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Background: Less apoptosis and excessive growth of fibroblasts contribute to the progres-

sion of hypertrophic scar formation. Cuprous oxide nanoparticles (CONPs) could have not

only inhibited tumor by inducing apoptosis and inhibiting proliferation of tumor cells, but

also promoted wound healing. The objective of this study was to further explore the

therapeutic effects of CONPs on hypertrophic scar formation in vivo and in vitro.

Methods: In vivo, a rabbit ear scar model was established on New Zealand albino rabbits.

Six full-thickness and circular wounds (10 mm diameter) were made to each ear. Following

complete re-epithelization observed on postoperative day 14, an intralesional injection of

CONPs or 5% glucose solution was conducted to the wounds. The photo and ultrasonogra-

phy of each wound were taken every week and scars were harvested on day 35 for further

histomorphometric analysis. In vitro, the role of CONPs in human hypertrophic scar fibro-

blasts (HSFs) apoptosis and proliferation were evaluated by Tunnel assay, Annexin V/PI

staining, cell cycle analysis, and EdU proliferation assay. The endocytosis of CONPs by

fibroblasts were detected through transmission electron microscopy (TEM) and the mito-

chondrial membrane potential and ROS production were also detected.

Results: In vivo, intralesional injections of CONPs could significantly improve the scar

appearance and collagen arrangement, and decreased scar elevation index (SEI). In vitro,

CONPs could prominently inhibit proliferation and induce apoptosis in HSFs in

a concentration-dependent manner. In addition, CONPs could be endocytosed into mitochon-

dria, damage the mitochondrial membrane potential and increase ROS production.

Conclusion: CONPs possessed the therapeutic potential in the treatment of hypertrophic

scar by inhibiting HSFs proliferation and inducing HSFs apoptosis.

Keywords: CONPs, hypertrophic scar, apoptosis, proliferation, mitochondria

Introduction
Hypertrophic scar is a severe fibrotic skin disease with excessive extracellular

matrix deposition and abnormal remodeling after cutaneous wounds involved in

dermal tissue.1,2 Scarring that manifested severe sequelae such as persistent itching

and pain, organ dysfunction or body disfiguration, often lead to severe physiologi-

cal and psychological burden for patients and families.3,4 Although many different

kinds of prevention and treatment strategies already exist, such as excision, com-

pression, and laser,5,6 it is still difficult to be cured by there conventional therapy.7

The specific mechanism underlying the hypertrophic scar formation still need be

further explored. However, less apoptosis and excessive growth of fibroblasts have

Correspondence: Zhaofan Xia; Yongjun
Zheng
Department of Burn Surgery, Changhai
Hospital, Second Military Medical
University, 168 Changhai Road, Shanghai,
People’s Republic of China
Tel +86 213 116 1821; +86 213 116 1828
Fax +86 216 558 9829; +86 216 558 9829
Email xiazhaofan_smmu@163.com;
smmuzhengyongjun@163.com

International Journal of Nanomedicine Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com International Journal of Nanomedicine 2019:14 5989–6000 5989
DovePress © 2019 Xiao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/IJN.S196794

In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

an
om

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


been verified to play important roles in the hypertrophic

scar formation.8,9 The idea that inducing HSFs apoptosis

and inhibiting HSFs proliferation could be an effective

strategy for anti-hypertrophic scar therapy.10,11 Recently,

CONPs have been widely used in many anti-tumor thera-

pies and showed great anti-tumor characteristics, such as

inducing tumor cells apoptosis and inhibiting

proliferation.12,13 Moreover, CONPs have also showed

potential property of promoting wound healing through

inhibiting pathogenic strains, increasing blood vessel for-

mation and some other mechanisms.14,15 However,

whether CONPs possess the potential anti-scar properties

remain an undeveloped area.

Therefore, the purpose of this study was to explore the

therapeutic effects of CONPs on hypertrophic scar forma-

tion in vivo and in vitro. In vivo, we discovered that

CONPs could significantly improve the scar appearance

and decrease SEI in a rabbit ear hypertrophic scar model.

In vitro, CONPs could significantly inhibit proliferation

and induce apoptosis in HSFs. Furthermore, the findings

also revealed that CONPs could specifically target the

mitochondria and induce apoptosis by initiating

a mitochondrion-mediated apoptosis signaling pathway.

Our results strongly suggest that CONPs could ultimately

be applied to the treatment of hypertrophic scar as a new

type of anti-scarring nanomedicine.

Methods
Synthesis and characterization detection

of CONPs
CONPs were produced as described in the previous study.16

Chemicals of analytical grade were used in the experiment.

First, a total of 0.35 mL of 0.1 M CuSO4 (aq) and 3 mL of

0.1 M cetyltrimethylammonium bromide (CTAB) (aq) were

added into a test tube, and then shaken vigorously by

a vortex mixer for about 5 mins. Then 10 mL of fresh,

cold 0.04 M NaBH4 (aq) was added into mixture. The

mixture was then incubated at 26 °C–28 °C for about

18 hrs until it became bright yellow. Then the mixture was

centrifuged at 12,000 rpm for 15–20 mins, and washed with

ethanol and deionized water. The supernatant was discarded

and the solids were vacuum-dried for 15 mins. Finally, the

dried black powder was collected and stored in 4 °C.17 The

dried CONPs were diluted to 30 mg/mL in doubly distilled

water for further characteristic analysis. A Malvern

Instrument (Malvern Nano-ZS) was used to measure the

particle size and zeta potential of CONPs. The morphology

of CONPs was detected under a transmission electron

microscope (TEM) (H-7650, Hitachi, Japan).

Rabbit ear hypertrophic scar model

establishment
All animal studies were performed adhering to the NIH

guidelines for care and use of laboratory animals and with

the approval of the Animal Experiment Centre of

the Second Military Medical University. The rabbit ear

hypertrophic scar model was produced as described

previously.18 Briefly, 8 adult New Zealand albino rabbits

(male, aged 3 months, each weighing 2.5–3 kg) were given

anesthesia with 1% (10 mg/mL) pentobarbital sodium

(1 mg/kg). Specifically, six full-thickness and circular

wounds (10 mm diameter) were made to the bare cartilage

on the ventral surface of each ear under sterile conditions.

The epidermis, dermis, and perichondrium were carefully

removed using a surgical blade. Next day, the wounds

were sterilized again and the secretions were cleaned.

Intralesional injection
On postoperative day 14 and 21, after complete re-

epithelialization, for each rabbit, an intralesional injection

of CONPs were conducted to the 6 wounds of left ear and

5% glucose solution at the same volume as the CONPs were

injected to the 6 wounds of right ear. Briefly, a 5% glucose

solution was used to dissolve the CONPs by an ultrasonic

mixer (Bilon, Shanghai, China). 0.1 mL of CONPs solution

at a concentration of 1mg/ml was carefully injected into the

center of each lesion from the edge of the wound with a 29-

G needle. Wounds in the right ear were injected in the same

way with an equal volume of 0.1 mL 5% glucose solution.

Scar evaluation and histologic analysis
The gross appearance of each wounds was observed by

taking photos every week and thickness of scar was calcu-

lated using an ultrasound machine (MyLabOne, Esaote,

Italy). On day 35, the scar specimens were collected for

the further histological analysis. Briefly, the specimens

were first fixed in 4% formaldehyde solution for 24 hrs,

embedded in paraffin, cut into 5mm sections, and then

stained with masson trichrome staining.

Cell culturing and EdU proliferation assay
The Ethics Committees of Changhai Hospital of the Second

Military Medical University approved this study involving

relevant human material, and informed consent was provided
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from each participant or their family member, in accordance

with the Declaration of Helsinki. HSFs were isolated from

human hypertrophic scars tissue and cultured in a Dulbecco’s

Modified Eagle Media (DMEM) supplemented with 10%

FBS, and 1% penicillin and streptomycin. All the cell experi-

ments were performed before the fourth generation. HSFs in

exponential phase were seeded and treated with different

concentrations of CONPs (0, 1.25, 2.5, 5 µg/ml) for 24 hr.

The macroscopic morphology was detected using a digital

microscope system (IX81, Olympus, Tokyo, Japan). The

HSFs were treated with the CONPs for 24 hr and then the

proliferation was detected by EdU assay following the man-

ufacturer’s instructions. The images were then taken using

a digital microscope system (IX81, Olympus, Tokyo, Japan).

Terminal deoxynucleotidyl transferase

(TdT)-mediated dUTP nick end labeling

(TUNEL) assay
To identify apoptotic cells, TUNEL staining was performed

using an apoptosis detection kit (Roche, California, USA)

following the manufacturer’s instructions. Briefly, cells were

first fixed with 4% paraformaldehyde for 30 min at room

temperature, washed twice with PBS and then permeabilized

with 0.1%TritonX-100. The cells were then fixed in 20 µg/mL

protease K for 20 min, washed twice with PBS, and stained in

sequence with TUNEL reaction mixture, converter-POD and

DAPI Subtrate. The images were then taken under the fluor-

escence microscope (Olympus, Tokyo, Japan). Experiments

were performed in 96-well plates with three biological repeat.

Annexin V/PI staining
HSFs were seeded and treated with CONP medium (0,

1.25, 2.5 and 5.0 μg/mL) in 6-well culture plates for

24 hrs. Apoptotic and necrotic cells were analyzed by

using an Annexin V FITC/Propidium Iodine (PI)

Apoptosis Detection Kit (BD Biosciences, San Jose, CA)

following the manufacturer’s instructions. Briefly, a total

of 5 μL FITC-Annexin V and 10 μL PI were added to the

cell suspension and incubated for 30 mins at room tem-

perature in the dark. Cells were then analyzed using Flow

Cytometer (Beckman, Los Angeles, CA, USA). The per-

centage of apoptotic and necrotic cells was detected.

Cell cycle assay
Before analysis, HSFs were treated with different concen-

trations of CONPs (0, 1.25, 2.5 and 5.0 μg/mL) for 24 hr.

Then cells were harvested using 0.25% trypsin with 1mM

of EDTA solution, washed twice using 2 mL 4 °C phos-

phate-buffered saline (PBS), resuspended in 1 mL DNA

staining solution, added 10 μL permeabilization solution,

and then incubated for 30 mins at room temperature in the

dark. The samples were subsequently analyzed using

a flow cytometer (Beckman, Los Angeles, CA, USA).

Mitochondrial membrane potential
JC-1 mitochondrial membrane Potential Assay Kit (C2006,

Beyotime Biotechnology, Shanghai, China) was used to

detect mitochondrial membrane potential change by flow

cytometry. Before analysis, HSFs were treated with different

concentrations of CONPs for 24h. Cells were then incubated

with JC-1 staining for 20 min, washed with staining buffer,

and detected by flow cytometry (Beckman, Los Angeles,

CA, USA). The experiment was independently repeated

three times. The mean fluorescence intensity in HSFs

reflected the level of mitochondrial membrane potential.

Transmission electron microscopy (TEM)
Before analysis, HSFs were treated with different concentra-

tions of CONPs for 24h. Then cells were harvested, fixed

with formaldehyde and dehydrated with increasing concen-

trations of ethanol. Finally, cells were stained in uranylace-

tate, embedded in Epon, and then observed with transmission

electron microscope (Hitachi, Tokyo, Japan).

Intracellular reactive oxygen species

(ROS) generation
Dichlorodihydrofluorescein Diacetate (DCFH-DA) Cellular

Reactive Oxygen Species Detection Assay Kit (Beyotime

Institute of Biotechnology, Inc. 786O, A498) was used to

detect the production of intracellular ROS levels of HSFs.

HSFs were treated with an increasing concentration of

CONPs for 24 h. Then the cells were collected, washed

with PBS, and stained with 10 mM DCFH-DA at 37 °C for

30 min. Then the DCF fluorescence was analyzed with flow

cytometer (Beckman, Los Angeles, CA, USA). The experi-

ments are independently repeated three biological times.

Statistical analysis
SPSS 22.0 software (IBM Corporation, Armonk, NY, USA)

and GraphPad Prism 6.0 (La Jolla, CA, USA) were used for

statistical analysis and graphical presentations. The data

were shown as mean ± standard deviation (SD). One-way

ANOVAwas used to analysis the data. p<0.05 was consid-

ered to be statistically significant.
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Results
Characteristics of CONPs
TEM was used to detect the morphology of CONPs. As

showed in Figure 1C, CONPs were spherical and homoge-

neous in the suspensions. Furthermore, the zeta potential

spectrum of CONPs was shown in Figure 1A; CONPs pos-

sessed a zeta potential of 17.3±4.57 mV. The particle size

distribution spectrum of CONPs was shown in Figure 1B.

The CONPs had a narrow particle size distribution with

a mean particle size of 88.5nm. The above characterization

of the CONPs suggested that the CONPs used in our experi-

ment possessed good quality.

CONPs reduced hypertrophic scar

formation
Gross examination

On postoperative day 14, all the wounds represented

total re-epithelialization. Stiff and visibly raised scars

gradually formed in all the wounds. By contrast, on

postoperative day 35, CONPs-treated scars improved

significantly on the gross examination and became softer

and less visible compared with the control group, which

gradually became raised, red, and stiff after re-

epithelialization (Figure 2).

Masson trichrome staining

The collagen deposition after treated with CONPs

was observed by Masson trichrome staining. On

postoperative day 35, the deposition of collagen was

eased and the collagen fibers were well arranged in the

CONPs-treated scars (Figure 3C, D), while the dense, and

irregularly arranged collagens were observed in 5% glu-

cose solution-treated scars (Figure 3A, B).

Ultrasonography and calculated SEI

Ultrasonography was used to detect the accurate thickness

of scars tissue from the epithelium to cartilage and the SEI

were calculated. The results showed a thinner thickness

and an evident lower SEI in CONPs-treated scars than

their internal controls (Figure 4).

CONPs inhibited HSFs growth and

induced cell cycle arrest at G2/M phases
Gross examination

The gross examination images were taken to detect the

influence of CONPs on the morphology of HSFs. As

shown in Figure 5, the results of gross examination

images showed that CONPs caused an evident mor-

phology change of HSFs. Cells treated with CONPs

grew slow, floating with a spherical shape, while cells

in 5% glucose solution treated group were spindle and

grew quick.

EdU staining

EdU proliferation assay was performed to detect the influ-

ence of CONPs on the proliferation of HSFs. After treated
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Figure 1 Characterization of the cuprous oxide nanoparticles (CONPs). (A) The zeta potential spectrum of CONPs; (B) the size distribution spectrum of CONPs; (C) the

TEM image.
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with different concentrations of CONPs for 24 hrs, the

results of EdU staining showed that the percentage of EdU

positive cells was reduced gradually with the increasing

concentration of CONPs, which indicated that the number

of proliferating cells decreased significantly (Figure 6). All

these data suggested that CONPs could suppress HSFs

growth in vitro in a concentration dependent manner.

Cell cycle assay
Furthermore, the effect of CONPs on the cell cycle of

HSFs was also detected by flow cytometry. As shown

in Figure 7, with the increasing concentration of

CONPs, the percentage of cells in G2/M phase signifi-

cantly increased, while the percentage of cells in GO/

G1 phase notably decreased, yet the percentage of cells

Day 0 Day 14 Day 35

Glucose

CONPs

Figure 2 Gross examination images. Cuprous oxide nanoparticles (CONPs)-treated scars improved significantly on gross examination and were softer and less visible

compared with their controls group, which gradually became raised, red, and stiff after re-epithelization.

Glucose

A C

B D

200μm
200μm

200μm
200μm

100μm
100μm

100μm
100μm

CONPs

Figure 3 Masson trichrome staining. Masson trichrome staining was used for the evaluation of collagen fiber organization. Collagen fibers were dense and disorderly in the

control scars (A, B), and significantly improved in cuprous oxide nanoparticles (CONPs)-treated scars (C, D).
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in S phase had no significant change. Totally, CONPs

caused a significant cell cycle arrest in G2/M phase.

CONPs induced apoptosis of HSFs
To measure whether CONPs could induce the apopto-

sis of HSFs, Annexin V and PI-based flow cytometry

analysis and TUNEL staining were performed. First of

all, TUNEL staining was conducted to detect whether

cell apoptosis could cause morphological changes of

CONPs treated cells. As shown in Figure 8, 2.5 μg/mL

and 5.0 µg/mL CONPs caused significant TUNEL

positive cells in HSFs, although some weak cells

after treated with CONPs were washed away during

the experiment.

As shown in Figure 9, the results of flow cytometry

demonstrated that HSFs treated with various concentrations
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Figure 4 Ultrasonography of the wounds. The results showed a thinner thickness and an evident lower scar elevation index (SEI) in cuprous oxide nanoparticles (CONPs)-

treated scars than internal controls. Column shows the quantitative measurements of the SEI of two groups. Student t-test was used to analyze data (***P<0.001).

Control 1.25μg/ml

2.5μg/ml 5.0μg/ml

100μm100μm

100μm100μm

Figure 5 Effects of cuprous oxide nanoparticles (CONPs) on HSFs. The proliferation of HSFs was significantly inhibited after treated with different concentrations of

CONPs. Cells treated with CONPs grew slow, floating with a spherical shape, while cells in control group were spindle and grew quick.
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of CONPs for 24 h caused significant cell apoptosis in

a concentration-dependent manner, especially in the late-

stage apoptosis. Both results of flow cytometry analysis and

TUNEL staining indicated an evidently increasing apopto-

sis in HSFs after treated with CONPs in a concentration

dependent manner.
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Figure 6 EdU stain of HSFs treated with different concentrations of cuprous oxide nanoparticles (CONPs) for 24h. The percentage of EdU positive cells was reduced

gradually with the increasing concentration of CONPs, The proliferation of HSFs was significantly suppressed by CONPs in a dose-dependent manner. The quantitative

measurements of the percentage of EdU positive cells were presented in column shows. Values are mean ± SD of three independent experiments. Significant difference is

observed and compared with each group ( ***P<0.001).
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Control 1.25μg/ml
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50μm 50μm

50μm 50μm

5.0μg/ml

Figure 8 TUNELassayof apoptosis ofHSFs treatedwith different concentrations of cuprous oxide nanoparticles (CONPs) for 24h. 2.5μg/mL and 5.0 µg/mLCONPscaused significant

TUNEL positive cells in HSFs.
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Figure 9 Flow cytometry analysis of HSFs treated with different concentrations of cuprous oxide nanoparticles (CONPs) for 24h, followed by staining with Annexin V-FITC

and PI. The apoptosis ratio of HSFs was increased in a dose-dependent manner. Q1-UL, dead cells; Q1-LR, apoptotic cells at the early stage; Q1-LL, live cells; Q1-UR,

apoptotic cells at the early stage. The results (mean ± SD) were statistically significant (*p<0.05, **p<0.01 ), and the assays were performed three times.
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CONPs targeted the mitochondria and

damaged the mitochondrial membrane

potential
Mitochondria is the key structure of energy production,

involved in both energy metabolism and free radical metabo-

lism. The change of mitochondrial membrane potential indi-

cated the change of functional status, which could cause

cellular damage and serious diseases.19–21 To detect the

mechanism of apoptosis, TEM was used to analyze whether

CONPs could cross the cell membrane of HSFs after incu-

bated for 3–4 h in 5ug/ml CONPs. As shown in Figure 10, we

discovered that several CONPs crossed the cell membrane (A)

and entered the mitochondria (B), and lysosome (C).

JC-1-stained flow cytometry assay was also performed to

detect the change of mitochondrial membrane potential

l (ΔΨm) after treated with CONPs. The results showed that

the ratio of the red fluorescent intensity to the green fluores-

cent intensity gradually decreased with the increasing con-

centration of CONPs, which indicated a significant drop of

mitochondrial membrane potential in a concentration-

dependent manner in HSFs treated with CONPs (Figure 11A).

CONPs increased ROS generation in

HSFs
Mitochondria was the major source of ROS production in

the cells. Increasing intracellular ROS played a very vital

role in cell apoptosis. Therefore, we detected whether the

endocytosed CONPs in HSFs could increase the produc-

tion of intracellular ROS. As shown in Figure 11B, we

observed that intracellular ROS levels in HSFs

A B

Mitochondria

1 μm 1 μm 1 μm

Lysosome

C

Figure 10 Electron microscopy images showing the ultrastructure of HSFs incubated for 3–4 h in 5 µg/mL cuprous oxide nanoparticles (CONPs). Several CONPs crossed

the cell membrane (A) and entered the mitochondria (B), and lysosome (C).
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Figure 11 JC-1 (A) and ROS (B). (A) The ratio of the red fluorescent intensity to the green fluorescent intensity gradually decreased with the increasing concentration of

cuprous oxide nanoparticles (CONPs); (B) intracellular ROS levels in HSFs significantly increased in a concentration-dependent manner after treated with CONPs. The

results were statistically significant ( ***p<0.001), and the assays were performed three biological times.
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significantly increased in a concentration-dependent man-

ner after treated with CONPs.

Discussion
Although, the specific molecular mechanism of hyper-

trophic scar formation remain poorly understood, the

abnormal biological behavior of HSFs plays a vital role

in hypertrophic scar formation and development, such as

excessive proliferation, cytokine production, and abnormal

accumulation of extracellular matrix (ECM). Previous

researches have shown that apoptosis could effectively

reduce fibroblasts number, viability, collagen deposition

and promote scars mature22,23 and the mitochondrial prim-

ing (proximity to the apoptotic threshold) of myofibro-

blasts was higher than normal fibroblast.24 Therefore,

inhibiting proliferation by inducting apoptosis in HSFs

could be an effective strategy for anti-hypertrophic scar

therapy. Recently, nanoparticles have showed great poten-

tial in inducing intrinsic and extrinsic apoptotic

pathways.25 CONPs have also showed broad anti-tumor

characteristics by inhibiting proliferation and inducing

apoptosis in tumor cells.12–26 The current study, for the

first time, revealed the anti-scarring capacity of CONPs by

inhibiting proliferation and inducing apoptosis in HSFs

in vivo and in vitro.

Previously published studies have shown that apoptosis

mainly included the extrinsic pathway (activated by ligand

engagement of cell surface death receptors) and the mito-

chondrial intrinsic pathway.27 Loss of mitochondrial mem-

brane potential resulted in excessive ROS accumulation

which could also impair mitochondrial membranes, lead-

ing to the drop of mitochondrial membrane potential.28,29

Subsequently, the apoptotic factors such as cytochrome

c and apoptosis-inducing factor (AIF) were released and

the apoptotic cascade and execution of cell death were

conducted.30,31

In this study, our results suggested that the addition of

CONPs could trigger the mitochondrial intrinsic apoptosis

in HSFs. The whole process might be shown as follows just

as reported in the previous anti-tumor process:13 The

CONPs were first taken up by HSFs in small vesicles,

binded to the mitochondrial outer membrane, then released

into the mitochondria. Endocytosed CONPs in the mito-

chondria then impaired the mitochondrial membrane poten-

tial, broke the membrane, increased the ROS generation,

and finally induced the apoptosis and cell death of HSFs.

The size of nanoparticles is a critical parameter for

both efficient cellular uptake and metabolism.32,33

However, there is still no acknowledged optimum size to

maximize the level of cellular uptake. In the current study,

CONPs with a mean diameter of 88.5 nm could be uptake

and cause the subsequent changes effectively. The low

toxicity was also a key characteristic of potential medi-

cine. Nanoparticles of different sizes also possessed dif-

ferent metabolic pathways, smaller than 10 nm through

renal clearance,34 10−50 nm through the reticuloendothe-

lial system,35 and larger than 50 nm could only be partially

cleared by the liver.36 Previous study have also showed the

low toxicity of CONPs, which could be cleared from the

tested organs of the mice quickly,17 however, the toxicity

and biodistribution of CONPs in scars still need to be

further explored in the future. The effect of different size

nanoparticles on wound healing and anti-scarring also

needs to be further studied.

However, there were still some limitations in this study. In

the current study, we mainly focused on the therapeutic effects

of the CONPs on HSFs. Although TEM, JC-1-stained flow

cytometry assay, andROSdetectionwere conducted to explore

the specific apoptosis mechanism, the evidence was still not

very enough and convincing. The further mechanism still need

to be explored in the future. Angiogenesis also plays an impor-

tant role during hypertrophic scar formation and inhibiting

angiogenesis has been verified to be an effective strategy for

anti-hypertrophic scar therapy.37,38 Though the previous study

has revealed that CONPs could effectively inhibit angiogenesis

in vitro,39 the effect of the CONPs on the angiogenesis during

the scar formation still need be futher explored.

Conclusion
CONPs showed great therapeutic potential in the treatment

of hypertrophic scar by inhibiting fibroblasts proliferation

and activating the HSFs apoptosis.
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