green light
irradiation and reduced drug resistance. Overall, flavoplatins
1a and 3a to 3c showed enhanced cytotoxicity under green-
light irradiation, whereas the free flavonol ligands are prefer-
entially activated by blue light, aligning with their maximum
absorption wavelength. Notably, the sulfonated flavonol-
derived ligand flav-3 acted as a robust photosensitive ligand
for Pt(IV) prodrugs, making flavoplatins 3a to 3c promising
candidates for further investigation into their mechanisms of
action.

We subsequently evaluated the cellular accumulation and
genomic DNA binding levels of the flavoplatins. Compared to
carboplatin, flavoplatin 3a exhibited a 5.6-fold higher
accumulation level in A2780cisR cells. Similarly, flavoplatins
1a, 3b, and 3c displayed 2.4- to 2.7-fold increases in accumu-
lation levels relative to their parent Pt(II) drugs (Fig. 4A).
Without irradiation, the levels of Pt in the genomic DNA of
cells treated with flavoplatins 1a, 3a, 3b, and 3c were compar-

Fig. 3 Photo-cytotoxicity assays in A2780 and A2780cisR cells, which
were treated with the compounds for 2 h, followed by blue light
(425 nm, 1.0 mW cm−2) or green light irradiation (495 nm, 0.9 mW cm−2)
for 1 h. The cells were incubated for another 21 h before the MTT assays,
with the total treatment time being 24 h. †IC50 > 500 μM; ‡IC50 >
100 μM.

Fig. 4 (A) Pt accumulation levels in A2780cisR cells treated with 20 μM
carboplatin, oxaliplatin, and flavoplatins 1a, 3a, 3b, and 3c for 2 h. (B)
Genomic DNA binding levels of A2780cisR cells treated for 2 h with
50 μM flavoplatins 1a, 3a, 3b, and 3c, followed by green light irradiation
(495 nm, 0.9 mW cm−2) for 1 h, and the total treatment time was 24 h.
The cells treated with 50 μM cisplatin, carboplatin, and oxaliplatin for
24 h in the dark were included as the positive controls.
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able to those observed with Pt(II) drugs (Fig. 4B). In contrast,
these levels of Pt increased by 1.8- to 2.5-fold under green
light irradiation, demonstrating that these Pt(IV) prodrugs,
including flavoplatin 3c, were activated efficiently in the
cells. Additionally, the ability of flavoplatins to damage DNA
under irradiation was confirmed by the increased expression
levels of γ-H2AX in A2780cisR cells (Fig. S36).

After evaluating cellular accumulation and genomic DNA
binding levels, we carried out cell cycle arrest and PI/annexin V
double staining assays to determine the mode of cell death

induced by flavoplatins. Cisplatin arrested the cancer cells in
the S phase. In contrast, upon green light irradiation, flavopla-
tins 1a, 3a, 3b, and 3c arrested A2780cisR cells in the G2/M
phase (Fig. 5A and S37). Moreover, flavoplatins 3a, 3b, and 3c
significantly increased the percentage of cells in late apoptosis
and late necrosis, while compared to cisplatin and oxaliplatin,
fewer cells remained in early apoptosis (Fig. 5B and S38).
These results suggest that flavoplatins 3a, 3b, and 3c exhibit a
different mechanism of action compared to the conventional
platinum drugs.

Fig. 5 (A) Cell cycle arrest and (B) apoptotic cells analysis of A2780cisR cells treated for 2 h with 50 μM flavoplatins 1a, 3a, 3b, and 3c, followed by
green light irradiation (495 nm, 0.9 mW cm−2) for 1 h, and the total treatment time was 5 h. The cells treated with 200 μM cisplatin, carboplatin, and
oxaliplatin for 5 h in the dark were included as the positive controls. (C) Cell morphology of A2780cisR cells treated with 100 μM flav-1 and flav-3 for
2 h, and 50 μM flavoplatins 1a, 3a, 3b, and 3c for 2 h. The treated cells were irradiated by green light (495 nm, 0.9 mW cm−2) for 1 h, while the
untreated group was kept in the dark. Scale bar represents 20 μm. (D) Co-localization of ER tracker green and flavoplatins in A2780cisR cells, treated
with 25 μM flavoplatins 3a, 3b, and 3c, as well as 25 μM flav-3 for 2 h. Cells were imaged by a Laser Confocal Scanning Microscope; blue channel
was excited at 405 nm, emission was recorded at 570 to 630 nm; green channel was excited at 488 nm, emissions were recorded at 500 to 520 nm
and 625 to 675 nm. Scale bar represents 10 μm. (E) Fluorescence of a ROS probe (deep red) with the excitation at 635 nm, and emission was
recorded at 660 to 680 nm. A2780cisR cells treated with 50 μM flavoplatins 3a, 3b, and 3c for 2 h. The flavoplatin-treated cells were irradiated by
green light (495 nm, 0.9 mW cm−2) for 30 min, while the untreated cells were kept in the dark. Scale bar represents 10 μm. Western blotting images
of (F) NLRP3 and pro-caspase-1, as well as (G) GSDMD and its N-terminal fragments. A2780cisR cells were treated with 50 μM flavoplatins 3a, 3b,
and 3c for 2 h. The flavoplatin-treated cells were irradiated by green light (495 nm, 0.9 mW cm−2) for 1 h, while the untreated cells were kept in the
dark. The cells treated with 1 mM MnCl2 and 200 μM cisplatin for 4 h in the dark were included as the positive controls. The representative results
were selected from three independent experiments. (H) Quantified expression levels of NLRP3; (I) pro-caspase-1; (J) GSDMD, and (K) GSDMD
N-terminal fragment. *** p ≤ 0.001, ** p ≤ 0.01, * 0.01 < p ≤ 0.05, ns: not significant.
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To further study the mechanisms of action, the mor-
phologies of cells treated with flavoplatins and subjected to
irradiation were imaged and analyzed. The presence of pyrop-
totic bodies and cell swelling in A2780cisR cells treated with
flavoplatins 3a to 3c suggested that the mode of cell death was
likely pyroptosis (Fig. 5C). Since the pyroptotic pathways invol-
ving ER oxidative stress have been documented,44,45 we sub-
sequently investigated the ER targeting ability and ROS gene-
ration of flavoplatins. Intracellular imaging was carried out in
the A2780cisR cells treated with flavoplatins and flav-3, after
incubation with a fluorescent ER tracker. Ligand flav-3 in the
cells emitted intense fluorescence upon the excitation of blue
light (405 nm; Fig. 2D and 5D), while flavoplatins 3a, 3b, and
3c were excited by green light (488 nm) and fluorescent
(Fig. 2E and 5D). These observations revealed that the free
ligand flav-3 and the Pt(IV) complexes could be distinguished
by different excitation wavelengths of light. Notably, the sulfo-
nated flavoplatins 3a, 3b, and 3c, as well as the free ligand flav-
3, colocalized well with the ER tracker, with Pearson corre-
lation coefficients (PCCs) ranging from 0.79 to 0.93 (Fig. 5D).
In contrast, flavoplatin 1a, which was a sulfonate-free Pt(IV)
complex, did not target the ER (Fig. S39). Additionally, flavo-
platins 3a, 3b, and 3c upon irradiation generated ROS in the
cells (Fig. 5E and S40), demonstrating these Pt(IV) prodrugs
likely trigger ER oxidative stress.

Finally, we assessed the expression levels of proteins
involved in ER stress pathways, including NLRP3
inflammasome,44,45 to confirm the pyroptosis induced by fla-
voplatins 3a to 3c. Gasdermin D (GSDMD) and gasdermin E
(GSDME) are essential proteins involved in pyroptosis,
responsible for membrane pore formation following cleavage
by caspases.46 We subsequently evaluated the NLPR3/
caspase-1/GSDMD pathway in A2780cisR cells treated with
flavoplatins and irradiated (Fig. 5F and G), using cisplatin
and a manganese salt as controls, as they have been reported
to trigger GSDMD cleavage through certain mechanisms.47,48

The results demonstrated that flavoplatins 3a 3b, and 3c
effectively increased the expression of NLRP-3 (Fig. 5H), in
which flavoplatins 3a and 3b further decreased the levels of
downstream pro-caspase-1 by 39% and 28%, respectively
(Fig. 5I). Notably, over 3-fold increased expression of the
GSDMD N-terminus was observed in flavoplatin 3a-treated
groups, with the levels of GSDMD decreased by 26% (Fig. 5J
and K). The cleavage of GSDMD was also observed in the cis-
platin- and manganese-treated groups, aligning with pre-
vious reports.47,48 Next, we examined the caspase-3/GSDME
pathway by blotting the corresponding proteins, and a doxo-
rubicin-treated group was included as a control (Fig. S41).
The results showed that only doxorubicin effectively activated
caspase-3 and degraded GSDME. The N-terminal of GSDME,
which is responsible for pore formation, was observed in
doxorubicin-treated cells but not in flavoplatin-treated
cells.49 These findings indicate that flavoplatins 3a and 3b,
upon irradiation, actively induced pyroptosis in A2780cisR
cells via the NLPR3/caspase-1/GSDMD pathway. These Pt(IV)
prodrugs are distinct from conventional apoptosis-inducing

Pt(II) drugs and provide an approach to overcoming Pt-drug
resistance.

Conclusions

In summary, we developed a series of photoactivable Pt(IV)
anticancer prodrugs by conjugating flavonol-derived ligands to
Pt(IV) complexes through N-coordination. This approach
enhanced LMCT and enabled activation using green light.
Upon light irradiation, most of these Pt(IV) complexes were
quickly reduced to either carboplatin or oxaliplatin. The sulfo-
nate-containing flavoplatins 3a, 3b, and 3c efficiently accumu-
lated in the ER and effectively killed platinum-resistant cancer
cells when irradiated, exhibiting high photo-indexes.
Following the observation of pyroptotic cell morphologies and
ROS generation, the NLRP3/caspase-1/GSDMD pathway of pyr-
optosis was confirmed. This work introduces a novel strategy
for designing photoactivable Pt(IV) prodrugs, significantly
improving cytotoxicity compared to non-irradiated conditions
and reducing drug resistance by inducing pyroptosis.
Extending the excitation wavelength through N coordination
offers a route to near-infrared (NIR)-activatable Pt(IV) prodrugs.
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