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ABSTR ACT 

BACKGROUND 

Randomized skin flaps have been used as a basic treatment modality for cov-

ering skin defects for a long time but they have always been in the risk of an 

inherent ischemia. Fibroblast growth factor 1 is a known angiogenic factor in 

in vitro studies which has shown conflicting results in in vivo investigation. 

We aimed to determine the effect of recombinant fibroblast growth factor on 

the angiogenesis rate of random cutaneous flap in animal model of rats. 

METHODS 
This experimental study was conducted on 24 adult male rats randomized to 2 

groups. In the first group FGF1 was injected subdermally in equally divided 

doses and distances of random flap surface in days 1, 3 and 5. In second group, 

normal saline was injected as control. Flap surgery was done on day 21 after 

first injection. The extent of necrosis and angiogenesis (mean vessel density) 

were assessed in day 14 after surgery. 

Results 
The mean percentage of clinically apparent necrosis was 35.2% (±10.5) in in-

tervention (FGF1) group and 38.1% (±8.7) in control (normal saline), respec-

tively. Mean vessel density was 86.20±5.6/mm2 in control group and 

90.17±5.5/mm2 in intervention group, which showed no statistically signifi-

cant difference. 

CONCLUSION 
Mean vessel density and mean percentage of clinically apparent necrosis area 

were similar in 2 groups of rats with random cutaneous flaps receiving FGF1 

or normal saline.  
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INTRODUCTION 
 

Inefficient perfusion and subsequent ischemia and necrosis in skin 

flaps is a leading cause of delayed/impaired healing, flap failure and 

disappointing results in plastic surgery1. Formation of new blood ves-

sels form the endothelium of an existing vascular bed (angiogenesis) 

in flap starts from 24 hours after surgery and leads to more perfusion, 

less ischemia and better healing.   
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Decreased oxygen concentration in ischemic tis-

sues activate the “angiogenic cascade” by releasing 

different chemicals including growth factors which 

bind to vascular endothelial cell surface receptors 

and increase their mitosis, proliferation, migration 

and transformation which results ultimately in lumen 

and basement membrane formation and capillary net-

work expansion2-3. 

Random cutaneous flaps are simple, flexible, 

easy-to-use flaps and are frequently used in recon-

structive surgery but these flaps are at an inherent 

risk of ischemia and necrosis because they have no 

specific blood vessel and are supplied only by the 

general vascular network 4. 

Using exogenous agents for stimulating the angi-

ogenesis in tissues at risk of ischemia and decreasing 

the rate of necrosis, known as “therapeutic angiogen-

esis”, has been evaluated in different studies on sur-

gical incisions, burn wounds, cardiac wounds, lacer-

ations, diabetic foots and reconstructive wounds in 

recent decades. Some studies have shown that accel-

erating the angiogenesis in cutaneous flaps may also 

be beneficial but the results are equivocal 5-8. 

Fibroblast growth factors (FGFs) first recognized 

in 1974 refer to a family of large molecules with 22 

members, expressed in different tissues from embry-

onic development to adulthood9-11 (9-11). Acidic 

FGF (FGF1), initially reported as endothelial cell 

growth factor (ECGF), was identified several years 

after the discovery of basic FGF(FGF2) considered 

as a potent mitogen for vascular endothelial cells and 

angiogenesis in vitro12 (12). In vivo experiences with 

this angiogen (FGF1) are elusive and its precise prac-

tical role in the process of angiogenesis especially in 

random cutaneous flaps id still unknown13 (13).  

This experimental study was designed to assess 

the role recombinant FGF1 in angiogenesis enhance-

ment in large random skin flaps in rats. 

 

METHODS 

 

Ethics statement 

This experimental study was conducted in the 

Standard Animal Lab of Hazrat Fatemeh Hospital, 

Tehran, Iran in 2017. The study was approved by in-

stitutional Ethics Committee of animal research. It 

was performed based on our National Institute of 

Health And National Research Council guidelines 

for the care and use of laboratory animals. 

Animals and interventions 

Twenty four adult male Wistar rats weighed be-

tween 300 and 350 gr were selected and housed indi-

vidually in their standard experimental cages with 

free access to food and water, light–dark cycles of 12 

h of light and 12 h of darkness and temperature of 22-

24 °C.  

Rats were randomly divided to 2 groups. In both 

groups, the borders of a 1×6 rectangle shape random 

flap was drawn on the back of the rats. In intervention 

group, 4 microgram per kg recombinant FGF1 was 

injected subdermally with a 30-gauge needle and in 

equally divided spaces in the area of predesigned 

flap, in days of 1, 3 and 5. In control group, similar 

amount of normal saline was injected in similar man-

ner as the placebo. After 21 days from first injection, 

flap surgery was done according to standard surgical 

and anesthesiologic protocols. 

General anesthesia was performed by using 100 

mg/kg of intramuscular Ketamine (Alfasan Inc., 

Woerden, Netherland) and 10 mg/kg intramuscular 

xylazine (Alfasan Inc., Woerden, Netherland) in-

jected simultaneously. After induction of general an-

esthesia, the animals were placed in prone position, 

their limbs were secured by adhesive tape, and their 

eyes were protected by administration of ophthalmic 

tears drops. Hair of area was shaved; skin was 

prepped by alcohol and betadine solution. A standard 

random flap consisting of epidermis, subcutaneous 

tissue and panniculus carnosus was raised by blunt 

dissection and then re-approximated in its original 

place with 4-0 non-absorbable sutures. 

 

Hematoxylin eosin (HE) staining 

On postoperative day 14, 24 specimens (0.5×0.5 

cm) from the central part of each random flap were 

obtained and fixed in 4% paraformaldehyde for 24 

hours. After fixation, they were transversely cut and 

embedded in paraffin wax. Four μm of thickness 

transverse sections were cut from tissue blocks and 

placed on standard slides for HE staining.  

 

Immunohistochemistry (IHC) 

Mean vessel density (MVD) was measured by 

calculating the number of micro-vessels per unit area 

(/mm2) in immunohistochemically stained speci-

mens. Sections were dewaxed in xylene, rehydrated 

in ethanol, blocked with H2O2, rested in sodium cit-

rate buffer, re-blocked with bovine serum albumin 

and phosphate buffered saline, incubated with pri-

mary antibodies, stained, counterstained and photo-

graphed. Calculation was made by a light microscope 
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with ×200 magnification (Olympus Corporation, To-

kyo, Japan). 7 sections of the central part of flap in 

each group were prepared, 6 random sites were eval-

uated in 3 randomly selected sections. Each section 

was photographed 8 times with a Nikon color digital 

camera riding on a Nikon Eclipse 80i microscope 

(Nikon Co., Tokyo, Japan), saved as jpg format. In 

each image, brown staining was indicative of angio-

genesis, counterstain was blue haematoxylin. An av-

erage result of stained neovascularized area (MVD) 

was obtained by averaging the results of 6 to 8 im-

ages of each section.  

 

Outcome measures  

After 14 days of surgery, gross distal necrosis and 

capillary count in microscopic evaluation after HE 

staining were assessed as outcome measures. High-

quality digital photographs were taken and flap via-

bility/necrosis was assessed by grid counting. The 

amount of angiogenesis in flap was estimated by a 

single pathologist who was blinded to the experi-

mental data. Necrotic tissue starts to becomes demar-

cated 7 days after surgery and in postoperative day 

14, the margins of necrotic area (hard, dark, no bleed-

ing when cut) are very well differentiated from viable 

areas (soft, white/pink, bleeding when cut). Percent-

age of necrotic area was calculated by this formula: 

“necrotic area/total area of flap ×100%”. 

 

Data analysis  

All statistical analyses were done by SPSS soft-

ware version 18.0 (IBM Corporation, Armonk, NY, 

USA). The data of the two groups were compared us-

ing an independent-sample t-test. P<0.05 was con-

sidered statistically significant.  

 

RESULTS 

 

In day 14 after flap creation day, gross necrotic 

areas (black and stiff tissue) were well-demarcated 

and clinically distinguishable. Some degrees of ne-

crosis were seen at distal ends of the flaps in all stud-

ied animals. Although there is always a zone of is-

chemic but viable tissue around the necrotic zone but 

we evaluated only the apparent necrotic area which 

could be measured visually without using the micro-

scope. 

Gross distal necrosis- Total flap area was 6 cm² in 

our cases. The mean percentage of clinically appar-

ent necrosis was 35.2(±10.5)% in intervention 

(FGF1) group and 38.1% (±8.7) in control (normal 

saline), respectively. Our study showed that mean 

flap survival area was 4.51(±0.95) cm² in interven-

tion (FGF1) group and 4.32(±0.2) cm² in control 

(normal saline) group. The difference between flap 

survival areas was not statistically significant (P 

value=0.17) in 2 studied groups.  

Mean vessel density- Immunohistochemistry studies 

showed that the mean vessel density was 

86.20±5.6/mm2 in control group and 90.17±5.5/mm2 in 

intervention group, which showed no statistically sig-

nificant difference (P value=0.08). 

 

DISSCUSSION 

 

Occurrence of ischemia and necrosis is a common 

complication and main cause of flap loss in random 

cutaneous flap surgery. Different angiogenic factors 

have been studied to see if they can accelerate the 

new blood vessels formation and decrease the necro-

sis and flap failure ratio. FGFs are one of the earliest 

recognized angiogens which have shown good re-

sults in vitro14-15. 

Our study evaluated the effect of recombinant 

FGF1 on angiogenesis in random cutaneous flaps in 

rat models and showed that FGF1 could not increase 

the mean vessel density in random cutaneous flaps in 

rat in comparison with normal saline as control and 

as a result the mean percentage of clinically apparent 

necrosis was similar in both groups. Although in our 

study the overall viability of flaps in FGF1 group was 

more than control group, but this difference was not 

statistically significant. This finding may show that 

angiogenesis and blood supply is increased in FGF1 

group but not in a statistically significant manner. 

Our findings about the FGF1 and random cutaneous 

flaps are similar to the findings of Fayazzadeh et al 

who evaluated 2×8 cm dorsal random-pattern skin 

flaps in 30 rats assigned to 3 groups, after 4 daily 

subdermal injections of normal saline (control 

group), FGF1 and FGF2 at designated flap area and 

showed that mean vessel density and the area of via-

ble flap is statistically significant higher in groups re-

ceiving FGF2 than the normal saline group (10 days 

after flap surgery). They also showed that FGF2 was 

more potent than FGF in inducing neovascularization 

in random flaps16.    
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Figure 1: No statistically significant difference was seen in clinically apparent gross distal necrosis between FGF1 

(A) and normal saline (B) groups (P value=0.17). 

 

But there are other studies with different results. 

For example, Spyridon et al assessed the 1.5 × 7.5 cm 

dorsal skin flaps in 45 rats randomized to five groups 

(receiving injections of saline into fascia of flap, 

FGF1 subdermally, FGF1 in fascia of recipient bed, 

FGF1 subdermally in the distal third of the flap, 

FGF1 into the fascia of the flap). Mean flap survival 

percentage was 35.4%, 33.7%, 56.3%, 80.4% and 

28.3% in these 5 groups respectively and immuno-

histochemistry analysis showed increased angiogen-

esis only in groups in which FGF1 was injected in 

the fascia of recipient bed or subdermally in the distal 

third of the flap17.  

In another study on the 1×4 random flaps on the 

back of 30 rats randomized into 3 groups of control, 

erythropoietin group  and FGF2 group (all injected 

subcutaneously in 3 consecutive days), the surface of 

necrotic area was statistically significant larger in 

control group than the erythropoietin group  and 

FGF2 group. FGF-2 was more effective than the 

erythropoietin in accelerating the flap angiogene-

sis18. 

Irradiated skin wounds in pigs may have a poor 

healing due to decreased local level of FGF as in-

creasing the FGF level by intravenous injection of 

FGF supplements could improve random skin flap 

viability in these cases19. Applying the FGF2 to sur-

face of ischemic flaps in 42 rats showed acceleration 

in development of connections between the vascular 

network of tissue bed and cutaneous flap vessels, de-

creasing the necrosis in highrisk areas and improving 

the overall survival of the random portion of skin 

flap20. 

 

LIMITATIONS  

 

Inappropriate dosage, injection intervals, size and 

shape of flap and technical errors in injecting the 

FGF (for example injecting in inappropriate depth 

and sites) may some reasons of our intervention fail-

ure in this experiment. We injected 4 microgram/kg 

FGF1 subdermally and in a distributed manner in our 

study and didn’t find positive effects on angiogenesis 

this is while Spyridon et al have shown in their study 

 [
 D

O
I:

 1
0.

52
54

7/
w

jp
s.

10
.2

.7
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 w
jp

s.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                               4 / 6

http://www.wjps.ir/
http://dx.doi.org/10.52547/wjps.10.2.76
http://wjps.ir/article-1-774-en.html


www.wjps.ir  

  AKBARI et al.     80 
 

  

that when FGF is injected into the fascia of the recip-

ient bed or the subdermal area of the distal third of 

flap, it is more efficient than when it is injected sub-

dermally and/or in equally divided distances in flap 

surface area.  

 

CONCLUSION 

 

Mean vessel density and mean percentage of clin-

ically apparent necrosis area were similar in 2 groups 

of rats with random cutaneous flaps receiving FGF1 

or normal saline.  

 

ACKNOWLEDGMENTS 

 

This study was conducted as a thesis and Iran 

University of Medical Sciences has financially sup-

ported the study. 

 

CONFLICT OF INTEREST 

 

The authors declare that there is no conflict of in-

terests. 

 

REFERENCES 

 

1 Lee MS, Ahmad T, Lee J, et al. Dual delivery of 

growth factors with coacervate-coated poly(lac-

tic-co-glycolic acid) nanofiber improves neo-

vascularization in a mouse skin flap model. Bi-

omaterials 2017;124:65-77. doi: 10.1016/j.bio-

materials.2017.01.036. 

2 Chen GJ, Chen YH, Yang XQ and Li ZJ. Nano-

microcapsule basic fibroblast growth factor 

combined with hypoxia-inducible factor-1 im-

proves random skin flap survival in rats. Mol 

Med Rep 2016;13:1661-1666. 

3 Koukourakis MI, Giatromanolaki A, Chong W. 

Amifostine induces anaerobic metabolism and 

hypoxia-inducible factor 1 alpha. Cancer 

Chemother Pharmacol 2004;53:8–14. 

https://doi.org/10.1007/BF02665347 

4 Fukunaga Y, Izawa-Ishizawa Y, Horinouchi Y, 

et al. Topical application of nitrosonifedipine, a 

novel radical scavenger, ameliorates ischemic 

skin flap necrosis in a mouse model. Wound Re-

pair Regen 2017;25(2):217–223. doi: 

10.1111/wrr.12510. Epub 2017 Feb 13. 

5 Lu W, Ip W, Jing W, Holmes AD, Chow SP. 

Biomechanical properties of thin skin flap after 

basic fibroblast growth factor (bFGF) admin-

istration. Br J Plastic Surg 2000;53:225–9. doi: 

10.1054/bjps.1999.3264. 

6 Rinsch C, Quinodoz P, Pittet B, Alizadeh N, 

Baetens D, Montandon D, et al. Delivery of 

FGF-2 but not VEGF by encapsulated genet-

ically engineered myoblasts improves survival 

and vascularization in a model of acute skin flap 

ischemia. Gene Ther 2001;8:523–33. doi: 

10.1038/sj.gt.3301436. 

7 Zhang F, Waller W, Lineaweaver WC. Growth 

factors and flap survival. Microsurgery 

2004;24:162–7.  doi: 10.1002/micr.20041. 

8 Wu H, Ding J, Wang L, Lin J, Li S, Xiang G, 

Jiang L, Xu H, Gao W, Zhou K. Valproic acid 

enhances the viability of random pattern skin 

flaps: involvement of enhancing angiogenesis 

and inhibiting oxidative stress and apoptosis. 

Drug Des Devel Ther 2018;12:3951-3960. 

doi:10.2147/DDDT.S186222 

9 Ornitz DM, Itoh N. Fibroblast growth fac-

tors. Genome Biol 2001; 2(3):3005. doi: 
10.1186/gb-2001-2-3-reviews3005 

10 Armelin HA. Pituitary extracts and steroid 

hormones in the control of 3T3 cell growth. 

Proc Natl Acad Sci 1973;70(9):2702-6. doi: 

10.1073/pnas.70.9.2702. 

11 Gospodarowicz D. Localisation of a fibro-

blast growth factor and its effect alone and 

with hydrocortisone on 3T3 cell growth. 

Nature 1974;249(453):123-7. doi: 

10.1038/249123a0. 

12 Thomas KA, Rios-Candelore M, Fitzpatrick 

S. Purification and characterization of 

acidic fibroblast growth factor from bovine 

brain. Proc Natl Acad Sci 1984;81(2):357-

61. doi: 10.1073/pnas.81.2.357. 
13 Rumalla VK, Borah GL. Cytokines, growth fac-

tors, and plastic surgery. Plast Reconstr Surg 

2001;108:719–33. doi: 10.1097/00006534-

200109010-00019. 

14 Fu X, Li X, Cheng B, Chen W, Sheng Z. Engi-

neered growth factors and cutaneous wound 

healing: success and possible questions in the 

past 10 years. Wound Repair Regen 

2005;13(2):122-30. doi: 10.1111/j.1067-

1927.2005.130202.x. 

15 Goldman R. Growth factors and chronic wound 

healing: past, present, and future. Adv Skin 

 [
 D

O
I:

 1
0.

52
54

7/
w

jp
s.

10
.2

.7
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 w
jp

s.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                               5 / 6

http://www.wjps.ir/
https://doi.org/10.1007/BF02665347
https://doi.org/10.2147/DDDT.S186222
https://doi.org/10.1186/gb-2001-2-3-reviews3005
http://dx.doi.org/10.52547/wjps.10.2.76
http://wjps.ir/article-1-774-en.html


www.wjps.ir  

81   Fibroblast Growth Factor 1 in Angiogenesis 
 

 

Wound Care. 2004;17:24–35. doi: 

10.1097/00129334-200401000-00012. 

16 Fayazzadeh E, Yavarifar H, Rafie R et al. Fibro-

blast Growth Factor-1 vs. Fibroblast Growth 

Factor-2 in Ischemic Skin Flap Survival in a Rat 

Animal Model. World J Plast Surg 2016;5(3): 

274–279. 

17 Vourtsis S, Papalois A. Improvement of a long 

random skin flap survival by application of vas-

cular endothelial growth factor in various ways 

of local administration in a rat model. Indian J 

Plast Surg 2012;45(1):102–108. 

doi: 10.4103/0970-0358.96596 

18 Fayazzadeh E, Ahmadi SH, Rabbani S, Bor-

oumand MA, Salavati A, Anvari MS. A com-

parative study of recombinant human basic fi-

broblast growth factor (bFGF) and erythropoi-

etin (EPO) in prevention of skin flap ischemic 

necrosis in rats. Arch Iran Med 2012;15(9):553-

6. PMID: 22924373. 

19 Hom DB, Unger GM, Pernell KJ, Manivel JC. 

Improving surgical wound healing with basic fi-

broblast growth factor after radiation. Laryngo-

scope 2005;115(3):412-22. doi: 

10.1097/01.mlg.0000157852.01402.12. 

20 Khouri RK, Brown DM, Leal-Khouri SM. The 

effect of basic fibroblast growth factor on the 

neovascularisation process: skin flap survival 

and staged flap transfers. British Journal of 

Plastic Surgery1991;44(8):585-588. doi: 

10.1016/0007-1226(91)90094-z.  

 

 [
 D

O
I:

 1
0.

52
54

7/
w

jp
s.

10
.2

.7
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 w
jp

s.
ir

 o
n 

20
26

-0
6-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://www.wjps.ir/
https://dx.doi.org/10.4103%2F0970-0358.96596
http://dx.doi.org/10.52547/wjps.10.2.76
http://wjps.ir/article-1-774-en.html
http://www.tcpdf.org

