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Abstract: To evaluate the effect of collagen gel dressing upon the healing of skin defects and investigate its role 
in promoting capillary regeneration in diabetic rat models. In total, 160 Sprague-Dawley rats were selected in this 
study. At 9 weeks after model establishment, 120 rat models were established and randomly divided into the model 
(n=30), positive control (n=24) and experimental groups (n=25). Full-thickness skin wounds were made on the 
rat back. The rats in the normal control and model groups were externally treated with collagen gel dressing, and 
the recombinant human epidermal growth factor gel was administered in the positive control group. The area of 
wound healing and the quantity of new capillaries were measured. At 7 d after administration, the rats merely in the 
normal control group showed faster wound healing and became the fastest at 14 d. At 14 d, the non-healing area 
in the model group was the largest. At 21 d, the non-healing area in the normal control and experimental groups 
was smaller than those in other two groups, whereas those in the normal control and positive control groups were 
smaller than those in other two groups at 28 d. The healing area in the experimental group was larger than that 
in the positive control group at 14 and 21 d, and the quantity of new capillaries in the experimental group was the 
highest at 7-, 14- and 21-d. Collagen gel dressing can promote the rate and quality of full-thickness wound healing 
in diabetic rats.
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Introduction 

Diabetes mellitus (DM) is one of the most prev-
alent chronic diseases worldwide [1]. Patients 
diagnosed with DM are likely to present with 
ulceration and multiple types of skin lesions. 
Wound healing is a complex process that 
involves with simultaneous actuation of soluble 
mediators, blood cells, extracellular matrix and 
parenchymal cells. DM is characterized by 
basement membrane thickening of blood arte-
rioles and capillaries [2]. An ideal wound dress-
ing should provide a moist environment, pro-
tect the wounds from secondary infection, 
remove wound exudates and promote tissue 
regeneration. However, no wound dressing cur-
rently fulfills all the requirements by diabetic 
ulcer therapy. The wound dressing technique 
should be selected based upon the wound type 
and staging, injury extension, patients’ condi-
tions and the affected tissues.

Collagen-based dressings have been of wide-
spread interests in wound care. Besides as an 
inducer of cell signaling, collagen-based dress-
ings, also acting as a sacrificial substrate, may 
improve the healing outcomes by deactivating 
excessive matrix metalloproteases [3]. Addi- 
tionally, collagen-based dressings can recruit 
certain types of cells to the wound sites which 
facilitate the formation of granulation tissues. 
Furthermore, these collagen-based dressings 
are able to maintain the moist environment for 
the wounds by absorbing wound exudates [4, 
5]. Much effort has been strengthened current-
ly to optimize the composition and formulation 
of collagen dressings and enhance the clinical 
efficacy for treating skin lesions.

Recombinant human epidermal growth factor 
(EGF) has been proven to exert strong effect 
upon promoting cellular division, which is capa-
ble of promoting the differentiation and prolif-
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eration of fibroblasts, facilitating the migration 
to the wound sites, stimulating the endothelial 
cell division and promoting epithelial cell regen-
eration [6]. Meantime, EGF can maintain granu-
lation tissue moist, accelerate wound healing 
and shorten wound healing time by stimulating 
the collagen synthesis within the extracellular 
matrix. EGD can enhance the clinical efficacy 
for treating chronic ulcer by promoting vascu- 
lar regeneration and improving local blood 
circulation. 

Consequently, Sprague-Dawley rat models with 
diabetic skin defects were established and 
subsequently treated with collagen-based 
dressings to repair full-thickness skin lesions. 
The wound healing, tissue repairing and angio-
genesis of these diabetic rat models were 
investigated to evaluate the feasibility and clini-
cal efficacy of these collagen-based dressing 
therapies.

Materials and methods

Hydrogel preparation

Type I collagen extracted from bovine tendon 
was provided by Guangzhou Trauer Biote- 
chnology Company (Guangzhou, China). Me- 
dicinal-grade gel matrix including hydroxy pro-
pyl methyl cellulose (HPMC, Hopetop pharma-
ceutical CO., Ltd., Huzhou, China) and poly- 
vinyl alcohol (PVA) were purchased from Xi’an  
Yue Lai Medical Technology CO., Ltd, China. 
Collagen gel was prepared by mixing collagen 
with gel matrix and stirred well under the con- 
dition of 40 r/m at 25°C avoiding the incidence 
of collagen denaturation caused by bubbles. 
The concentration of collagen used was 3.0-
3.5 mg/ml. The concentration of HPMC and 
PVA was adjusted to 2.5% and 0.25%.

Collagen characterization    

SDS-PAGE was performed to characterize the 
type I collagen consisting of 4% concentrated 
gel and 7% separating gel and the amount of 
loading was ≥ 15 μg. The morphology of colla-
gen hydrogel was observed under optical micro-
scope (Nikon TE300, Japan) and microsco- 
pically analyzed by transmission electron mi- 
croscope (Philips Tecnai 10, Holland).

Animal model establishment

A total of 120 Sprague Dawley rats were estab-
lished as diabetic models by intra-peritoneal 

injection of streptozocin at a dosage of 55 mg/
kg. At 72 h post-injection, the blood glucose 
level was monitored for consecutive 4 weeks. 
The diabetic animal models were successfully 
established when the blood glucose level 
reached ≥ 16.8 mmol/L for over 3 weeks and 
the symptoms of more drinking, more urine  
and more feeding were noted. Those rats with 
blood glucose level < 16.8 mmol/L for twice 
were excluded from subsequent analysis. The 
eligible rats were randomly divided into model 
(n=30), positive control (n=24) and experimen-
tal groups (n=25).

Wound preparation and treatment    

At 9 weeks after model establishment, the rats 
were anesthetized by intra-peritoneal injection 
of chloral hydrate at a dose of 2.5 mL/kg. The 
dorsal region was shaved, and the skin was  
surgically prepared alternatively with 2% of 
chlorhexidine and 70% of alcohol scrubs. One 
full-thickness bi-pedicle skin flap measuring 
3×3 cm was created on each animal. Full-
thickness skin defects were created in the cen-
ter of bi-pedicle ischemic skin flap on the back 
of rats. Collagen gel at a dosage of 0.1 mL/cm2 
was applied to the wounds of rats in the experi-
mental group once daily. Commercially avail-
able recombinant human epidermal growth  
factor gel at a dose of 0.1 mL/cm2 was used in 
the positive control group once daily. The rats in 
the normal control and model groups were 
treated with sterilized vaseline dressing once 
daily at a dosage of 0.1 mL/cm2. The wounds 
were disinfected with iodine prior to administer-
ing medication.

Gross examination

The morphology of the wounds was observed 
by a digital camera (Super-500uZ Olympus, 
Japan). Scarring shape and physical properties 
were also observed at 7-, 14-, 21- and 28-d 
after repairing. The excision area was mea-
sured and the healing rate was calculated 
according to the formula as follows: 

Healing rate=(S0-S1)/S0×100% 

In this equation, S0 represents the original 
wound area and S1 is defined as the wound 
area after collagen dressing treatment.

Hematoxylin and eosin staining  

After treated with hydrogel dressing for 4 
weeks, 6 rats in each group were euthanized at 
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postoperative 7-, 14-, 21- and 28-d. Wound 
margin and granulation tissue specimens were 
collected, fixed in 10% formaldehyde, dehydrat-
ed using conventional techniques, paraffin 
embedded and sliced into approximately 7 
µm-thick sections and stained with hematoxy-
lin and eosin (H.E). The sections were observed 
under biological microscope (Olympus CX31, 
Japan). The quantity of fibroblasts and new  
capillaries in the granulation tissue were count-
ed in the center of the lesions. 

Statistical analysis

SPSS 17.0 statistical software was utilized for 
data analysis (SPSS Inc. IL, USA). All data were 
statistically evaluated by analysis of variance 
(ANOVA) and post-hoc test with Bonferroni’s 
correction. A P value of less than 0.05 was con-
sidered as a level of statistical significance. 
Single-factor ANOVA was performed by least 
significant difference (LSD) test.

TEM results showed that the collagen fiber in 
hydrogel was disperse and the fiber diameter 
with a special periodic horizontal grain zone 
was approximately 200 to 300 nm (Figure 1B).

Stability of diabetic rat models

During the procedures of animal model estab-
lishment, 9 rats died from anesthesia or sur-
gery. Eventually, 111 rats were included for 
subsequent diabetic model establishment 
including 32 rats for the normal control group, 
30 rats for the model group, 24 rats for the 
positive control group and 25 for the experi-
mental group. The remaining rats were found to 
have hyperglycemia during the experiment and 
DM-related symptoms were identified in addi-
tion to the normal control group. Statistical sig-
nificance was noted between the normal con-
trol and three treatment groups, suggesting the 
successful and stable establishment of diabet-
ic rats. The changes in the blood glucose level 

Figure 1. A. SDS-PAGE for characterizing the hydrogel collagen (Sigma col-
lagen from calf skin as the marker, S1 is type I collagen (10 μg) for hydrogel 
dressing preparation and S2 is hydrogel containing 25 μg collagen. B. TEM 
imaging of collagen for hydrogel dressing (scale bar=500 nm).

Figure 2. SEM imaging of collagen scaffolds and hydrogel membrane in 
the dry condition. A. Collagen scaffold (scale bar=300 µm; 100×). B. Col-
lagen hydrogel membrane with a collagen concentration of 72%-75% (scale 
bar=50 µm; 400×). 

Results

Characterization of collagen 
hydrogel dressing

As illustrated in Figure 1A, 
bovine tendon-derived colla-
gen migrated between beta- 
and alpha1-collagen chains on 
sodium dodecyl sulphate/po- 
lyacrylamide-gel electrophore-
sis and electrophoretic behav-
ior was not affected by HPMC 
or PVA. The thicker the gel 
membrane was, the smaller 
the water vapor transmittance 
was, but the thickness of gel 
membrane did not exert a sig-
nificant effect upon water va- 
por transmittance. When the 
thickness of the film was dou-
bled, the water vapor trans-
mittance only changed by ap- 
proximately 18.1 g/m2·24 h. 
The aperture for pure collagen 
membrane was 40-150 μm 
and the average size was 100 
μm, the film porosity was 
approximately 95.8% (Figure 
2A). But the dry hydrogel film 
was relatively dense and the 
average aperture size ranged 
from 40 to 60 μm (Figure 2B). 
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and body weight for all groups are illustrated in 
Tables 1 and 2. 

Morphology and repairing of diabetic wounds

All wounds were found to be irregular, drying 
and ruddy with elevated wound margin. Most 
wound scab and became very hard at 3 d after 
collagen hydrogel dressing or other treatments. 
No statistical significance was noted in macro-
scopic observation among all groups within 7 d 
after treatment (P>0.05). Except the model 
group, the wounds in all other groups were dry 
and ruddy and apparent contraction was docu-
mented in the wound margin at 14 d after sur-
gery. The wounds in the model control were 
healed at the slowest rate among all groups. 

Except the negative control group, the wounds 
were slowly repaired and the healing rate at 1 
week after treatment did not significantly differ 
among the other three groups (P>0.05). 
However, at 14 d after treatment, the area of 
non-healed wounds for animals treated with 
collagen hydrogel and EGF gel was significantly 
smaller compared with that in the model group 
(both P < 0.05). At 21 d after corresponding 
treatment, the area of non-healed wounds in 
the negative control and collagen dressing 
groups was considerably smaller than those in 
the other two groups (all P < 0.05). The area of 
non-healed wounds in the negative control and 
EGF gel treatment groups was significantly 
smaller than those in the model control and col-

group (Table 3). Moreover, topical use of EGF 
gel for 4 weeks could rapidly reduce the wound 
area. At 14 d, the wound healing rate achieved 
65.50%, significantly differing from that in the 
model group (P < 0.05), and reached up to 
96.87% at 28 d, significantly differing from that 
in the model group (P < 0.01). The wound heal-
ing rate was 69.02% at 14 d and reached 
93.93% at 21 d, significantly differing com-
pared with the model group (all P < 0.05).

Histological examination

Topical tissue inflammation was observed by 
histological examination, as revealed in Figure 
4. The granulation tissue and a large number  
of invasive neutrophils were found under the 
necrotic tissue in the negative group. Grassy-
like granulation tissues were found after 21 d 
and skin attachments were visible during the 
skin repairing after 28 d. In the model group, 
wound scab formed after 7 d, a dense layer of 
granulation tissues and a large number of inva-
sive inflammatory cells were observed in the 
lesions. After 14 d, loose granulation tissue 
accompanied with inflammatory cell invasion 
was found. A small amount of new blood ves-
sels and a large number of invasive inflamma-
tory cells were visible in scabby subcutaneous 
lesions after 3 weeks. A high quantity of neutro-
phils and tissue fluid migrated into the scabby 
tissues at 28 d. At 7 d, loose granulation tis-
sues, neutrophils and monocytes were found in 

Table 1. Comparison of blood glucose levels among four groups at different 
time points (

_
x±s, mmol/L)

Group 1 week 2 weeks 3 weeks 4 weeks
NC 7.37±0.78 (6) 6.52±0.98 (6) 6.42±0.38 (6) 6.38±0.44 (14)
MC 28.75±10.05** (6) 33.52±1.18** (6) 30.75±2.63** (6) 31.15±3.25** (12)
PC 28.58±8.10** (6) 33.65±0.86** (6) 30.42±2.63** (6) 29.33±3.58** (6)
EG 20.83±13.77* (6) 33.50±1.22** (6) 24.75±10.04** (6) 30.55±2.78** (7)
Note: *P < 0.05 and **P < 0.01 compared with NC (negative control group); the number of rats 
was present in the brackets.

Table 2. Comparison of body weight among four groups at different time 
points (

_
x±s, g)

Group 1 week 2 weeks 3 weeks 4 weeks
NC 262.00±12.01 (6) 297.83±24.96 (6) 353.00±27.27 (6) 388.57±30.95 (14)
MC 171.08±20.57* (6) 210.00±24.28* (6) 234.00±13.80* (6) 296.67±61.48* (12)
PC 146.83±23.59* (6) 220.58±29.61* (6) 233.58±37.20* (6) 217.42±29.40* (6)
EG 167.67±53.22* (6) 198.83±16.63* (6) 220.00±30.41* (6) 255.79±51.42* (7)
Note: *P < 0.01 compared with NC (negative control group); the number of rats was present in 
the brackets.

lagen dressing gr- 
oups, significantly 
differing from th- 
at in the model gr- 
oup (all P < 0.05).  
A downward tre- 
nd was found for 
the healing rate in 
the collagen hydro-
gel group, but th- 
ere was no signi- 
ficant difference 
between the two 
groups when treat-
ed for 4 weeks, as 
shown in Figure 3.

The effect of colla-
gen hydrogel upon 
promoting wound 
healing was signifi-
cantly higher than 
that in the control 
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the wound area of rats treated with collagen 
hydrogel. During the next 14 d, the granulation 
tissues became dense, and inflammatory cells 
invasion and angiogenesis could be observed 
in the wound area. Most of the epidermis was 
scabby at 28 d after collagen hydrogel treat-
ment. Compared with the collagen dressing 

revealed in Table 5, in the model control group, 
the proliferation rate of fibroblasts at 7 d was 
significantly higher compared with that in the 
EGF treatment group (P < 0.05), and the prolif-
eration rate remained relatively stable during 
the next three weeks in the EGF group. By con-
trast, the proliferation rate in the EGF treated 

Figure 3. Gross examination among four groups during 4 weeks. Note: EG, PC, MC and NC refer to the experimental 
(collagen hydrogel), positive control (EGF gel), model and normal control groups.

Table 3. Comparison of the area of non-healed wounds among 
four groups at different time points (

_
x±s, cm2)

Group 1 week 2 weeks 3 weeks 4 weeks
NC 7.69±0.97 (6) 1.68±0.87 (6) 0.40±0.20 (6) 0.15±0.15 (14)
MC 8.30±0.99 (6) 5.20±2.64b (6) 1.23±0.75b (6) 0.73±0.36b (12)
PC 8.77±0.57a (6) 3.11±0.47c (6) 1.35±0.67b (6) 0.28±0.17d (6)
EG 8.87±0.27a (6) 2.79±0.87c (6) 0.55±0.26c (6) 0.43±0.33a (7)
Note: aP < 0.05, bP < 0.01 compared with NC (negative control group); cP < 
0.05 and dP < 0.01 compared with MC (model control group); the number of 
rats was present in the brackets.

group, more obvious inflammatory 
cells invasion was found at 28 d 
and angiogenesis was also ob- 
served at 21 d in the EGF treat-
ment group (Table 4).

Changes in the fibroblast quantity

The quantity of fibroblasts in the 
experimental group was signifi-
cantly higher compared with that 
of the other treatment groups. As 
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group was slower than that of collagen dressing 
group, but there was no significant difference 
compared with the model control at 3 and 4 
weeks. The results showed that collagen hydro-
gel played a certain role in promoting the prolif-
eration of fibroblasts and the occurrence of 
angiogenesis, eventually accelerating the re- 
pairing and healing of diabetic wounds.

Changes in the angiogenesis

In terms of angiogenesis, the count of new cap-
illaries in the collagen hydrogel treatment group 

collagen gel could more effectively promote the 
angiogenesis for diabetic wound healing com-
pared with EGF. 

Discussion

Many researches have concluded that acetic 
acid and pepsin could be used for type I colla-
gen extraction from animal tendon tissues with 
a high purity. Electrophoresis spectrum for type 
I collagen typically includes 4 or 6 bands. The 
presence of beta- and gamma-chains and high-
er aggregates in pepsin-solubilized collagen 

Figure 4. Histological examination of the collagen (10×). Note: NC, MC, EG and PC refer to the normal control, model, 
experimental and positive control groups. 

Table 4. Comparison of the wound healing rate among four groups 
at different time points (

_
x±s, %)

Group 1 week 2 weeks 3 weeks 4 weeks
NC 14.5±10.79 (6) 81.36±9.64 (6) 95.60±2.20 (6) 98.37±.1.66 (14)
MC 7.76±10.94 (6) 42.20±29.38b (6) 86.30±8.31b (6) 91.87±4.02b (12)
PC 2.59±6.35a (6) 65.50±5.17c (6) 84.98±7.44b (6) 96.87±1.84d (6)
EG 1.41±2.98 (6) 69.02±9.66c (6) 93.93±2.88c (6) 95.23±3.70c (7)
Note: aP < 0.05 and bP < 0.01 compared with NC (negative control group); cP < 0.05 
and dP < 0.01 compared with MC (model control group); the number of rats was pres-
ent in the brackets.

was significantly higher th- 
an those in the other groups 
at 1 week (all P < 0.05), sig-
nificantly differing from that 
in the model group (P < 
0.05), as illustrated in Table 
6. During the first three 
weeks, the number of new 
capillaries in the collagen 
hydrogel group was higher 
compared with that in the 
EGF group, suggesting that 
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indicated that these collagens were highly 
cross-linked and suggested that some of these 
cross-links was involved in triple-helical regions 
of the molecule [7]. 

HPMC and PVA have been widely used as drug 
coating material inert materials. The obvious 
advantage was that they could blend with col-
lagen in aqueous solution without any physical 
and chemical reaction. Collagen solution could 
form a dry film with high concentration. HPMC 
could increase the viscosity and elasticity of 
the gel in favor of adhesion and moist environ-
ment for the wound healing. PVA could enhance 
the flexibility of collagen membrane and keep 
the exchange of water vapor in the trauma. The 
water vapor transmission rate for normal skin 
was (204.0±12.0) g/m2·24 h and (278.4±26.4) 
g/m2·24 h for skin of grade I burns. In fact, we 
have found in previous studies that the colla-
gen hydrogel dry membrane water vapor trans-
mittance could reach 401.66 g/m2·24 h.

Collagen hydrogel could promote the healing of 
excision wound and there was almost the same 
effect with EGF. The wound healing promoting 
effect of collagen hydrogel was better than the 
control group. The faster healing rate in the 
negative control group suggested that the 
immune function has not been destroyed. Con- 
tinuous topical application of EGF to granula-
tion tissue has been demonstrated to increase 

by stimulating and inducing local fibroblast pro-
liferation, accelerating endogenous collagen 
synthesis in the wound area. Some researchers 
believed that bFGF could promote wound heal-
ing mainly because of the Akt phosphatidyl  
inositol 3 kinase and rho kinase signaling  
pathways involved in the instant activation pro-
cess of Rac and rho proteins induced by bFGF, 
so as to activate the muscle fiber cells and 
fibroblasts and induce fibroblast apoptosis in 
the later for promoting wound healing and 
reducing the scar formation [10]. 

Angiogenesis, fibroplasia and new collagen syn-
thesis could collectively lead to formation of 
visible, vascularized scar tissue. Analysis of the 
data and the literature supports the conclu-
sions that activated macrophages in the wound 
could release substances to stimulate fibropla-
sia, collagen synthesis and angiogenesis in vivo 
[11]. Scholars have found some evidence prov-
ing that collagen could induce the angiogenesis 
for the wound by promoting cell chemotaxis 
and promote blood vessels and tissue regen-
eration for patients with gingival recession in 
root canal therapy [12]. Collagen-chitosan sp- 
onge scaffold encapsulated with thymosin beta 
4 (CCSS-eTbeta4), an angiogenic factor had 
been use for treating the cutaneous wounds  
of diabetic rats with hind limb ischemia [13]. 
Collagen scaffold was used mainly for drugs or 
stem cells and cytokines carrier and control the 

Table 5. Comparison of the fibroblast count among four groups at 
different time points (

_
x±s, n=6, cells)

Group 1 week 2 weeks 3 weeks 4 weeks
NC 116.00±19.40 108.67±20.88 123.17±34.83 165.21±36.30
MC 69.33±18.20 203.83±37.93a 123.00±45.52 173.67±71.18
PC 82.00±14.42 120.17±36.54c 135.33±56.67 163.17±38.83
EG 128.17±59.26b 150.17±25.43a,c 114.67±19.82 137.14±20.06
Note: aP < 0.01 compared with NC (negative control group); bP < 0.05 and cP < 0.01 
compared with MC (model control group).

Table 6. Comparison of the number of capillaries among four 
groups at different time points (

_
x±s, n=6, vessels)

Group 1 week 2 weeks 3 weeks 4 weeks
NC 34.17±4.30 35.17±2.86 40.17±8.84 34.29±17.84
MC 30.50±4.85 43.17±13.88 68.83±30.51a 46.00±16.50
PC 38.83±7.63 45.00±20.27 36.50±11.36c 41.33±24.56
EG 44.33±16.50b 49.17±22.02 56.00±12.88 32.71±7.78
Note: aP < 0.05 compared with NC (negative control group); bP < 0.05 and cP < 0.01 
compared with MC (model control group).

the rate of collagen accu- 
mulation in wounds. Studies 
have indicated that a single 
topical application of EGF 
would lead to a short period 
of elevated wound collagen 
content, followed by a rapid 
breakdown of the newly ac- 
quired collagen. Epidermal gr- 
owth factor receptor (EGF-R) 
signaling was essential for 
growth of pancreatic islets. 
Even a modest attenuation  
of EGF-R signaling could lead 
to a severe defect in postna-
tal growth of the beta-cells, 
which leads to the develop-
ment of DM [8, 9].

In this investigation, we found 
that bovine collagen gel dre- 
ssings could promote the re- 
pair of chronic wounds mainly 
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release of drugs in wound healing treatment 
[14-18]. Clinical studies have confirmed that 
the activation of platelet growth factor was very 
important for the repair of 38 patients with 
chronic nutritional ulcer [19]. A swine model of 
chronic ischemic wounds was repaired with a 
modified collagen gel dressing, and more mac-
rophages appeared in the wound than ische- 
mic wound after 7 days repair. In this study, we 
also found that newborn blood capillary num-
ber was obviously more than the control group 
and EGF-treated group in the first two weeks, 
and in the 3rd week, there was a significantly 
difference compared with the negative group.  
It could be speculated that gel dressings  
could up-regulate the expression of Mrc-1 
(macrophages biomarkers) and induce the 
expression of anti-inflammatory cytokine, in- 
cluding IL-10 and b-FGF. There was a different 
up-regulated expression of TGF-beta, vascular 
endothelial growth factor (VEGF), Von Wille- 
brand factor and type I collagen after 7 days 
wound healing. A large number of mature endo-
thelial cells were recruited and it was rich in 
blood flow in the wound area in 21 days. 
Fibroblasts count showed that collagen gel 
dressings participated in the new angiogenesis 
and reconstruction of the new organization, 
promoting the wound repair by involved in the 
regulation of wound inflammation [20, 21].  
This study investigated the effect of collagen/
HPMC/PVA hydrogel to accelerate cutaneous 
wound healing and angiogenesis in streptozoto-
cin-induced diabetic rats. The collagen hydro-
gel with HPMC and PVA has a promising value 
for clinical treatment of chronic ischemia wound 
or ulcer.

Collagen hydrogel dressing could effectively 
improve the microenvironment for chronic dia-
betic wounds, accelerate the proliferation of 
fibroblasts and promote the angiogenesis, 
thereby promoting the healing of diabetic 
defects and improving the quality of wound 
healing. Moreover, collagen hydrogel dressing 
yields no wound stimulation, hypersensitive re- 
action, infection or alternative adverse respons-
es. Both collagen hydrogel dressing and recom-
binant growth factors share the similar role in 
the process of wound repairing and healing. 
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