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Crocin enhances the viability of random pattern skin 
flaps: involvement of enhancing angiogenesis  
and inhibiting oxidative stress
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Abstract: The random pattern skin flap has been an important procedure in plastic and reconstructive surgery 
to cover various challenging defects. However, distal flap necrosis is problematic. Crocin is a natural carotenoid 
compound, which have been reported to possess a wide spectrum of properties and induce pleiotropic anti-inflam-
matory, anti-oxidative and cytoprotective effects. We explored whether crocin enhanced random skin flap survival. 
Thirty-six male SD rats were distributed to two groups randomly: the crocin and control groups. Flap survival areas 
were measured 7 days after surgery. Neutrophil numbers and microvascular density were evaluated via haematoxy-
lin and eosin staining, and blood perfusion via laser Doppler imaging. Vascular endothelial growth factor (VEGF) 
levels were measured by immunohistochemical staining and Western blotting. We also measured the levels of mark-
ers of ischaemia-reperfusion injury [malondialdehyde (MDA) and superoxide dismutase (SOD)]. With regard to flap 
survival area assay, a significant between-group difference of survival area for the experimental flap was evident. As 
for flap blood flow test in Area II, the crocin group was statistically better than that of the control group. And in the 
histological result, the mean vessel density and VEGF level were statistically higher when treated with crocin. Crocin 
also decreased the MDA but increased the SOD level. Crocin thus improved random skin flap viability, enhancing 
angiogenesis and inhibiting ischaemia-reperfusion injury. 
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Introduction

In plastic and reconstructive surgery, soft tis-
sue defect is a common and challenging prob-
lem which mainly caused by traumatic or can-
cer-associated deformities. Due to its simple 
surgery procedure, skin random flap is widely 
used in transplantation to functional and aes-
thetic reconstruction by plastic surgeons, espe-
cially for tissue repair [1]. However, necrosis of 
the flap distal end (partial or complete) is a 
common phenomenon after surgery, which 
leads to severe complications. In the clinical 
settings, the length-to-width ratio of such flaps 
cannot be increased beyond 1.5:1 to 2:1 [2]. 
This problem greatly limits the clinical applica-
tion of random flap application for soft tissue 
transplantation [3]. One study [4] suggested 

that ischaemia-reperfusion injury, a poor blood 
supply, and haemodynamic injury contribute to 
flap necrosis. We previously showed [5, 6] that 
angiogenesis was important item of flap surviv-
al, especially the deliverance of the key protein 
called vascular endothelial growth factor 
(VEGF). Generous evidence indicates that many 
herbs and herbal extracts from traditional 
Chinese medicine can effectively treat vascular 
diseases [7, 8]. Crocin has been used in tradi-
tional Chinese medicine throughout history, 
which has been traditionally used for the treat-
ment of many types of disease, including neuro-
degenerative disorders, coronary artery diseas-
es, respiratory diseases, gastrointestinal dis-
eases, fever, diabetes, and so on [9]. Crocin, a 
major component of crocus sativus, is associ-
ated with some of these therapeutic effects 
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Figure 1. Chemical structure of crocin, a prenylated 
flavonoid glycoside.

[10]. It has been demonstrated that crocin 
exhibits multiple activities, including anti-can-
cer, anti-inflammatory and anti-oxidation ef- 
fects [11, 12]; crocin is also found promote 
burn wound healing in rats, perhaps by reduc-
ing inflammation and promoting neovascular-
ization [13]. We thus hypothesised that crocin 
could improve the survival of random pattern 
skin flap via an animal model.

Materials and experimental methods

Drugs and reagents

Crocin was obtained from Sigma-Aldrich (Saint 
Louis, MO, United States). Molecular formula 
was shown in Figure 1. Anti-VEGF polyclonal 
antibodies were purchased from Bioworld 
(Nanjing, China). The malondialdehyde (MDA) 
and superoxide dismutase (SOD) content were 
measured using ELISA kit following manu- 
facturer’s instructions (Nanjing Jiancheng 
Bioengineering Institute. Nanjing, China).

Animals 

In total, thirty-six healthy Sprague-Dawley rats 
(male, body weight 220~250 g, 2-month-old) 
were acquired from the Animal center of 
Wenzhou Medical University (Wenzhou, China) 
(SCXK [Zhe] 2005-0061). The animals were 
cared as directed by the Guide for the Care and 
Use of Laboratory Animals of Wenzhou Medical 
University. Upon arrival, animals were individu-
ally caged and kept in rooms where tempera-
ture (22±2°C), humidity, and light (12-h/12-h 
light/dark) were controlled. All experimental 
animals with free access to standard chow and 
tap water, were randomly divided into test (cro-

cin) group and control groups by means of ran-
dom number table, 18 rats in each. Animal  
center of Wenzhou Medical University Ethical 
Committee had permitted the study (ID 
Number: wydw 2019-0145). As for the method 
of animal killing, we have killed rats using over-
doses of narcotics，this procedure was pain-
less and commonly used in animal killing.

Surgical procedure and drug administration

Adapted to one overnight, all experimental ani-
mals were shaved and sterilized before surgery. 
The surgical operation was completed under 
general anesthesia. The anesthesia of all rats 
was achieved via an intraperitoneal injection 
with 40-50 mg.kg-1 sodium pentobarbital. The 
pinch flexion/withdrawal experiment was used 
to determine the adequate anaesthesia. A 
modified McFarlane flap (3×9 cm; Figure 2A) 
was created on each experimental animal. To 
ensure accurate positioning, the proximal end 
of the flap was on the margin of the iliac crest 
as a maker. To reduce bacterial infections, all 
instruments and surgical procedures were ster-
ile. Sacral arteries in both sides were sectioned 
completely to ensure no axial vessel was incor-
porated into the flap (Figure 2B). Following 
each model was dissociated from the deep fas-
cia completely, all flaps were repositioned into 
initially position with 4-0 silk (Figure 2C). To pre-
vent injury from cannibalism activities and ben-
eficial to socialization lives, all rats were then 
individually caged. To counter self-mutilation, a 
collar was fitted to every rat [14]. Crocin was 
dissolve in saline solution and given via intra-
peritoneal injection at 50 mg kg-1 day-1 for 7 
consecutive days; while the control group was 
treated with saline solution for comparison [15, 
16].

Flap survival 

The random skin flap was separated into three 
identical areas: the proximal of flap as Area I, 
the intermediate of flap as Area II, and distal of 
the flap as Area III. Every area was possessed 
with equal size (3×3 cm) [17]. After the opera-
tion, flap appearance, colour, texture, and hair 
status were evaluated. All rats were euthanised 
on the 7 days postoperative. Then all flaps were 
dissected for further investigation. There was a 
rough boundary between survival and dead 
flap. The flaps of each rat were photographed, 
and the survival areas were measured by super-
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Figure 2. A McFarlane flap model was designed (3×9 cm); no axial vessels were incorporated into the flap. A. The 
modified McFarlane flap model (3×9 cm) was applied to every rat. B. No axial vessels were incorporated into the flap 
in which the ischemic gradient is proportional to the distance from the base. White arrow refers to the axial vessels. 
C. Each flap was sutured back to its original position with continuous 4-0 silk sutures.

imposition of photographs onto graph paper. 
On basis of which we measured surviving and 
total flap areas on transparent cellophane 
sheets and calculated flap survival percentag-
es [18] as survival area ×100/total area (sur-
vival and ischaemic) [19].

Histological staining

After sacrifice, three 1×1 cm central samples 
were collected from every area, which were 
fixed in 4% (v/v) paraformaldehyde, embedded 
in paraffin. Then, samples were made into slic-
es of 4-μm thickness and haematoxylin and 
eosin stain (H&E) was discovered for next step. 
Slides were observed under an Olympus BH51 

light microscope with 100 magnification (Oly- 
mpus Corporation, Japan). Then three repre-
sentative fields in each of these areas were fur-
ther counted at ×400 magnification. Oedema, 
granulation thickness, neutrophil numbers, 
and microvessel numbers/mm2 (an indicator of 
microvascular density [MVD]) [20] were evalu-
ated. This work was repeatedly finished by two 
separate physicians. 

Laser Doppler imaging

All animals underwent laser Doppler perfusion 
imaging (MoorLDI-2, Moor Instruments Ltd, 
Devon, Britain) at room temperature on the last 
day. The parameters of the instrument were as 
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follows: 633 nm laser wavelength, 55 cm scan 
and 5 min duration. The results were quantified 
by the MoorLDI Review V6.1 software. The 
measurement would repeat three times for 
every rat and the mean value was calculated 
after three times repeat [21].

Immunohistochemical staining

All flap zones were subjected to immunohisto-
chemical VEGF staining with the streptavidin-
peroxidase way; we blocked all slices with rou-
tine goat serum at 25°C for 20 minutes; added 
50 µL amounts of primary VEGF antibodies 
(1:100) followed by hatched at 4°C for 24 
hours; rewarmed the slides to 37°C for 50 min; 
washed them with phosphate buffer saline 
(PBS); added 50 µL amounts of goat anti-rat 
antibodies (1:50) followed by incubation for one 
hour at 37°C; washed the slices with distilled 
water; added 3,3’ N-diaminobenzidine tetrahy-
drochloride (for colour development) followed 
by counterstain for 5 min. Positive VEGF expres-
sion in each slice was identified under the 
inverted BH51 microscope at ×400 magnifica-
tion in five fields/slice. All images were carefully 
analyzed through the software Image-Pro Plus 
ver. 6.0 (Media Cybernetics, MD). After calibra-
tion the intensity, we selected the target colors, 
use the Measurements. Afterwards, the inte-
gral absorbance (IA) value was served as a 
measure of VEGF level. 

Western blotting (WB)

After euthanasia, samples (size: 0.5×0.5 cm) 
from the mid-district of Area II in all rats were 
kept at -80°C pre-WB; homogenized; and pro-
tein concentrations determined using the 
Bicinchoninic Acid (BCA) assay. Equal amounts 
of protein (55 μg) were separated by 12% 
Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene fluoride (PVDF) membranes 
(Roche Applied Science, USA). All membranes 
were incubated with blocking buffer 10% (w/v) 
non-fat milk for 2 h at room temperature and 
incubated the primary anti-VEGF (1:1000) and 
β-actin (1:1000) overnight at 4°C. After being 
washed three times with TBS containing 0.1% 
Tween-20 for 5 min, the membranes were  
incubated at room temperature with HRP-
conjugated IgG secondary antibodies (1:5000) 
for 2 h. Finally, the membranes were detected 
using an enhanced chemiluminescence (ECL) 
kit and band intensity quantified with Quantity 
One (Bio-Rad, Hercules, CA, USA) software. 
β-Actin was used as an internal control.

Superoxide dismutase (SOD) activity and malo-
ndialdehyde (MDA) content

At 7 days postoperatively, flap specimens 
(0.5×0.5 cm) from each group were acquired 
from districts between Area II and the other 
areas, weighed, and muscle tissues prepared 
as 10% volume fractions after homogenisation 
in an ice bath. SOD activity was estimated using 
the enzymatic xanthine oxidase method with 
the Total Superoxide Dismutase (T-SOD) assay 
kit (A001-1-2, NJJC). While with the Malondialde- 
hyde (MDA) assay kit (A003-1-2, Nanjing Jian- 
cheng), thiobarbituric acid test was used to 
determine the malondialdehyde (MDA) content 
at 95°C [22].

Statistical analysis

All analyses were performed using SPSS soft-
ware version 17.0 (SPSS Inc., USA). We report 
means ± standard deviations. Kruskal Wallis 
and Mann-Whitney U test were applied for sta-
tistical analysis to compare the parameters.  
A p-value <0.05 was considered to be statisti-
cally significant. The significance difference 
between two groups was tested via analysis of 
t-test.

Results

Crocin improved the flap survival area and 
ameliorated tissue oedema

All rats were in good condition before execu-
tion. All flaps were monitored by the same 
observer from days 1 to 7 postoperatively, and 
colour, elasticity, and necrosis recorded. One 
day after surgery, all flaps were pale and swol-
len. All flaps were purple and oedematous in 
Area III, indicating distal ischaemia. On day 3, 
these regions underwent necrosis, evidenced 
by the appearance of dark brown nidi. On day 7 
postoperatively, all flaps exhibited clearly-divid-
ing line between surviving and ischemia 
regions. The ischemia areas were scab, harden, 
inanimate; the surviving areas were ruddy, pas-
tel, active (Figure 3A). A significant between-
group difference in terms of survival area  
was evident: 67.17±9.62 (crocin group) and 
49.28±6.2% (control groups) with P<0.01 
(Figure 3B). To explore the extent of oedema, all 
flaps were detached to allow us to view the 
undersides. As manifested in Figure 3A, the 
distal regions were swollen and bruised and 
lacked subcutaneous venous blood flow in the 
control group. 



A novel way to improve the survival of skin random pattern flap

2933 Am J Transl Res 2020;12(6):2929-2938

Crocin increased neovascularisation and VEGF 
expression

To evaluate the effects of crocin on granulation 
tissue thickness, oedema, and neutrophil infil-
tration, flap sections were H&E-stained. The 
distal areas of all flaps were morphologically 
similar. As shown in Figure 4A, on day 7, all 
flaps revealed analogous changes, including 
structural damage, oedema (presence vacuole, 

hyalinization and spaces separated the con-
nective tissue) and seep inflammatory cells. 

Of all images, 90% exhibited muscle fibre 
degeneration and necrosis. When analyzed the 
Area II, compared with the control group, the 
crocin group displayed larger fibroblast multipli-
cation, covered with fresh granulation soft tis-
sue, less oedema, bushier fascia haemorrhage, 
more extensive inflammatory cells infiltration, 

Figure 4. Crocin promoted angiogenesis in the ischemic 
areas of the flap. A. Histological changes in middle area 
II of the flaps of the test and control groups. Magnifica-
tions: ×200 (hematoxylin and eosin stain). The test group 
showed more angiogenesis. Black arrows refer to new 
blood vessels. B. The mean vessel densities (MVDs) in 
each group were quantified and analyzed. *P<0.01 versus 
the Control group. Data represent Mean values ± SEM.

Figrue 3. Crocin improves flap survival area and amelio-
rates tissue edema. A. Digital photographs of flap survival 
in the Control and test groups were taken on day 7. B. Flap 
survival percentages for each group were then quantified 
and analyzed. Significance: *P<0.01 versus the Control 
group. Data represent Mean values ± SEM.
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Figure 5. A. The blood perfusion on day 7 in two groups. B. Mean blood flow of the II zone in the flap in two groups 
measured by laser Doppler imaging at day 7 after surgery (*P<0.01 vs. the control group).

and more neovascularization (Figure 4A). 
What’s more, The MVDs of Area II were, respec-
tively, 22.5±2.64 and 16.11±345/mm2 (P< 
0.01, Figure 4B); thus, significantly different. 
On the 7th day after surgery, we used the laser 
Doppler system to estimate the blood flow  
situation of all flaps. The flow rates in middle 
area were 79.11±21.26 (control group) and 
146.17±19.86 (test group) perfusion units, 
respectively; thus, significantly better in the 
crocin group (Figure 5, P<0.01).

VEGF is a potent and specific mitogen for vas-
cular endothelia cells. We measured VEGF 
expression to explore the extent of neovascu-
larisation. As shown in Figure 6A and 6B, in 
term of VEGF level, there was a statistic differ-
ence between the two groups (test group: 
112.06±10.24/field; control group: 83.22± 
12.46/field; P<0.01). Western blotting also 
demonstrated higher expression of VEGF in the 
crocin group compared with the control group 
(P<0.01; Figure 6C, 6D).

Crocin reduced oxidative stress in ischaemic 
flap areas

Crocin affected SOD and MDA levels, protecting 
against ischaemia-reperfusion injury. In term of 
mean SOD activity, the test group showed high-
er grades than the control group (48.5±4.1 U/
mg protein VS. 37.17±4.91 U/mg protein, P< 

0.01; Figure 7A). Also, the test group (26.89± 
5.25 nmol/mg protein) exhibited significantly 
lower mean MDA content compared to the  
control group (46.39±6.82 nmol/mg protein, 
P<0.01; Figure 7B).

Discussion

Random skin flap necrosis extends the hospital 
stay, increases treatment costs, and triggers 
more surgical interventions. Necrosis, especial-
ly in the distal regions of random flaps, compro-
mises flap utility. Many efforts have been made 
to reduce distal flap necrosis [23, 24]. We ear-
lier showed that both traditional Chinese medi-
cine Shuxuetong [5] and Huangqi [6] injections 
significantly improved flap survival by increas-
ing blood perfusion, and reduced ischaemia-
reperfusion injury and necrosis. Here, we found 
that crocin also reduced ischaemia-reperfusion 
injury and increased neovascularisation; crocin 
may thus improve skin flap survival.

Crocin is the principal chemical component 
extracted from crocus sativus and has been 
safely used in traditional medicine for a long 
period of time. In modern studies, its active 
constituents including protective effects, anti-
inflammatory activities and molecular mecha-
nisms of crocin on thimmune system have been 
demonstrated [25]. It appears that crocin can 
potentiate the anti-oxidant defense system by 



A novel way to improve the survival of skin random pattern flap

2935 Am J Transl Res 2020;12(6):2929-2938

Figure 6. Crocin Increased Vascular Endothelial Growth Factor Expression. A. VEGF protein levels in the test and 
control groups (immunohistochemical staining; ×400). B. Optical density values of VEGF expressions are quantified 
and analyzed for each group. C. Western blotting for VEGF protein expressions in area II tissue in the control and 
test groups. D. Optical density values of VEGF expressions in each group are quantified and analyzed for each group. 
*P<0.01 versus the control group. Data represent Mean values ± SEM.

modulating MAPK and NF-κB pathways [26]. 
Yaribey et al. explored crocin potentiated the 
anti-oxidant defense system by increasing the 

activity of both SOD and catalase, and improved 
OS by diminishing MDA production in pancreat-
ic cells of rats [27]. In addition, crocin showed 

Figure 7. A. SOD activities in the test and control groups. SOD, superoxide dismutase. B. MDA levels in the test and 
control groups. MDA, malondialdehyde. *P<0.01 versus the control group. Data represent Mean values ± SEM.
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protective effect against ischemia/reperfusion 
injury and cerebral edema in a rat model of 
stroke and decreased infarct volume by sup-
pression of the production of free radicals and 
increased antioxidant enzyme activity [28]. 

VEGF promotes neovascularisation by promot-
ing vascular permeability, extracellular matrix 
degeneration, vascular endothelial cell migra-
tion, proliferation and angiogenesis. VEGF is 
expressed in developing blood vessels [29]; 
VEGF receptors are unique to endothelial  
cells [30, 31]. VEGF stimulates neovascularisa- 
tion, increases blood flow and pressure, and 
improves muscle function and tissue viability 
[32]. We found that crocin increased VEGF 
expression, as revealed both immunohisto-
chemically and Western blotting. We used H&E 
staining to measure MVD; flap viability was 
enhanced. Laser Doppler imaging showed that 
blood flow in flap of the crocin group was appre-
ciable luxuriant than in controls. Therefore, cro-
cin increased the blood supply to the flap, 
implying that VEGF played a key role in blood 
vessel formation. However, further experimen-
tal studies are required to elucidate the specific 
mechanism of crocin promoting the expression 
of VEGF.

Inflammation and ischaemia-reperfusion injury 
greatly compromise flap survival [33]. MDA  
is one of the most important products of  
ischaemia-reperfusion injury. Its production 
can also aggravate cell membrane damage. 
Therefore, MDA content is a commonly used 
index in senescence physiology and resistance 
physiology research. MDA can be used to 
understand the extent of ischaemia-reperfu-
sion injury, and indirectly measure the degree 
of membrane system damage and tissue stress 
resistance [34]. SOD is a crucial antioxidant 
enzyme in organisms and the primary sub-
stance to scavenge free radicals in vivo. It has 
been proved that there are more than 60 dis-
eases caused by oxygen free radicals. It can 
resist and block the damage caused by oxygen 
free radicals to cells, and repair damaged cells 
in time, and restore the damage caused by free 
radicals [35]. The results showed that the  
levels of SOD and MDA in the crocin group  
were statistically different from those in the 
control group, indicating that crocin can effec-
tively reduce the oxidative stress and alleviate  
ischaemia-reperfusion injury. Crocin increased 
endogenous SOD activity and decreased the 

mean MDA level, indicating that lipid peroxida-
tion was inhibited. By increasing free radical 
scavenging, crocin protects tissue from isch-
emia-reperfusion injury. 

Crocin may reduce the distal necrosis of the 
random flap by increasing the number of effec-
tive blood vessels and inhibiting the ischemia-
reperfusion injury of the flap, which may be 
helpful for clinical treatment. 
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