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The catalytic generation of H; in living cells provides a method for antioxidant therapy. In this study, an
[FeFe]-hydrogenase mimic [Ru + Fe;S,@F127(80)] was synthesized by self-assembling polymeric plur-
onic F-127, catalytic [Fe;S;] sites, and photosensitizer Ru(bpy)3®*. Under blue light irradiation, hydrated
protons were photochemically reduced to Hy, which increased the local pH in living cells (HeLa cells). The
generated H, was subsequently used as an antioxidant to decrease reactive oxygen species (ROS) levels in

living cells (HEK 293T, HepG2, MCF-7, and HeLa cells). Our findings revealed that the proliferation of HEK
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293T cells increased by a factor of about six times, relative to that of other cells (HepG2, MCF-7, and HelLa
cells). Intracellular ROS and pH levels were then monitored using fluorescent cell imaging. Our study
showed that cell imaging can be used to evaluate the ability of Ru + Fe;S,@F127 to eliminate oxidative
stress and prevent ROS-related diseases.

© 2022 The Authors. Published by Elsevier B.V. on behalf of Xi’'an Jiaotong University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Reactive oxygen species (ROS), including O, hydroxyl radicals
(-OH), and H,09, play significant roles in regulating physiological
activities. In healthy living cells, ROS are maintained at low levels.
Abnormal overproduction of ROS is implicated in oxidative stress,
which is associated with various diseases such as cancer, cardio-
vascular diseases, and neurological disorders [1—3]. Recent
research has demonstrated that hydrogen (H;) functions as an
effective antioxidant and can be used as a therapeutic medical gas
in the clinic [4—6]. Furthermore, H, not only reacts with-OH and
peroxynitrite (ONOO™), but also reduces cell apoptosis [7—9]. As an
alternative to Hp, Ha-rich saline is suitable for clinical application in
the treatment of ischemia-reperfusion injury [10], Alzheimer's and
Parkinson's diseases [11], acute pancreatitis [12], and other oxida-
tive stress-related diseases [13].

|FeFe]-hydrogenase (|FeFe]-Hpase), a metalloenzyme extracted
from green algae, is an effective biocatalyst for reducing hydrated
protons to molecular H; [ 14]. Mimics of the [ FeFe]-H,ase active center,
a [Fe,S,] cluster, have shown promise as catalysts for hydrated proton
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reduction. In particular, H, generation can be dramatically enhanced
via artificial photocatalytic systems by combining [FeFe]-H,ase
mimics with photosensitizers (PSs) [15—17]. Since the first photo-
catalytic system was synthesized by Sun and co-workers in 2003 [18],
similar artificial systems have been designed to produce H, under
visible light irradiation. [Fe,S;] cluster-based photocatalytic systems
are generally prepared by the following two methods: 1) linking PS to
the active center of [FeFe]-Hoase, and 2) incorporating [FeFe]-Haase
mimics into self-assembling systems containing PS [19—21]. Briefly,
photoinduced electron transfer from PS to the [Fe,S;] cluster is
important for photocatalytic H, production.

Herein, we propose an [Fe,S;] cluster-based nanoarchitecture as
an [FeFe]-H,ase mimic for antioxidant H, photogeneration therapy.
The nanoarchitecture was self-assembled from biologically inert
pluronic F-127, [Fe;S;] cluster, and PS [Ru(bpy)s2*] (Fig. 1). Pluronic
F-127 is a triblock copolymer that contains a central poly(propylene
oxide) (PPO) block flanked by two poly(ethylene oxide) (PEO) units.
Self-assembled spherical pluronic F-127 micelles have good
biocompatibility, making them excellent candidates for drug car-
riers [22,23]. The [Fe,S;] clusters and Ru(bpy)s;>" were loaded into
spherical pluronic F-127 micelles. This self-assembled system
(Ru + FeyS,@F127) was capable of photochemically generating H;
under visible-light irradiation.

Overconsumption of oxygen in tumor tissues or inflammatory
sites can lead to an acidic environment. Endosomes or lysosomes in
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Fig. 1. [FeFe]-H,ase nanoarchitecture (Ru + Fe,S,@F127) for moderating reactive ox-
ygen species (ROS) and pH levels in living cancer cells.

cancer cells involved in the uptake of nanomaterials are slightly
acidic [24,25]. In addition, the ROS levels in cancer cells are higher
than those in healthy cells. Low pH and high oxidative stress may
also damage healthy cells, resulting in their transformation into
cancer cells and tumor aggravation. Inspired by the effective anti-
oxidant ability of Hy, HeLa cells were used as a model to investigate
the ROS and pH moderating ability of Ru + Fe;S,@F127 nano-
architectures, which can be endocytosed into cancer cells. Under
visible light, Ru + Fe;S,@F127 can photochemically reduce hydrated
protons to H and increase local pH. The generated H, was then used
as an antioxidant to decrease ROS levels. The probes 2’,7'-dichlor-
odihydrofluorescein  diacetate  (DCHF-DA) and  2,7-bis(2-
carboxyethyl)-5(6)-carboxyfluorescein tetrakis(acetoxymethyl)
ester (BCECF-AM) were used to monitor intracellular ROS and pH
levels, respectively. The imaging results show that this catalytic
system provides a potential approach to increasing endogenous
antioxidative protection and repairing the acid-base environment in
living cells, especially in healthy cells around cancer tissues.

2. Materials and methods
2.1. Materials

Pluronic F-127, Ru(bpy)sCly, Fe3(CO)ip, 1-propanethiol, and
BCECF-AM were purchased from Sigma-Aldrich (St. Louis, MO,
USA). MitoTracker Deep Red FM (MTDR) and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoliumbromide (MTT)
were purchased from YEASEN (Shanghai, China). DCHF-DA was
purchased from Sigma-Aldrich (St. Louis, MO, USA). Other reagents
were purchased from Nanjing Chemical Reagent Co., Ltd. (Nanjing,
China), and were of analytical grade. All aqueous solutions were
prepared using deionized water (18 MQ-cm; Pall Purelab Classic,
New York City, NY, USA).

2.2. Instruments

The morphology of the Ru + Fe;S,@F127 nanoarchitecture was
characterized using transmission electron microscopy (TEM; JEM-
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200CX, Tokyo, Japan). Fluorescence spectra were recorded using an
RF-5301PC spectrophotometer (Shimadzu, Kyoto, Japan). Ultraviolet-
visible (UV-vis) spectra were recorded on a UV-1800 spectropho-
tometer (Shimadzu, Kyoto, Japan). Fourier transform infrared (FT-IR)
spectra were collected using a Bruker TENSOR 27 spectrometer
(Bruker, Karlsruhe, Germany). Cell images were obtained using a
TCS SP5 laser scanning confocal microscope (Leica, Heidelberg,
Germany).

2.3. Methods

2.3.1. Synthesis of [Fe,S,] cluster (1-[Fe,S>])

Solid Fe3(CO);2 (100 mg, 0.2 mmol) and 1-propanethiol
(36 puL, 0.4 mmol) were added to tetrahydrofuran (THF) (10 mL)
under a N atmosphere. The mixture was refluxed under N, for
2 h, and the color of the solution turned from dark green to red.
The solvent was removed by vacuum evaporation, and the crude
product was loaded onto a silica column (20 cm x 1.5 cm) and
eluted with hexane to remove excess starting material. A
red-orange crystalline product was obtained with a yield of
approximately 70%. 'H nuclear magnetic resonance (400 MHz,
CDCl3): 92.7 (4H, m, SCHjy), 81.7 (4H, m, —CH,-), 1.1 (6H,
m, —CH3). FT-IR (KBr): V(—CH2-) = 2928 C1‘1‘171Y V(—CH3) = 2971 cm’],
¥(_c—0) = 1984 cm ™.

2.3.2. Synthesis of Ru + Fe,S,@F127

Pluronic F-127 (20, 40, and 80 mg), Ru(bpy)sCl, (1 mg), and 1-
[Fe2S2] (1 mg) were dissolved in 0.6 mL of THF. After the THF was
evaporated under vacuum, 1 mL of deionized water was added to
the mixture, which was then stirred overnight at room tempera-
ture. The prepared Ru + Fe;S,;@F127 micelles were collected by
centrifugation at 9,000 r/min for 20 min and then re-dispersed in
1 mL of deionized water for the following experiment. The size of
the Ru + Fe;S,@F127 micelles was characterized by TEM.

2.3.3. Photocatalytic hydrogen production

The Ru + Fe;S,@F127(80) suspension (100, 300, or 500 pL) was
added to 5 mL of citrate buffer (50 mM, pH 4.5) containing 50 mM
ascorbate. Before starting the photocatalytic experiment, the re-
action mixture was purged with Ny for 40 min. The sample was
irradiated with light-emitting diodes (blue light, 50 W,
A = 400—480 nm). The generated H, was determined by gas
chromatograph (GC) (Shimadzu GC2014, Kyoto, Japan) using a
molecular sieve column (5 A), loop size (3 mL), and a thermal
conductivity detector.

2.34. Cell culture

HeLa, MCF-7, HepG2, and HEK 293T cells were cultured in Dul-
becco's modified Eagle's medium supplemented with 10% fetal
bovine serum (both from GIBCO, Grand Island, NY, USA), 5% peni-
cillin streptomycin glutamine, and 5% sodium pyruvate at 37 °Cin a
humidified atmosphere containing 5% CO,. Before the cell imaging
experiments, HelLa cells were seeded in cell culture dishes and
incubated for 24 h.

2.3.5. Intracellular ROS imaging

The Ru + Fe;S,@F127(80) suspension (20 pL) was added to cells
in culture dishes, and the specimens were incubated for 30 min.
After -OH generation (Fenton reaction by 75 uM
FeCl, + 150 uM H;0, + 75 puM ethylenediamine tetraacetic acid
(EDTA)) for 10 min, the cells were irradiated with light-emitting
diodes (blue light, 50 W, A = 400—480 nm) for 5 min or 10 min.
The medium was removed, and the cells were washed with
phosphate-buffered saline (PBS). Then MTDR (200 nM) was added,
and the samples were incubated for 20 min, washed with PBS five
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Fig. 2. Characterization of the Ru + Fe,S,@F127 nanoarchitectures. (A) Ru + Fe,S,@F127 nanoarchitecture dispersed in water; nanoparticles with increasing pluronic F-127 content:
Ru + Fe,S,@F127(20), Ru + Fe,S,@F127(40), and Ru + Fe,S,@F127(80). Transmission electron microscopy (TEM) images of (B) Ru + Fe,S,@F127(80), (C) Ru + Fe,S,@F127(40), and

(D) Ru + FepS,@F127(20). (E) Fourier transform infrared (FT-IR) spectra of Ru + Fe;S,@F127(80) and 1-[Fe,S,]. (F) Ultraviolet-visible (

Ru + Fe,S,@F127(80) and Ru@F127(80) and Ru(bpy)s>*.

times, and incubated with DCHF-DA (200 nM) for 30 min. After
washing with PBS, confocal fluorescence imaging was performed.

2.3.6. Ethidium bromide/acridine orange (EB/AO) staining

The Ru + Fe,S,@F127(80) suspension (20 pL) was added to HeLa
cell culture dishes and incubated for 30 min. Then, Fenton reagent
(75 uM FeCl, + 150 ypM H,0, + 75 pM EDTA) was added and
incubated for 10 min. HelLa cells were irradiated by light-emitting
diodes (blue light, 50 W, A = 400—480 nm) for 0, 2, 5, or 10 min.
After 10 h, the cells were stained with EB/AO (100 pg/mL AO and
100 pg/mL EB) for 30 min for confocal fluorescence imaging.

2.3.7. Intracellular pH imaging

The Ru + Fe,S,@F127(80) suspension (20 pL) was added to cells
in culture dishes, and the specimens were incubated for 30 min.
The cells were irradiated by light-emitting diodes (blue light, 50 W,
A =400—480 nm) for 10 min. BCECF-AM (250 nM) was then added,
and the cells were incubated for 30 min. The cells were then
washed with PBS prior to confocal fluorescence imaging.

2.3.8. Cell proliferation measurements

Hela cells were seeded in six dishes and incubated under the
same conditions for 24 h. Among the samples, one dish was treated
with Fenton reagent as the control sample, and the other five
dishes were treated with Ru + Fe,S,@F127(80) and ROS, generated
by the Fenton reaction. HelLa cells in the five dishes that contained
Ru + Fe;S,@F127(80) were irradiated with light-emitting diodes for
0, 2, 5, 10, and 14 min. The cells were then incubated for another
12 h and stained with AO solution (100 pg/mL) for 30 min. After
washing with PBS, the living cells were counted using a fluorescent
microscope.
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UV) absorbance spectra of

3. Results and discussion

The active sites of mimics of [FeFe]-H,ase for the chemical
reduction of hydrated protons usually feature three central compo-
nents: iron, thiolate groups, and carbon monoxide [26,27]. Combined
with either electrochemical or photochemical reactions, improved
catalytic performance of the [FeFe]-H,ase mimics has been achieved

[15,16,28]. In this study, an [Fe;Sy] cluster (1-[Fe;Sz]) was
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Fig. 3. Ru + Fe,S,@F127(80) nanoarchitectures for hydrogen production. (A) Fluores-
cence spectra of Ru + Fe,S,@F127(80), Ru@F127(80), and Ru(bpy)s?* (Aex = 470 nm).
The inset shows the visible fluorescence changes under irradiation with 365 nm light.
(B) Reaction scheme for the photocatalytic reduction of hydrated protons to hydrogen.
(C) Photocatalytic hydrogen production in the presence of different volumes of
Ru + Fe;S,@F127(80) suspension. 1: 100 pL; 2: 300 pL; 3: 500 pL.
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synthesized to mimic [FeFe]-Hjase. As shown in Scheme S1, hydro-
phobic 1-[Fe,;S;] was synthesized from Fe3(CO);; and 1-propane-
thiol. Ru(bpy)sCl, was employed as a photosensitizer to supply the
photogenerated electrons. To improve the photocatalytic efficiency
for hydrogen evolution, a spatially confined nanoarchitecture of
Ru + FeyS,@F127 was synthesized by embedding 1-[Fe;S;] and
Ru(bpy)sCl; into pluronic micelles containing (PEO)y,(PPO),(PEO)y,
(m = 100, n = 65, molecular weight = 12,600) [29—31]. A homo-
geneous mixture of 1-[Fe,S;], Ru(bpy)sCly, and pluronic F-127 in THF
was first prepared. After adding water to the dried mixture, the tri-
block pluronic F-127 aggregated into micelles. Additionally, 1-[Fe,S;]
and Ru(bpy)sCl, were incorporated into the hydrophobic PPO core.

Different weight ratios of pluronic F-127, Ru(bpy)sCly, and 1-
[FexSz] (20:1:1, 40:1:1, and 80:1:1, respectively) were used
to synthesize the Ru + FeyS;@F127 nanoarchitectures. The
three types of Ru + FeyS;@F127 nanoarchitectures were
denoted as Ru + Fe;S,@F127(20), Ru + Fe;S,@F127(40), and
Ru + Fe,S,@F127(80), according to the proportion of pluronic F-
127. As shown in Fig. 2A, all three types of Ru + Fe,S,@F127 were
stably dispersed in water. However, the morphologies

A DCHF-DA

Ru+Fe,S,@F127(80)
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dramatically differed (Figs. 2B—D). The TEM images show that
Ru + FeyS,@F127(20) did not have a nanoparticle structure
(Fig. 2D). With the increased pluronic F-127 concentration, a
particulated Ru + Fe;S,@F127 nanostructure formed, and its size
decreased with the increased pluronic F-127 concentration.
Ru + Fe,S,@F127(80) showed a uniform particle size (approxi-
mately 10 nm), which was further applied in the study.

The composition of Ru + Fe,S,@F127(80) was investigated using
FT-IR and UV spectroscopy (Figs. 2E, F, and S1). The UV spectrum of
Ru(bpy)s?* in Ru + Fe,S,@F127(80) was characterized by an ab-
sorption band of the bpy groups at 284 nm. The alkyl and alkoxy
groups of 1-[Fe;S;] and pluronic F-127 showed strong absorption
around 200 nm. The FT-IR spectrum of Ru + Fe;S,@F127(80)
showed characteristic absorption bands of »_c_g) = 1984 cm !
from 1-[Fe,S,]. The absorption signal at 2977 cm™ ! indicated the
existence of yo_ny in Ru + FepSr@F127(80), and the signal at
approximately 2888 cm™! is attributed to V(C—H)-

The fluorescence emission properties of Ru + Fe,S,@F127(80) are
shown in Fig. 3A. Ru@F127(80) was prepared using the same method
as Ru + Fe,S,@F127(80), but without 1-[Fe,S;], and this sample was
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Fig. 4. Moderating reactive oxygen species (ROS) levels in Ru + Fe,S,@F127(80)-loaded HelLa cells. (A) Confocal images of intracellular ROS visualization after the cells were
irradiated by blue light for 0 (I), 5 (II), and 10 min (III). Scale bar: 30 um. (B) Confocal images of HeLa cells stained with ethidium bromide/acridine orange (EB/AO) after the cells
were irradiated by blue light for 0 (B-1), 2 (B-2), 5 (B-3), and 10 min (B-4). Scale bar: 30 pm. (C) Numbers of EB- and AO-positive HeLa cells stained by EB/AO (the ROS was generated
by Fenton reagent). The counted total cell number was 100 (n = 3). DCHF-DA: 2',7’-dichlorodihydrofluorescein diacetate; MTDR: MitoTracker Deep Red FM.
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used as a control (Fig. S2). The fluorescence intensity of
Ru + FeyS,@F127(80) was significantly lower than that of
Ru@F127(80), indicating that electron and/or energy transfer
occurred from the photosensitizer (Ru(bpy);2*) to the catalyst (1-
[Fe,S;]), resulting in fluorescence quenching. The photocatalytic
reduction of hydrated protons by Ru + Fe,S;@F127(80) commenced
with the reductive quenching of photoexcited Ru(bpy)s®*. The
electron transfer path during hydrogen generation is shown in
Fig. 3B. By using ascorbate as an electron donor, the self-assembled
system [Ru + Fe;S,@F127(80)] could produce H, under visible-
light irradiation. As shown in Fig. S3, bubbles were clearly
observed after light irradiation of the catalytic system. The generated
H, was analyzed using GC. Fig. 3C shows that increasing the con-
centration of the Ru + Fe,S,@F127(80) catalyst and the irradiation
time led to an obvious increase in H; evolution. In the absence of
Ru + Fe,S,@F127(80), H, was not detected from the reaction system.

In nature, the Hy-generation activity of hydrogenases was first
observed in Escherichia coli, from which the generated H, can be
utilized to reduce a variety of substrates [32]. In this study, a hy-
drogenase mimic was, for the first time, introduced into human
cancer cells for Hy photogeneration, and successfully modulated
intracellular ROS and pH levels. Ru + Fe;S,@F127(80) nano-
architectures with a particle size of approximately 10 nm can be
internalized by cells via clathrin-mediated endocytosis [33,34]. Sub-
sequently, the cytotoxic effects of Ru + Fe;S,@F127(80) on HeLa cells
after 48 h of incubation were studied using MTT assays (Fig. S4). The

BCECF-AM Ru+Fe,S,@F127(80)

Journal of Pharmaceutical Analysis 12 (2022) 801-807

results showed slight cytotoxicity to HeLa cells when the concen-
tration of Ru + Fe,S,@F127(80) reached 500 pg/mL, due to the high
uptake of the nanoarchitectures into cells. The Ru + Fe;S,@F127(80)-
loaded HelLa cells were further treated with blue light irradiation to
catalyze intracellular hydrated proton reduction (Fig. S5). To monitor
the changes in intracellular ROS levels, HeLa cells were incubated
with Fenton reagent (approximately 0.15 mM) for 10 min before light
irradiation [35,36]. Intracellular ROS levels were monitored by using
DCHF-DA, which can be oxidized to dichlorofluorescein (DCF) by ROS.
To observe the color change of DCF more accurately in living cells, the
stable fluorescence intensity of MTDR (commercially available
mitochondrial dye) was employed for comparison and colocalization.
Fig. 4A shows that ROS-induced DCF was dispersed in the cytoplasm
and nucleus. The fluorescence intensity of DCF was proportional to
the amount of ROS in the cells. Without light irradiation, bright green
fluorescence was observed in the HelLa cells, indicating high intra-
cellular ROS levels. Under light irradiation, the green fluorescence
intensity decreased in the Ru + Fe;S,@F127(80)-loaded Hela cells,
indicating that the photochemically generated H, reduced the ROS
level in living cells. For comparison, Fenton reagent-treated HeLa cells
were placed in a culture medium containing saturated molecular H,
(Fig. S6). The results show that Hy can reduce ROS levels, which is
consistent with the findings of a previous report [8]. Although H, can
be directly used to reduce ROS in living cells, it can potentially be
degassed from the culture medium, resulting in an undesirable anti-
ROS effect. Alternatively, H, generated by the Ru + Fe,S,@F127(80)
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Fig. 5. Moderating pH levels in Ru + Fe,S,@F127(80)-loaded HeLa cells. Confocal images of intracellular pH measurements after cells were irradiated with blue light for (A) 0 and

(B) 10 min. (C) 2,7-bis(2-carboxyethyl)-5(

6)-carboxyfluorescein tetrakis(acetoxymethyl) ester (BCECF-AM) fluorescence was quantified from 100 cells of each independent

experiment (n = 3). (D) Cell viability. After ROS treatment and light irradiation, living cells were counted in view in each well with a fluorescent microscope (n = 3). (E) Cell
proliferation. The cells were treated with a Ru + Fe,S,@F127(80) suspension (20 pL) and Fenton reagent (75 pM FeCl, + 150 uM H,0; + 75 pM ethylenediamine tetraacetic acid) and
then irradiated by light-emitting diodes for 0—14 min. After the cells were incubated for 12 h, the number of the cells was recorded (n and ng are the numbers of surviving cells with

and without light irradiation, respectively). Scale bar: 30 pm.
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nanoarchitectures can be controlled by light irradiation time and
intensity.

To investigate whether photocatalytic H, can protect cells from
cell death caused by ROS, the EB/AO staining technique was
employed to quantify cell viability. Fig. 4B shows the morphological
features of Fenton-reagent-treated HeLa cells monitored using the
EB/AO technique. With an increase in the light irradiation time,
uniform green live cells with normal morphology were observed,
which confirms that the photochemically generated Hy can reduce
the oxidative stress caused by ROS. Only under the conditions of
Ru + Fe;S,@F127(80) and light irradiation were the ROS-treated
cells protected (Fig. 4C).

The pH value of healthy cells is approximately 7.4, whereas
tumor tissue exhibits acidic pH values that range from 5.7 to 7.8.
Lower pH values, in the range from 4.5 to 5.5, can be found at the
subcellular level, such as in late endosomes and lysosomes
[37,38]. Under visible light, the Ru + Fe,;S,@F127(80) nano-
architecture reduced hydrated protons to H, in HeLa cells. This
may increase the pH of HeLa cells; thus, to monitor intracellular
pH changes after H, generation, the pH-sensitive dye BCECF-AM
was used as a local pH probe. Figs. 5A and B shows that the
fluorescence intensity increased in Ru + Fe,S;@F127(80)-loaded
Hela cells after light irradiation. Furthermore, with the increased
irradiation time, the intracellular fluorescence intensity increased
accordingly (Fig. 5C), indicating that hydrated protons were
consumed by Ru + Fe;S,@F127(80) during the light irradiation.
The slight fluorescence of BCECF-AM was also observed in cells
without irradiation (Fig. S7). After light irradiation, the obvious
increase in fluorescence intensity indicated the successful
reduction of hydrated protons by Ru + Fe;S,@F127(80). The
extracellular experiment also proved that the increase in pH was
due to the reduction of hydrated protons to H; by
Ru + Fe,S,@F127(80) (Fig. S8). After light irradiation for 10 min,
the pH changed from 3.8 to 6.2.

Considering that excessive ROS and an unusual pH environment
may cause cellular damage and various diseases, cell viability was
investigated before and after moderating the ROS and pH levels.
HeLa cells were first treated with the Fenton reagent. The
Ru + Fe;S;@F127(80) nanoarchitectures were then incubated with
HelLa cells. As shown in Fig. 5D, with different light irradiation time,
the generated H; increased cell survival and vitality, indicating that
H, protected the cells against ROS and/or pH-induced cell death.
This phenomenon was also observed in other living cells (Fig. 5E).
In particular, light irradiation treatment had the most obvious effect
on the survival of HEK 293T cells compared with the other cells,
including HepG2, MCF-7, and Hela cells. After light irradiation, the
number of surviving HEK 293T cells was six times larger than that
of surviving cells in the absence of light irradiation. This may be
because HEK 293T cells are most sensitive to ROS stress, resulting in
a low cell survival ratio under ROS treatment. However, after light
irradiation, cell death was suppressed due to H, generation. This
shows that the Ru + Fe;S,@F127(80) nanoarchitecture can protect
healthy cells from oxidative stress and potentially control the
deterioration of tumors.

4. Conclusion

In summary, we developed a type of [FeFe]-Hpase mimic,
Ru + Fe;S,@F127(80), for Hy photogeneration in living cells that
was capable of moderating intracellular ROS and pH levels, which
were evaluated using fluorescent cell imaging methods. The
Ru + Fe,S,@F127(80) nanoarchitecture can be self-assembled by
biocompatible polymeric pluronic F-127, catalytic [Fe,S;] sites, and
photosensitizer Ru(bpy)s2*. In Ru + Fe,S,@F127(80)-loaded living
cells, blue light irradiation could locally promote the reduction of
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hydrated protons to H, which can function as an antioxidant to
decrease ROS levels, accompanied by an increase in pH. Notably, the
generated H; can increase cell survival and vitality. In summary, our
study shows that Ru + Fe;S,@F127(80) can potentially be used to
prevent the aggravation and deterioration of tumors caused by
oxidative damage to healthy cells.
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