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Background: The treatment of Staphylococcus aureus (S. aureus)-infected wounds is
difficult. It causes extreme pain to tens of thousands of patients and increases the cost of
medical care. The antimicrobial peptide OH-CATH30 (OH30) has a good killing activity
against S. aureus and can play a role in accelerating wound healing and immune regulation.
Therefore, it shows great potential for wound healing.

Purpose: The aim of this study was to overcome the short half-life and easy enzymolysis of
OH30 by using graphene oxide conjugated with polyethylene glycol to load OH30 (denoted
as PGO-OH30), as well as to evaluate its effect on wounds infected by S. aureus.
Methods: PGO-OH30 nanoparticles were prepared by m—m conjugation and characterized.
Their cell cytotoxicity, cell migration, infectious full-thickness dermotomy models, and
histopathology were evaluated.

Results: Characterization and cytotoxicity experiments revealed that the PGO-OH30 drug-
delivery system had good biocompatibility and excellent drug-delivery ability. Cell-
migration experiments showed that PGO-OH30 could promote the migration of human
immortalized keratinocytes (HaCaT) cells compared with the control group (P<0.05). In
a mouse model of skin wound infection, PGO-OH30 accelerated skin-wound healing and
reduced the amount of S. aureus in wounds compared with the control group (P<0.05). In
particular, on day 7, the number of S. aureus was 100 times lower in the PGO-OH30 group
than in the control group.

Conclusion: The PGO-OH30 drug-delivery system had good biocompatibility and excellent
drug-delivery ability, indicating its good therapeutic effect on a skin wound-infection model.
Keywords: OH-CATH30, bacterial infection, graphene oxide, skin wound

Introduction

Skin has the function of preventing pathogens from entering the body. Skin damage,
including those acquired from mechanical injuries, surgeries, and sports, is very
common in our daily life'* and can cause discomfort. Any form of skin injuries can
disrupt this barrier function of the skin,>* and damaged skin is more susceptible to
bacterial attack.” S. aureus infection in skin wounds has serious consequences.
Bacteria in wounds produce various cytotoxins during reproduction, leading to
increased levels of inflammation, followed by tissue necrosis and other reactions
that can slow the healing of normal wounds or even cause systemic infection and
shock.®® Skin-wound infections cause extreme pain to clinical patients and
increase the cost of medical treatment.’™!! Thus, antibacterial treatment at the
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wound site is very important.'>'* Antibiotics are often
used clinically to fight bacterial infections in wounds.
However, the widespread use and even abuse of antibiotics
have led to the emergence of various drug-resistant bac-
teria and superbug in clinical practice.*'> The side effects
of antibiotics have also caused many adverse reactions in
people.'®!'” Due to the lack of effective antibiotic treat-
ment, the mortality caused by drug-resistant bacterial
infections increases yearly. The cost of treatment is also
rising, thereby threatening to clinical patients and posing
new challenges to clinical antimicrobial treatment.'®'°
The abuse of antibiotics leads to continuously
increased of bacterial resistance, so the substitution of
antibiotics is particularly urgent and has been well studied
over the past few decades.’**' Antimicrobial peptides
exist widely in nature and are an important part of the
innate immune system of most animals and plants.*
Owing to the wide-ranging antibacterial activity and low
drug resistance of antimicrobial peptides, they are consid-
ered as the best substitute for antibiological agents.>**
A cationic antimicrobial peptide from the king cobra,
OH30 has extensive antibacterial activity, promotes skin
wound healing, and has anti-inflammatory and immune-
regulation activities, among other functions.>> % The ther-
apeutic potential of AMPs has been actively studied in
many bacterial infections, including skin infections, pneu-
monia, and peritonitis.”® However, natural polypeptides
are easily degraded and have a short half-life, limiting
the widespread use of OH30.%°?

As a new nanomaterial, graphene oxide (GO) has
excellent mechanical properties and large specific surface
area. GO has also shown superior performance in the
treatment of multidrug-resistant bacteria.As a drug deliv-
ery carrier, GO can achieve slow release and improve
bioavailability.> GO conjugated with polyethylene glycol
(PEQG) also termed PEGylation, is characterized by good
biocompatibility, stability, low cytotoxicity, and drug-
delivery capability, so it is attracting considerable research
attention.>*** Drugs can be delivered in many ways,
including covalent crosslinking, m—m conjugation, electro-
static adsorption, and disulfide bonding.>*** Research has
shown that GO can protect protein peptides from protease
hydrolysis by stabilizing its biological activity, but ordin-
ary GO has poor stability in various physiological solu-
tions, it is easy to reunite precipitation.The PEG
modification of GO can improve its stability in various
physiological solutions and its biocompatibility. Research
has shown that GO can protect proteins and peptides from

protease hydrolysis and thus stabilize their biological
activity.>* !

In the present study, we used polyethylene GO through
the m—= conjugate carrying OH30 to overcome the short
half-life and easy inactivation and degradation character-

istics of OH30 and promote infective-wound healing.

Materials and Methods

Materials
GO sheets were obtained from XFNANO Materials
(Nanjing, China). PEG (MW: 10000) was obtained from
Fan Shuo (Shanghai, China).
N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDC) was purchased from Sigma. OH30
was synthesized by GL Biochem (Shanghai) Ltd. Fetal
bovine serum (FBS) was purchased from BD. F12 Cell
medium, phosphate buffer, trypsin, and MTT were pur-
chased from Solarbio (Beijing, China). All other reagents
Co., Ltd.
Ultrapure water was used throughout the experiments.

were purchased from Sinopharmaceutical

Cell Culture

HaCaT cells and Human Umbilical Vein Endothelial Cells
(HUVECs) were purchased from Kunming Cell Bank of
Type Culture Collection (Kunming Institute of Zoology,
CAS).HaCaT cells and HUVECs were cultured in F12 and
DMEM medium with 10% fetal FBS and 1% penicillin/
streptomycin at 37°C in 5% CO, atmosphere.

Synthesis of GO-PEG

GO nanosheets were dispersed in water under ultrasonica-
tion and then modified into carboxyl-GO (GO-COOH)
according to a previously reported experimental
method.*? Then, GO-PEG was obtained by coupling PEG
to the carboxyl groups with the help of EDC under ultra-
sonication. After removing free PEG and EDC by filtra-
tion, GO-PEG was obtained.

Synthesis of PGO-OH30

In order to obtain PGO-OH30,0H30 was added to GO-
PEG solution by suspension drop method, and then vio-
lently stirred for 12h at room temperature. Free OH30 was
removed using an ultrafiltration tube with a 100 kDa
molecular weight cutoff. PGO-OH30 was trapped in the
ultrafiltration tube and resuspended with water after three
to five times of washing.
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Stability in Physiological Solution

Before using GO-PEG for further application, its stability
in physiological solution was ensured. In a typical proce-
dure, 0.5 mL each of GO, GO-PEG, and PGO-OH30 was
mixed with 0.5 mL each of water, 9% saline (wt/vol),
medium, and serum. The GO and GO-PEG samples were
centrifuged at 10000g for 5 min at room temperature.

FTIR Spectroscopy

The formation or evolution of new bonds and surface
modification of nanoparticles can be assessed by FTIR
spectroscopy. Infrared (IR) absorption spectra were
recorded within the range of 800-4000 cm™'. Solid sam-
ples were prepared by potassium bromide tablet method.
Samples were mixed separately with potassium bromide
and dried in a constant-temperature oven at 60 °C. Then,
the mixture was added to the tablet mold, pressed into
a transparent sheet under pressure, and detected with an
FTIR spectroscopy system (Thermo, IS10, Shanghai,
China). All operations were performed in an IR oven to
prevent moisture absorption. The background of KBr was
deducted as blank.

Atomic Force Microscopy (AFM)

The dimensions and thickness of nanosheets were charac-
terized with an AFM system (Agilent 5400 AFM,CA,
USA) in tapping mode. Samples were prepared according
to a previously reported method.* In a typical procedure,
GO and GO-PEG were deposited onto silicon wafers as
a substrate after being dried naturally.

Transmission Electron Microscopy (TEM)
The morphology and size of GO and GO-PEG were ana-
lyzed by TEM using a Hitachi transmission electron
microscope.The samples were diluted with ultrapure
water. The diameter of the copper mesh (provided by
Hitachi) used in the experiment was 3 mm, provided by
Hitachi. The samples were added to the copper mesh with
a micropipette, and observed under a transmission electron
microscope after natural drying.

Encapsulation Efficiency (EE%) and
Drug-Loading Efficiency (LE%) of OH30

To determine OH30 release and loading efficiency, free
peptide was detected by HPLC on a Supersil ODS2 col-
umn (Thermofisher, USA).The EE% and LE% of OH30

were calculated using formulas (1) and (2), respectively.
EE%=(OH30, - OH30¢)/OH30t x 100 (1)

LE%=(OH30, - OH305)/PGO-OH30,, x 100 (2)

where OH30, is the total amount of OH30, OH30; is
the free amount of OH30 in the supernatants, and PGO-
OH30,, is the total weight of PGO-OH30.

Drug-Release Behavior

To investigate the drug-release behavior of PGO-OH30,
PGO-OH30 was placed in a 100 kDa ultrafiltration device
and immersed in 5 mL of PBS (pH 7.4). Then, the release
systems were incubated at 37 °C. After centrifugation, the
supernatants were obtained at 0.5, 1, 2, 3, 4, 6, 8, 10, 12,
and 24 h and replaced with an equal volume of PBS.
OH30 was released from PGO-OH30 and detected by
HPLC.

In vitro Bacteriostasis Experiment

To determine if the OH30 released by PGO-OH30 still
had antibacterial activity, S. aureus (5 x 10* CFU/mL)
was used to evaluate the antibacterial activity of OH30
released at different times on a 96-well plate. After 24
h of incubation, absorbance was detected at 570 nm with
a microplate reader, and then the bacterial inhibition rates
at different times were obtained.

In vitro Cytotoxicity

The cytotoxicity of OH30, GO-PEG, and PGO-OH30
against HaCaT cells was evaluated by MTT assay. In
a typical procedure, cells at the logarithmic growth phase
were added to 96-well culture plates at 5 x 10* cells mL™
and 100 pL per well. The plates were incubated 37 °C and
5% CO, overnight for 24 h with F12 medium containing
various concentrations (from 1 pg mL™" to 100 ug mL™")
of OH30, GO-PEG, and PGO-OH30. Cell viability was
investigated by MTT assay.

In vitro Cell Migration

Cell-migration assay was performed through a previous
method. In a typical procedure, HaCaT cells (5 x 10°
per well) were seeded onto a six-well plate and grown
to 80% confluence. The scratch was created using
a sterile pipette tip. The suspended cells were gently
washed twice with PBS, and then various serum-free
F12 media (50 pg/mL OH30, 50 pg/mL GO-PEG, 50
pg/mL PGO-OH30, and untreated) were added into
a six-well plate, which was cultured for additional per-
iods (from O h to 48 h). Micrographs were captured
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using a microscope (Olympus) at 0, 12, 24, and 48
h after scratch wounding.** Cell-migration rate from 0
to 48 h was calculated with Image J.

Angiogenesis Activity of PGO-OH30

To evaluate the effect of PGO-OH30 on angiogenesis,
HUVEC MTT assay and cell-scratch assay were per-
formed. OH30, GO-PEG, and PGO-OH30 (concentrations
from 1 pg mL™' to 100 pg mL ') were incubated with
HUVEC for 24 h, and the effect of cell viability was
evaluated by MTT method. The effect of OH30, GO-
PEG, and PGO-OH30 (50 pg/mL) on HUVEC migration
was evaluated by cell-scratch assay, and the migration
status of HUVECs at 0, 12, 24, and 48 h after scratching
was recorded with a microscope.

Wound-Healing Activity of PGO-OH30

KM mice were obtained from the JiNan PengYue
Animal Center (female, 4 weeks of age, and weighing
18-22 g on average). Animals were fed a standard diet
and allowed water ad libitum.Each cage contained four
mice. After the mice were anesthetized with 4% chloral
hydrate, a wound was created using a perforator on the
skin of the mouse’s back, and then 50 puL of S. aureus
(ATCC6583) suspension (2.0 x 107 CFU/mL) was used
to infect the tissue of all mice to establish an experi-
mental model of infection. The mice were randomly
divided into five groups: control, positive control
(penicillin), GO-PEG, OH30, and PGO-OH30. Each
group included 25 mice. Mice that did not fit the
normal distribution were excluded from the data ana-
lysis. The mice in each group were separately bred,
and each group was treated every 24 h. The morphol-
ogy during the wound-healing process was recorded
with a Nikon camera. Skin tissue was obtained after
mice were euthanized at days 3, 7, 14, and 21. Wound
counting of bacteria, HE staining, and Masson’s tri-
chrome staining were performed. All animal proce-
dures, care, and handling were approved by the Ethics
Committee of Kunming Institute of Zoology at the
Chinese Academy of Sciences or Weifang Medical
University. Animal welfare according to the eighth
edition of the Guide for the Care and Use of
Laboratory Animals (Institute for Laboratory Animal
Research. 2011, Washington, DC, USA: National
Academies Press) was followed.

Results

Synthesis and Characterization of
PGO-OH30

PEG was conjugated with GO by the formation of amide
bonds under the catalysis of EDC. The GO-PEG structure
was confirmed by IR and stability in physiological solu-
tion. GO-PEG was vigorously stirred with OH30 to obtain
PGO-OH30. PEGylation improved the GO physiological
stability and biocompatibility. GO-PEG showed excellent
stability in high-concentration salt solution, especially in
serum environment (Figure 1A).The experimental results
of FTIR showed that the peaks at ~2900 and ~1100 cm ™'
in the GO-PEG sample were the signatures of C-H and
C-O bonds in PEG. The peaks at ~3280 and ~1531 cm ™' in
the PGO-OH30 sample were the signatures of C-0 and-NH
bonds in OH30. The peak at ~815 cm ' suggested that
OH30 was linked with GO-PEG through n—m conjugation
(Figure 1B and Table 1). AFM is a reliable experimental
method for evaluating the size, height, and morphology of
GO-derived materials. AFM images indicated that GO had
an average diameter of about 200 nm and a thickness of
about 1 nm. After PEGylation, the sizes decreased and the
thickness of GO-PEG became nearly 1.5 nm, confirming
successful modification. After loading OH30, the thickness
of PGO-OH30 was approximately 3 nm (Figure 1C).The
morphology and size of the results obtained by TEM were
consistent with the AFM images (Figure 1D). Zeta poten-
tial and size were evaluated with a Marvin laser granul-
ometer, which showed that GO had a negative charge and
became less electronegative after modification with PEG.
After loading with OH30, the potential of GO was
reversed and it became positively charged, which facili-
tated cellular uptake (Table 2).

Drug Loading and Release

To achieve high drug loading and entrapment rate, we used
OH30 and GO-PEG in different ratios for experiments.
Results showed that when the concentrations were 2 mg/
mL OH30 and 0.6 mg/mL GO-PEG, LE% reached 70.18%
+ 0.93% and EE% reached 77.87% =+ 2.22% (Tables 3 and
4). As shown in Figure 2, we evaluated the drug-release
behavior in vitro of PGO-OH30. The rapid release of
OH30 in 2 h can kill bacteria in the wound, consistent
with our expectations. It was then slowly released and
reached its peak of about 60% in 12 h, also consistent

: : 20,21
with a previous report. 0.
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Figure | Characterization of nanomaterials based on graphene oxide. (A) Photos of GO and GO-PEG in different physiological solutions (water, saline, medium, and serum)
recorded after centrifugation at 10 000g for 5 min. (B) FTIR spectra of GO, GO-PEG, OH30, and PGO-OH30. (C) AFM images of GO, GO-PEG, and PGO-OH30 in tapping
mode. (D) TEM images of GO and GO-PEG.The black arrows indicate GO and GO-PEG in the TEM field, respectively.

Abbreviations: GO, graphene oxide; GO-PEG, PEGylated graphene oxide; OH30, OH-CATH30; PGO-OH30, PEGylated graphene oxide loaded with OH30.

In vitro Bacteriostasis Experiment
In vitro bacteriostatic tests of OH30 released by PGO-

S. aureus, and the inhibitory rate of OH30 released
at 3 h could reach over 95%. Thus, the long-term

OH30 (Figure 3) showed that the inhibitory rate of high inhibitory concentration could be
OH30 released at 0.5 h could reach over 73% to maintained.
International Journal of Nanomedicine 2021:16 https: 4773
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Table 1 Absorption Peak Position of Different Functional
Groups in the Infrared Spectrum

Functional Groups Absorption Peak (cm™")

Cco ~2900

CH ~1100
NH-CO ~3280/~1531
TI-TT conjugate ~815

Table 2 Particle Zeta Potential and Size of GO,GO-PEG, and
PGO-OH30 (Mean % SD, n = 6)

Sample Zeta Potential (mV) | Size (nm) PDI

GO —24.03+0.29 235.27+7.26 | 0.23%0.01
GO-PEG —5.90+1.01 99.98+0.30 0.20+0.01
PGO-OH30 | 26.03+1.44 106.15+0.95 | 0.19+0.01

Abbreviations: GO, graphite oxide; GO-PEG, PEGylated graphite oxide; PGO-
OH30, PEGylated graphite oxide loaded with OH30; PDI, polydispersity index.

Table 3 Optimization of Loading Capacity and Encapsulation
rate.The Loading Efficiency and Encapsulation Rate of GO-PEG
Were Detected by HPLC, and Different Proportions of GO-PEG
and OH30 Were Mixed to Obtain Better Loading Efficiency and
Encapsulation Rate (Mean + SD, n =3)

Ratio of OH30 and Loading Encapsulation
GO-PEG Efficiency(%) Efficiency (%)
0.Img/ml GO-PEG 55.15+3.30 30.71+3.64
+0.4mg/ml OH30

0.Img/ml GO-PEG 61.69+0.99 26.87%1.15
+0.6mg/ml OH30

0.Img/ml GO-PEG 69.56+0.93 22.89+0.99
+Img/ml OH30

0.Img/ml GO-PEG 80.83£1.15 20.47+2.45
+2mg/ml OH30

0.Img/ml GO-PEG 79.88+0.1 1 13.0£0.31
+2.5mg/ml OH30

Abbreviations: GO-PEG, PEGylated graphite oxide; OH30, OH-CATH30.

In vitro Cell Cytotoxicity and Migration

We used MTT to evaluate Hacat cell viability and toxicity
after incubation with drug for 24 h. Results (Figure 4)
showed that GO-PEG and PGO-OH30 had high cell via-
bility and low toxicity. After GO-PEG was loaded with
OH30, the cytotoxicity of OH30 decreased. Thus, PGO-
OH30 had good biocompatibility and low cytotoxicity to
HaCaT cells. Cell migration plays an important role in
wound healing, so we used the scratch test to evaluate
the effect of OH30, GO-PEG, and PGO-OH30 on cell
migration. As shown in Figures 5A and B, compared

Table 4 Optimization of Loading Capacity and Encapsulation
Rate.The Loading Efficiency and Encapsulation Rate of GO-PEG
Were Detected by HPLC, and Different Proportions of GO-PEG
and OH30 Were Mixed to Obtain Better Loading Efficiency and
Encapsulation Rate (Mean + SD n = 3)

Ratio of OH30 and Loading Encapsulation
GO-PEG Efficiency(%) Efficiency(%)
2mg/ml OH30+0.Img/ 80.83+0.49 20.47+2.45

ml GO-PEG

2mg/ml OH30+0.4mg/ 72.19+0.99 51.93+1.28

ml GO-PEG

2mg/ml OH30+0.6mg/ 70.18+0.93 77.87+2.22

ml GO-PEG

Abbreviations: GO-PEG, PEGylated graphite oxide;OH30, OH-CATH30.

with the untreated group, 50 pg/mL PGO-OH30 showed
better migration effects on HaCaT cells.

Angiogenesis Activity of PGO-OH30
HUVECs were used to evaluate the effect of PGO-OH30
on angiogenesis. MTT assay and cell-scratch assay were
used to evaluate the effect of PGO-OH30 on HUVEC
proliferation and cell migration. Results showed that com-
pared with the control group, PGO-OH30 did not promote
the proliferation of HUVECs but promoted cell migration
(Figures 6 and 7). Therefore, OH30 and PGO-OH30 may
promote skin angiogenesis during wound healing by pro-
moting HUVEC migration.

Wound-Healing Assays in vivo

The wound-healing process on days 0, 3, 7, and 14 are
shown in (Figure 8A and B). The wound-healing speed of

80+

Cumulative release
of OH30 (%)
H
<

0 T T L] 1
0 10 20 30

Time (h)

Figure 2 In vitro drug-release profile of PGO-OH30 at pH 7.4.PO-OH30 was
incubated at 37 °C, and OH30 released from PGO-OH30 was detected by HPLC.
Data are represented as the mean * SD, n = 3.

Abbreviation: PGO-OH30, PEGylated graphene oxide loaded with OH30.
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Figure 3 In vitro antibacterial experiment. The OH30 released at different time
points were incubated with S. aureus, and the initial bacterial amount was 5x 10*
CFU/mL, After 18-24 h of incubation, the bacteriostatic rate was calculated by the
OD value. Data are represented as the mean * SD, n = 3.

Abbreviations: PGO-OH30, PEGylated graphene oxide loaded with OH30.

the PGO-OH30 group was faster than those of the other
groups, especially on day 7. Results of quantification of
bacterial load in the wound suggested that PGO-OH30 can
more efficiently remove bacteria from the area around the
wound. On day 7, the number of S. aureus in wounds of
the PGO-OH30 group was 140 times, 14 times, and 6
times less than those in the control, positive control, and
OH30 groups (Figure 8C). HE tissue dyeing showed that
compared with the control group, the skin-surface layer of
the PGO-OH30 group was smoother, and inflammatory-
cell infiltration was less. Masson’s trichrome staining
showed that the newly generated collagen in the wound
of the PGO-OH30 group was more regular and more
abundant (Figure 9).

120
BN OH30
1

< | SRR e . . GO-PEG
s 80 Bl PGO-OH30
2
2 60
=
(]
— 40
3
© 2

0o 1 2 5

10 20 50 80 100
pug/ml

Figure 4 Cytotoxicity of HaCaT. HaCaT cells were incubated with different
concentrations of OH30, GO-PEG, and PGO-OH30 for 24 h. Data are represented
as the mean + SD, n = 3.

Abbreviations: GO-PEG, PEGylated graphene oxide; OH30, OH-CATH30; PGO-
OH30, PEGylated graphene oxide loaded with OH30 (mean * SD, n = 3).

Discussion

Bioactive peptides from natural plants and animals have
become important candidate molecules for the develop-
ment of novel antimicrobial drugs.*> The antimicrobial
peptides of the cathelicidin family play an important phy-
siological role, such as bactericidal, immunoregulation and
others. OH30 is a small molecular weight antimicrobial
peptide from the cathelicidin family of the king cobra,
which possesses high efficiency and broad antimicrobial
activity without significant hemolytic activity.'®'**> At
the same time, OH30 also showed good antimicrobial
activity against a variety of clinically isolated drug-
resistant bacteria, and significantly improved the survival
rate of mice in the bacterial infection mouse model.* It
can selectively upregulate the production of chemokines
and cytokines without causing harmful immune reactions,
thereby regulating the inflammatory response, and can
treat various bacterial infections.*¢ Besides, OH30 benefit
nonscar wound healing by rebalancing the immune
response to the wound to create an anti-inflammatory
microenvironment around the wound.'

As a polymer with good hydrophilicity, PEG is widely
used to chemically modify various nanomaterials, improve
the biocompatibility of materials, reduce toxic and side
effects, reduce non-specific adsorption in solution environ-
ment, reduce immunogenicity, increase physical, chemical
and biological stability, and extend the circulating half-life
in vivo.?>***7 Compared with other modification strate-
gies, such as cationic polymer polyetherimide, PEG mod-
showed better lower

ification biocompatibility and

cytotoxicity, which could improve the safety of graphene
for biomedical applications.?**

In this study, we modified GO with PEG and success-
fully loaded OH30 onto GO-PEG. The prepared nanopar-
ticles have high drug loading capacity and good sustained-
release property, which can be released continuously for
12h. PGO-OH30 has good biocompatibility and has no
obvious cytotoxicity to HaCaT and HUVEC cells. The
experimental results of infected skin wound model showed
that PGO-OH30 can accelerate the healing of infected skin
wounds, and can promote the clearance of S. aureus near
the wounds to create a less bacterial healing environment.

Although OH30 plays many important biological func-
tions, its exact receptor and mechanism are still unknown.
Studies have reported that human cathelicidin antimicro-
bial peptide LL37 can exert activity by acting on a variety

of molecules on cells, such as P2X7, CXCR2 or
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Figure 5 Effect of GO-PEG, OH30, and PGO-OH30 on cell migration. (A) Cell-migration rate from 0 to 48 h. (B) Cell-migration rate from 0 h to 48 h calculated with

Image ] (mean % SD, n = 3; *P<0.05 and **P<0.01) .
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Figure 6 Cytotoxicity of HUVEC. HUVECs were incubated with different concen-
trations of OH30, GO-PEG, and PGO-OH30 for 24 h. Data are represented as the
mean * SD, n = 3.

Abbreviations: GO-PEG, PEGylated graphene oxide; OH30, OH-CATH30; PGO-
OH30, PEGylated graphene oxide loaded with OH30.

A
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Oh
12h
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500pm

GAPDH.**° Therefore, as a homologous molecule of
LL37, whether OH30 acts on the above receptor will be
an interesting research work in the future.

Conclusions

We constructed a drug-delivery system based on
PEGylated GO to overcome the characteristics of
OH30 inactivation and degradation by protease. Cell
and animal experiments showed that PEGylated GO
loaded with OH30 had good biocompatibility and low
cytotoxicity, thereby promoting the healing of infectious

skin wounds. This drug-delivery system had high drug-

B
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Figure 7 Effect of GO-PEG, OH30, and PGO-OH30 on cell migration. (A) Cell-migration rate from 0 h to 48 h. (B) Cell-migration rate from 0 to 48 h calculated with Image J.

Notes: (mean + SD, n = 3, **P<0.01).

Abbreviations: GO-PEG, PEGylated graphene oxide; OH30, OH-CATH30; PGO-OH30, PEGylated graphene oxide loaded with OH30.
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Figure 9 Skin samples were prepared on days 7 and |4 after mice were treated with GO-PEG, OH30, or PGO-OH30. Then, H&E and Masson staining were performed to

analyze pathological changes in the skin.

delivery capability and good biocompatibility. Thus, the
drug-delivery system based on PEGylated graphene has
great application prospects in solving the problem of
short half-life of various peptides. However, the use of
GO as a drug carrier remains in the research stage and
many problems need to be solved. For example, in terms
of biological safety, some conclusions are still contro-
versial, including those on the toxicity of normal cells in
the body, metabolism and excretion process in the body,
and a series of physiological and biochemical reactions
triggered by entering the body and their mechanism of
action.
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