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ABSTRACT
PURPOSE: To investigate the effect of Botulinum toxin A (BoNTA) on skin flap viability in healthy, tobacco-exposed and diabetic rats. 
METHODS: Ninety male Wistar rats (250–300g) were randomly divided into six groups: control+saline (C1), control+BoNTA (C2), 
tobacco-exposed+saline (T1), tobacco-exposed+BoNTA (T2) diabetes+saline (D1) and diabetes+BoNTA (D2). A dorsal cutaneous flap 
(3×10cm) was performed. Survival area and total area of the flaps were measured. Lumen diameter, external arterial diameter and 
lumen/wall thickness ratio were recorded. 
RESULTS: Survival area increased in control group with BoNTA injection compared with control animals injected with saline (C2 x 
C1; 0.9±0.1 vs 0.67±0.15, p= 0.001). A similar result was found in diabetes group injected with BontA (D2 x D1; 0.97±0.2 vs 0.61±0.24, 
p=0.018). No difference was observed in skin flap viability in tobacco-exposed groups (T2 x T1; 0.74±0.24 vs 0.64±0.21, p=0.871). 
Lumen diameter (p= 0.004), external arterial diameter (p = 0.0046,) and lumen/wall thickness ratio (p= 0.003) were increased in 
diabetes+BoNTA-treated animals. This effect was not observed in control or in tobacco-exposed groups. 
CONCLUSIONS: Botulinum toxin A increased skin flap viability in control and diabetic rats on the seventh post-operative day. 
Increased lumen diameter, external arterial diameter, and lumen/wall thickness ratio were observed in the diabetes+BoNTA group. 
BoNTA had no effect in the tobacco-exposed group on the seventh postoperative day.
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Introduction

Skin flap procedures are frequently used in plastic surgery 
to repair local tissue defects. Among the main techniques, random 
flaps are well described and widely performed in reconstructive 
surgery. In spite of the advantages, random flaps are not reliable 
and due to the random-pattern distribution of skin vascularization, 
the technique can be limited by a low blood supply to the sub-
dermal and dermal vascular plexuses. In fact, the distal aspect 
of a random pattern flap has a high risk of ischemic necrosis, 
which often results in partial loss of the flap, requiring further 
reconstructive procedures1.

Extrinsic factors increase the risk of flap necrosis. 
Structural and functional problems in skin microcirculation 
of diabetic and smoker patients reduce skin perfusion. In fact, 
diabetes causes endothelial dysfunction, increased oxidative stress, 
and decreased epidermal cell migration, which hinders the wound 
healing process2,3. Tobacco exposure causes vasoconstriction, 
increasing the risk of flap necrosis4. 

Procedures aimed at improving flap survival have been 
the subject of intensive research. Improvement in clinical risk 
factors, including smoking cessation and control of diabetes, are 
well established. However, modalities that specifically target the 
flap have shown mixed results5–7. Experimental models of skin flap 
necrosis have been employed to study the clinical conditions that 
increase risk8 as well as to evaluate strategies that improve flap 
survival, such as vasodilators9–11. Nevertheless, few studies have 
evaluated the effect of botulinum toxin type A (BoNTA) in skin 
flap viability. These studies showed a positive effect in cutaneous 
flap viability in healthy rats12,13. However, there are no studies 
dealing with the effect of BoNTA in diabetic and tobacco-exposed 
animals.

BoNTA acts on the neuromuscular junction in striated 
muscle14. Recent studies have suggested that BoNTA also has a 
vasodilation effect probably by autonomic nerve block14-16. It is 
hypothesized that BoNTA acts by blocking norepinephrine and 
other vasoconstriction substances in the neuromuscular junction 
in the arterial smooth muscle, thus promoting vasodilation and 
consequently increasing blood supply in the flap. 

In cutaneous flaps, the most important survival factor is 
dermic and subdermal plexus blood flow. Previous studies only 
showed the effect of BoNTA in healthy animals. Due to the high 
incidence of diabetes and tabagism in the population and the 
impairment in vascularization in these two conditions, investigating 
the effect of BoNTA on cutaneous flap viability seemed important. 
This study aimed to determine the potential benefit of BoNTA 

on cutaneous flap survival using rats submitted to standard skin 
flap procedures. For this purpose, dorsal cutaneous flaps, treated 
with either saline solution or BoNTA, were evaluated in healthy, 
diabetic, and tobacco-exposed animals. 

Methods

The protocol was approved by the Ethics Committee of 
the Universidade de São Paulo (110/2011). All procedures strictly 
followed current regulations related to animal experimentation 
dictated by the Council for International Organization of Medical 
Sciences ethical code for animal experimentation.

Ninety male Wistar rats (weight: 250–300g) were 
distributed into six groups: control+saline (C1), control+BoNTA 
(C2), diabetes+saline (D1), diabetes+BoNTA (D2), tobacco-
exposed+saline (T1), and tobacco-exposed+BoNTA (T2). All 
animals were housed at the Laboratory of Microsurgery and 
Plastic Surgery (LIM-04) at USP, under controlled night/day 
cycle, temperature, and humidity conditions. Standard rat chow 
and water were available ad libitum.

Induction of diabetes

Streptozotocin (streptozotocin mixed anomers 
031M1287V, Sigma Chemical, St. Louis, MO) was injected via 
the penile vein under inhaled anesthesia (20% isoflurane; 150–
200 ml/min). A total of 55 mg/kg of streptozotocin diluted in 
phosphate-buffed saline (pH 4) was used. Glycemic levels were 
checked before and 24 hours after injection to confirm diabetic 
induction18. The animals were then maintained for eight weeks and 
subsequently randomized to receive BoNTA or saline solution. 
Since this eight-week period was necessary for the diabetic 
animals, the other groups were maintained, treated and euthanized 
at the same age.

Tobacco exposure

The animals were exposed in a 28-L plastic box with three 
orifices: one inlet for synthetic air (2 L/min); another for smoke; 
and an outlet to ventilate excess smoke. The smoke inlet was 
connected to a Venturi system controlled by means of fluorometry 
(2.5 L/min), which in turn was connected to a lit cigarette.

Carbon monoxide (CO) was monitored using a single 
gas detector (ToxiPro; Biosystems, USA) to maintain a CO 
concentration of 300–350 ppm (parts per million) inside the 
box. The tobacco exposure schedule consisted of two 30-minute 
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sessions per day for 28 consecutive days. After 14 days of tobacco 
exposure, the animals received BoNTA or saline injection. One 
week later the surgery was performed. The 28-day tobacco 
exposure scheme ended at the day of sacrifice.

Saline solution and BoNTA groups

A rectangular cutaneous area (3x10cm) was bounded 
with permanent pen marker on the dorsal region. Along the 
future flap line, 2 rows of 10 puncture points (1cm apart) were 
intradermally injected with 0,02ml BoNTA/puncture, total of 20u/
rat (Botox® 100u, Allergan. Irvine. CA. USA) (C2, D2, T2) or with 
0.02ml saline/puncture (C1, D1, T1) (Figure 1). Seven days later, 
surgery was performed.

Microscopic evaluation

Immediately after death, a skin rectangle exceeding in 
1.5cm the limits of the flap was harvested, carefully extended on 
filter paper to avoid torsion and immersed in fixative (4% neutral, 
phosphate buffered, paraformaldehyde), for 48 hours at room 
temperature. A long stripe of tissue, 0.5cm wide, was then cut along 
the major axis of the flap, including the longest extension of necrosis 
in the cranial direction for each case. Both its ends were marked 
with Indian ink and the stripe cut in the middle. The fragments 
were identified as “cranial” and “caudal”. Tissue was washed, 
dehydrated in graded concentrations of alcohol and embedded in 
paraffin. Four-micrometer-thick sections were mounted on glass 
slides and stained with hematoxylin and eosin. The sections were 
analyzed under the light microscope for description of the skin. The 
diameter of all arteries pertaining to the deep vascular plexus of 
the dermis was measured in images obtained by an image analysis 
system formed by a Nikon Optiphot-2 (Nikon, Tokio, Japan) 
microscope, coupled to a Nikon DXM 1200F® (Nikon, Tokio, 
Japan) video digital camera. Measurements were performed using 
the Image-Pro Plus® program version 6.0 (Media Cybernetics, 
Inc, Silver Spring, MD, USA) as follows: for each arterial profile, 
independently of the section direction (transversal or oblique to 
the lumen), it was first traced a line over the major axis of the 
profile. A second line, perpendicular to the previous, delimiting 
the largest possible external diameter of the vessel was traced. The 
length of the second line corresponds to the arterial diameter (in 
micrometers)24,25. Guided by the second line, the thickness of the 
arterial wall was measured in the two sites where the line crossed 
the wall (Figure 3). 

	
  FIGURE 1 - The scheme of BoNTA or saline injection in the cutaneous flap.

Surgical procedure

Antisepsis was performed using 0.5% chlorhexidine. 
Under inhaled anesthesia (20% isoflurane; 150–200 ml/min) the 
3×10cm cranial flap based on the scapulae was elevated. The 
flap was then returned to its original position and sutured using 
separate stitches of 4-0 mononylon. Seven days after surgery, the 
rats were euthanized by anesthetic overdose (pentobarbital sodium 
200 mg/kg). Weight and glycemia were measured.

Skin flap necrosis evaluation

Immediately before euthanasia the flaps were 
photographed (Olympus 3.5 mm digital camera; Olympus Stylus®, 
Japan) with a ruler along the length of the flap. Total area of the flap 
and area of necrosis were measured (squared millimeters) using 
the ImageJ® software (NIH; http://rsbweb.nih.gov/ij). Viable skin 
was defined as pink, warm, and soft to touch. Necrotic areas were 
defined when brown-to-black, cold, and hard to touch (Figure 2). 
The percentage of area of healthy skin (survival area) was then 
calculated.

	
  FIGURE 2 - Dorsal cutaneous flaps of rats at the day of euthanasia. C1- 
control+saline; C2- control+BoNTA; T1- tobacco-exposed+saline; T2- 
tobacco exposed+BoNTA; D1- diabetes+saline; D2- diabetes+BoNTA. 
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For statistical analysis, the parameters external diameter 
of the arteries, mean thickness of the arterial wall (arithmetic 
mean between the two measurements for each profile), lumen 
diameter (external diameter minus (2x mean thickness for each 
profile), and Lumen/Wall Thickness (lumen diameter divided by 
mean thickness for each profile) were calculated and recorded in 
micrometers with exception of the ratio.

Statistical analysis

For area evaluations, the Mann–Whitney test was applied; 
for the other data, comparing multiple groups, Analysis of Variance 
(ANOVA) was used. The post hoc test of Tukey was employed for 
the pairwise comparisons. All analyses were performed using IBM 
SPSS statistical software (Statistical Package for the Social Sciences), 
version 21.0. The statistical significance level was set at 5%.

Results

Two animals in the diabetic group died. None of the 
animals of the BoNTA groups presented systemic effects such as 
weakness or respiratory distress.

Area evaluation 

Both control (C2 x C1; 0.9±0.1 vs. 0.67±0.15, 
respectively) and diabetic (D2 x D1; 0.97±0.2 vs. 0.61±0.24, 
respectively) groups showed a statistically significant enlargement 

of the survival area when BoNTA was injected (Controls, p=0.001; 
Diabetics, p=0.018) (Figure 2). No statistically significant 
difference was observed in skin flap viability in tobacco-exposed 
groups (T2 x T1; 0.74±0.24 vs. 0.64±0.21, p=0.871).

Microscopic evaluation

When the groups were compared for the parameters: 
lumen diameter, external arterial diameter, and lumen/wall 
thickness ratio, the ANOVA resulted p=0.001; p=0.001; p=0.04, 
respectively. The pairwise comparisons are shown in Tables 1-3. 
Only among diabetic animals, statistically significant differences 
were observed; with the BoNTA injected group presenting larger 
diameters of arteries and lumens, and lumen/wall thickness ratio 
than diabetes+saline group. No significant difference was detected 
when wall thickness of the arteries was compared.

FIGURE 3 - Oblique section of an artery of the deep vascular plexus of rat 
skin. A) The traced line was drawn along the major axis of the profile; the white 
line is perpendicular to the first and delimits the largest external diameter of the 
artery. B) Two measurements were taken of the thickness of the arterial wall, 
from the endothelial surface to the adventitia, guided by the “diameter” line.

	
  

Mean
(C1/C2)

SD
(C1/C2)

p

Saline BoNTA    
C1 C2 24.21 / 27.16 19.39 / 17.94 0.44
T1 T2 26.60 / 35.59 20.70 / 20.52 0.762
D1 D2 21.50 / 30.18 12.02 / 21.56 0.004

TABLE 1 - Pairwise comparisons between the groups in 
relation to the lumen diameter (Tukey test).

C1- control+saline; C2- control+BoNTA; T1- tobacco-exposed+saline; T2- tobacco 
exposed+BoNTA; D1- diabetes+saline; and D2- diabetes+BoNTA; SD- Standard 
Deviation.

Mean
(C1/C2)

SD
(C1/C2)

p

Saline BoNTA    
C1 C2 43.30 / 46.36 21.51 / 19.02 0.298
T1 T2 43.04 / 41.08 22.51 / 22.18 0.754
D1 D2 38.85 / 46.47 14.87 / 25.58 0.0046

TABLE 2 - Pairwise comparisons between the groups in relation to the 
external arterial diameter (Tukey test).

C1- control+saline; C2- control+BoNTA; T1- tobacco-exposed+saline; T2- tobac-
co exposed+BoNTA; D1- diabetes+saline; and D2- diabetes+BoNTA; SD- Stan-
dard Deviation.

Mean
(C1/C2)

SD
(C1/C2)

p

Saline BoNTA    
C1 C2 3.20 / 3.07 2.27 / 2.18 0.94
T1 T2 3.43 / 3.45 2.65 / 2.56 0.941
D1 D2 2.69 / 4.05 2.69 / 2.70 0.003

TABLE 3 - Pairwise comparisons between the groups in 
relation to lumen/wall thickness ratio (Tukey test).

C1- control+saline; C2- control+BoNTA; T1- tobacco-exposed+saline; T2- tobac-
co exposed+BoNTA; D1- diabetes+saline; and D2- diabetes+BoNTA; SD- Stan-
dard Deviation.
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Discussion

Skin flaps based on random blood supply are frequently 
indicated for the surgical treatment of skin and soft tissue defects, 
but are at high risk for ischemia and distal necrosis due to low 
axial blood flow1,7,8. In fact, tissue ischemia is a postoperative 
complication that can cause partial or full thickness skin flap 
necrosis with unsatisfactory functional and aesthetic outcome4. In 
random pattern skin flaps, partial distal flap necrosis is difficult 
to avoid and treat. Thus, in order to improve the survival rate of 
skin random flaps, considerable efforts have been done to increase 
blood flow and to improve its tolerance to ischemia5,6,9. In recent 
years, surgical techniques and pharmacologic substances that can 
improve blood supply and in this manner increase flap survival 
were tested and could provide a valuable method for minimizing 
flap necrosis. Surgical delayed technique is a suitable procedure, 
but requires additional interventions and is more invasive. Previous 
experimental and clinical studies have demonstrated that systemic 
and/or local drug agents can help overcome tissue ischemia and 
skin flap necrosis by inducing angiogenesis12,13, vasodilatation9,10 
or decreasing tissue damage caused by ischemia6.

Botulinum toxin type A is commonly used for aesthetic 
and reconstructive objectives worldwide, as it is a blocker of 
acetylcholine release at the neuromuscular junction14. In fact, the 
effect of muscle relaxation has made it helpful in the management 
of hemifacial spasm, strabismus, and blepharospasm14. Botulinum 
toxin type A has been recently studied as a vasodilator agent in 
experimental and clinical studies as this neurotoxin has also been 
successfully used in the management of Raynaud’s phenomenon 
and preventive on vasospasm following microvascular 
anastomosis11-13. Two mechanisms have been described for 
the inhibitory effect of BoNTA on vasospasm: inhibition of 
sympathetically mediated vasospasm in cold environment and 
prevention of vascular smooth muscle receptor recruitment15,16. 
In addition, it is hypothesized that this neurotoxin could inhibit 
the release of the neurotransmitter at the vascular neuromuscular 
junction by blocking the presynaptic release of acetylcholine8.

Preventive effect of BoNTA on skin flap necrosis has 
been reported in only few experimental studies11-13. Its use on other 
clinical conditions, such as vascular diseases, remains unclear. 
Additionally, there are no previous controlled experimental studies 
concerning the effect of BoNTA on diabetic and tobacco-exposed 
animals submitted to random skin flaps. 

In the present study, we focused on the effects of BoNTA 
on the survival of cutaneous flaps in healthy, diabetic and tobacco-
exposed rats. In the group of control animals injected with BoNTA 

the area of viable skin in the flap was larger than in the control 
animals. To our knowledge, there are only three publications 
that investigated the effect of BoNTA on flap viability in healthy 
animals. In fact, Kim et al.12 and Kim et al.13 showed better 
cutaneous flap viability in healthy rats injected with BoNTA. The 
former adopted a 2x8cm random flap and injected 1.5 units of 
botulinum toxin A in the central part of the proximal third of the 
flap at the time of surgery. The latter injected 20 units of botulinum 
toxin randomly along a 3x10cm cutaneous flap seven days before 
the surgical procedure. The authors observed an increase of 8.3% 
and 31%, respectively, in the area of viable skin flap in the animals 
injected with BoNTA. In addition, the injection of 20units of 
BoNTA led to no systemic effects. Schweizer et al.11 evaluated 
the effect of BoNTA in two groups of mice, one group injected 24 
hours before the procedure and the second group intraoperatively. 
They presented survival flap areas of 84% and 88%, respectively, 
and both were significantly larger when compared with the 
control group. We chose to inject the animals seven days before 
operation as it is recognized that the maximum clinical effect of 
BoNTA is obtained 7-15 days after injection in striated muscle14. 
The survival area observed in animals treated with BoNTA was 
34% larger among the controls. It is noteworthy that increased 
flap survival was described both in animals injected with BoNTA 
intraoperatively or 24h before the operation. However, the results 
obtained in rats12,13 and mice11 are conflicting, regarding which time 
point of BoNTA injection leads to better responses. Nonetheless, 
these findings could justify the clinical use of BoNTA injection 
to improve flap viability even in non-elective situations such as 
patients submitted to reconstructive procedures with cutaneous 
flaps due to major trauma or previous acute surgical complications. 

Diabetes mellitus is characterized by a series of 
complications that affect many organs, including microcirculation 
of cutaneous flaps. Because of long-term incubation with glucose, 
increments in the chemical modification of proteins lead to the 
formation of toxic and antigenic glycation end products that decrease 
endothelial function2,3. Despite the large number of clinical studies 
comparing various reconstructive methods in diabetes, the number 
of experimental studies evaluating random skin flap survival is 
limited. In addition, we found no experimental or clinical studies on 
BontA injection effect on cutaneous dorsal flap viability in diabetes 
mellitus. In the present study, we evaluated the effect of BoNTA in 
the viability of cutaneous flap after a 10-week period of diabetes. 
According to Serdaroglou et al.19, this time interval is sufficient to 
induce vasculopathy in the experimental model of cutaneous flap18. 
In our sample we found that BoNtA injection increased in 59% the 
area of viable skin in diabetic animals.
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Cigarette smoking is associated with endogenous 
antioxidant depletion, hypercoagulability, and cutaneous 
vasoconstriction. In addition, tobacco use is associated with a 
higher incidence of skin necrosis after surgery4. Despite the fact 
that the experimental model of tobacco exposure is well established 
for respiratory system evaluation20, there is only one study dealing 
with the length of tobacco exposure and its influence on skin flap 
viability21. Biselli’s model of tobacco exposure20 was employed, 
once it proved to be feasible and reproducible as confirmed by 
carboxyhemoglobin measurements. No significant difference was 
observed in the area of flap necrosis after BoNTA injection in 
the tobacco-exposed groups. This result is different from Nolan 
et al.21. They described the same period of exposition but with 
another equipment. Nolan et al.21 model caused a higher level of 
the carboxyhemoglobin comparing to our results, 25.2% versus 
14.7%, respectively. Another possible explanation is that the 
short-time exposure to tobacco did not cause enough endothelial 
dysfunction that Botulinum toxin could be beneficial.

Concerning the histological results, we observed 
histological signs suggestive of vasodilation such as larger arterial 
lumen diameters, external arterial diameters and larger lumen/
wall thickness ratios in the diabetic group that received BoNTA 
compared to the diabetic+saline group. In the healthy group, 
although BoNTA improved flap survival, no statistically significant 
differences were observed regarding arterial diameter. Perhaps 
BoNTA has an effect on endothelial function and increases blood 
flow by a mechanism other than vasodilation. Another hypothesis 
is that BoNTA improves flap survival by neoangiogenesis. In fact, 
Kim et al.12 described a higher number of immature vessels and an 
increased expression of VEGF (vascular endothelial growth factor) 
in animals injected with BoNTA. In clinical practice, BoNTA is 
used as a vasodilator in treating Raynaud’s phenomenon. In a 
study by Neumeister et al.15, BoNTA was injected into patients 
suffering from this condition, with pain and necrotic lesions at the 
finger extremities22,23. After 60 days, all ulcers healed, and 84% 
of the patients presented improved vascular flow in their hands. 
All patients also reported that they no longer had pain15. Further 
studies are necessary to confirm Neumeister’s findings. 

This study has some limitations. We described here 
improved skin flap viability in healthy and diabetic rats treated 
with BoNTA seven days before surgery. Further studies will be 
conducted to evaluate diabetic animals injected intra-operatively, 
since it better reproduces practical clinical situations, such as 
the need of skin flaps in trauma. On the other hand the animals 
received no treatment for diabetes. The effect of BoNTA injection 
in animals receiving adequate treatment with insulin should also 

be investigated. Concerning to tobacco-exposed rats we will 
perform a long-term exposure to study the effect of BoNTA in this 
condition.

Conclusions

Botulinum toxin A have a positive effect on cutaneous flap 
viability in healthy and diabetic rats on the seventh postoperative 
day. Furthermore, the results of the histological evaluation of 
arterial lumen diameter, external arterial diameter, and lumen/
wall thickness ratio suggest a vasodilation effect of BoNTA in the 
diabetic group. BonTA has no effect on cutaneous flap viability in 
tobacco-exposed animals on the seventh postoperative day.
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