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Abstract. The present study aimed to investigate the effect 
of nano‑microcapsule‑basic fibroblast growth factor (bFGF) 
combined with hypoxia‑inducible factor‑1 (HIF‑1) on the 
random skin flap survival of rats. Male Sprague‑Dawley 
rats were used to establish the McFarlane flap model and 
subsequently, all model rats were randomly divided into 
four groups: Control, bFGF, HIF‑1 and bFGF combined with 
HIF‑1. The model rats were treated with 2.5 µg/day bFGF 
and 1.0 µg/day HIF‑1 for 5 days by intraperitoneal injection. 
On day 5 following treatment, the boundaries between necrotic 
and surviving regions were significantly inhibited by bFGF 
combined with HIF‑1. bFGF combined with HIF‑1 inhibited 
oxidative stresses and inflammatory factors in random skin 
flap survival of rats. bFGF combined with HIF‑1 also activated 
the protein expression levels of cyclooxygenase (COX)‑2 and 
vascular endothelial growth factor (VEGF) in the random skin 
flap survival of rats. In conclusion, nano‑microcapsule bFGF 
combined with HIF‑1 prevented random skin flap survival in 
rats through antioxidative, anti‑inflammatory and activation of 
the protein expression levels of COX‑2 and VEGF.

Introduction

Random flap is widely used in the repair and reconstruction of 
tissue defect due to its convenience and flexibility (1). However, 
since no known blood vessels are found in the random flap, the 
distal end is prone to necrosis, which greatly limits its applica-
tion in clinical practice (2). The ischemic injury mechanism of 
random flap remains to be fully elucidated (3).

Several growth factors, including basic fibroblast growth 
factor (bFGF), are used to improve the survival rate of flap 
and are applied to the research of promoting angiogenesis (4). 
bFGF is susceptible to proteolytic degradation in vivo, which 
is destroyed and degraded rapidly in the body due to its short 
half‑life, and the biological effect of partial use remains to 
be elucidated (5). Using a microsphere system to control the 
local delivery of growth factor may be an effective method for 
solving the above problem (6).

Hypoxic inducible factor (HIF)‑1  is a transcription 
factor widely present in the body of mammals and humans 
under hypoxic conditions, which is highly sensitive to the 
concentration of oxygen in the environment  (7). With a 
prolonged hypoxic duration, the quantity of HIF‑1α protein 
also increases, and once hypoxia is improved, HIF‑1α levels 
decline rapidly  (8). Previous studies have shown that the 
gene expression of HIF in the ischemic area is upregulated, 
suggesting that the gene expression of HIF may be associated 
with local hypoxia following ischemia, endothelial progen-
itor cell (EPC) amplification and improvement of ischemia 
by promoting angiogenesis (9,10). The present study aimed 
to investigate whether bFGF combined with HIF‑1 improved 
random skin flap survival of rats.

Materials and methods

Materials. bFGF, HIF‑1, superoxide dismutase (SOD) and 
malondialdehyde (MDA) were obtained from Nanjing KeyGen 
Biotech. Co., Ltd., (Nanjing, China). Anti‑cyclooxygenase 
(COX)‑2, anti‑vascular endothelial growth factor (VEGF) 
and anti‑β‑actin antibodies were obtained from Bioworld 
Technology (Nanjing, China).

Animals. Male Sprague‑Dawley rats (weighing, 260‑300 g) 
were obtained from Laboratory Animals of Wenzhou 
Medical University (Wenzhou, China) and were treated in 
accordance with the Guide for the Care and Use of Laboratory 
Animals of The 2nd Affiliated Hospital of Wenzhou Medical 
University (Wenzhou, China). The rats were housed in 
separate clean cages at a temperature of 20‑24˚C under 12 h 
light/dark cycles, with chow pellets and tap water available 
ad libitum.
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Flap model and experimental design. Random dorsal skin flaps 
were elevated using the previously described model (11). The 
rats were anesthetized with sodium pentobarbitone (40 mg/kg; 
Sigma‑Aldrich, St. Louis, MO, USA) by intraperitoneal injec-
tions. The dorsal skin was shaved and the rats were placed into 
the prone position by securing their limbs with adhesive tape. 
Povidone iodine solution (Shandong Lierkang Disinfection 
Technology Co., Ltd., Shandong, China) was used to disinfect 
the skin and all surgical procedures were performed under 
sterile conditions. Full‑thickness rectangular skin incisions 
were made on the dorsum of each animal, and were immedi-
ately sutured with interrupted 4‑0 nylon sutures (Fig. 1).

All rats were randomly divided into four groups 
(n=10/group): (i)  Control; (ii)  Nano‑microcapsule‑bFGF; 
(iii)  Nano‑microcapsule‑HIF‑1; and (iv)  bFGF combined 
with HIF‑1 (combined). In the control group, the model 
rats were treated with intraperitoneal injections of 
physiological saline (0.1 ml/100 g). The bFGF group rats 
were treated with  2.5  µg/day  bFGF for  5  days by intra-
peritoneal injection and the HIF‑1 group rats were treated 
with 1.0 µg/day HIF‑1 for 5 days by intraperitoneal injection. 
In the combined treatment group, the rats were treated with 
bFGF and HIF‑1 at the same concentration as single treatment 
groups for 5 days by intraperitoneal injections.

Assessment of the expression levels of bFGF, HIF‑1 MDA, 
SOD, TNF‑α and IL‑1β. Following combined treatment, blood 
sample were acquired from the vein of flap tissues at room 
temperature. The serum levels of bFGF, HIF‑1, MDA, SOD, 
TNF‑α and IL‑1β were analyzed using enzyme linked immu-
nosorbent assay kits, according to the manufacturer's protocols 
(KeyGen Biotech. Co., Ltd,. Nanjing, China).

Assessment of survival areas. Following combined treatment, 
the flap tissues were biopsied for histological assessment 
and immunohistochemical staining of VEGF. The flaps and 
surviving areas were measured and images were captured 
with superimposition of photographs on graph paper. The 
images were exposed in a ChemiDoc MP Imaging System 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) The compu-
tational formula was calculated as follows: Extent of viable 
area x 100 / total area.

Western blot assay for COX‑2 and VEGF. Following combined 
treatment, the total cellular protein was extracted from the flap 
tissues. The flap tissues were homogenized using a radioimmu-
noprecipitation lysis buffer (Nanjing Sunshine Biotechnology, 
Co., Ltd., Nanjing, China). The homogenized tissue samples 
were centrifuged at 12,000 x g for 10 min at 4˚C and the super-
natant liquor was subsequently absorbed into the new tube. The 
concentration of the total cellular protein was quantified using 
a BCA Protein Assay (Pierce Biotechnology Inc., Rockford, IL, 
USA). Equal quantities of protein (50 µg) were separated by 
electrophoresis using 12% SDS‑PAGE gels (Beyotime Institute 
of Biotechnology, Haimen, China) and were transferred onto 
polyvinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA). Following protein transfer, the membranes were 
blocked with 5% non‑fat milk and incubated with the corre-
sponding primary antibodies, anti‑COX‑2 (1:1,000 dilution; 
cat. no. sc-514489, Santa Cruz Biotechnology, Inc., Santa Cruz, 

CA, USA), anti‑VEGF (1:1,000; cat. no. sc-48835; Santa Cruz 
Biotechnology, Inc.) and rabbit anti-mouse anti‑β‑actin (1:500 
dilution; cat. no. AA132; Beyotime Institute of Biotechnology, 
Haimen, China) overnight at 4˚C. The membranes were incu-
bated with secondary antibodies (1:5,000; C520011‑0100; 
Sangon Biotech Co., Ltd., Shanghai, China) for 2‑3 h at 37˚C and 
were subsequently incubated with chemiluminescence detection 
reagent (P0203, Beyotime Institute of Biotechnology). Images 
were captured using Image‑Pro Plus software, version  6.0 
(Media Cybernetics, Rockville, MD, USA).

Statistical analysis. The data are expressed as the mean ± stan-
dard deviation and were analyzed by one‑way analysis of 
variance using SPSS  17.0  statistical software (SPSS, Inc., 
Chicago, IL, USA). P< 0.05 was considered to indicate a statisti-
cally significant difference.

Results

bFGF expression. On day 5 following treatment, the expression 
of bFGF was assessed. As compared with control, the expres-
sion of bFGF was significantly advanced in bFGF group (Fig. 2). 
Additionally, the expression of bFGF in the HIF‑1 group was 
similar to that of the control group (Fig. 2). In the combined 
treatment group, the expression of bFGF was similar to that of 
bFGF group (Fig. 2).

HIF‑1 expression. On day 5 following treatment, the expression 
of HIF‑1 was detected. The expression of HIF‑1 in the bFGF 
group was similar to that of the control group, and significantly 
lower compared with that of the HIF‑1 group (Fig. 3). The 
expression of HIF‑1  in the HIF‑1 and combined treatment 
groups exhibited similar changes and was significantly higher 
compared with the control or bFGF groups (Fig. 3).

Combined treatment improves flap survival. On day 5 following 
treatment, whether the combination treatment improved flap 
survival was assessed. As shown in Fig. 4, the boundaries 
between necrotic and surviving regions were highest in the 
control group. In the bFGF and the HIF‑1 groups, the bound-
aries between necrotic and surviving regions were significantly 
inhibited compared with those of the control group (Fig. 4). 
These necrotic and surviving regions in the combined treatment 
group were lower compared with those of the bFGF or HIF‑1 
groups, and the difference were statistically significant (Fig. 4).

Combined treatment affects the levels of MDA and SOD. 
On day 5 following treatment, whether combined treatment 
affected the MDA and SOD levels was assessed. Firstly, bFGF 
treatment significantly reduced and increased the levels of 
MDA and SOD, respectively, compared with those of control 
group (Fig. 5). The HIF‑1 group exhibited similar changes to 
the control group (Fig. 5). Finally, these oxidative stresses were 
significantly receded by combined treatment compared with 
those of the bFGF or HIF‑1 groups (Fig. 5).

Combined treatment affects the levels of TNF‑α and IL‑1β. On 
day 5 following treatment, whether combined treatment affected 
the MDA and SOD levels was determined. The TNF‑α and 
IL‑1β levels in the bFGF or HIF‑1 groups were significantly 
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weakened compared with those of the control group (Fig. 6). 
However, these inflammatory factors were significantly weak-
ened in the combined treatment group compared with those of 
the bFGF or HIF‑1 groups (Fig. 6).

Combined treatment affects the expression of COX‑2. To 
check whether combined treatment affects the expression of 
COX‑2 following 5 days of treatment, the protein expression 
of COX‑2 was analyzed by western blotting. A significant 
difference in the protein expression of COX‑2 was observed 
between the bFGF and HIF‑1 groups (Fig. 7). When compared 
with that of the bFGF or HIF‑1 groups, the protein expression 
of COX‑2 in the combined treatment group was significantly 
increased (Fig. 7).

Combined treatment affects the expression of VEGF. The 
present study next determined whether combined treatment 
affected the expression of COX‑2 following 5 days of treat-
ment. As shown in Fig. 7, the protein expression of COX‑2 was 
significantly promoted in the bFGF and HIF‑1 groups, as 
compared with that of the control group (Fig. 8). Notably, the 
combined treatment significantly increased the protein expres-
sion of COX‑2, as compared with that of the control group 
(Fig. 8).

Discussion

bFGF is composed of 155 amino acids and has a high affinity 
with dextran, in addition to heparan sulfate proteoglycans. 
bFGF has no signal peptide, however, exists in a paracrine or 
autocrine form outside the cell, the explanation of how remains 

Figure 1. Schematic of the McFarlane flap model.

Figure 2. Expression of bFGF under the various experimental conditions. 
The expression levels of bFGF was assessed in the Con, bFGF, HIF‑1 and 
combined (bFGF and HIF‑1) group (##P<0.01 vs. the Con group without pro-
pofol treatment). Con, control; bFGF, basic fibroblast growth factor; HIF‑1, 
hypoxia‑inducible factor‑1.

Figure 3. Expression of HIF‑1 under the various experimental conditions. 
The expression levels of HIF‑1 was assessed in the Con, bFGF, HIF‑1 and 
combined (bFGF and HIF‑1) group (##P<0.01 vs. the Con group without pro-
pofol treatment). Con, control; bFGF, basic fibroblast growth factor; HIF‑1, 
hypoxia‑inducible factor‑1.

Figure 4. Combined treatment improves flap survival compared with bFGF 
or HIF‑1 in isolation. Con, rats were treated with intraperitoneal injections of 
physiological saline (0.1 ml/100 g); bFGF, rats were treated with 2.5 µg/day 
bFGF for 5 days by intraperitoneal injection; HIF‑1, rats were treated with 
1.0 µg/day HIF‑1 for 5 days by intraperitoneal injection; combined, rats were 
treated with bFGF and HIF‑1 at the same concentration as the single treat-
ment groups for 5 days by intraperitoneal injections. bFGF, basic g rowth 
fibroblast factor; HIF, hypoxia‑inducible factor‑1.
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to be elucidated (12). Due to the increase of bFGF in wounded 
tissue, the secretion of bFGF is assumed to be based on cell 
damage and exocytosis (13). However, domestic and foreign 
studies revealed that a large number of bFGFs are secreted 
following the effect of mitogens, including phorbol myristate 
acetate (14). In the present study, the effect of nano‑microcapsule 

bFGF combined with HIF‑1 on the random skin flap survival 
of rats was investigated. Fayazzadeh et al (15) reported that 
recombinant human bFGF and erythropoietin protected skin 
flap ischemic necrosis. Therefore, nano‑microcapsule bFGF 
combined with HIF‑1 may be a beneficial pattern for random 
skin flap survival.

Figure 5. Expression of MDA and SOD under the various experimental conditions. Combined treatment with bFGF and HIF‑1 affected the expression levels 
of (A) MDA and (B) SOD (##P<0.01 vs. the control group without propofol treatment; **P<0.01 vs. the bFGF or HIF group). Con, control; bFGF, basic growth 
fibroblast factor; HIF, hypoxia‑inducible factor‑1; MDA, malondialdehyde; SOD, superoxide dismutase.

  A   B

Figure 6. Expression of TNF‑α and IL‑1β under the various experimental conditions. Combined treatment with bFGF and HIF‑1 affected the expression levels 
of (A) TNF‑α and (B) IL‑1β (##P<0.01 vs. the control group without propofol treatment; **P<0.01 vs. the bFGF or HIF group). Con, control; bFGF, basic growth 
fibroblast factor; HIF, hypoxia‑inducible factor‑1; TNF‑α, tumor necrosis factor‑α; IL‑1β, interleukin‑1β.

  A   B

  A   B

Figure 7. Expression of COX‑2 under various experimental conditions. The combined treatment affected the expression levels of COX‑2. (A) The results of 
western blot analysis revealed that the combined treatment affected the expression of COX‑2 and (B) shows the quantification of this data. β‑actin was used as 
a loading control (##P<0.01 vs. the control group without propofol treatment; **P<0.01 vs. the bFGF or HIF group). Con, control; bFGF, basic growth fibroblast 
factor; HIF, hypoxia‑inducible factor‑1; COX‑2, cyclo‑oxygenase‑2.

Figure 8. Expression levels of VEGF under various experimental conditions. The combined treatment affected the expression levels of VEGF. (A) The results 
of western blot analysis revealed that the combined treatment affected the expression of COX‑2 and (B) shows the quantification of this data. β‑actin was 
used as a loading control (##P<0.01 vs. the control group without propofol treatment; **P<0.01 vs. the bFGF or HIF group). Con, control; bFGF, basic growth 
fibroblast factor; HIF, hypoxia‑inducible factor‑1; VEGF, vascular endothelial growth factor.

  A   B
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HIF‑1α protein is markedly unstable in normoxic condi-
tion, likely to be decomposed by the ubiquitin‑proteasome 
system, of which the half‑life is >5 min. Therefore HIF‑1α 
protein is difficult to detect under normoxic conditions (16). 
The stability of HIF1α under normoxic conditions is not 
enough to activate HIF‑1, and only inhibiting the degradation 
of ubiquitin and the proteasome is not enough to produce the 
transcriptional activity of HIF‑1, therefore, it should be trans-
formed into exogenous HIF‑1α, to promote its combination 
with structural ARNT in vivo to generate active HIF‑1. By 
transfecting exogenous HIF‑1α into peripheral HIF‑1α EPC of 
humans, the previous study aimed to observe its effect on the 
EPC directed differentiation and vascular activity in normoxic 
condition (17). In the present study, nano‑microcapsule bFGF 
combined with HIF‑1  significantly weakened oxidative 
stresses and inflammatory factors in the random skin flap 
survival of rats. A previous study has demonstrated that bFGF 
reduces bisphosphonate‑induced oxidative in oral epithelium 
of rat  (18). Wang et al also demonstrated bFGF ischemic 
oxidative injury through the upregulation of the ERK1/2 path-
ways (19). Tasso et al  (20) reported that the inflammatory 
response on the ability of mesenchymal stem cells to activate 
endogenous regenerative mechanisms is reduced by bFGF. 
Rodriguez‑Miguelez et al (21) indicated that HIF‑1α modu-
lates inflammation and the expression of VEGF. However, 
the detailed mechanisms on how nano‑microcapsule bFGF 
combined with HIF‑1 influences oxidative stresses and inflam-
matory factors in random skin flap survival of rats remain to 
be elucidated, and further clarification is required in a future 
study.

COX is a rate‑limiting enzyme synthesized by prosta-
glandin, and there are three known isomers, COX‑1, COX‑2 and 
COX‑3, in which the expression of COX‑ is induced, and it is 
undetectable in most normal tissues, however the expression is 
significantly upregulated under various stimuli, including cyto-
kines, growth factors, oncogenes and tumor‑promoting agents, 
involved in inflammation, angiogenesis, cell proliferation and 
differentiation processes (22). The expression of COX‑2 may 
promote an angiogenesis effect via VEGF (23). In the present 
study, nano‑microcapsule bFGF combined with HIF‑1 increased 
the protein expression of COX‑2 in the random skin flap survival 
of rats. Erdem et al (24) showed that the association between 
bFGF and astrocyte elevated gene‑1 increased COX‑2 markers 
with prognostic factors in prostate carcinomas. The results of 
Seo et al (25) suggested that activation of HIF‑1α upregulates 
COX‑2 and matrix metalloproteinase‑9, and prevents acinar cell 
death. However, the specific mechanisms of nano‑microcapsule 
bFGF combined with HIF‑1 on the expression of COX‑2 remains 
unclear in the random skin flap survival of rats, and further 
clarification is required in a future study.

VEGF is also known as vascular permeability factor or 
angiogenic factor, which is a glycoprotein that can specifically 
act on the surface receptors in vascular endothelial cells, with 
several biological effects, including pro‑vascular endothelial cell 
proliferation and migration, angiogenesis, vascular endothelial 
cell life extension and vascular permeability increasing (26,27). 
The present study revealed that nano‑microcapsule bFGF 
combined with HIF‑1 also increased the protein expression of 
VEGF in the random skin flap survival of rats. Chen et al (28) 
indicated that inhibiting HIF‑1  reduced VEGF in human 

colorectal cancer cells. Tzeng et al (29) also demonstrated that 
bFGF promotes endothelial progenitor cells and induces VEGF 
expression in chondrosarcoma cells. These results implied that 
the effect of nano‑microcapsule bFGF combined with HIF‑1 on 
random skin flap survival was associated with the expression 
of VEGF, and further clarification is required in a future study.

 In conclusion, nano‑microcapsule bFGF combined with 
HIF‑1 prevents random skin flap survival in rats. The present 
study, therefore, confirmed that nano‑microcapsule bFGF 
combined with HIF‑1 may be a protective effect in terms of 
oxidative stresses and inflammatory activity and activates 
COX‑2 and VEGF signal channel.
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