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The rise of antibiotic-resistant bacteria and the formation of biofilms are significant challenges in surgical
practice, posing a serious threat to public health due to postoperative wound infections. A promising ap-
proach to tackle this issue is the combination of photothermal therapy (PTT) and chemodynamic therapy
(CDT), which has shown remarkable effectiveness in treating both cancer and wound infections. In our
study, we developed an innovative artificial nanoplatform called Ni-2@F127 by encapsulating Ni-2 in a
biocompatible Pluronic. When exposed to 880 nm laser irradiation, Ni-2@F127 exhibited exceptional pho-
tothermal performance, achieving a photothermal conversion efficiency of 60.4%, along with significant
photocatalytic capabilities. This platform activates a Fenton-like reaction that catalyzes hydrogen perox-
ide (H,0,), producing toxic hydroxyl radicals ("OH) effectively. The synergistic effects of hyperthermia
and "OH not only destroy tumor cells but also demonstrate powerful antimicrobial activity, significantly
inhibiting the growth of Escherichia coli and Staphylococcus aureus (S. aureus) in vitro under near-infrared
(NIR) irradiation. Importantly, in animal models, Ni-2@F127 effectively eliminates S. aureus from deep
tissues in cases of subcutaneous abscesses and knife injuries, significantly accelerating abscess resolution
and promoting wound healing. The compelling evidence suggests that Ni-based metal complexes could
serve as transformative antibacterial agents in phototherapy, unlocking vast potential for their application

in wound healing and the treatment of bacterial infections.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.

Each year, hundreds of millions of individuals worldwide expe-
rience skin wounds, which can be either external (such as abra-
sions, surgical cuts, or burns) or endogenous (linked to conditions
like diabetes and vascular diseases) [1-3]. These wounds present
a significant challenge to public health. A particular concern in
wound management is the risk of infection, often caused by the
colonization of bacteria and other microorganisms at the wound
site [4-6]. Although various antibiotics are routinely employed in
clinical practice, their widespread use has contributed to the rise
of antibiotic resistance, thereby diminishing their efficacy and ex-
acerbating the issue of drug-resistant bacteria [7-10]. Additionally,
bacteria can evade treatment and hostile conditions by forming
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biofilms, which serve as protective enclaves for the bacterial cells
[11-13]. In light of the urgent emergence of drug-resistant bacte-
ria and biofilm formation, there is an increasing need to develop
innovative therapeutic strategies that leverage external stimuli to
address these challenges effectively.

Photothermal therapy (PTT) has garnered significant attention
due to its unique features, including its noninvasive nature, tissue
permeability, and the ability for spatiotemporal adjustment [14-
17]. PTT is widely recognized as an effective and precise strategy
for local thermal sterilization, which has the advantage that the
heat generated by efficient photothermal conversion disrupts bac-
terial structure in wound tissue, resulting in bacterial inactivation
through protein denaturation and enzymatic decomposition [18-
20]. However, one major drawback of PTT is that it often requires
60°C or higher temperatures to kill bacteria effectively. Such high
temperatures can cause thermal damage to surrounding tissues
and may even trigger new inflammation [21]. This limitation high-
lights the need to develop safer and more effective phototherapy
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strategies for rapid antimicrobial treatment. Recent studies suggest
that combining PTT with other therapies could enhance antimi-
crobial activity through synergistic effects [22-27]. Reactive oxygen
species (ROS) possess strong oxidative properties that can combat
bacteria and biofilms by promoting intracellular oxidation, dena-
turing proteins, oxidizing lipids, and disrupting bacterial biofilm
membranes and matrix structures. Highly reactive ROS are typ-
ically produced in photodynamic therapy (PDT) [28,29], sonody-
namic therapy (SDT) [30], and via Fenton or Fenton-like reactions,
such as chemodynamic therapy (CDT) and photocatalytic therapy
(PCT) [31,32]. However, PDT and SDT primarily depend on the
availability of endogenous oxygen, which limits their effectiveness
and penetration in vivo [33-35]. Notably, the microenvironment
of a wound infection often contains excessive hydrogen perox-
ide (H,05), which can worsen bacterial infections and impede the
healing process [36-38]. As a non-antibiotic alternative, Fenton or
Fenton-like reactions utilize metal platforms with peroxidase-like
activity to catalyze the production of large quantities of hydroxyl
radicals (‘OH) from H,0,. While these radicals effectively destroy
bacteria, their short lifespan and limited diffusion distance can re-
duce their effectiveness against infections [26,39,40]. The heat gen-
erated by PTT can enhance ROS production, while the ROS gen-
erated by Fenton-like reactions can increase the permeability and
thermal sensitivity of bacterial membranes, potentially improving
therapeutic efficacy. Therefore, metal-based nanoplatforms capable
of delivering thermal energy and ROS are promising candidates for
treating bacterial infections.

Highly efficient photothermal conversion efficiency (PCE) is es-
sential for the development of effective antibacterial therapies.
Various multifunctional nanomaterials, including Fe-, Cu-, Mn-,
Mo-, and Co-based photothermal nanocatalysts, have been inves-
tigated for synergistic antibacterial treatment [26,32,41-45]. How-
ever, uncertainties regarding their structures and potential side
effects have hindered their practical applications. In our previ-
ous work, we designed an innovative dual-functional, oxygen-
independent phototheranostic agent, nickel(Il) tripyrrin (Ni-2), ca-
pable of NIR photoactivation, which generates thermal energy
and ‘OH [46]. Ni-2 operates as a multifunctional phototherapy
reagent, integrating multiple therapeutic modalities into a sin-
gle molecule, thus presenting a promising theragnostic platform
for antimicrobial therapy. In this study, we developed NIR-active
nanomaterials, Ni-2@F127, as a sophisticated therapeutic platform
that combines PTT and photocatalysis to effectively address bac-
terial infections and eliminate biofilms (Scheme 1). Ni-2@F127
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Scheme 1. Schematic illustration of the fabrication process of nickel nanoplatform
Ni-2@F127 for photothermal therapy combined with photocatalysis to achieve an-
tibacterial therapy and promote wound healing in situ.
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demonstrates strong NIR absorption in the near-infrared biowin-
dow and exhibits excellent photothermal effects (PCE =60.4%). Ad-
ditionally, it possesses unique photocatalytic properties that facil-
itate the conversion of hydrogen peroxide (H,0,) into ‘OH. These
characteristics indicate that Ni-2@F127-mediated phototherapy ex-
erts a significant antibacterial effect against Staphylococcus au-
reus (S. aureus) and Escherichia coli (E. coli). Animal studies fur-
ther corroborated the effectiveness of Ni-2@F127 in treating con-
ditions such as subcutaneous abscesses and knife wounds, un-
derscoring its antibacterial properties. Thus, Ni-2@F127, combining
photocatalytic capabilities with PTT under NIR irradiation, repre-
sents a promising non-antibiotic strategy for eliminating bacterial
infections.

As our continued interest in exploring the biomedical applica-
tions of 3d transition metal complexes, we investigated the nickel
complex, Ni-2, for its potential use in treating bacterial infections
in wounds. The detailed synthetic procedures for Ni-2 had been
reported in previous work [46]. Ni-2 exhibited remarkable en-
hancement in non-radiative relaxation, excellent photothermal ef-
ficacy, and photocatalytic properties, to allow the catalytic conver-
sion from H,0, to *OH. In this study, we prepared the Ni-2@F127
nanomaterial, as illustrated in Fig. 1A, by embedding Ni-2 into the
Pluronic F-127 matrix. As shown in Fig. 1B, dynamic light scatter-
ing (DLS) measurements revealed that the average hydrodynamic
size of Ni-2@F127 was approximately 141.4nm, and the transmis-
sion electron microscopy (TEM) images indicated a uniform mor-
phology. Furthermore, we measured the absorption of 2@F127 and
Ni-2@F127 using a UV-vis spectrophotometer. As shown in Fig.
1C, Ni-2@F127 exhibited strong absorption in the near-infrared
(NIR) region (700-1100 nm) compared to 2@F127 alone. The max-
imum absorption for 2@F127 and Ni-2@F127 were determined to
be 680 nm and 910 nm, respectively. This significant redshift in the
low-energy absorption bands can be attributed to the enhanced -
conjugation of ligand 2 upon coordination with the nickel metal,
which is beneficial for maintaining the photothermal activity of Ni-
2@F127. To assess biosafety and compatibility, we evaluated the vi-
ability of normal embryonic fibroblast cell lines (NHT 3T3 cells) in
the presence of Ni-2@F127 (Fig. 1D).

The peroxidase-like catalytic and photothermal properties of
Ni-2@F127 were thoroughly investigated (Fig. 2A). We began by
assessing the generation of "OH through a Ni-2@F127-induced
Fenton-like reaction when exposed to near-infrared (NIR) laser ir-
radiation in the presence of H,0,. The production of *OH was mea-
sured using a methylene blue (MB) assay, as MB can be oxidized by
*OH, resulting in a reduction of maximum absorbance at 664 nm.
Notably, in the presence of Ni-2@F127 under NIR irradiation, a sig-
nificant change in MB absorbance was observed, especially in com-
parison to the results obtained with 2@F127 or the laser alone
(Fig. 2B). This finding indicates that Ni-2@F127 in its excited state
is essential for *OH generation. Furthermore, considering the ex-
ceptional photophysical characteristics and the potential for pho-
tothermal conversion of Ni-2@F127, we evaluated its photothermal
capabilities in aqueous solutions by irradiating samples at varying
concentrations. When subjected to an 880nm laser (1.0W/cm?2),
Ni-2@F127 demonstrated considerable temperature changes of
17.7°C (at 100pmol/L) and 12.2°C (at 50umol/L), highlighting
that temperature variations are concentration-dependent. In con-
trast, only minor temperature changes (<2.5°C) were recorded for
2@F127 and water under identical experimental conditions (Fig.
2C). The thermal imaging results (Fig. 2D) aligned well with those
obtained from thermocouple measurements. These results empha-
size the remarkable photothermal effect of Ni-2@F127, suggesting
its potential as an effective agent for PTT. In comparison to 2@F127,
the enhanced photocatalytic performance and superior photother-
mal effect of Ni-2@F127 can be attributed to the successful coordi-
nation of 2 with Ni, which modifies the excited state energy level
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Fig. 1. Preparation and characterization of the Ni-2@F127. (A) Schematic diagram of the construction process for Ni-2@F127. (B) Hydrodynamic diameter distribution and
transmission electron microscope (TEM) images (inset) obtained for Ni-2@F127. Scale bar: 500 nm. (C) Ultraviolet-visible spectroscopy (UV-vis) absorption spectra of 2@F127
and Ni-2@F127. (Inset) The photograph of H,0, 2@F127 and Ni-2@F127 solution. (D) Viability of normal cell level (NHT 3T3 cells) incubated with 2@F127 and Ni-2@F127
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Fig. 2. Photophysical and photocatalysis studies. (A) Schematic illustration of pho-
tophysical properties and photocatalysis of Ni-2@F127 upon NIR photoactivation
(Sp =ground singlet state; S; =excited singlet state). (B) Production of ‘OH as in-
ferred from the change in MB absorbance at 664nm under different conditions.
(C) Heating curves of the H,0, 2@F127 (100 pumol/L), Ni-2@F127 (50 pmol/L), and
Ni-2@F127 (100 pmol/L) under 880 nm laser irradiation (1.0 W/cm?) for 15min and
then cooling to room temperature. (D) Infrared imaging of dispersions of H,O,
2@F127, Ni-2@F127.

of the Ni-2 complex. Thus, these results indicate that Ni-2@F127
holds promise as a powerful antibacterial nanoagent for synergis-
tic photocatalysis in combination with PTT.

Next, in order to better evaluate the light-controlled therapy of
Ni-2@F127, we performed cytotoxicity experiments in Hela cells
(Fig. 3A). The Cell Counting Kit-8 (CCK-8) assay was used to evalu-
ate the cytotoxicity of Ni-2@F127 against Hela cells pre-incubated
with Hy0,. As shown in Fig. 3B, after 24h of incubation with
2@F127 and Ni-2@F127 (50 pmol/L), we observed over 85% cell vi-
ability, indicating that the nanomaterials exhibit low cytotoxicity in
the dark without NIR irradiation. However, upon exposure to light
(880nm, 1.0W/cm?) for 5min, the relative viability of HeLa cells

of the “Ni-2@F127” group decreased significantly to 16.6 %, while
the 2@F127 group still maintained high cell viability (Fig. 3C). To
clearly demonstrate the therapeutic effect of Ni-2@F127, HeLa cells
incubated with H,0, were treated with various conditions and
then co-stained with calcein acetoxymethyl ester (Calcein-AM) and
propidium iodide (PI). Live and dead cells were stained with green
and red fluorescence, respectively, and were observed using con-
focal laser scanning microscopy (CLSM). As shown in Fig. 3D, the
cells in the “Control (PBS), PBS + Laser, 2@F127, 2@F127 + Laser, and
Ni-2@F127” groups displayed abundant green fluorescence, indicat-
ing that laser exposure alone or the presence of Ni-2@F127 alone
did not induce cell death. However, almost all cells exhibited red
fluorescence after treatment with Ni-2@F127 under 880nm laser
irradiation, indicating significant cell death. Notably, strong green
fluorescence was observed in the area without laser irradiation
in the “Ni-2@F127 + Laser” group. These results suggest that con-
trolled laser irradiation of Ni-2@F127 is effective in inducing can-
cer cell death. Furthermore, we assessed the impact of Ni-2@F127
on clone formation (Fig. 3E). A significantly reduced number of
colonies was found in the “Ni-2@F127 + Laser” group compared to
the control groups, which aligns with the previous findings. Over-
all, these results indicate that Ni-2@F127 demonstrates excellent
biocompatibility and efficiently induces laser-controlled damage to
cancer cells under 880 nm irradiation.

Surgical resection and phototherapy for cancer can be suscepti-
ble to bacterial infections, which are associated with various acute
and chronic conditions. To prevent the development of inflamma-
tion, it is essential to implement effective antimicrobial therapy
during the early stages of infection. In this study, we evaluated the
antibacterial properties of Ni-2@F127 against antibiotic-sensitive
Gram-negative E. coli and Gram-positive S. aureus (Fig. 4A). We
conducted bacterial survival experiments using a PBS solution (pH
7.4) containing 100 pmol/L H,0,. Utilizing the standard broth mi-
crodilution method, we assessed the in vitro bacterial inhibition of
Ni-2@F127. In comparison to the control group, both types of bac-
teria showed negligible death in the dark, regardless of the con-
centrations of 2@F127 and Ni-2@F127 used. Additionally, laser ir-
radiation alone did not kill the bacteria (Figs. 4B and C). However,
upon exposure to 880 nm laser irradiation, the survival rates of E.
coli and S. aureus decreased significantly as the concentration of
Ni-2@F127 increased, with antibacterial rates dropping to 22.2%
and 6.41% at a concentration of 25 pmol/L, respectively. In con-
trast, the concentration of 2@F127 did not result in a significant re-
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Fig. 3. In vitro cytotoxicity analysis of Ni-2@F127-mediated phototherapy in cancer cells with addition of H,0, (200 umol/L). Laser represents 880 nm laser irradiation
(1.0W/cm?, 5min). (A) Schematic diagram of the intracellular phototherapy including the PTT production of heat and the photocatalytic production of *OH in cancer cells.
(B) Relative cell viabilities of HeLa cells incubated with different concentration of various nanoagents under the dark or (C) in the presence of NIR laser irradiation. (D)

Calcein AM (green) and propidium iodide (red) co-staining fluorescence imaging of HelLa cells after different treatments. Scale bar: 100 um. (E) Typical photographs of colony
formation of cancer cells treated with various treatments.
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Fig. 5. CLSM images of S. aureus or E. coli stained by SYTO9 (live bacterial, green)
and PI (dead bacterial, red) after different treatments. The bacterial were irradiated
by an 880 nm laser light (1.0 W/cm?2, 10 min) in the presence of H,0, (100 pmol/L).
Scale bar: 50 pm.

duction in bacterial survival. Further evaluation of the antibacterial
effect of Ni-2@F127 was conducted using a Luria-Bertani (LB) agar
plate assay (Fig. 4D). Numerous colonies of E. coli and S. aureus sur-
vived on the LB plates in both the presence and absence of 880 nm
irradiation when treated with 2@F127. This indicated the limited
bacteriostatic ability of 2@F127. Conversely, when Ni-2@F127 was
combined with 880 nm laser irradiation, the number of E. coli and
S. aureus colonies significantly decreased and sometimes even dis-
appeared, showing lower bacterial survival compared to the other
groups (Figs. 4E and F). To further verify the antimicrobial effect of
the agent, we evaluated the bacteriostatic zone. As shown in Fig.
4G, Ni-2@F127 created a distinct antibacterial zone, indicating its
superior antimicrobial ability.

The live/dead bacterial cell viability assay was conducted to di-
rectly assess the in vitro antibacterial effectiveness of Ni-2@F127
(Fig. 5). Living and dead bacteria were stained using SYTO 9, which
emits green fluorescence for living bacteria, and propidium iodide
(PI), which emits red fluorescence for dead bacteria. The results
showed that the bacteria in the PBS and 2@F127 groups exhib-
ited green fluorescence, indicating that neither laser irradiation
alone nor the presence of 2@F127 resulted in any antibacterial ef-
fect. In contrast, after treatment with Ni-2@F127 combined with
an 880nm laser, nearly all bacteria displayed strong red fluores-
cence, signifying damage to E. coli and S. aureus. These results
demonstrate that Ni-2@F127 has excellent antibacterial properties
through a combination of photothermal sterilization and catalytic
production of *OH.

To investigate the phototherapy capabilities of Ni-2@F127 at
physiological levels and to evaluate its antibacterial effects on
wound healing, we established a skin abscess model on the backs
of nude mice infected with S. aureus. All animal procedures were
approved by the Institutional Animal Care and Use Committee of
Sinoresearch (Beijing) Biotechnology Co., Ltd. and carried out in ac-
cordance with the requirements of the National Act on the Use
of Experimental Animals (People’s Republic of China). We moni-
tored the healing progress under various conditions over a span
of 10 days post-treatment (Fig. 6A). The mice were randomly di-
vided into six groups: (1) Control; (2) Laser; (3) 2@F127; (4)
2@F127 + Laser; (5) Ni-2@F127; and (6) Ni-2@F127 + Laser. One day
after infection, we treated the infected mice using different meth-
ods. The NIR irradiation process was recorded with a thermal
imaging camera to confirm the photothermal effect of Ni-2@F127
in vivo (Fig. 6B). Under 880nm irradiation, the wound temper-
ature of the Ni-2@F127 group rapidly increased to 52°C within
10min. In contrast, there was no significant temperature change
in the PBS group (36.9°C) or the 2@F127 group (39.3°C), demon-
strating the good photothermal properties of Ni-2@F127 (Fig. 6C).
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Fig. 6. NIR light-mediated antibacterial nanoplatform in abscess infection model of
mice. (A) Illustrative scheme of the treatment process of the S. aureus-infected sub-
cutaneous abscess. (B) Infrared thermal images and (C) temperature changes of S.
aureus-infected mice after treatment of 2@F127 and Ni-2@F127 under light irra-
diation (880nm, 1.0W/cm?2). (D) Representative photographs of S. aureus-infected
mice after different treatments for 10 days: Control, Laser, 2@F127, Ni-2@F127,
2@F127 + Laser, and Ni-2@F127 + Laser. (E) Quantification of the infected area. (F)
Photographs of plated bacterial colonies obtained from infected skin tissues of mice
in the six treatment groups on day 10. (G) Relative bacteria number of the subcu-
taneous abscess on day 10.

Photographs of the wounds taken on days 0, 2, 4, 6, 8, and 10 in-
dicated that the Ni-2@F127 + Laser group exhibited significant im-
provement in wound healing, achieving the fastest healing rate
with the least edema (Fig. 6D). By day 10, compared to the Con-
trol, Laser, 2@F127, 2@F127 + Laser, and Ni-2@F127 groups, which
displayed severely damaged wounds, the wound healing in the Ni-
2@F127 + Laser group was significantly accelerated (Fig. 6E). The
relative wound size in the Ni-2@F127 + Laser group was substan-
tially smaller than in the PBS group, suggesting that Ni-2@F127-
based phototherapy enhances abscess wound healing. On the 10th
day of infection, we evaluated the antimicrobial efficiency of Ni-
2@F127 by collecting bacteria from the wound sites. As shown in
Fig. 6F, the colony formation and quantitative analysis indicated
that the Ni-2@F127 + Laser group had the lowest bacterial count
compared to the other groups, confirming that this group expe-
rienced accelerated wound healing through effective antibacterial
activity (Fig. 6G). Additionally, there was negligible weight change
observed in the mice across all groups throughout the treatment
process (Fig. S1 in Supporting information), indicating the in vivo
safety of the nanomaterials for treating drug-resistant bacteria-
infected wounds.

The primary challenge during the postoperative healing process
was managing bacterial infection at the wound site [47]. Fig. 7
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demonstrates the use of a Ni-2@F127-based therapeutic platform
for healing knife injuries. As shown in Fig. 7A, initially, a round
wound approximately 7mm in diameter was created by making
nicks on the backs of female BALB/c nude mice. Subsequently, an
infected wound model was established by applying 20 pL of S.
aureus suspensions with a cell density of 5.0 x 107 CFU/mL. Af-
ter allowing the bacterial infection to persist for 24 h, the mice
were randomly divided into six treatment groups: (1) Control; (2)
Laser; (3) 2@F127; (4) 2@F127 + Laser; (5) Ni-2@F127; and (6) Ni-
2@F127 + Laser. Upon irradiation with an 880nm laser, the tem-
perature at the knife injury wound treated with Ni-2@F127 signif-
icantly increased, reaching 55 °C, compared to the PBS and 2@F127
groups (Figs. 7B and C). During the treatment, the trauma area
was photographed and measured (Fig. 7D). Fig. 7E presents the
trends in the closure of S. aureus-infected wounds and changes
in escharosis across the different groups. In the Control, Laser,
and 2@F127 groups, clear bacterial deposits and signs of sup-
puration were observed throughout the treatment period, indi-
cating prolonged bacterial presence which hindered wound clo-
sure. Notably, the wounds in the Ni-2@F127 + Laser group com-
pletely healed within 8 days. In contrast, the other groups, includ-
ing Ni-2@F127 and 2@F127 + Laser, exhibited unhealed wounds.
This was attributed to the synergistic effects of reactive oxygen
species (ROS) along with local mild heat. The body weight of each
mouse was recorded, showing no statistically significant differ-
ences among the six groups (Fig. 7F).

On day 8, we collected and pathologically analyzed the dermal
tissues around the original bacterial-infected wounds from the dif-
ferent groups to investigate the microscopic changes in the wound
healing process (Fig. 8A). In the Control (PBS), Laser, 2@F127,
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Fig. 8. Representative images of hematoxylin and eosin (H&E). (A) Histological anal-
ysis of skin tissue sections of infected mice after completion of the in vivo antibac-
terial activity experiment by H&E staining. Skin tissue from uninfected mice served
as a healthy control. (B) H&E stained images of major organs of treated mice. Scale
bar: 200 pm.

Ni-2@F127, and 2@F127 + Laser groups, we observed a significant
presence of inflammatory cells, the absence of intact hair follicles,
neutrophil accumulation, and thickened epidermis. In contrast, the
Ni-2@F127 + Laser group showed less severe inflammation, along
with more new capillaries and hair follicles in the healed epithe-
lial tissue compared to the other groups, resembling the healthy
control group. These results suggest that Ni-2@F127 with laser ir-
radiation possesses effective antibacterial properties against bacte-
rial infections and accelerates wound healing. Additionally, we ex-
amined major organs, including the heart, liver, spleen, lungs, and
kidneys, from the treated mice through H&E staining, and found no
significant inflammatory or pathological damage (Fig. 8B). Overall,
these results highlight the remarkable postoperative wound heal-
ing effects of the Ni-2@F127-based therapeutic platform.

In summary, we developed a simple yet multifunctional photo-
controlled nanoplatform, Ni-2@F127, which exhibits strong ab-
sorption in the NIR window and possesses versatile properties.
It demonstrates an excellent photothermal effect and photocat-
alytic properties, enabling efficient acceleration of wound healing
in cases of bacterial infections. Both in vitro and in vivo studies
confirm the excellent biocompatibility of Ni-2@F127, along with
its remarkable phototherapeutic capabilities, including both photo-
catalytic and photothermal effects. Results from cancer cell treat-
ments using Ni-2@F127 phototherapy indicate that this nanoplat-
form, which offers improved photocontrol, has a strong antiprolif-
erative effect on tumor cells. Notably, experiments involving sub-
cutaneous abscesses and knife injuries infected with bacteria fur-
ther illustrate the outstanding therapeutic potential of Ni-2@F127.
These results suggest a promising clinical application for this com-
bined phototherapy strategy based on a nickel-based nanoplatform
in treating bacterial infections, while also expanding the biological
applications of chemical catalysis and photothermal effects.
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