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Peptide-modified chitosan hydrogels  
promote skin wound healing by enhancing  
wound angiogenesis and inhibiting inflammation
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Abstract: Cutaneous wound healing following trauma is a complex and dynamic process involving multiple overlap-
ping events following trauma. Two critical elements affecting skin wound healing are neovascularization and inflam-
mation. A nascent vessel can provide nutrition and oxygen to a healing wound. Therefore, treatments strategies 
that enhance angiogenesis and inhibit inflammation can promote skin wound healing. Previous studies have shown 
that the SIKVAV peptide (Ser-Ile-Lys-Val-Ala-Val) from laminin can promote angiogenesis in vitro. This study evalu-
ated the effects of peptide SIKVAV-modified chitosan hydrogels on skin wound healing. We established skin wounds 
established in mice and treated them with SIKVAV-modified chitosan hydrogels. H&E staining showed that peptide-
modified chitosan hydrogels accelerated the reepithelialization of wounds compared with the negative and positive 
controls. Immunohistochemistry analysis demonstrated that more myofibroblasts were deposited at wounds treated 
with peptide-modified chitosan hydrogels that at those treated with negative and positive controls. In addition, pep-
tide-modified chitosan hydrogels promoted angiogenesis as well as keratinocyte proliferation and differentiation, 
but inhibited inflammation in skin wounds. Taken together, these results suggest that SIKVAV-modified chitosan 
hydrogels are a promising treatment component for healing-impaired wounds.
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Introduction

As the largest organ of the human body, the 
skin is a critical protective barrier against the 
environment. It helps prevent infection, water 
loss, and electrolyte imbalance and regulates 
body temperature [1]. Large areas of full-thick-
ness skin defects result in clinical problems 
including severe infection and shock because 
of the large water and electrolytes losses. 
Cutaneous wound healing following trauma is a 
complex and dynamic process involving multi-
ple overlapping events, including hemostasis, 
inflammation, neovascularization, epithelializa-
tion, granulation tissue formation, extracellular 
matrix (ECM) deposition, and tissue remodeling 
[2]. Some severe wounds result in high mortal-
ity, decreased quality of life, and high health 
care costs [3]. A better understanding of the 

mechanisms involved in wound healing is need-
ed to develop novel and effective therapies for 
patients with skin wounds. Current treatment 
strategies, including autografts, allografts, xe- 
nografts, and bioengineered skin substitutes 
[4] have limitations, such as antigenicity, poten-
tial disease transmission risk, and insufficient 
availability. Biomaterial-based wound dressings 
are a research interest area because they can 
provide a straightforward treatment option.

Angiogenesis, the formation of new blood ves-
sels, is important in physiological processes 
such as wound healing and tissue growth, as 
well as cell migration, proliferation, and differ-
entiation [5]. Angiogenesis supplies nutrients 
for skin wound healing and is regulated by vari-
ous vascular growth factors and cytokines, 
such as vascular endothelial growth factor 
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(VEGF), base fibroblast growth factor (bFGF), 
platelet derived growth factor, and transform-
ing growth factor beta (TGF-β1) [6]. Laminin, 
the major glycoprotein in the basement mem-
branes of blood vessels, possesses numerous 
biological activities including enhancing cell 
adhesion, migration, growth, and proliferation 
[7], all of which are important during angiogen-
esis. Several of these activities have been 
localized to specific active sites on the laminin 
molecule. For example, the amino acid 
sequence serine-isoleucine-lysine-valine-ala-
nine-valine (SIKVAV) from the long arm of the 
laminin A chain is involved in cell attachment, 
migration, and proliferation, neurite outgrowth, 
and tumor cell metastasis and growth [8]. 
SIKVAV directly interacts with endothelial cells 
in vitro and has biological activities including 
attachment, migration, and invasion [9, 10], 
which are critical during vessel formation in 
vivo. In addition, Kibbey et al. [11] demonstrat-
ed that the SIKVAV peptide enhances tumor 
cell growth and angiogenesis. In vitro, the 
SIKVAV peptide promotes the formation of 
endothelial cell tubular structures [12] and 
facilitates angiogenesis. Therefore, the SIKVAV 
peptide may be a useful therapeutic agent in 
skin wound healing. 

The process of skin wound healing is affected 
by inflammation [2], and thus a treatment strat-
egy preventing inflammation can promote skin 
wound healing. Chitosan is a natural, cationic 
polymer that is biologically renewable, biode-
gradable, biocompatible, nonantigenic, nontox-
ic, and biofunctional [13, 14]. Chitosan has 
high concentrations of hydroxyl and primary 
amino functional groups [15] and excellent 
adsorption, carrier, and antibacterial capabili-
ties. These beneficial biological properties have 
enabled its use in numerous biomedical and 
industrial applications involving hemostasis, 
antimicrobial activity, wound healing, tissue-
engineering scaffolds, biotechnology, agricul-
ture, and environmental protection [13, 16-19]. 
Chitosan can accelerate wound healing by 
enhancing the function of inflammatory cells, 
macrophages, and fibroblasts [14]. A recent 
study by Lefler et al. [20] demonstrated that 
bFGF/chitosan matrices promote re-epitheliali-
zation and inhibit bacterial growth.

In this study, we prepared a composite hydrogel 
sheet composed of chitosan and the SIKVAV 

peptides from laminin. We evaluated the in vivo 
effectiveness of the composite hydrogel for 
accelerating wound healing in full-thickness 
wounds in a mouse skin defect model. We 
hypothesized that the peptide-modified hydro-
gel would provide advantages as a wound 
dressing for the repair of healing-impaired 
wounds.

Materials and methods

Materials 

Chitosan (85% deacetylation degree, molecu- 
lar weight 100,000 Da) was purchased from 
Golden-Shell Pharmaceutical Co., Ltd. (Yuhuan, 
China). Methacrylic anhydride was purchased 
from APC Chemicals Company (Montreal, Can- 
ada). 3-(Maleimid) opropionic acid n-hydroxy-
succinimide ester (SMP; 97%) was purchased 
from Polysciences Corporation (Tamil Nadu, In- 
dia). N,N,N,N-tetramethylethylenediamine (TE- 
MED), ammonium persulfate (APS), and dime- 
thylformamide (DMF) were purchased from 
Sigma-Aldrich (Guangzhou, China). The SIKVAV 
peptide was purchased from Peptide Biotech 
Co., Ltd. (Shanghai, China). Sodium pentobarbi-
tal was purchased from Aladdin (Guangzhou, 
China). CD86 and CD163 polyclonal antibodies 
were purchased from Beijing Biosynthesis 
Biotechnology Co., Ltd. (Beijing, China). K1 
monoclonal antibody was purchased from 
Abcam Ltd. (Hong Kong, China). K6 polyclonal 
antibody was purchased from Covance (New 
York, USA). CD31 monoclonal antibody was pur-
chased from Dako (Guangzhou, China). Alpha-
smooth muscle actin (α-SMA) polyclonal anti-
body, biotinylated secondary antibody, and 
streptavidin-biotin complex (SABC) detection 
kits were purchased from Wuhan Boster 
Biological Engineering Co., Ltd. (Wuhan, China). 

Synthesis of peptide-modified chitosan hydro-
gels

Peptide-modified chitosan hydrogels were pre-
pared as described in our previous report [21]. 
Briefly, methacrylic anhydride was reacted with 
chitosan in 3% acetic acid solution, and the 
resulting mixture was dialyzed against water. 
Chitosan macromers, which carried polymeriz-
abledouble bonds due to the methacrylamide 
groups, were obtained as a dry powder after 
lyophilization. The chitosan macromers were 
combined with SMP via an amide coupling reac-
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tion. The resulting mixture was dialyzed against 
water and lyophilized to obtain maleimidopr- 
opionic-conjugated chitosan macromers. The 
maleimidopropionic-conjugated chitosan mac-
romers were further reacted with SIKVAV pep-
tides under nitrogen at room temperature. 
SIKVAV peptide-modified chitosan macromers 
were obtained after dialyzing the reaction mix-
ture against water and lyophilizing. Peptide-
modified chitosan hydrogels were synthesized 
from the peptide-modified chitosan macromers 
via free radical polymerization using APS and 
TEMED as the initiator and catalyst, respective-
ly. For comparison, chitosan hydrogels without 
SIKVAV peptide were synthesized from the ini-
tial chitosan macromers, which carried polym-
erizable double bonds, using the same protocol 
for synthesizing peptide-modified chitosan 
hydrogels. 

Peptide-modified chitosan hydrogel in vivo 
studies on skin wound healing in mice

The animal studies in this work were approved 
by the Institutional Animal Care and Use Com- 
mittee. All experiments were approved by the 
Southern Medical University Ethics Committee 
and strictly complied with the National Institu- 
tes of Health (NIH) Guide for the Care and  
Use of Laboratory Animals. Forty-eight female 
C57BL/6 mice, aged 8 to 12 weeks, were pur-
chased from the Experimental Animal Center of 
Southern Medical University. The mice were 
anesthetized with an intraperitoneal injection 
of 1% pentobarbital sodium with an injection 
volume of 0.01 ml/g body weight. Following 
anesthetization, the hair was removed on a uni-
lateral site of the back of each mouse. Next, a 
6-mm full-thickness round wound was created. 
After the wound model was established, the 
mice were randomly divided into four groups. 
The negative control group received no treat-
ment. The two positive control groups were 
treated with either the injection of the SIKVAV 
peptide solution (peptide group) or chitosan 
hydrogel dressing (chitosan group) at the wo- 
und site. The experimental group was treated 
with a peptide-modified chitosan hydrogel 
dressing (chitosan + peptide group) at the 
wound site. After treatment, each mouse was 
covered with Tegaderm tape to protect the 
wound, individually housed, and fed ad libitum. 
The wounds were photographed on days 3, 5, 

and 7 post-surgery using a digital camera 
before the animals were sacrificed. The wound 
area was determined using image analysis soft-
ware (NIH Image). The residual wound percent-
age was calculated using Equation (1) as 
follows:

Residual wound percentage (%) = St/S0 ×  
100%                                                                  (1)

where S0 was the initial wound area and St was 
the residual wound area at the indicated time 
for that mouse.

Histological observations

The wounds and surrounding tissues were col-
lected from the mice on days 3, 5, 7 and 14 d 
post-treatment. The specimens were rinsed 
with phosphate buffered saline (PBS), fixed 
using 4% paraformaldehyde solution, dehydrat-
ed at room temperature in a series of increas-
ing ethanol concentrations, and embedded in 
paraffin wax. From each embedded tissue sam-
ple, 5-mm thick sections were prepared from 
the middle of the specimen. The sections were 
then stained with hematoxylin and eosin (H&E) 
according to standard procedures [22]. 

Immunohistochemistry assays

The tissue sections were deparaffinized and 
rehydrated. Next, antigen retrieval was per-
formed with 0.1 M citrate buffer. The tissue 
sections were incubated with 5% bovine serum 
albumin for 2 h and then incubated with mono-
clonal goat anti-mouse CD31 antibody at 4°C 
overnight. The sections were rinsed with PBS 
and incubated with biotinylated goat anti-rabbit 
secondary antibody for 2 h. Following this step, 
the sections were reacted with SABC for 20 
min, colored with diaminobenzine (DAB), and 
stained with hematoxylin. The sections were 
then dehydrated with gradient ethanol, soaked 
with xylene, and sealed with resin. Each tis-
suesection was observed with a microscope 
(400 ×) at five randomly selected fields from 
one section (three sections from three mice in 
each group) to count the new capillaries with 
CD31-positive endothelial cells. Immunohis- 
tochemistry assays to detect CD86, CD163, 
K1, K6, and α-SMA in the tissue samples were 
performed using the above methods. Image-
Pro Plus was used to analyze the average opti-
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cal density values for K1, K6, and α-SMA 
expression. Five randomly selected fields of 
view were examined for each group at each 
time point and used to assess the average opti-
cal density value per unit area.

Statistical analysis

Numerical data were expressed as the means 
± standard deviations. Statistical differences 
between the groups were assessed using one-
way analysis of variance (ANOVA) in SPSS20.0 
software. A p-value of less than 0.05 (*P < 
0.05) indicates a statistical difference between 
the groups. A p-value less than 0.01 (**P < 
0.01) indicates a statistically significant differ-
ence between the groups. All experiments were 
performed at least three times.

Results

Peptide-modified chitosan hydrogels promote 
skin wound contraction

Peptide-modified chitosan hydrogels were syn-
thesized and applied as wound dressings in a 
mouse model. Their effectiveness in skin 
wound healing was measured by calculating 
the residual wound area following treatment 
(Figure 1A, 1B). Treatment with the SIKVAV did 
not accelerate wound contraction compared 
with the negative control group until 7 days 
after treatment (Figure 1B). The two groups 
treated with either chitosan or peptide-modi-
fied chitosan hydrogels showed significantly 
greater wound contraction on days 3, 5, and 7 

Figure 1. Peptide-modified chitosan hydrogels significantly promote skin wound healing in mice. A: Representative 
photographs of wounds in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups taken 3, 
5, and 7 days after the initial treatment in mice. B: The residual wound percentages in the control, peptide, chitosan 
hydrogel, and peptide + chitosan hydrogel groups (n = 3). C: α-SMA expression in the control, peptide, chitosan hy-
drogel, and peptide + chitosan hydrogel groups detected on days 3, 5, and 7 after the initial treatments as detected 
by immunohistochemical staining (scale bar: 50 μm). D: Mean α-SMA expression in the control, peptide, chitosan 
hydrogel, and peptide + chitosan hydrogel groups measured 3, 5, and 7 days after the initial treatments (n = 3).
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after the operation than the negative control 
group (Figure 1B). The peptide-modified chito-
san hydrogels significantly promoted wound 
contraction compared with the chitosan hydro-
gels at all tested time points (Figure 1B).

Wound contraction is dependent upon myofi-
broblasts, which produce pulling effects and 
express large amounts of α-SMA. Therefore, we 
assessed α-SMA expression at the wound sites 
(Figure 1C). Quantitative analyses of α-SMA 
expression in the four groups showed that the 
chitosan + peptide group exhibited higher 
α-SMA expression than the other three groups 

on days 5 and 7 post-surgery (P < 0.01). No sig-
nificant differences were found between the 
peptide and hydrogel groups on post-surgery 
days 5 and 7 or between the four groups on 
post-surgery day 3 (Figure 1D).

Peptide-modified chitosan hydrogels promote 
re-epithelialization of skin wounds

The H&E staining results showed that peptide-
modified chitosan hydrogels promoted the skin 
wound re-epithelialization process (Figure 2). 
Keratinocytes migrated only slightly from the 
wound edge in the negative control, peptide, 

Figure 2. Peptide-modified chitosan hydrogels promote skin re-epithelialization in mice. H&E staining showed the 
re-epithelialization process in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups on 
days 3, 5, and 7 after the initial treatments (scale bar: 500 μm).



Chitosan hydrogels promotes wound healing

2357 Am J Transl Res 2017;9(5):2352-2362

and chitosan groups 3 days after treatment. In 
contrast, keratinocytes migrated farther in the 
chitosan + peptide group. Five days after the 
treatment, the chitosan + peptide group com-
pleted re-epithelialization; however, in the other 
three groups, keratinocytes had not covered 
the wounds. Seven days after treatment, the 
keratinocytes still did not cover the wounds in 
the peptide and negative control groups.

Peptide-modified chitosan hydrogels promote 
angiogenesis in skin wounds 

The immunohistochemistry assay results sh- 
owed that the peptide-modified chitosan hydro-
gels promoted angiogenesis in the skin wounds 
(Figure 3). Capillary endothelial cells express 
CD31. Therefore, we assessed CD31 expres-
sion at the wound sites with an immunohisto-
chemistry assay (Figure 3A). Significant angio-
genesis was observed in both the peptide and 
chitosan hydrogel groups compared with the 
negative control group 5 and 7 days after the 
treatments. Moreover, there was significantly 
more angiogenesis for the wounds in the chito-

san + peptide group than for the peptide or chi-
tosan groups, and there was no difference 
between the peptide and chitosan groups at 
the time points tested (Figure 3B).

Peptide-modified chitosan hydrogels promote 
keratinocyte proliferation and differentiation in 
skin wounds

The proliferation of keratinocytes plays a criti-
cal role in the re-epithelialization process for 
skin wounds. After trauma, many keratinocytes 
around the wound edges migrate towards the 
center of the wound and proliferate. Keratino- 
cytes express large amounts of K6, which is  
an indicator of keratinocyte proliferation in skin 
wounds. The immunohistochemistry assays 
showed that the peptide-modified chitosan 
hydrogels promoted keratinocyte proliferation 
in skin wounds (Figure 4A). K6 expression in 
the chitosan + peptide group was significantly 
higher than in the other three groups on days 5 
and 7 after trauma. K6 expression in the pep-
tide group was not statistically different than in 
the chitosan group, and K6 expression was sig-

Figure 3. Peptide-modified chitosan hydrogels significantly promote angiogenesis in mouse skin wounds. A: Immu-
nohistochemical staining for CD31 expression in vascular endothelial cells of wounded mouse skin 5 and 7 days 
after the initial treatments (scale bar: 50 μm). B: Mean numbers of new blood capillaries per field of view in mouse 
skin wounds in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups (n = 3).
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nificantly higher in both the peptide and chito-
san groups than in the control group. In con-
trast, 3 days after trauma, K6 expression was 
not statistically different among the four groups 
(Figure 4B). 

After trauma, keratinocytes around the wound 
edges begin proliferating and differentiating. 
K1 is one of the markers for keratinocyte termi-
nal differentiation. We detected K1 expression 
at the re-epithelialized wound sites in the four 
groups 14 days after treatment. As shown in 
Figure 4C and 4D, K1 expression was signifi-
cantly higher in the chitosan + peptide group 
than in the other three groups. K1 expression 
in the peptide group was not statistically differ-
ent than in the chitosan group, and it was sig-
nificantly higher in both the peptide and chito-

san groups than in the control group on day 14 
after treatment.

Peptide-modified chitosan hydrogels inhib-
itskin wound inflammation 

The inflammatory response is a necessary 
pathway for wound healing, which often occurs 
after skin injury. Excessive inflammation pro-
longs skin wound healing. Macrophages play a 
critical role in the inflammatory response as the 
major inflammatory cells present in wounds. 
Macrophages have two subsets: M1 and M2. 
M2 macrophages are necessary for angiogen-
esis and wound healing, in contrast to proin-
flammatory M1 macrophages. In this study, we 
used CD86 to label M1 macrophages and 
CD163 to label M2 macrophages. As shown in 

Figure 4. Peptide-modified chitosan hydrogels promote the proliferation and differentiation of keratinocytes in skin 
wounds. A: Immunohistochemical staining to show K6 expression in keratinocytes in the control, peptide, chitosan 
hydrogel, and peptide + chitosan hydrogel groups 3, 5, and 7 days after the initial treatments (scale bar: 50 μm). B: 
K6 expression in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups on days 3, 5, and 7 
after the initial treatments (n = 3). C: Immunohistochemical staining of K1 expression in keratinocytes in the control, 
peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups on day 14 after the initial treatments (scale bar: 
50 μm). D: K1 expression in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups on day 
14 after the initial treatments (n = 3).
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Figure 5A and 5B, there were significantly more 
CD86-positive cells (M1 macrophages) in the 
wounds of the control and peptide groups than 
in the chitosan and chitosan + peptide groups 
on day 3, 5, and 7 after the operation. There 
was no statistical difference in the number of 
CD86-positive cells between the chitosan and 
chitosan + peptide groups. Additionally, as 
shown in Figure 5C and 5D, there were signifi-
cantly more CD163-positive cells (M2 macro-
phages) in the skin wounds of the chitosan and 
chitosan + peptide groups than in the control 
and peptide groups 3 and 5 days after trauma, 
whereas there was no significant difference 

between the chitosan and chitosan + peptide 
groups. On day 7, there was no statistical differ-
ence in CD163 expression among the four 
groups.

Discussion

Vascularization provides nutrition and oxygen 
to support cell viability and promote regenera-
tion in a skin wound. In a nonhealing wound, 
angiogenesis can be a challenge. Therefore, 
tissue-engineered substrates enhance angio-
genesis [23]. Myofibroblasts play critical roles 
in the process of skin wound contraction [24], 

Figure 5. Peptide-modified chitosan hydrogels inhibit inflammation in skin wounds. A: Immunohistochemical stain-
ing of CD86-positive cells in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups on days 
3, 5, and 7 after the initial treatments (scale bar: 50 μm). B: Mean numbers of CD86-positive cells per field of view 
in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel groups on days 3, 5, and 7 after the initial 
treatments (n = 3). C: Immunohistochemical staining of CD163-positive cells in the control, peptide, chitosan hydro-
gel, and peptide + chitosan hydrogel groups on days 3, 5, and 7 after the initial treatments (scale bar: 50 μm). D: 
Mean numbers of CD163-positive cells in the control, peptide, chitosan hydrogel, and peptide + chitosan hydrogel 
groups on days 3, 5, and 7 after the initial treatments (n = 3).
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and wound contraction is primarily determin- 
ed by myofibroblasts produced pulling effects. 
The results of this study indicate that the pep-
tide-modified chitosan hydrogel accelerates 
skin wound healing (Figure 1) and promotes 
angiogenesis in comparison to the positive and 
negative control groups (Figure 3).

Effective skin wound healing requires full re-
epithelialization in the wound, meaning that 
keratinocytes must fully cover the skin wound. 
After trauma, keratinocytes migrate from the 
edge of the wound to its center where they dif-
ferentiate. Angiogenesis provides nutrients and 
oxygen to the wound, supports keratinocyte 
migration, and supports skin regeneration for 
the wound [25]. Tissue-engineered substrates 
enhance angiogenesis, and scaffolds that ex- 
hibit good biocompatible structures support 
cell survival and growth [26]. The results of this 
study indicate that the peptide-modified chito-
san hydrogel could accelerate skin wound heal-
ing (Figure 1) and re-epithelialization (Figure 2). 
During skin wound healing, the peptide-modi-
fied chitosan hydrogel significantly accelerated 
angiogenesis (Figure 3), allowing new blood 
vessels to supply enough oxygen and nutrition 
for keratinocytes to migrate and proliferate 
(Figure 4). Our results demonstrate that the 
process of re-epithelialization is faster in the 
peptide-modified chitosan hydrogel group than 
the other groups (Figure 2).

Skin injury often leads to an inflammatory 
response, which is a necessary stage in wound 
healing [27, 28]. However, severe injury may 
result in an early stress response and a whole-
body inflammatory response. This type of 
excessive inflammation can cause difficulties 
in wound healing. Because scaffolds are com-
posed of foreign materials, they may affect the 
host immune response and promote inflamma-
tory cell infiltration and a foreign body reaction. 
Previous studies demonstrate that chitosan 
hydrogel scaffolds inhibit inflammation after 
implantation for treatment of mouse skin 
defects [29], which is consistent with our 
results (Figure 5).

Macrophages modulate the wound healing  
process by secreting various types of cytokines 
[30], including chemokines and growth factors. 
Additionally, macrophages enhance the pro- 
liferation and migration of various types of re- 
pair cells and stimulate their repair functions. 

Therefore, an appropriate inflammatory res- 
ponse is beneficial to wound healing [31]. In  
the present study, the synthesized chitosan 
hydrogel could effectively reduce the loss of 
water and electrolytes from skin wounds. Due 
to its properties, the chitosan hydrogels could 
closely adhere to various types of unevenly sur-
faced wounds to insulate them from the exter-
nal environment, protect them from bacterial 
invasion, and provide a relatively stable aseptic 
environment. Thus, the chitosan hydrogel could 
prevent the occurrence of an excessive inflam-
matory response and promote wound healing 
[32], consistent with our results (Figure 5). 
Chitosan hydrogels exhibit water absorption 
capacity and help prevent fluid accumulation  
in wounds. Due to their biocompatibility, chito-
san hydrogels will not aggravate inflammatory 
responses in wounds.

Conclusion

In vivo studies on skin wounds in mice showed 
that peptide-modified chitosan hydrogels pro-
moted skin wound healing and re-epithelializa-
tion, as well as proliferation and differentiation 
of keratinocytes. The peptide-modified chito-
san hydrogels accelerated wound healing in a 
synergistic manner. These hydrogels inhibited 
the inflammation reaction in skin wounds in 
vivo. Therefore, these findings suggest that 
peptide-modified chitosan hydrogels are prom-
ising materials for the treatment of healing-
impaired wounds, such as pressure sores.
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