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Abstract: Cell-free fat extract (CEFFE), the liquid fraction derived from fat tissues, is enriched with a variety of growth 
factors and possesses pro-angiogenic, anti-apoptotic, and anti-oxidative properties. The aim of this study was to 
determine if CEFFE could accelerate chronic wound healing in mice with diabetes and investigate its underlying 
mechanisms. A model of circular full-thickness wound (6 mm diameter) was produced in the central dorsal region of 
spontaneous type 2 diabetes mellitus db/db mice. The mice were divided to three groups depending on dosage of 
CEFFE administered for the study; high dose CEFFE group (CEFFEhigh; administered 2.5 ml/kg/day via subcutaneous 
injection for six days), low dose CEFFE group (CEFFElow; administered 2.5 ml/kg/day via subcutaneous injection for 
three days), and a control group receiving phosphate buffer solution. Wound closure was evaluated on day 3, 7, 10, 
and 14 post-operation. Histological analyses, including hematoxylin-eosin staining and Masson’s trichrome staining 
and immunohistological staining of anti-CD31 and anti-CD68, were also performed. Moreover, the effects of CEFFE 
on proliferation, migration, and tube formation of human immortal keratinocyte cells (HaCaT) and human vascular 
endothelial cells (HUVEC) were tested in vitro. The results showed that the local injection of CEFFE significantly ac-
celerated wound healing in mice with diabetes. CEFFE improved re-epithelization and collagen secretion, promoted 
angiogenesis, and inhibited inflammatory macrophage infiltration in vivo. CEFFE also promoted HaCaT proliferation 
and migration and enhanced tubular formation in cultured HUVEC. It was concluded that CEFFE accelerates wound 
healing through pro-angiogenic and anti-inflammatory activities.

Keywords: Fat extract, chronic wound healing, pro-angiogenesis, anti-inflammation, growth factors, cell-free thera-
py

Introduction

Chronic refractory wounds in patients with dia-
betes remain a serious clinical problem. Chronic 
wounds can cause secondary injuries, such as 
infections, chronic foot ulcers, and limb ampu-
tations, which can seriously affect the patient’s 
quality of life [1, 2]. To promote wound healing, 
many methods have been attempted, such as 
debridement, antibiotic treatment, tissue engi-
neering materials, and cell therapy [3-6]. Am- 
ong these, stem cell-based therapy has been 
considered a promising approach for the treat-
ment of chronic wounds [7]. Adipose-derived 
stem cells (ASCs), a type of mesenchymal stem 
cells (MSCs), have particularly shown various 
advantages in wound healing [8].

ASCs promote wound healing by various mech-
anisms. One of these relies on the unique plas-
ticity of ASCs. Previous studies have proved 
that ASCs can differentiate into a variety of cells 
related to wound healing, such as fibroblasts, 
keratinocytes, epithelial cells, and endothelial 
cells [9, 10]. Another major mechanism pro-
posed is through the paracrine secretion of fac-
tors that promote differentiation and prolifera-
tion of stem cells and its neighboring cells [10-
13]. Through the paracrine secretion of various 
growth factors, including fibroblast growth fac-
tor 2 (bFGF), insulin-like growth factor-1 (IGF-1), 
hepatocyte growth factor (HGF), vascular endo-
thelial growth factor (VEGF), and transforming 
growth factor-β1 (TGF-β1), ASCs are able to 
accelerate the process of wound healing by 
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recruiting endogenous cells, inducing the prolif-
eration of fibroblasts and keratinocytes, and 
stimulating neovascularization at the site of 
injury [9, 12, 14, 15]. Additionally, ASCs also 
possess anti-apoptotic and anti-oxidant prop-
erties, which can further improve the process 
of wound healing [9, 12, 14].

Although ASCs are effective in improving wound 
healing, restrictions are still encountered in 
their application. Primarily, donor specificities, 
such as age and gender, can affect ASC poten-
tials, including cell proliferation, differentiation, 
and the capacity to promote angiogenesis and 
prevent apoptosis [16, 17]. The health status of 
donors also affects the quality of ASCs pro-
duced. Previous studies conducted in mice 
demonstrated that the presence of diabetes in 
the rodents significantly reduced the produc-
tion of growth factors, such as HGF, VEGF, and 
IGF-1, altered intrinsic properties of ASCs, and 
impaired their function [18, 19]. In addition to 
ASC sources, limitations also exist in the cell 
culturing techniques, including safety and qual-
ity of in vitro cell expansion, along with pheno-
typic, functional, and genetic instabilities [20-
22]. Further, to culture cells for clinical thera-
pies, Food and Drug Administration-approved 
techniques and facilities are to be employed, 
along with the time required for the cells to cul-
ture [23].

The adipose tissue, an abundant source of 
ASCs, secretes large amounts of bFGF, VEGF, 
and platelet-derived growth factor (PDGF), 
which promote angiogenesis and adipogenesis 
[24, 25]. This indicates that the adipose tissue 
is inherently enriched with a variety of bioactive 
factors that may be directly isolated for clinical 
application without cell isolation or cultivation. 
Cell-free fat extract (CEFFE), the liquid fraction 
derived from fat tissue using a mechanical 
approach to remove cellular components and 
lipid remnants, was first described in our previ-
ous study [26]. CEFFE analysis demonstrated 
that it contained a large number of cytokines 
and growth factors, including IGF-1, TGF-β1, 
HGF, VEGF, PDGF, bFGF, brain-derived neuro-
trophic factor (BDNF), and glial-derived neuro-
trophic factor (GDNF) [27]. In subsequent 
assays, we found that the CEFFE possessed 
not only the capacity for angiogenesis for the 
treatment of limb ischemia and skin flap sur-
vival [26, 27], but also anti-apoptotic and anti-
oxidative abilities [28, 29].

Based on the above findings, it was hypothe-
sized that CEFFE might accelerate chronic 
wound healing. To test this hypothesis, this 
study evaluated the effects of CEFFE on wound 
healing in diabetic mice and investigated the 
underlying mechanisms.

Materials and methods 

Animals

Male C57BL/KsJ db/db mice (8 weeks, 36-40 
g) were purchased from GemPharmatech Co. 
Ltd. (Jiangsu, China). These leptin receptor-defi-
cient db/db mice represent a well-established 
type 2 diabetes animal model, which exhibits 
continuous hyperinsulinemia and high plasma 
glucose levels. The mice were housed in a well-
ventilated holding room with a 12-h light-dark 
cycle at an ambient temperature of 23 ± 2°C 
and 70% humidity, with free access to water 
and food. All experiments were approved by  
the Animal Care and Experiment Committee of 
Shanghai Jiaotong University School of Medi- 
cine.

CEFFE preparation and characterization

CEFFE was prepared in accordance with a pre-
viously established method [26]. Briefly, human 
adipose tissue was obtained from healthy 
female donors who underwent liposuction. The 
tissue was rinsed with saline to remove red 
blood cells and centrifuged at 1200 × g for 3 
min. The upper oily layer and lower fluid layer 
were then discarded, and the middle fat layer 
was harvested and mechanically emulsified. 
The emulsified fat was then frozen at -80°C and 
thawed at 37°C for further disruption of the 
cells in the fat tissue. After one cycle of the 
freeze/thaw process, the fat was centrifuged 
again at 2000 × g for 5 min and separated into 
four layers; the third aqueous layer containing 
CEFFE was collected and frozen at -80°C for 
experimental purposes. The protein concentra-
tions of CEFFE were measured using a Pierce 
BCA protein assay kit (Thermofisher Scientific, 
Waltham, MA, USA). The study was approved by 
the Ethics Committee of Shanghai Jiaotong 
University School of Medicine, Shanghai, China.

Wound model and treatment

Mice were randomly divided into three groups 
based on those receiving the high dose of 
CEFFE (CEFFEhigh; administered 2.5 ml/kg/day 
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via subcutaneous injection for six days), the  
low dose of CEFFE (CEFFElow; administered 2.5 
ml/kg/day via subcutaneous injection for three 
days), or phosphate buffer solution (PBS, con-
trol group). All mice were subjected to general 
anesthesia using isoflurane gas. The dorsal 
area was shaved, and a depilatory cream was 
used to remove hair completely. Ophthalmic 
scissors were used to produce a circular full-
thickness wound, 6 mm in diameter, on the 
central dorsal region of the mice. Digital imag-
es of the wound in all experimental mice were 
captured on day 0, 3, 7, 10, and 14. The area of 
the wounds was calculated and analyzed by 
tracing around the wound image margins using 
Image-Pro Plus software version 6.0 (Media 
Cybernetics, Rockville, MD, USA). Wound clo-
sure was expressed as a percentage area of 
the original wound area.

Histological staining

On the 14th postoperative day following wound 
creation, the wound and surrounding tissue 
(0.5 cm) were carefully excised, rinsed in PBS, 
fixed in 4% paraformaldehyde, and embedded 
in paraffin. The samples were then sectioned 
and stained using hematoxylin-eosin (H&E) and 
Masson’s trichrome staining for histological 
analyses.

For immunohistological staining, paraffin-em- 
bedded tissue sections were incubated with 
rabbit anti-CD31 and anti-CD68 antibodies 
(Abcam, Cambridge, UK), followed by incuba-
tion with horseradish peroxidase-conjugated 
secondary antibodies (Dako, Glostrup, Den- 
mark). To evaluate angiogenesis in the wound, 
CD31+ tubular structures were considered to be 
capillaries, and the capillary density in the 
wounded area, undergoing healing, was quanti-
fied. To analyze the inflammation condition of 
the wound, CD68+ cell numbers were calculat-
ed. Five random fields were selected from each 
sample, and three samples from each group 
were analyzed.

Western blot analysis

To further analyze the content of newly formed 
collagen in the wound, tissue lysates were 
extracted using a RiPA Lysis buffer (Millipore, 
USA) containing a protease inhibitor mixture 
(Calbiochem, Darmstadt, Germany). Equal am- 
ounts of protein (40 μg) were separated onto a 
10% SDS-PAGE gel and subsequently trans-
ferred onto polyvinylidene fluoride membranes. 

Membranes were then blocked in TBS-T con-
taining 5% bovine serum albumin for 1 h at 
room temperature and incubated with primary 
antibodies as follows: Type I (COL-1) collagen 
(Abcam, ab6308, 1:500), Type III (COL-3) colla-
gen (Abcam, ab6310, 1:500), or β-actin (Cell 
Signaling, 3700, 1:1000). After overnight incu-
bation on a shaker at 4°C, samples were incu-
bated with horseradish peroxidase-conjuga- 
ted secondary antibodies (Jackson ImmunoRe- 
search Laboratories Inc., West Grove, PA, USA). 
The protein bands were visualized using an 
enhanced chemiluminescence detection kit 
(Amersham). The results were normalized to 
β-actin as appropriate.

Cell culture

Human immortal keratinocyte cells (HaCaT) 
and human vascular endothelial cells (HUVEC) 
were purchased from the American Type 
Culture Collection (Rockville, MD, USA). They 
were maintained in Dulbecco’s Modified Eagle 
Medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) (Gibco, Gland Island, NY, 
USA) and 1% antibiotics (penicillin 100 U/ml, 
streptomycin 100 U/ml) (Gibco, Gland Island, 
NY, USA). The culture medium was changed 
every second or third day, and the culture was 
maintained at 37°C in a humidified atmosphere 
of 95% air and 5% CO2.

Cell proliferation assay

HaCaT were seeded in 96-well plates (1 × 103 
cells per well) and cultured in DMEM medium 
containing 10% FBS for 24 h. The cells were 
then treated with three concentrations of 
CEFFE (50 μg/ml, 100 μg/ml, and 500 μg/ml 
total protein) for three days; untreated cells 
were used as a control. Cell Counting Kit-8 
(CCK-8) (Dojindo Molecular Technologies, Ro- 
ckville, MD, USA) was used for the cell prolifera-
tion assay. The absorbance spectrum was 
observed at 450 nm and recorded using a 
microplate reader (SpectraMAX i3x; Molecular 
Devices, Sunnyvale, CA, USA).

Cell migration assay

HaCaT were seeded in 6-well plates (5 × 105 
cells per well) and grown to form a monolayer. 
Wounds were created by scratching the mono-
layer with a sterile pipette tip. The medium was 
replaced with DMEM supplemented with 1% 
FBS. Three concentrations of CEFFE (50 μg/ml, 
100 μg/ml, and 500 μg/ml total protein) were 
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then added to the medium. Images of the 
wound were captured using a digital camera at 
0 and 12 h after the samples were scratched. 
The wound size was measured using ImageJ 
software (NIH, Bethesda, MD, USA). The data is 
reported as a relative percentage of wounding 
healed.

Tube formation assay

A tube formation assay was performed in Ma- 
trigel (BD Biosciences). HUVEC were suspend-
ed in DMEM supplemented with 1% FBS. 
HUVEC were seeded onto 96-well plates coated 
with Matrigel (2 × 104 cells per well). The plates 
were incubated at 37°C in 5% CO2 for 8 h. Tube 
formation was photographed under a light 
microscope (Carl Zeiss, Oberkochen, Germany). 
The number of junctions that had formed was 
calculated using ImageJ software (NIH).

Statistical analysis

Statistical analysis was performed using the 
SPSS 19.0 statistical software (IBM Corpo- 
ration, Armonk, NY, USA). Data are presented 
as the mean ± standard deviation (SD). Di- 
fferences between the groups were analyzed 
using one-way analysis of variance (ANOVA) or 

non-parametric tests. Significance levels were 
set at *P < 0.05 and **P < 0.01.

Results

Preparation and characterization of CEFFE

The schematic illustrations of extraction and 
administration of CEFFE are shown in Figure  
1. Approximately 7 ml of pinkish CEFFE was 
attained from 50 ml of centrifuged lipoaspirate, 
consistent with the previous experiment [26]. 
The original total protein concentration of 
CEFFE was 5208.31 ± 413.35 μg/ml (n = 3) in 
this study.

CEFFE improved wound healing in vivo

Digital photos of wounds in each of the groups 
were collected on day 0, 3, 7, 10, and 14, post-
wounding (Figure 2A). Compared to the control, 
the size of the wounds in both groups treated 
with CEFFE decreased significantly from day 3. 
No significant difference was recorded between 
the two groups treated with CEFFE. On day 10 
and 14, significant differences were observed 
between all three groups (Figure 2B). Aside 
from CEFFE administration significantly reduc-
ing healing time (Figure 2C), the average heal-

Figure 1. Schematic illustration of CEFFE promoting wound healing in db/db mice.
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ing time also reduced from 22.00 ± 2.00 days 
(control group) to 18.00 ± 1.58 days (CEFFElow 
group) and 14.80 ± 1.09 days (CEFFEhigh group).

Histological evaluation of wound tissue

Microscopic analysis was conducted to assess 
the formation of granulation tissues and the re-
epithelialization in H&E stained wound tissue 
sections (Figure 3A). Histological observations 
showed that on day 14, the wound in mice 
treated with CEFFEhigh showed intact continu-
ous re-epithelialization (arrow-marked in Figure 
3A), while almost no re-epithelialization was 
observed in the control group. Although new 

epithelia were present in mice treated with 
CEFFElow, they were not continuous.

The regeneration of the dermis is mainly as- 
sessed by Masson’s trichrome staining be- 
cause collagen is the most abundant fiber com-
ponent of dermal connective tissues. Histo- 
logical evaluation of the stained slides revealed 
that on day 14, the collagen deposition was 
enhanced in the granulation tissue of the 
wounds in both groups treated with CEFFE (col-
lagen fiber stained blue) compared with the 
control group (Figure 3B). Western blot analysis 
of COL-1 and COL-3 in the wound beds further 
confirmed that mice treated with CEFFE had 

Figure 2. Topical application of CEFFE accelerated wound healing in db/db mice. A. Representative images of 
wound healing in the PBS, CEFFEhigh, and CEFFElow groups. B. Percentage of original wound area in each group on 
day 0, 3, 7, 10, and 14 post-wounding. Quantitative analysis of wound closure indicated that the CEFFEhigh group 
exhibited the highest wound healing rate among all groups. C. Time taken for wound healing in db/db mice. CEF-
FEhigh group exhibited the shortest healing time among all groups. Data are represented as mean ± SD; n = 6, *P < 
0.05, **P < 0.01.
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significantly more newly formed collagen fibers 
(Figure 3C and 3D, Supplemental Figure 1).

CEFFE increased angiogenesis in wounds

The angiogenic effect of CEFFE in vivo was eval-
uated by immunohistochemistry staining of 
CD31+ microvessels in the granulation tissue 
on day 14, post-operation. The capillary density 
significantly increased in both groups treated 
with CEFFE compared with that of the control. 

The capillary density in the CEFFEhigh group was 
higher than that of the CEFFElow group (Figure 
4A and 4B).

CEFFE decreased macrophage infiltration into 
wounds

To evaluate inflammatory cell infiltration, sec-
tions of wound tissue were examined on day 14 
and stained for CD68 macrophage protein. The 
densities of CD68+ cells in the CEFFE groups 

Figure 3. Topical application of CEFFE accelerated cutaneous wound closure, re-epithelialization, and collagen de-
position in db/db mice. A. H&E staining for representative wound beds on day 14; re-epithelialization is indicated 
by arrows. Pictures were taken with a 1.25 × lens (scale bar: 200 μm) and 5 × lens (scale bar: 50 μm). B. Masson’s 
trichrome staining for representative wound beds after 14 days (collagen deposition is stained blue, scale bar: 50 
μm). C. Type I (COL-1) and Type Ⅲ (COL-3) collagen in the wound beds of each group were measured using the west-
ern blot technique. D. Relative quantification of COL-1 and COL-3 in wound beds of each group. Data are represented 
as mean ± SD; n = 3, *P < 0.05, **P < 0.01.
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were significantly lower compared to those  
in the control group. No significant difference  
was observed between the two CEFFE groups 
(Figure 5A and 5B).

CEFFE promoted HaCaT proliferation and mi-
gration in vitro

To assess the pro-epithelialization capacity of 
CEFFE, the effects of CEFFE on HaCaT prolifera-
tion and migration were investigated in vitro. 

HaCaT were treated with CEFFE (50 μg/ml, 100 
μg/ml, and 500 μg/ml total protein) for three 
days. The CCK-8 assay showed that CEFFE 
administration promoted HaCaT proliferation in 
a dose-dependent manner (Figure 6A). The 
wound-healing assay was performed to test the 
effect of CEFFE on HaCaT migration. As shown 
in Figure 6B and 6C, after 12 hours of incuba-
tion, CEFFE enhanced HaCaT migration in a 
dose-dependent manner.

Figure 4. Pro-vascularization effect of CEFFE in diabetic wounds. A. Representative immunohistochemistry staining 
of CD31 on day 14 after wounding in the PBS, CEFFElow, and CEFFEhigh groups. B. Statistical analysis of CD31+ newly 
formed vessels. CEFFEhigh group showed significantly more increased capillary density than the CEFFElow and PBS 
groups. Data are represented as mean ± SD; n = 3, *P < 0.05, **P < 0.01.

Figure 5. Anti-inflammatory effect of CEFFE in diabetic wounds. A. Immunostaining for CD68 in wound beds. The 
arrows indicate CD68+ inflammatory cells. B. Quantification of CD68+ cell density in each group. Both groups treated 
with CEFFE showed significantly lower CD68+ inflammatory cell infiltration in the wound beds compared to the con-
trol group. Data are represented as mean ± SD; n = 3, *P < 0.05, **P < 0.01.
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CEFFE improved HUVEC tube formation in vitro

To further confirm the pro-angiogenic activity of 
CEFFE in vitro, a tube formation assay was per-
formed in which HUVEC were treated with 
CEFFE (50 μg/ml, 100 μg/ml, and 500 μg/ml 
total protein) for eight hours. A greater number 
of tubular structures were observed in the cells 
treated with CEFFE (Figure 7A). This finding was 
confirmed by calculating the number of branch 
points/mm2 and measuring the mean tube 
length in each concentration group (Figure 7B 
and 7C).

Discussion

CEFFE is derived from the adipose tissue and 
enriched with a variety of growth factors, includ-
ing IGF-1, TGF-β1, HGF, VEGF, PDGF, bFGF, 
BDNF, and GDNF. It is effective in the treatment 
of limb ischemia, flap survival, fat implantation, 

and anti-skin photo-aging [26-29]. In this study, 
we demonstrated that the subcutaneous in- 
jection of CEFFE significantly accelerated wo- 
und healing (Figure 2A) and granulation tissue 
formation in diabetic mice (Figure 3A). The pos-
sible mechanisms are likely through promoting 
the proliferation and migration of the epidermal 
cells, promoting angiogenesis, enhancing col-
lagen secretion of dermal fibroblasts, and inhib-
iting excessive inflammatory responses.

Wound healing is a complex process, which is 
often artificially compartmentalized into three 
phases: inflammation, proliferation, and remod-
eling [30]. The refractory wound in patients with 
diabetes mellitus is associated with an abnor-
mality in one or more phases of the healing pro-
cess. Angiogenesis during wound repair per-
forms the crucial function of supplying essen-
tial nutrients and oxygen to the wound site, 
thus promoting granulation tissue formation 

Figure 6. CEFFE promotes HaCaT proliferation and migration in vitro. A. HaCaT treated with CEFFE at the indicated 
concentrations (50 μg/ml, 100 μg/ml, and 500 μg/ml total protein); cell viability was assessed using cell count-
ing kit-8, and the percentage of optical density relative to the control (0%) was calculated. B. HaCaT migration was 
evaluated using a cell migration assay (scale bar: 50 μm). C. Percentage of gap closure (over 12 h) was quantified. 
Data are shown as mean ± SD; n = 3, *P < 0.05, **P < 0.01.
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[31, 32]. Inhibited neovascularization is an im- 
portant factor of refractory wound healing in 
diabetic subjects [33]. Previous studies have 
reported that CEFFE could promote neovascu-
larization in normal animal models [26, 28, 29]; 
however, it was not clear if the same was true 
for diabetic animals. In this study, we observed 
an increased capillary density in wounds treat-
ed with CEFFE, evidenced by histological evalu-
ation of anti-CD31 immunohistochemical stain-
ing (Figure 4A and 4B). The pro-angiogenic 
activity of CEFFE was further confirmed by the 
enhanced tube formation ability of HUVEC after 
treatment with CEFFE in vitro (Figure 7A-C). The 
pro-angiogenic effect of CEFFE in the wounds 
of diabetic subjects can be explained by the 
presence of high levels of the various growth 
factors. Continuous administration of CEFFE in 
the CEFFEhigh group resulted in faster healing 
and higher capillary density compared to the 
CEFFElow group (Figure 4A and 4B), indicating 
the cumulative effect of CEFFE therapy.

In the normal wound healing process, an inflam-
matory response should occur rapidly and be 
sustained for 3-4 days to allow for subsequent 
phases to occur [31, 34, 35]. This requires that 

inflammatory cells, such as neutrophils and 
macrophages, migrate to the wound area and 
phagocytize necrotic tissues and microorgan-
isms. However, the inflammatory response in 
the wounds of diabetics is prolonged and hei- 
ghtened and contributes to impaired healing 
[36, 37]. Regulating the inflammatory response 
could accelerate healing [38-40]. This study 
showed that treatment of wounds with CEFFE 
significantly reduces the infiltration of inflam-
matory macrophages in mice with diabetes 
(Figure 5A and 5B). Reduced inflammation 
could contribute to accelerated wound closure. 
It was observed that CEFFE could promote the 
transformation of macrophages from M1 to M2 
phenotype (unpublished data). The mechanism 
by which this is achieved is still under inves- 
tigation.

Keratinocytes are the most common cells pres-
ent in the epidermis and form the outermost 
layer of the skin. Upon injury, keratinocytes 
migrate from the wound edge into the wound to 
re-epithelialize the damaged tissue and restore 
the epidermal barrier [41]. Non-migratory and 
hypo-proliferative keratinocytes result in epi-
dermal thickening at the wound edge and non-

Figure 7. CEFFE promotes endothelial cell tube formation in vitro. A. Tube formation of HUVEC at 8 h; cells were 
treated with CEFFE at the indicated concentrations (50 μg/ml, 100 μg/ml, and 500 μg/ml total protein) (scale bar: 
50 μm). B. Assessment of the number of branch points/mm2 in each group. C. Quantification of the mean tube 
length. Data are shown as mean ± SD; n = 3, *P < 0.05, **P < 0.01.
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healing wounds [42]. In this study, CEFFE pro-
moted HaCaT proliferation and migration in a 
dose-dependent manner in vitro (Figure 6A-C). 
In addition, complete re-epithelization of the 
wound bed was observed in the CEFFEhigh group 
on day 14, compared to non-epithelization in 
the control. This further illustrated that CEFFE 
could promote keratinocyte proliferation and 
migration, even in a diabetic state of the host.

The skin contains up to 70% of collagen, which 
provides tensile strength to the tissue. The bio-
synthesis and deposition of new collagens and 
their subsequent maturation plays an impor-
tant role in wound healing. Fibroblasts in the 
dermis initiate the synthesis of collagens and 
are responsible for the synthesis, deposition, 
and remodeling of collagens after migrating 
into wounds. In this study, a significant increase 
in the synthesis and deposition of collagen was 
observed in wound tissues treated with CEFFE. 
This was further supported by Masson’s tri-
chrome staining (Figure 2A). Stimulation of 
fibroblast proliferation and ECM production by 
CEFFE had been demonstrated previously [29]; 
the possible reason for this is that growth fac-
tors such as HGF in CEFFE regulated the expres-
sion of genes related to collagen secretion such 
as COL-1, COL-3, FN, MMP-1, and MMP-3.

A hyperglycemic environment can lead to the 
structural and functional damage of nerve 
fibers, reduce the distribution of fibers in the 
skin, and inhibit the proliferation and differen-
tiation of functional cells, thus interfering with 
wound healing in patients with diabetes [43, 
44]. Repair and regeneration of nerves in 
wound healing is important in patients with dia-
betes, considering that there are many nerve-
related growth factors in CEFFE, including 
BDNF and GDNF [27]; the presence of newborn 
nerves in the tissue of the healed skin was 
speculated. However, no nerve tissues were 
observed using immunohistochemistry in this 
study. This may be due to technical problems 
(data not shown). The regeneration of nerves in 
the wounds after treatment with CEFFE can be 
investigated in future studies.

Under a diabetic condition, wound healing is 
impaired due to hyperglycemia-induced exces-
sive reactive oxygen species production. This 
can lead to an imbalanced anti-oxidant de- 
fense system generating superoxide dismutase 
(SOD), catalase, and glutathione peroxidases 
[45, 46]. Accordingly, anti-oxidants partly im- 

prove the healing in skin wounds of diabetics 
[47]. It was demonstrated that, in some cases 
of injury, ointments containing SOD could pro-
mote wound healing. Previously it was demon-
strated that CEFFE had potent anti-oxidant 
properties to protect the skin from photo-aging 
[29]. Hence, it was speculated that CEFFE 
enhanced the induction of anti-oxidant levels at 
an initial stage of healing, which might act as 
another contributing factor to its healing 
property.

In summary, our study demonstrated that 
CEFFE could improve the healing of chronic 
wounds in mice with diabetes. This is poten-
tially through the pro-angiogenic and anti-
inflammatory activity of CEFFE. The presence 
of a variety of growth factors in CEFFE could 
explain its effects on the function of epidermal 
cells, endothelial cells, fibroblasts, and macro-
phages. CEFFE could potentially be used as a 
therapeutic agent for the treatment of chronic 
wounds in patients with diabetes. Further stud-
ies are still necessary to identify key factors 
and signaling pathways associated with the 
wound-healing effect of CEFFE to provide the 
basis for its clinical application.
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Supplemental Figure 1. Original western images of Col-1, Col-3 and β-actin.


