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a b s t r a c t

Acute lung injury (ALI) was characterized by excessive reactive oxygen species (ROS) levels and inflam-

matory response in the lung. Scavenging ROS could inhibit the excessive inflammatory response, further

treating ALI. Herein, we designed a novel nanozyme (P@Co) comprised of polydopamine (PDA) nanopar-

ticles (NPs) loading with ultra-small Co, combining with near infrared (NIR) irradiation, which could ef-

ficiently scavenge intracellular ROS and suppress inflammatory responses against ALI. For lipopolysaccha-

ride (LPS) induced macrophages, P@Co+NIR presented excellent antioxidant and anti-inflammatory ca-

pacities through lowering intracellular ROS levels, decreasing the expression levels of interleukin-6 (IL-6)

and tumor necrosis factor-α (TNF-α) as well as inducing macrophage M2 directional polarization. Sig-

nificantly, it displayed the outstanding activities of lowering acute lung inflammation, relieving diffuse

alveolar damage, and up-regulating heat shock protein 70 (HSP70) expression, resulting in synergistic

enhanced ALI therapy effect. It offers a novel strategy for the clinical treatment of ROS related diseases.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Acute lung injury (ALI) encompasses the significant impairment

of alveolar epithelial cells and capillary endothelial cells, arising

from direct and indirect insults to lung tissue, including infections,

severe trauma, and sepsis [1]. When reaching a more serious con-

dition, it becomes acute respiratory distress syndrome (ARDS) with

the mortality ratio of 25%–40% [2]. Even if the patients can be res-

cued, it significantly affects the life quality of survivors [3]. Am-

ple evidences demonstrate that excessive inflammatory responses

cause the cytokine storm in the lung, ultimately leading to ALI [4].

And it has confirmed that reactive oxygen species (ROS) including

hydroxyl radical (•OH), superoxide anion (•O2
−) and singlet oxygen

(1O2) significantly contribute to the generation of overwhelming

inflammation in lung cells [5]. Therefore, eliminating ROS can in-
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hibit the excessive inflammatory responses in the organ, the key to

ALI therapy [6].

As a serial of nanomaterials with catalytic activities such as su-

peroxide dismutase (SOD), catalase (CAT), and glutathione peroxi-

dase (GPx), nanozymes possess the advantages of high bioavailabil-

ity, good dispersibility, and minimal toxic side effects [7,8]. They

can produce or clear ROS to regulate oxidative stress, thus achiev-

ing remarkable researches in the treatment of diseases such as tu-

mors [9-12], Parkinson’s disease [13], and pneumonia [14]. Hu and

his team developed a multienzyme-mimicking redox nanozyme

(PtMnIr) capable of efficient ROS generation and cellular home-

ostasis disruption, yielding a powerful and synergistic combination

of enzymatic and electrodynamic therapies targeting malignant tu-

mors [15]. Yang et al. also developed an Fe-curcumin nanozyme

that possessed the capability of directing intracellular ROS scav-

enging and exhibiting anti-inflammation effectiveness for treat-

ing ALI [6]. Although nanozymes with excellent catalytic activities

could achieve the treatment of ROS derived diseases, their clini-
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cal application was limited by high cost with low yield rate, and

instability not suitable for various environments. Therefore, it re-

mains a challenge of designing a nanozyme with controllable ROS

scavenging ability to achieve synergistic enhancement in diseases

therapy.

Polydopamine (PDA) was synthesized via self-polymerization

of dopamine (DA) under weak alkaline conditions with mag-

netic stirring [16-18]. As relative stable nanoparticles (NPs), they

displayed excellent biocompatibility and biodegradability, photo-

thermal conversion ability, and high loading of components [19].

Furthermore, PDA based NPs presented multiple ROS scavenging

capacities due to their large amount of catechol and imine groups,

further applied in alleviating ROS derived diseases [20]. Signifi-

cantly, after hybridizing with metal elements such as Pd [21] or Cu

[22], the metal elements could be stable and firmly dispersed on

the surface of PDA, leading to the improvement of the dispersion

of metal elements, and also enhanced ROS scavenging ability. Thus,

these PDA derivatives could finally achieve high efficacy of diseases

therapy [23,24]. In the meantime, as a trace element, a certain

amount of Co can maintain the normal metabolic and physiolog-

ical functions of cells, helpful for normal human functions. Consid-

ering the conversion of Co2+/Co3+, a amount of evidences demon-

strated that Co possessed outstanding catalytic activity, widely ap-

plied in biomedical fields [25,26]. Chen et al. developed a Co coor-

dinated on N-doped porous carbon (Co-SAs@NC), which displayed

CAT and SOD like activities for tumor therapy [27]. And Qu et al.

designed a single atom catalyst (Co/PMCS) with unsaturated active

Co-porphyrin centers, which rapidly eliminated ROS by imitating

SOD, CAT and GPx for sepsis therapy [26].

Inspired by the above, we designed a novel nanozyme (P@Co)

by loading ultra-small Co on the surface of PDA. Compared with

PDA alone, it displayed enhanced ROS scavenging and photother-

mal capacities for P@Co, leading to the synergistic enhancement

of ALI therapy. For lipopolysaccharide (LPS) induced macrophages,

it obviously lowered the expression levels of inflammatory factors,

and induced M2 directional polarization of macrophages for P@Co

combining with near infrared (NIR) irradiation. And it also sig-

nificantly alleviated the symptoms of ALI rats for P@Co+NIR. In

conclusion, it offered a promising strategy for ALI therapy via ROS

scavenging and could be also promoted for the treatment of other

ROS derived diseases.

Herein, PDA was first fabricated through the redox polymeriza-

tion of DA after dissolving DA in the mixture of deionized water

(DI) water and ethanol, followed by adjusting pH 9.0. And P@Co

was prepared by in situ reduction of Co(OAc)2 to form ultra-small

Co on the surface of PDA (Fig. 1A). As displayed in Fig. S1 (Sup-

porting information), DA was in white color and it became black

for PDA. After loading with Co(OAc)2 (brown), it was still black for

P@Co. From ultraviolet–visible spectroscopy (UV–vis) results, obvi-

ous absorbance peak was observed at 280nm for DA, attributed

by the double bonds of benzene. However, it disappeared after

forming PDA. And there were no absorbance peaks for Co(OAc)2
and P@Co as well (Fig. S2 in Supporting information). Similarly,

the zeta potential was 14.1±1.5mV for DA, and it was −24.7±1.2,

29.4±0.1 and −44.5±0.4mV for PDA, Co(OAc)2 and P@Co, respec-

tively (Fig. S3 and Table S1 in Supporting information). As illus-

trated in Fig. S4 (Supporting information), the obvious broad peak

appeared around 3700–3100 cm−1 for PDA while there were no

changes for P@Co after Co loading. In the meantime, there were no

changes in crystallization structure between PDA and P@Co, only

with a single peak existed at 21.6° (Fig. S5 in Supporting informa-

tion). It also presented similar peaks in Raman spectroscopy, in-

dicating the same molecular structure for PDA and P@Co (Fig. S6

in Supporting information). From transmission electron microscopy

(TEM)-mapping results, PDA was in spherical shape and its diame-

ter size was 59.9±9.4 nm, only with C, N and O elements observed

in Fig. S7 (Supporting information). Nevertheless, it maintained its

spherical shape for P@Co after Co loading, with C, N, O and Co ele-

ments observed (Fig. 1B). Furthermore, the element composition of

PDA and P@Co was also characterized by X-ray photoelectron spec-

troscopy (XPS). As shown in Fig. S8 (Supporting information), it ex-

hibited C, N and O elements both for PDA and P@Co, whereas Co

element was exclusively detected for P@Co, also proving the suc-

cessful Co loading. Finally, during the temperature range from 20

°C to 800 °C, the weight loss ratio was 65.631% and 62.584% for

PDA and P@Co respectively (Fig. S9 in Supporting information). Af-

ter calculation, Co loading ratio was 3.1% ± 0.1%. And the compre-

hensive element composition was illustrated in Table S2 (Support-

ing information). After Co loading, it did not alter the color, molec-

ular structure, crystallization, and morphology of P@Co. However,

it changed the zeta potential and element composition between

PDA and P@Co.

For in vivo clinical application, it is required that NPs possess a

certain level of dispersion. The dispersion ability testing was im-

plemented by dispersing NPs in different solutions. As exhibited in

Fig. S10 (Supporting information), PDA and P@Co were well dis-

persed in various solutions at the beginning. At 12h, it was almost

totally settled on the bottom of phosphate buffered saline (PBS),

Dulbecco’s modified eagle’s medium (DMEM) and 5mmol/L H2O2,

respectively for PDA. However, P@Co was totally on the bottom of

PBS, DMEM and 5mmol/L H2O2 after 24h. Significantly, P@Co was

well dispersed in fetal bovine serum (FBS) for 24h. Thus, the dis-

persion ability of P@Co was better than that of PDA due to Co load-

ing, which enhanced the number of surface charges of P@Co and

improved its stability [22].

Photothermal effect was investigated by monitoring the temper-

ature changes under NIR irradiation by thermal camera (Fig. 1C).

As shown in i of Fig. 1D, temperature increased versus irradiation

time for PDA and P@Co with the same concentration of 100μg/mL

while no temperatures changed for PBS. It presented similar ten-

dency for PDA and P@Co, increased to 62.7 and 60.8 °C, respec-
tively under NIR irradiation for 15min. After Co loading, it slightly

diminished the photothermal effects of P@Co, still close to PDA.

Generally, their photothermal effects mainly originated from PDA

itself [28]. Compared to PDA, Co loading could block the absorp-

tion of NIR, and further reduced its photothermal effect [29]. And

if increasing the concentration of P@Co, it also increased its pho-

tothermal effect, where it was 25.8, 51.3, 60.7 and 66.6 °C for 0,

50, 100 and 200μg/mL of P@Co after 15 min’ irradiation (ii of Fig.

1D). Meanwhile, the temperature increased with the increase of

irradiation intensity (iii of Fig. 1D). Significantly, the temperature

change maintained almost the same trend during 4 “on” and “off”

cycles (iv of Fig. 1D), indicating the excellent photothermal stabil-

ity. In conclusion, it exhibited remarkable photothermal efficiency

and stability for P@Co, enhanced by increasing PDA concentrations

and power intensities.

ROS scavenging capacity was qualified tested by electron spin

resonance (ESR). As exhibited in i of Fig. 1E, compared to control

group, PDA could decrease the intensity of •OH, and P@Co more ef-

fectively lowered the intensity of •OH. Specifically, the intensity of
•OH significantly decreased for P@Co+NIR. It presented the same

tendency for •O2
− (ii of Fig. 1E) and 1O2 (iii of Fig. 1E) scaveng-

ing, with the order of scavenging ratio: P@Co+NIR>P@Co>PDA.

In the meantime, ROS testing kits were applied to investigate

the ROS scavenging capacity of NPs. As exhibited in i of Fig.

1F, it obviously presented •OH scavenging capacity, where it was

32.9%±0.1%, 39.5%±1.4% and 41.7% ± 0.5% for PDA, P@Co and

P@Co+NIR with the same concentration of 100μg/mL (Table S4

in Supporting information). If the concentration of P@Co increased

from 50μg/mL to 200μg/mL, the corresponding scavenging ratio

jumped from 37.2%±0.8% to 42.4%±0.4% (Fig. S11 and Table S5

in Supporting information). The similar tendency was observed for
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Fig. 1. Preparation and physicochemical characterization of P@Co. (A) Synthesis procedure of P@Co. (B) TEM-mapping results of P@Co. Scale bar: 100nm. (C) Photothermal

images of different nanozymes (PDA and P@Co) with the same concentration of 100μg/mL under NIR irradiation (1W/cm2) versus time. (D) Temperature changes of PBS, PDA

and P@Co with the same concentration of 100μg/mL under NIR irradiation (1W/cm2) (i), different concentrations (0, 50, 100 and 200μg/mL) of P@Co under NIR irradiation

(1W/cm2) (ii), 100μg/mL P@Co under different power intensities of NIR irradiation (0.5, 1 and 2W/cm2) (iii) versus time, and photothermal stability of 100μg/mL P@Co

under NIR irradiation (1W/cm2) for 4 “on” and “off” cycles (iv). (E) ESR results of ROS scavenging ability of different nanozymes: •OH (i), •O2
− (ii) and 1O2 (iii). (F) ROS

scavenging capacity of different nanozymes by ROS testing kits: •OH (i), •O2
− (ii) and H2O2 (iii). Data are presented as mean ± standard deviation (SD) (n≥3).

•O2
− (ii of Fig. 1F) and 1O2 (iii of Fig. 1F) scavenging, which was in

the order of P@Co+NIR > P@Co > PDA with the same concentra-

tion. And the enhanced scavenging ratio was obtained by increas-

ing the concentration of P@Co (Figs. S12 and S13 in Supporting in-

formation). For PDA itself, it possessed a certain of ROS scavenging

ability, due to its huge amount of reducing groups. The enhanced

ROS scavenging capacity was achieved for P@Co after Co loading.

Most significantly, NIR irradiation speed up the movement of Co,

further most efficiently leading to improved ROS scavenging ability

[30,31].

Cell viability was evaluated by using cell counting kit-8 (CCK-8)

assay. As revealed in Fig. S14 (Supporting information), the cell vi-

ability was above 92.5% for P@Co with the concentration ranges

from 0 to 75μg/mL. When the concentration was ascended to

150μg/mL, cell viability significantly decreased. Thus, 100μg/mL

NPs was considered to implement the further experiment. LPS

stimulation was commonly applied to induce in vitro and in vivo

ALI models, due to the fact that this model is similar to the patho-

logical characteristics of ALI in humans [32,33]. The protection abil-

ity of NPs for LPS induced cells was also investigated by live/dead

staining. As shown in Fig. S15 (Supporting information), in nor-

mal group, a huge amount of live cells were observed, whereas

dead cells was negligible, with the live/dead ratio of 95.2% (Fig.

S16 in Supporting information). However, after LPS induction, a lot

of dead cells was observed and a few of live cells existed in control

group. The corresponding live/dead ratio decreased to 4.5%. Com-
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pared to PDA, P@Co significantly increased the number of live cells,

resulting in a live/dead ratio of 83.9%. Notably, the live/dead ratio

further increased to 93.2% when P@Co was combined with NIR ir-

radiation. Thus, P@Co+NIR with enhanced ROS scavenging ability

was always more helpful to protect the cells avoiding the damage

from oxidative stress.

To fully utilize its functions, it anticipated that P@Co could be

uptake by macrophages. As indicated in Fig. S17 (Supporting infor-

mation), it displayed that no fluorescence was observed for cells at

the beginning. After 3 h incubation, a little of fluorescent intensity

was observed inside cells. The significant enhanced fluorescence

was observed for cells at 6 h, indicating the obvious cellular uptake

of P@Co (Fig. S18 in Supporting information).

The intracellular ROS levels were measured to assess the an-

tioxidant capacity of NPs. As depicted in Fig. 2A, the minimal

red fluorescence was observed in normal group (dihydroethidium

(DHE) probe), whereas a substantial amount of red fluorescence

was found in control group. PDA could decrease a certain of fluo-

rescent intensity, indicating its intracellular ROS scavenging ability.

However, it exhibited that P@Co possessed more efficient ROS scav-

enging ability, significantly enhanced for P@Co+NIR. It was the

same trend for dichlorodihy drofluorescein (DCF) probe, the mean

fluorescent intensity (MFI) was significantly ascended for control

group after LPS induction, which significantly decreased for PDA,

P@Co and P@Co+NIR respectively (Fig. 2B).

Subsequently, immunohistochemical staining was employed to

evaluate the anti-inflammatory properties of NPs. As indicated in

Fig. 2C, it displayed that the expression levels of interleukin-10

(IL-10) and tumor necrosis factor-α (TNF-α) were in the rela-

tive low levels for normal cells, which significantly increased af-

ter LPS induction, indicated by the enhanced staining intensity.

Specifically, NPs could up-regulate the expression level of IL-10 and

down-regulate the expression level of TNF-α, with the order of

P@Co+NIR > P@Co > PDA (Fig. 2D).

Furthermore, enzyme-linked immunosorbent assay (ELISA) was

employed to assess the expression levels of inflammatory factors

in the supernatant of treated cells. As illustrated in i of Fig. 2E,

compared to normal cells with 21.7±0.7 pg/mL, it was 42.6±3.0

pg/mL for control group after LPS induction. PDA and P@Co could

lower IL-6 expression level to 32.1±2.9 and 31.9±1.1 pg/mL, re-

spectively. In particular, P@Co+NIR presented the most efficient

down-regulation effect of IL-6 expression level (23.2±1.6 pg/mL).

Meanwhile, for TNF-α expression level, it displayed the same or-

der: control group > PDA > P@Co > P@Co+NIR > normal group

(ii of Fig. 2E).

Finally, quantitative real-time polymerase chain reaction (qRT-

PCR) technique was applied to analyze the relative expression lev-

els of genes. As illustrated in Fig. 2F, compared to normal cells,

the inflammatory genes (IL-6, iIL-1β , inducible nitric oxide syn-

thase (iNOS) and TNF-α) were significantly ascended for control

group after LPS induction. PDA and P@Co could significantly lower

the expression levels of IL-6, IL-1β , iNOS and TNF-α, where it

exhibited the most efficient down-regulation of these genes for

P@Co+NIR. However, for anti-inflammatory genes (IL-10 and TNF-

α), it was in high levels for normal cells. After LPS induction, the

corresponding anti-inflammatory genes significantly decreased to

1.4±0.8 and 1.1±0.4, respectively. And NPs could improve the

expression levels of IL-10 and TNF-α. Among them, P@Co+NIR

most obviously improved the anti-inflammatory genes expression

to 10.9±2.2 and 6.6±0.7, respectively. Besides, it also confirmed

that P@Co+NIR significantly down-regulated M1 type genes, and

up-regulated M2 type genes, indicating the most efficient induc-

tion of M2 directional polarization. Most importantly, compared to

P@Co alone, it also displayed the high expression of heat shock

protein 70 (HSP70) gene for P@Co+NIR (Fig. S19 in Supporting

information).

For in vivo animal experiment, male Sprague-Dawley rats (150–

200g) were obtained from Experimental Animal Center of Guangxi

Medical University. All experiments were conducted according to

institutional guidelines and approved by Animal Ethics Committee

of Guangxi Medical University. As revealed in Fig. S20 (Support-

ing information), there was no detectable fluorescent intensity ob-

served in any organs of sham group or P@Co. Specifically, for Cy5,

the obvious decrease of fluorescence was displayed in the lung ver-

sus time while no signal was found in other organs. However, for

Cy5-P@Co, obvious fluorescence appeared in the lung and a little

fluorescence existed in the kidney. Furthermore, it demonstrated

that P@Co could stay in the lung for a certain of time and gradu-

ally be cleared after 12h. After statistical analysis, the obvious de-

crease of fluorescence was observed in the lung for Cy5-P@Co ver-

sus time while it could maintain around 12h (Fig. S21 in Support-

ing information). In addition, blood biocompatibility was assessed

by hemolysis test. As illustrated in Fig. S22 (Supporting informa-

tion), it displayed the excellent blood biocompatibility for PDA and

P@Co during the concentration range from 0 to 200μg/mL, without

any hemolysis phenomenon observed. After calculation, the hemol-

ysis ratio was around 0.30%–0.80%, all below 5%.

To assess the feasibility of in vivo photothermal therapy, rats

were instillation (IT) injected with P@Co, and monitored the tem-

perature changes under NIR irradiation by thermal camera. Com-

pared to sham group, obvious temperature increased versus time

for P@Co after IT injection for 1h (Fig. S23 in Supporting informa-

tion). By statistical analysis, the temperature increased from 35.2

°C to 49.2 °C for P@Co during irradiation while it maintained al-

most the same temperatures for sham group (Fig. S24 in Support-

ing information).

To avoid damaging other organs, we chose IT injection of LPS to

establish ALI model for further evaluation [6,32,33]. In vivo ther-

apy effect was initially evaluated by testing the blood indicators.

As listed in Fig. S25 and Table S6 (Supporting information), there

were no differences in red blood cell (RBC), alanine aminotrans-

ferase (ALT), activated partial thromboplastin time (APTT), and pro-

thrombin Time (PT) for all groups. LPS induction could up-regulate

white blood cell (WBC), aspartate aminotransferase (AST), and cre-

atinine (CREA), and down-regulate platelet count (PLT) and cre-

atinine clearance rate (Ccr) compared to sham group. And P@Co

could slightly lower the levels of WBC and AST, and increase the

levels of PLT and Ccr, enhanced for P@Co+NIR. Although the sig-

nificant difference was not high for blood indicators statistically,

slight tendency still existed for some indicators like WBC, PLT, AST,

Ccr and CREA. Similarly, the wet/dry ratio was 4.78±0.1, 5.03±0.1,

4.89±0.1 and 4.84±0.1 for sham group, ALI group, P@Co and

P@Co+NIR respectively (Fig. 3A).

Next, the macroscopic view of lungs of all groups were ob-

served. As shown in Fig. 3B, the lung was pink with smooth surface

for sham group while it became dark red with obvious conges-

tive sites observed for ALI group. However, congestive sites were

apparently relieved for P@Co. Especially for P@Co+NIR, the lungs

almost returned to normal state, close to sham group. The inflam-

matory factors expression levels of blood serum and lung tissue

were analyzed by ELISA. As revealed in i of Fig. 3C, the IL-6 ex-

pression of serum was in high levels for ALI group, compared to

sham group. P@Co could lower IL-6 expression level, which was

also descended for P@Co+NIR. And the same tendency was ob-

served for TNF-α expression level of serum, with the order of ALI

group > P@Co > P@Co+NIR > sham group (ii of Fig. 3C). Simi-

larly, for the homogenate of lung tissue, IL-6 and TNF-α expres-

sion levels were ascended for ALI group compared to sham group.

P@Co with or without NIR irradiation could lower the correspond-

ing expression levels. And the order of IL-6 and TNF-α expres-

sion levels were: ALI group > P@Co > P@Co+NIR > sham group

(Fig. 3D). And the lung tissue was evaluated by hematoxylin-eosin
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Fig. 2. Antioxidant and anti-inflammation capacity in cellular levels. (A) Intracellular ROS (DHE and DCF) levels of treated cells by fluorescent microscope and the cor-

responding quantified results (B). (C) Inflammatory factors expression levels of treated cells by fluorescent microscope and the corresponding quantified results (D). (E)

Inflammatory factors expression levels of the supernatent of treated cells by ELISA. (F) Genes (IL-6 (i), IL-1β (ii), iNOS (iii), TNF-α (iv), IL-10 (v) and transforming growth

factor-β (TGF-β) (vi)) expression levels of treated cells by qRT-PCR. Scale bar: 100μm. ∗P<0.05, ∗∗P<0.01, ∗∗∗P<0.001, ∗∗∗∗P<0.0001 vs. normal group; #P<0.05, ##P<0.01,
###P<0.001, ####P<0.0001. Data are presented as mean ± SD (n≥3).

(H&E) staining. As shown in Fig. 3E, the lung tissue was in normal

structure without infiltration of inflammatory cells for sham group.

For ALI group, it was obviously observed that the lung was in the

disordered state with thicken alveolar wall, and a huge amount

of infiltrated inflammatory cells. However, P@Co+NIR obviously

lowered the infiltrated cells with a thin alveolar wall. After scor-

ing, it was 0.4±0.2, 11.9±0.8, 8.9±0.4 and 4.4±1.5 respectively

for sham group, ALI group, P@Co and P@Co+NIR (Fig. 3F). Mean-

while, for immunohistochemical staining, IL-1β and TNF-α expres-

sion levels obviously increased for ALI group compared to sham

group (Fig. 3G). P@Co could decrease the expression levels of IL-1β
and TNF-α, where they were enhanced for P@Co+NIR (Fig. 3H).

Furthermore, the HSP70 expression levels of lung tissue were also

evaluated by immunohistochemical staining. As imaged in Fig. S26

(Supporting information), the obvious HSP70 expression was ob-

served for P@Co+NIR, compared to other groups. Statistically, it

was 0.9±0.1, 0.3±0.1, 1.0±0.1 and 8.3±0.5 for sham group, ALI

group, P@Co and P@Co+NIR (Fig. S27 in Supporting information).

At last, the other organs, like heart, liver, spleen and kidney were

additionally evaluated by H&E staining. No damages were observed
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Fig. 3. In vivo therapy evaluation. (A) The wet/dry ratio of lung tissue of treated rats. (B) Macroscopic observation of lung tissue of treated rats. (C) Inflammatory factors (IL-6

(i) and TNF-α (ii)) expression levels of blood serum of treated rats by ELISA. (D) Inflammatory factors (IL-6 (i) and TNF-α (ii)) expression levels of lung homogenate of treated

rats by ELISA. (E) H&E staining images of lung tissue of treated rats and the corresponding Smith score (F). (G) Inflammatory factors (IL-1β and TNF-α) expression levels

of lung tissue of treated rats by immunohistochemical staining and the corresponding IHC score (H). Scale bar: 100μm. ∗P<0.05, ∗∗P<0.01, ∗∗∗P<0.001, ∗∗∗∗P<0.0001 vs.

normal group; #P<0.05, ##P<0.01, ###P<0.001, ####P<0.0001. Data are presented as mean ± SD (n≥3).

in all other organs for ALI group, P@Co and P@Co+NIR respec-

tively, consistent with sham group (Fig. S28 in Supporting infor-

mation).

In this study, we successfully designed a novel strategy of

nanozyme (P@Co) combining with NIR irradiation for synergistic

treatment of ALI. P@Co was prepared by loading PDA with ultra-

small nanosized Co, achieving enhanced ROS scavenging. The ex-

cellent antioxidant and anti-inflammatory capacities were demon-

strated in vitro and in vivo through the down-regulation of inflam-

matory factors and intracellular ROS levels, as well as induction

of M2 directional polarization. Significantly, it presented outstand-

ing biocompatibility and biodegradability, indicated by accumula-

tion in the lung and gradually degradation. In conclusion, it offered

a promising strategy in clinical treatment of ALI and other ROS de-

rived diseases.
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