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Abstract 

Nanotechnology-mediated anti-inflammatory therapy is emerging as a novel strategy for 

treatment of inflammation-induced injury. However, one of the main hurdles for these 

anti-inflammatory nano-drugs is their potential toxic side effects in vivo. Herein, we uncovered that 

polydopamine (PDA) nanoparticles with structure and chemical properties similar to melanin, a 

natural bio-polymer, displayed significant anti-inflammation therapeutic effect on acute 

inflammation-induced injury. PDA with enriched phenol groups functioned as a radical scavenger to 

eliminate reactive oxygen species (ROS) generated during inflammatory responses. As revealed by 

in vivo photoacoustic imaging with a H2O2-specific nanoprobe, PDA nanoparticles remarkably 

reduced intracellular ROS levels in murine macrophages challenged with either H2O2 or 
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lipopolysaccharide (LPS). The anti-inflammatory capacity of PDA nanoparticles was further 

demonstrated in murine models of both acute peritonitis and acute lung injury (ALI), where 

diminished ROS generation, reduced proinflammatory cytokines, attenuated neutrophil infiltration, 

and alleviated lung tissue damage were observed in PDA-treated mice after a single dose of PDA 

treatment. Our work therefore presents the great promise of PDA nanoparticles as a biocompatible 

nano-drug for anti-inflammation therapy to treat acute inflammation-induced injury.  

 

Keywords: Polydopamine; Acute inflammation injury; Reactive oxygen species; Anti-inflammation 

therapy. 

 

Introduction 

Acute inflammatory response characterized by circulating neutrophils influx into the tissues and 

organs is a frequent event in the clinic, which causes tissue infection and damage in a short time 

period.1-3 Among different types of acute inflammation, acute lung injury (ALI) and peritonitis are 

the simplest form of acute inflammatory responses. ALI is induced by the damage of alveolar 

epithelial cells and capillary endothelial cells and characterized with the dysregulated neutrophils 

sequestrated in the lung.1, 4-8 These dysregulated neutrophils are capable of releasing proteases, 

cationic peptides and reactive oxygen species (ROS) to aggravate lung injury.4, 9-12 Excessive ROS 

formation breaks the balance of endogenous anti-oxidative capacity and induces tissue damage and 

dysfunction. Therefore, prevention of the tissue damage by scavenging ROS could serve as a 

significant therapeutic option for treatment of acute inflammation-induced injury in the clinic.13-15  
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Polydopamine (PDA) derived from self-polymerization of dopamine shows many unique 

chemical properties and has attracted much attention in the area of nanomedicine.16-22 PDA, a 

biocompatible and biodegradable polymer, has similar structure and chemical properties to that of 

melanin. With the versatile molecular adsorption ability, it has been found that PDA nanoparticles 

can be used for drug delivery, molecular imaging and cancer theranostics, as demonstrated in many 

previous studies.17-19, 23-27 On the other hand, with a large amount of phenol groups on their surface, 

PDA nanoparticles show an excellent chelating ability to capture different types of metal ions such as 

radioisotope ions for nuclear imaging.17, 23, 28-30 Moreover, those phenol groups also make PDA an 

excellent free radical scavenging agent.16, 31 However, the applications of PDA nanoparticles as an 

anti-inflammatory agent to treat acute inflammation-induced injury including acute peritonitis and 

ALI have not yet been demonstrated to our best knowledge. 

In this work, bare PDA nanoparticles were developed as anti-inflammatory nano-drug for 

treatment of acute inflammation-induced injury. At the in vitro level, it was discovered that PDA 

nanoparticles efficiently scavenged either H2O2- or LPS-induced cellular ROS. By utilizing our 

recently developed H2O2-responsive liposomal photoacoustic imaging nano-probe, we found that 

PDA nanoparticles were able to effectively suppress the in vivo inflammation process in an acute 

peritonitis model induced by LPS, as evidenced by the down-regulated ROS (e.g. H2O2) and 

pro-inflammatory cytokine levels after PDA treatment. Furthermore, using a murine model of ALI, 

we demonstrated that treatment with PDA nanoparticles ameliorated lung injury, with substantially 

diminished retention of neutrophils and lymphocytes in the lung and down-regulated levels of 

proinflammatory cytokines. Our results present an interesting anti-inflammation therapy platform by 
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utilizing the inherent biochemical properties of nanoparticles and suggest the potential application 

prospect of PDA nanoparticles as an anti-inflammatory nano-drug. 

 

Results and Discussion 

PDA nanoparticles were synthesized following a literature method (Figure 1A).16, 18 

Transmission electron microscopy (TEM) image (Figure 1B) of the PDA sample showed that PDA 

nanoparticles were successfully formed with a uniform and mono-dispersed spherical structure. As 

shown in the TEM image, the average diameter of PDA nanoparticles was ~80 nm. Those as-made 

PDA nanoparticles were stable in water without any obvious aggregation, as revealed by dynamic 

light scattering measurement (Figure 1C). 

ROS are one of main reasons to cause various acute and chronic inflammatory diseases.15, 32-36 

Previous studies have demonstrated that H2O2 is one of the most common ROS types.37-39 As such, 

we firstly examined the ROS scavenging activity of PDA nanoparticles toward H2O2. In our recent 

work, we fabricated a liposomal nanoprobe by encapsulating horseradish peroxidase (HRP) and its 

substrate, 2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), into polyethylene glycol 

modified liposomes, and used such Lipo@HRP&ABTS as a H2O2-specific nanoprobe for in vivo 

photoacoustic (PA) imaging via the HRP-induced chromogenic reaction.37 Therefore, using 

Lipo@HRP&ABTS as an indicator, the capability of PDA nanoparticles to scavenge H2O2 was 

evaluated. Firstly, PDA (0.01 mg/ml) was added into H2O2 (20 μM) solutions and incubated for 

various time periods. Afterwards, the Lipo@HRP&ABTS nanoprobe was added into those mixture 

solutions and incubated for 1 min under room temperature. As HRP in the presence of H2O2 would 
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convert colorless ABTS into its oxidized form with strong greenish color and the absorbance peak at 

~730 nm, the absorbance spectrum changes of the reaction solution could be employed to determine 

the changes of H2O2 concentrations. Interestingly, we found that addition of PDA rapidly reduced the 

H2O2 concentration in the solution, as revealed by a decrease of absorbance from the 

Lipo@HRP&ABTS nanoprobe (Figure 1D). Furthermore, an increase in PDA concentrations also 

resulted in a further decrease of H2O2 concentrations (Figure 1E). Notably, the H2O2 scavenging 

activity of PDA increased as the solution pH increased from acidic to neutral values (Supporting 

Information Figure S1B & 1C). Such a PDA-concentration-dependent H2O2 scavenging 

phenomenon could be vividly visualized by the obvious color change of PDA-treated H2O2 solutions 

in the presence of Lipo@HRP&ABTS nanoprobe (Figure 1F). Besides, PA signals, which were 

originated from the 730 nm absorbance of Lipo@HRP&ABTS in response to H2O2, of the reaction 

solutions with different PDA concentrations were also detected (Figure 1G). As the increase of PDA 

concentrations, the H2O2-specific PA signals from Lipo@HRP&ABTS showed dramatic decreases 

(Figure 1G). It was noteworthy that even a rather low PDA concentration (0.01 mg/ml) was capable 

of inducing a significant decrease of the H2O2 concentration in the aqueous solution.  

To understand the mechanism underlying the ability of PDA to scavenge H2O2, we examined 

whether PDA caused the decomposition of H2O2 by measuring O2 production in the H2O2 solution 

after adding PDA nanoparticles. Without PDA, the rate of O2 generation was quite slow as a result of 

self-decomposition of H2O2 (Supporting Information Figure S1D). Interestingly, when PDA 

nanoparticles were added into the H2O2 solution, the O2 production rate was greatly increased 

(Supporting Information Figure S1D & 1E), suggesting the ‘catalase-like’ catalytic performance 
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of PDA to trigger the decomposition of H2O2 (Supporting Information Figure S1F). Therefore, we 

propose that PDA nanoparticles could act as a H2O2 scavenger not only as a reducing agent to 

directly react with such ROS by redox reactions, but also as a catalyst to trigger decomposition of 

H2O2. 

Next, the interactions between PDA nanoparticles and cells were studied at the in vitro level. 

After incubation with Raw 264.7 cells, PDA nanoparticles could be taken up into the cells 

(Supporting Information Figure S2). The potential antioxidant and anti-inflammatory activities of 

PDA were then studied in vitro by a dye of 2,7-Dichloro-dihydrofluorescein diacetate (DCFH-DA), 

which is specifically responsive to intracellular ROS.40 In our experiments, Raw 264.7 cells were 

pre-incubated with PDA for 6 h and then stimulated by H2O2 or LPS, the latter is a component from 

Gram-negative bacterial cell wall commonly used to stimulate oxidative stresses and induce 

inflammatory responses. As expected, the cellular ROS levels showed drastic increases upon 

exposure to either H2O2 or LPS. Interestingly, the ROS levels of cells pre-treated with PDA ( PDA + 

H2O2 and PDA + LPS groups) were found to be significantly reduced, as revealed by both FACScan 

analysis and confocal fluorescence images of DCFH-DA stained cells (Figure 2A-C&E and 

Supporting Information Figure S3A). Moreover, PDA treatment also effectively prevented H2O2- 

induced cytotoxicity to those cells (Figure 2B-D). No obvious toxicity was observed after Raw 

264.7 cells were incubated with different concentrations (up to 160 µg/ml) of PDA for 24 h 

(Supporting Information Figure S3B). On the other hand, PDA nanoparticles could down-regulate 

the LPS-induced excretion of pro-inflammatory cytokine TNF-α by Raw 264.7 cells (Supporting 

Information Figure S3C). Therefore, PDA nanoparticles showed significant antioxidant and 
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anti-inflammatory activities to reduce ROS production and protect cells from ROS-induced damage 

at the in vitro level. 

Encouraged by the effective anti-inflammation ability of PDA in vitro, we then studied whether 

PDA nanoparticles could alleviate LPS-induced acute peritonitis in mice. Acute peritonitis was 

induced by intraperitoneal (i.p.) injection of LPS (Figure 3A) and mice were randomly divided into 

four groups (group 1-4): phosphate buffered solution (PBS) control group, PDA group, LPS group, 

and LPS + PDA group. PDA nanoparticles (10 mg/kg) were i.p. injected into the mice at 0.5 h after 

LPS injection in group 2 and group 4 (Figure 3A). At different time points (24 h, 36 h and 48 h) post 

PDA injection, the mice were i.p. injected with Lipo@HRP&ABTS and imaged by a LAZR PA 

Imaging System.37 LPS treatment resulted in strong photoacoustic signals in mouse abdomen owing 

to the inflammation-induced production of H2O2 (Figure 3B&3C). Notably, administration of PDA 

remarkably reduced H2O2-associated photoacoustic signals in the mouse abdomen, suggesting 

largely decreased H2O2 levels in mice treated with PDA (Figure 3B&3C). Furthermore, blood 

samples were collected at different time points for measurement of inflammation-related cytokines 

including TNF-α and IL-1β. It was found that serum levels of TNF-α in ‘LPS + PDA’ treatment 

group were significantly reduced at 24 h, 36 h, and 48 h post PDA treatment compared to LPS group 

(Figure 3D), whereas serum levels of IL-1β also showed the same decreasing trend at 36 h post PDA 

treatment (Supporting Information Figure S4). Therefore, both PA imaging and serum cytokine 

data indicate that the inflammatory response initiated during LPS-induced acute peritonitis is greatly 

attenuated by treatment with PDA nanoparticles. 

ALI is even more common than acute peritonitis in the clinic. In our experiments, ALI model 
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was established by intranasal instillation of LPS into mice (Figure 4A). Thereafter, these mice were 

intravenously (i.v.) injected or intranasally (n.a.) dropped with PDA nanoparticles (Figure 4A) at the 

different time points post LPS stimulation. The biodistribution analysis based on 131I-labeled PDA 

nanoparticles revealed that PDA nanoparticles predominantly accumulated in the lung at 24 h post 

PDA injection or dripping (Figure 4B & C). In comparison with i.v. injection, the n.a. dripping 

method led to a much higher accumulation of PDA nanoparticles in the lung with lower retention in 

other organs such as liver and spleen (Figure 4B & C). 

Based on the biodistribution analysis, in order to seek the best method and timing of PDA 

administration to treat ALI, we further studied the therapeutic effect of PDA nanoparticles under 

either n.a. dripping or i.v. injection. Firstly, the administration time of PDA nanoparticles was 

assessed. It was uncovered that the earlier PDA nanoparticles were administrated for ALI treatment, 

the better therapeutic effect could be, no matter n.a. dripping or i.v. injection (Figure 4D - G). 

Notably, when PDA nanoparticles were administrated within 0.5 h after ALI was initiated, lung 

myeloperoxidase (MPO) activity, total leukocyte numbers, total protein concentrations, and total 

neutrophil counts were all significantly down-regulated, suggesting the remarkable therapeutic effect 

of PDA nanoparticles to treat ALI (Figure 4D - G). Thereafter, the therapeutic efficacy between n.a. 

dripping and i.v. injection was compared. It is well documented that dysregulated leukocytes, 

especially neutrophils, play an important role in aggravating ALI.4, 9 Interestingly, compared to i.v. 

injection, n.a. dripping of PDA nanoparticles resulted in a more markedly decrease in total protein 

concentrations, especially the total leukocyte and neutrophil numbers (Figure 4E - G). Hematoxylin 

and eosin (H&E) staining of lung tissues collected at 24 h also demonstrated that n.a. administration 
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of PDA offered better therapeutic outcome compared to that achieved by the i.v. injection route for 

ALI treatment (Supporting Information Figure S5). Therefore, we chose intranasal dripping at 0.5 

h post initiation of ALI to evaluate the therapeutic effect of PDA nanoparticles in details.  

Based on above findings, the time-dependent efficacy of PDA nanoparticles to ameliorate 

LPS-induced ALI was further evaluated. ALI model was induced by LPS (Figure 5A) and mice were 

randomly divided into four groups: PBS group, PDA group, LPS group, and LPS + PDA group. Mice 

were n.a. dropped by PDA (10 mg/kg) at 0.5 h post LPS inhalation. Administration of PDA markedly 

attenuated proinflammatory cytokines IL-6, TNF-α, and CXCL-2 in BALF of LPS-induced ALI mice 

at all tested time points, but did not affect these cytokine levels in normal healthy mice (Figure 5B, 5C 

& 5D). Meanwhile, PDA significantly reduced total leukocytes and neutrophils counts, lung MPO 

activity, and total protein levels in BALF of LPS-induced ALI mice (Figure 5E - 5H).  

Histological examination of the lung tissues was further conducted to directly evaluate the 

therapeutic outcome. In the lung of the ‘LPS group’, epithelioid cell proliferation and infiltration of 

inflammatory cells (mainly neutrophils) were observed (Figure 6). By contrast, administration of 

PDA could effectively ameliorate lung morphological changes and significantly reduce neutrophil 

infiltration as observed in the ‘LPS + PDA group’ (Figure 6). These results indicated that PDA could 

observably alleviate LPS-induced ALI in vivo, promising the ALI therapy. 

 

Conclusion 

In summary, PDA nanoparticles were developed for treatment of acute inflammation-induced 

injury, as demonstrated in both murine acute peritonitis and ALI models. The characteristics of PDA 
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nanoparticles in eliminating ROS were carefully studied for understanding the antioxidation 

mechanisms. We uncover that PDA nanoparticles could act as a ROS scavenger not only as a 

reducing agent to directly react with ROS, but also as a catalyst to trigger decomposition of H2O2. At 

the cellular level, PDA nanoparticles strongly down-regulated intracellular ROS levels in response to 

inflammatory stimulation. Consistent with the anti-oxidative and anti-inflammatory properties of PDA 

nanoparticles, in vivo ROS generation during acute peritonitis was substantially relieved in mice 

treated with PDA, as confirmed by photoacoustic imaging using a H2O2-specific nanoprobe. The 

anti-inflammation activity of PDA nanoparticles was further evaluated in the ALI model. After a 

single dose of PDA treatment, PDA nanoparticles markedly improved ALI, with significantly reduced 

neutrophil infiltration, decreased BALF protein concentrations, and improved lung morphological 

alterations. Therefore, an interesting therapeutic nano-drug based on PDA nanoparticles is developed 

in this work, useful for not only protecting the tissue from ROS injury, but also improving the 

behavior of dysregulated neutrophils to ameliorate acute inflammation. Such a strategy may 

significantly improve the clinical outcomes for not only ALI, but also other inflammatory diseases 

with dysregulated neutrophils, such as acute respiratory distress syndrome, acute gout of liver 

encephalopathy and epilepsy. This study thus presents the great promising of applying nanomedicine 

for anti-inflammation therapy. 

 

Materials and methods 

Materials. . . . Dopamine hydrochloride, 2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 

(ABTS), horseradish peroxidase (HRP), lipopolysaccharide (LPS) and 2',7'-Dichlorofluorescin 
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diacetate (DCFH-DA) were purchased from Sigma-Aldrich and used as received. Hydrogen peroxide 

(H2O2) was purchased from China National Pharmaceutical Group Corporation. Raw 264.7 

macrophage cells were obtained from American Type Culture Collection (ATCC). DMEM culture 

medium was obtained from Thermo Fisher Scientific Inc. Female Balb/c mice were purchased from 

Nanjing Peng Sheng Biological Technology Co. Ltd. 

 

Preparation of PDA nanoparticles. PDA nanoparticles were synthesized according to a 

method previously reported.16, 18 Briefly, 90 mg dopamine hydrochloride was dissolved in 45 ml 

deionized water, into which 0.38 ml of 1 M NaOH solution was added. After self- polymerization for 

2 h, PDA nanoparticles were obtained by centrifugation (14800 rpm) and washed with deionized 

water for several times. 

 

Characterization. The morphology of PDA was characterized with FEI Tecnai F20 

transmission electron microscopy. UV–Vis–NIR absorption spectra were measured by a GENESYS 

10S UV–Vis spectrophotometer. The hydrodynamic light scattering (DLS) was acquired by a 

Zetasizer Nano Z (Malvern). 

 

Catalysis of H2O2 by PDA nanoparticles. The O2 release in the H2O2 solution with or without 

PDA (0.01 mg/ml) was measured by a dissolved oxygen meter (Rex, JPBJ-608, China). The 

decomposition of H2O2 (100 μM) was determined by an ABTS assay. A liposomal H2O2-specific 

nanoprobe, Lipo@HRP&ABTS, was synthesized according to our recently reported protocol.37 PDA 
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solutions with different concentrations (0.01, 0.02, 0.03 mg/ml) were mixed with H2O2 for 5-10 

minutes, and then incubated with Lipo@HRP&ABTS solution. The absorbance of the mixture after 

reaction was measured using a UV–Vis spectrophotometer. 

 

Cell uptake of PDA nanoparticles. To test the cell uptake of nanoparticles, Raw 264.7 cells, a 

murine macrophage cell line, were incubated with FITC labeled PDA nanoparticles (PDA-FITC, 80 

μg/ml) for various periods of time. Afterwards, the cells were washed by PBS three times and 

imaged under a confocal fluorescence microscope (OLYMPUS, IX73). 

 

Intracellular ROS scavenging by PDA nanoparticles. To evaluate the ROS scavenging in 

vitro, Raw 264.7 cells were seeded in 24-well plates and incubated with PDA (80 μg/ml) for 6 hours 

before adding H2O2 (100 and 200 μM). After 30 minutes of exposure to H2O2, the cells were washed 

by PBS twice and then incubated with DCFH-DA. Flow cytometry (ESP Elite, Beckman Coulter, 

Fullerton, CA, USA) was used to test the levels of ROS in the cells by detecting the mean 

fluorescence intensity (MFI) of DCFH-DA fluorescence. For cell viability assay, Raw 264.7 cells 

were seeded in a 96-well plate and mixed with PDA (80 μg/ml), with or without adding H2O2. After 

24 hours incubation, the cells were washed and the cell viability was determined by the cell counting 

kit (CCK-8) assay. For the anti-inflammatory study of PDA in vitro, PDA nanoparticles (80 μg/ml) 

were incubated with Raw 264.7 cells for 6 hours. Then, the cells were treated with LPS. Intracellular 

ROS levels were assessed using DCFH-DA staining by flow cytometry. Additionally, DCFH-DA 

fluorescence in the cells was visualized by a confocal fluorescence microscope (OLYMPUS, IX73). 
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Peritoneal inflammation amelioration for PA imaging. All animal procedures were 

performed in accordance with the Guidelines for Care and Use of Laboratory Animals of Soochow 

University and approved by the Animal Ethics Committee of Soochow University. Female BALB/c 

mice (8-10 weeks) were purchased from Nanjing Peng Sheng Biological Technology Co Ltd and 

randomly divided into four groups: phosphate buffered solution (PBS) control, PDA control, 

LPS-treated group, and PDA + LPS-treated group (4 mice per group), which were intraperitoneally 

(i.p.) injected with PBS (0.1 ml), PDA (10 mg/kg), LPS (5 mg/kg), and PDA (10 mg/kg) + LPS (5 

mg/kg), respectively. At different time points (24 hours, 36 hours, 48 hours) after injection, the mice 

were i.p. injected with H2O2-responsive probe Lipo@HRP&ABTS for photoacoustic (PA) imaging 

of peritoneal inflammation by in vivo detection of H2O2.37 All images on the abdomen were assessed 

using a Vevo LAZR Imaging System (FujiFilm VisualSonics Inc.). Besides, serum samples in all 

groups were collected from the mouse eyes. And serum cytokines (TNF-α, IL-1β) were analyzed 

with ELISA kits (eBioscience, San Diego, CA, USA), according to the manufacturer’s instructions. 

All animal studies were approved by Soochow University Laboratory Animal Center. 

 

Biodistribution of PDA nanoparticles. 
131I-labeled PDA was prepared according to the 

previous reports.23 For intravenous route, female BALB/c mice were intravenously (i.v.) injected with 

131I-PDA (PDA: 10 mg/kg, 200 µCi of 131I). After 24 hours post injection, major organs including liver, 

spleen, kidney, heart, lung, skin, muscle, bone, stomach and small intestine were collected and 

measured by the gamma counter (Science and Technology Institute of China in Jia Branch Innovation 
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Co., Ltd.). 

 

LPS-induced ALI. Female BALB/c mice (8-10 weeks) were used for those experiments. The 

ALI model was induced with n.a. instillation of LPS, according to the standard method previously 

reported.41-42 At 24, 36 and 48 hours after LPS inhalation, the lung tissues and bronchoalveolar 

lavage fluid (BALF) were collected after three times lavages and stored at – 80 oC. BALF samples 

were directly used for analyses without any additional treatment. 

 

Measurement of lung MPO activity. The groups were the same as before: PBS group, PDA 

control, LPS-treated group, and PDA + LPS-treated group (4 mice per group). Right lung tissues of 

the mice were homogenized and centrifuged. The supernatant solution was used to analyze and 

quantify lung MPO activity with the MPO assay kit (Nanjing Jiancheng Bioengineering Institute) 

according to the vendors’ instructions. 

 

Assessment of leukocyte number, total protein concentration, inflammatory cytokines and 

chemokine in BALF. After lung lavage for three times, BALF was obtained.41 A standard 

haemocytometer and Wright-Giemsa staining assay was used to assess the counts of total and 

differentiated leukocytes. A BCA protein assay kit (Piece, Rockford, IL, USA) was used to measure 

the total protein concentration in BALF. The levels of inflammatory cytokines (TNF-α, IL-6 and 

IL-1β) and chemokine (CXCL2) in BALF were determined by ELISA (eBioscience, San Diego, CA, 

USA), according to the supplier’ instructions. 
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Lung histological examination. Left lung tissues of the mouse were harvested and fixation in 

4 % paraformaldehyde for hematoxylin and eosin (H&E) staining at 24 hours, 36 hours and 48 hours 

after LPS instillation. Lung slices were observed for evaluating morphological changes by a digital 

microscope (Leica QWin). 

 

Statistical analysis. The statistical analyses were performed by using Student’s t-test for the p 

value (* p < 0.05, ** p < 0.01, *** p < 0.001). The values were expressed as mean ± standard 

deviation (SD) for control and experimental samples. 
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Figure 1. Preparation and ROS elimination characterization of PDA. (A) A schematic illustration for 
the synthesis of PDA and effect of PDA for protecting the tissue from oxidative and inflammatory 
injury. (B) TEM image of PDA nanoparticles. (C) Hydrodynamic diameters of PDA nanoparticles in 
water. (D) UV-Vis-NIR absorbance spectra changes of the reaction solutions measured at different 
time point (i.e. 1 min, 10 min, 30 min) after H2O2 (20 μM) was incubated with PDA (0.01 mg/ml). 
The absorbance was originated from the Lipo@HRP&ABTS probe in the presence of H2O2. (E&F) 
UV-Vis-NIR absorbance spectra (E) and the photo (F) of the mixture solutions, including free 
Lipo@HRP&ABTS, free PDA, and Lipo@HRP&ABTS mixed with H2O2 (25 μM) pre-incubated 
with different concentrations of PDA for 10 min. (G) PA images (up) and PA signal intensities at 
780 nm (bottom) of the mixture solutions. 1: Lipo@HRP&ABTS solution. 2: PDA (0.03 mg/ml) 
solution. 3 - 6: the mixture solutions of Lipo@HRP&ABTS, H2O2 (25 μM) and PDA at different 
concentrations (0.03, 0.02, 0.01 and 0.00 mg/ml). 
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Figure 2. In vitro antioxidant and anti-inflammatory experiments. (A&B) Intracellular ROS 
scavenging by PDA in LPS-treated (A) or H2O2-treated (B) Raw 264.7 cells as detected by the flow 
cytometer using DCFH-DA as the ROS-specific probe. (C) Mean fluorescence intensity (MFI) 
calculated based on the flow cytometer data in (A&B). (D) The relative viabilities of Raw 264.7 cells 
incubated with H2O2 (200 μM and 100 μM) with or without PDA (80 μg/ml). ** p < 0.01, *** p < 
0.001. (E) Confocal fluorescence images of ROS levels in the LPS-treated cells with or without PDA 
treatment using DCFH-DA as the ROS probe. Scale bar = 25 μm. 
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Figure 3. In vivo PA imaging to monitor relief of acute peritonitis by PDA treatment. (A) Schematic 
illustration showing the experimental design. LPS was i.p. injected into mice to induce acute 
peritonitis, which was ameliorated by PDA. The therapeutic effect could be monitored by PA 
imaging for in vivo H2O2 detection. (B) In vivo PA images of mouse abdomen at different time 
points (24 h, 36 h and 48 h) post injection of LPS with or without i.p. injection of PDA. (C) PA 
signals at 780 nm for mouse abdomen of all groups based on PA imaging data in (B). (D) Serum 
cytokine TNF-α from mice evaluated at 24 h, 36 h and 48 h post injection of LPS. * p < 0.05 and ** 
p < 0.01. 
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Figure 4. PDA injection with different administration routes for in vivo ALI treatment. (A) 
Schematic illustration showing the establishing process of the ALI model and the two treatment 
routes. (B&C) The biodistribution of PDA by i.v. injection (B) or n.a. dripping (C) at 24 h post 
treatment. He: heart; Li: liver; Sp: spleen; Lu: lung; Ki: kidney; St: stomach; Si: small intestine; Sk: 
skin; Bo: bone; Mu: muscle. (D-G) Comparison of therapeutic responses between i.v. injection and 
n.a. administration of PDA evaluated at different intervention time points (0.5 h, 2 h, 4 h and 6 h) 
post model establishment, including the lung MPO activity (D), the total protein concentration (E), 
the total leukocyte number (F), and the total neutrophil number (G). P values were calculated by the 
Student's t-test. � p < 0.05, �� p < 0.01 means n.a. administration group versus i.v. injection 
group. ** p < 0.01, ** p < 0.001 versus LPS group. 
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Figure 5. In vivo therapy with PDA for ALI treatment. (A) Schematic illustration showing the 
ameliorative process of ALI induced by PDA. (B - D) BALF cytokines including IL-6, TNF-α, and 
CXCL2 from mice measured at 24 h, 36 h and 48 h post dripping of LPS. (E-H) The assessment in 
lung MPO activity (E), the BALF total protein concentration (F), the BALF total leukocyte number 
(G), and the BALF total neutrophil number (H) at different time point (24 h, 36 h and 48 h) after LPS 
inhalation. * p < 0.05, ** p < 0.01 and *** p < 0.001.  
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Figure 6. In vivo lung histological examination. H&E stained images of the lung tissues collected 
from all groups. Scale bar (red line) = 500 μm; Scale bar (black line) = 50 μm. 
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