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With the rapid development of flap surgery tech-
niques since the late 1970s, there have been 

major changes in reconstruction approaches. The re-

constructive ladder [1], defined in 1982, was useful in 
choosing the safest repair method in soft tissue repair. 
With the ability to isolate vessels down to the muscle 

ABSTRACT
OBJECTIVE: The purpose of this study is to demonstrate the potential effects of thymoquinone, a well-known antioxidant 
agent, on random flap viability and thus to improve the clinical use of these flaps.

METHODS: In this study, 24 Sprague Dawley female albino rats weighing between 200–250 grams were used. Three groups con-
sisting of randomly selected 8 rats were formed, as study, sham and control groups. Modified McFarlane flap model sized 3x9 cm. 
was used. In control group, only local wound care was carried out for ten days after flap elevation. In sham group, daily intraperi-
toneal dimethyl sulfoxide (DMSO) solution was injected in the post-operative 10-day period. In the study group thymoquinone 
and DMSO solution were injected intraperitoneally together. 10 days later, the study was terminated and flaps were photographed 
for necrotic area measurements, tissue and blood samples were taken out for biochemical and histopathological studies. In bio-
chemical studies, tissue and serum total antioxidant capacity (TAC) and thiobarbituric acid reactive substrates (TBARS) levels were 
measured. Histopathological studies included inflammatory cell infiltration, collagen, fibroblast formation and angiogenesis.

RESULTS: There was significant decrease in the necrotic areas of flaps in the study group. Serum and tissue antioxidant 
levels were significantly high and TBARS levels were significantly low. Histopathological examination showed no significant 
difference in inflammatory cell infiltration, fibroblast formation or angiogenesis between the groups. However, collagen den-
sity in the study group was found to be more than the other groups and the structure was better formed.

CONCLUSION: Thymoquinone increases the flap viability due to its antioxidant properties and it has a positive contribution 
to wound healing, although it has no significant anti-inflammatory or anjiogenetic activity. In the future, we think that it can 
be clinically useful for preventing distal flap necrosis in patients with high risk.
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and fasciocutaneous level and the introduction of the 
surgical microscope, free tissue transplants came to the 
fore and a new era opened in reconstructive surgery. It 
was to increase flap sizes and primary closure of the do-
nor areas thanks to the identification of fasciocutaneous 
and musculocutaneous vascular zones by Taylor et al. [2, 
3]. Recently, with the definition and development of the 
perforator flap concept and the development of the “free-
style” flap concept and supermicrosurgical techniques, it 
has become possible to transfer the most suitable tissue 
for aesthetic and functional repair in the appropriate size 
and thickness, creating minimal donor site morbidity.

Although flaps are generally transplanted to defect ar-
eas with insufficient blood supply (deperioste bone, car-
tilage without perichondrium) due to their own feeding 
vessels, they are also preferred in cases where functional 
reconstruction is intended (total lower lip defect, facial 
paralysis) as they allow the transfer of structures such as 
muscle, bone and nerve. Random pattern skin flaps are 
frequently used to cover skin defects with local tissues 
due to their easy applicability. However, distal flap ne-
crosis is a significant problem, especially when removing 
long skin flaps, and therefore they must be removed by 
adhering to a certain aspect ratio. This limits the clini-
cal use of random pattern flaps. Many experimental and 
clinical studies have been conducted to increase the via-
bility of random flaps [4, 5].

Thymoquinone is obtained from the nigella sati-
va plant, which has been used as a natural medicine in 
the treatment of many diseases for thousands of years. 
Nowadays, it has been widely used in experimental stud-
ies on cancer treatment, especially due to its antioxidant 
capacity, and positive responses have been received. It 
shows its antioxidant properties, especially through the 
inhibition of enzymatic lipid peroxidation [6]. There is 
no study on the effect of the substance on random flaps, 
which has previously been shown to have a positive effect 
on ischemia reperfusion injury in muscle flaps due to its 
anti-oxidant effect. The aim of this experimental study 
is to demonstrate the possible positive effect of thymo-
quinone on the survival of random skin flaps and thus to 
increase the clinical use of these flaps.

MATERIALS AND METHODS

Approval for this study was received from the Istanbul 
University Animal Experiments Local Ethics Commit-
tee with decision number 2014/88 dated 02.09.2014. 
The study follows the ethical standards of the Helsinki 

Declaration, as revised in 2013. In the study, 24 female, 
adult Sprague Dawley rats, weighing between 200–250 
g, obtained from Istanbul University Aziz Sancar Insti-
tute of Experimental Medicine, were used. The rats were 
housed at an average temperature of 20–25 degrees, 
with one animal in each cage, in a 12-hour day and night 
rhythm. All animals were fed with tap water and stan-
dard rat chow. Surgical interventions were performed at 
the Animal Experiments Laboratory of Istanbul Univer-
sity Aziz Sancar Institute of Experimental Medicine. The 
animals were divided into three groups of 8 rats each: ex-
perimental group, control group and sham group.

Anesthesia in all rats was provided intramuscularly 
with 35 mg/kg ketamine hydrochloride (Ketalar® –Pfiz-
er) and 10 mg/kg xylazine hydrochloride (Rompun® 2% 
–Bayer). When necessary, a maintenance dose of 1/3 of 
this dose was administered.

All rats were anesthetized after being divided into 
three randomly selected groups of 8 rats each. Following 
anesthesia, the surgical area was shaved with a shaver and 
cleaned with povidone iodine. The rats were placed face 
down on the surgical table and fixed with patches on the 
tail and four extremities. Before the surgical procedure, 
prophylaxis was administered to all animals with a single 
dose of 150 mg/kg subcutaneous ampicillin injection. 
A 3x9 cm modified McFarlane flap [7] was drawn on 
the back of all animals in the experimental and control 
groups, with a caudal basis, with the help of a previous 
template (Fig. 1).

The flaps were lifted over the deep muscle fascia, in-
cluding the panniculus carnosus layer, with the help of a 
size 15 scalpel. The flaps were adapted into place with 3.0 
sharp polypropylene sutures. The rats were placed in sep-
arate cages in the postoperative period. Each rat received 
daily wound care with povidone-iodine in the postoper-
ative period. Groups were created as follows according to 
drug treatment after the surgical procedure.

Highlight key points

• It was found that thymoquinone significantly reduced the 
area of distal necrosis in dorsal random pattern flaps created 
from rats and contributed positively to wound healing.

• Serum and tissue antioxidant levels were significantly high 
and MDA levels were significantly low in the experiment 
group. Collagen density in the experiment group was signif-
icantly higher.

• Further studies with various dose ranges and application 
routes are necessary before clinical use.
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1. Control group: The group that was followed up with 
only wound care after the operation.

2. Sham group: The group in which only dimethyl sulfox-
ide (DMSO) solution was injected after the operation.

3. Experimental group: The group injected with Thy-
moquinone® (Sigma Aldrich) dissolved in DMSO 
solution after the operation.
In the postoperative period, 5 mg/kg thymoquinone 

dissolved in 0.1 cc DMSO solution was injected intra-
peritoneally to the experimental group with the help of 
a 28G insulin syringe, and 0.1 cc DMSO solution was 
injected to the sham group. The same injections were re-
peated once a day, at the same time every day, for 10 days 
after the operation.

On post-operative day 10, subjects received intra-
muscularly 30 mg/kg ketamine hydrochloride (Ketalar®, 
Eczacıbaşı) and xylazine hydrochloride (Rompun®, Bay-
er,) 10 mg/kg. Under anesthesia, 1x1 cm tissue samples 
were taken from the distal and proximal 1/3 parts of the 
back flap areas for histopathological examination, and 
from the middle part for biochemical examination. The 
experiment was terminated by taking 4 cc of blood by 
cardiac puncture. The subjects were euthanized by cer-
vical dislocation under anesthesia. Death was confirmed 
by checking the heartbeat.

Tissue samples taken for histopathological examina-
tion were delivered to the pathology laboratory in 10% 
formaldehyde solution. Blood samples were centrifuged 

at 5000 rpm for 5 minutes and serum was separated. Tis-
sue samples and serums taken for biochemical analysis 
were delivered to the biochemistry laboratory in dry ice.

Evaluation
Flap Area Measurements
The circulation of the dorsal flaps in all rats was mon-
itored by daily inspection. Demarcation line formation 
was observed in the distal flaps from the 4th day. On the 
10th day, all flaps were photographed from an equal dis-
tance with the help of a Nikon D5100 camera. The pho-
tographs were transferred to the Image J program on a 
computer and live tissue, necrotic area and necrotic area 
percentage measurements were made.

Biochemical Evaluation
TBARS Measurement in Tissue and Serum
Lipid peroxidation is a well-studied mechanism fre-
quently used to indicate cell damage, and lipid peroxides 
are unstable indicators that form complex forms and 
reactive compounds such as malondialdehyde (MDA). 
Measuring the end product of lipid peroxidation is a fre-
quently used method to demonstrate oxidative damage.

The measurement of thiobarbituric acid reactive sub-
strates (TBARS) method is also used for lipid peroxidation, 
and according to this method, MDA in the samples forms a 
compound with TBA in a ratio of 1:2. This resulting com-

Figure 1. Preparation of the flap outline. (A) Preparation of temple (B) Flap design (C) Shaving prior to surgery (D) Preparation 
of the surgical site.

A C

B D
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pound is determined by colorimetric or fluorometric meth-
ods (OxiSelect™ TBARS Assay Kit (MDA Quantitation)).

Measurement of serum and tissue TBARS amounts 
was made according to the following method at Istanbul 
Medeniyet University Faculty of Medicine, Department of 
Medical Biochemistry. Skin tissues taken from rats were 
washed with physiological saline and then passed through 
liquid nitrogen. The blood samples taken were centrifuged 
at 5000 rpm for 5 minutes to separate the serum.

As a result of weighing, tissues weighing between 
0.08–0.340 g were used to determine MDA using the 
TBARS method. According to the method, it was ho-
mogenized to 10% homogenate in cold 1.15% KCl, 20% 
acetic acid and 8.1% sodium dodecyl sulfate solution. 
250 µl of homogenate and serum were taken and kept 
in a hot water bath for 15 minutes in 1.5 ml of 0.75% 
TBA, 1 ml of 30% TCA and 0.2 ml of 5N HCl solution. 
The color formed after the hot water bath in the samples 
centrifuged at 3000 rpm for 10 minutes was read at 532 
nm against the blank created from the same solutions in 
equal amounts (Schimadzu® UV 20000). 1,1,3,3 – tet-
raethoxy propane (TEP) was used as the standard for 
TBARS. TBARS concentrations were calculated using 
the molar extinction coefficient of the standard. TBARS 
concentrations were given as nmol/mL homogenate.

Total Antioxidant Capacity Measurement
Serum and tissue Total Antioxidant Capacity (TAC) mea-
surement was performed at Istanbul Medeniyet University 
Faculty of Medicine, Department of Medical Biochemistry, 
using the Sunred brand (Catalog No: 201-11-1187) Rat T–
AOC enzyme-linked immunosorbent assay (ELISA) kit.

The kit measures according to the double antibody 
sandwich Elisa method. Serum or tissue samples are 
loaded into wells pre-coated with monoclonal rat total 
antioxidant antibody and left for incubation. The second 
TAK antibody labeled with biotin is then added and 
incubated with Streptavidin-Horse radish peroxide for 
immune complex formation.

After the unadhered antibodies and substrates are re-
moved by washing, the reaction is terminated by adding 
stop solution to the kit incubated with chromogens A 
and B, and absorbance reading is made at 450 nm wave-
length (Sunred Assay Kit TAK).

Standards of 32 U/mL, 16 U/mL, 8 U/mL, 4 U/mL 
and 2 U/mL were prepared from the stock solution by seri-
al dilution and added to the wells. 40 µl samples were taken 

from serum samples and 10% tissue homogenates prepared 
with 1.15% KCl and added to the wells. Add 50 µl to the 
wells containing only the samples. Biotin-labeled TAK an-
tibody was added and incubated at 37°C for 1 hour. After 5 
washes with a micro-ELISA washer (Bio-Tek, ELx50), 50 
µl of chromogen A and B were added to all wells, including 
the blank, and incubated for 10 minutes. Concentrations 
were calculated from the standard curve created according 
to the standards by adding 50 µl stop solution and read-
ing at a wavelength of 450 nm on the micro-ELISA reader 
(Bio-Tek, FL 600) device. Results were given as U/mL.

Histopathological Evaluation
On the 10th day after the operation, 1x1 cm tissue sam-
ples were taken from the proximal and distal necro-
sis-solid tissue transition areas of the flaps for histolog-
ical study. The tissue samples taken were fixed in 10% 
neutral formaldehyde. Following fixation, all tissues were 
dehydrated using routine histological follow-up methods 
and embedded in paraffin. 5 µm thick sections were tak-
en from paraffin blocks. All sections were subjected to 
routine histological staining and immunohistochemical 
staining methods. Necrosis areas in the epidermis and 
dermis were evaluated with Hematoxylin + Eosin (H + 
E) staining in terms of PNL (polymorphous nucleated 
leukocyte), lymphocyte, fibroblast and collagen forma-
tion. For angiogenesis evaluation, the number of vessels 
in the sections was counted with VEGF (Vascular Endo-
thelial Growth Factor, VEGF Antibody (A-20), 200 µg/
ml, Santa Cruz sc-152, SensiTek HRP Anti-Polyvalent 
Lab Pack, ScyTek SHP125) dye. Cell density was eval-
uated with a scoring system numbered from 1 to 3 (1: 
low, 2: moderate, 3: high). Number of cells per mm2 for 
VEGF: below 50 was scored as 1, between 50–100 was 
scored as 2, and above 100 was scored as 3. For each sub-
ject, the data obtained from the proximal and distal parts 
were averaged and compared between groups.

The obtained histological preparations were examined 
with an Olympus BX61 research microscope and photo-
graphed with an Olympus DP72 model microscope camera.

Statistical Evaluation
NCSS (Number Cruncher Statistical System) 
2007&PASS (Power Analysis and Sample Size) 2008 
Statistical Software (NCSS LLC, Kaysville, Utah, USA) 
program was used for statistical analysis. While evaluating 
the study data, in addition to descriptive statistical meth-
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ods (mean, standard deviation, median, frequency and ra-
tio), the Kruskal Wallis test was used to evaluate the field 
and biochemical variables according to the three groups, 
and the Mann Whitney U test was used to determine 
the group causing the difference. Fisher Freeman Halton 
(Monte Carlo) Exact test was used to compare histopatho-
logical variables. Result significance was evaluated at the 
p<0.05 level within the 95% confidence interval.

RESULTS

The study was completed on the 10th day after the opera-
tion. No complications related to anesthesia or surgical pro-
cedures were observed in the subjects. All rats survived until 
the end of the study. The results obtained on 8 rats each in 
the control, sham and experimental groups were evaluated.

Flap Area Measurements
All flap areas and necrosis areas in the groups were mea-
sured one by one, and the percentages of necrotic area/
flap area were calculated.

Areas of necrosis show statistically significant differ-
ences between groups (p<0.01). In the pairwise compar-
isons made to determine which group caused the signifi-
cance, the necrosis areas of the experimental group were 
found to be significantly lower than the control and sham 
groups (p<0.01). The average necrosis area of the sham 
group cases was found to be significantly lower than the 
control group (p<0.01).

The percentage of necrosis shows a statistically sig-
nificant difference between groups (p<0.01). In the 
pairwise comparisons made to determine which group 
caused the significance, the necrosis percentage of the 
experimental group was found to be significantly lower 
than the control and sham groups (p<0.01). The av-
erage necrosis percentage of the sham group cases was 
found to be significantly lower than the control group 
(p<0.01) (Table 1, Fig. 2, 3).

Biochemical Analyzes
The amount of tissue TBARS differs statistically sig-
nificantly between groups (p<0.01). In the pairwise 
comparisons made to determine which group caused 
the significance, the tissue TBARS amount of the exper-
imental group was found to be significantly lower than 
the control and sham groups (p<0.01). The mean tissue 
TBARS amount of the sham group cases was found to 
be significantly lower than the control group (p<0.01).

Serum TBARS amount shows a statistically signifi-
cant difference between groups (p<0.01). In the pairwise 
comparisons made to determine which group caused the 
significance, the serum TBARS amount of the experi-
mental group was found to be significantly lower than 
the control group (p<0.01). No statistically significant 
difference was detected between the serum TBARS 
measurements of the sham group and the experimental 
and control group cases (p>0.05).

TAC serum measurements show statistically significant 
differences between groups (p<0.01). In the pairwise com-
parisons made to determine which group caused the sig-
nificance, TAC serum measurements of the experimental 
group were found to be significantly higher than the control 
and sham groups (p<0.01). No significant difference was 
detected between the sham group and the control (p>0.05).

Group Flap area Necrosis Necrosis 
  (millimeter area percentage 
  square)  (%)

Control
 Mean 805975.13 393870.50 48.98
 SD 23184.53 34794.24 3.51
 Median 800752.50 390236.50 50.0
 Minimum 782151 342979 42.10
 Maximum 849721 452802 53.20
Experiment
 Mean 811114.13 93415.38 11.46
 SD 16538.65 20829.26 2.40
 Median 813727.50 94088.50 11.65
 Minimum 783840 61750 7.80
 Maximum 834417 128551 15.40
Sham
 Mean 797578.50 265461.75 33.06
 SD 32011.25 58899.54 7.45
 Median 791169.50 263309.00 31.70
 Minimum 761303 169210 21.60
 Maximum 865860 348052 43.40
ap  0.277 0.001* 0.001*
bPost hoc   
Control vs. experiment 0.529 0.001* 0.001*
Control vs. sham 0.345 0.001* 0.001*
Experiment vs. sham 0.115 0.001* 0.001*

SD: Standard deviation; a: Kruskal Wallis Test; b: Mann-Whitney U Test; 
*: P<0.01.

Table 1. Area measurements by groups
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TAC tissue measurements show statistically sig-
nificant differences between groups (p<0.01). In the 
pairwise comparisons made to determine which group 
caused the significance, TAC tissue measurements of 
the experimental group were found to be significantly 
higher than the control and sham groups (p <0.01). 
The TAC tissue average of the sham group cases was 
also found to be significantly higher than the control 
group (p<0.01) (Table 2, Fig. 4, 5).

Histopathological Evaluation
Fibroblast scores in proximal and distal samples did not 
differ significantly according to groups (p>0.05).

PNL scores in proximal and distal samples did not 
differ significantly between groups (p>0.05).

Lymphocyte scores in proximal and distal samples 
did not differ significantly between groups (p>0.05).

Proximal collagen formation; the number of medi-
um and high score cases in the experimental group was 
determined to be significantly higher than in the con-
trol and Sham groups (p <0.05). Distal collagen for-
mation in control group cases was found to be signifi-
cantly higher than the experimental and sham groups 
(p<0.05). No significant difference was detected be-

tween the distal collagen formation rates in the experi-
mental and sham groups (p>0.05) (Table 3, Fig. 6).

VEGF scores in proximal and distal samples did not 
differ significantly according to groups (p>0.05).

DISCUSSION

Tissue defects occur for a variety of reasons such as trauma, 
tumor, and infection. While most of these defects can be 
repaired by primary, secondary repair and grafting meth-
ods, flap surgery is preferred in defects where tissues with 
poor vascularity such as vessels, tendons and bones are ex-
posed and in cases where functional and aesthetic recovery 
is a priority. While flaps can be removed from areas adjacent 
to the defect area, flap transplants can also be performed 
from distant areas using microsurgical techniques. Repair 
options vary depending on the content of the defect and the 
anatomical region where it is located. Based on the principle 
of repairing the lost tissue with a similar one, repair with 
local tissue options with a similar structure should be pre-
ferred. However, since the viability of the flap depends on 
the arteriovenous structures on which it is carried, reasons 
such as insufficient vascularization in the areas adjacent to 
the defect and lack of sufficient tissue restrict the use of 
local tissues. Many studies have been conducted on many 

Figure 3. Necrosis percentage distribution by groups (mean 
and standard deviation).

Figure 4. Tissue and serum TBARS distribution by groups 
(mean and standard deviation).

Figure 2. Appearance of necrotic areas on the flaps on the 10th day. (A) Control (B) Sham (C) Experiment.

A B C
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techniques such as tissue expansion, surgery, and medical 
preconditioning to close defects with maximum survival 
rate with existing vascular resources using local flaps.

Despite the studies carried out to date, distal flap 
necrosis still remains a problem. It has been shown in 
many studies that the primary etiology of flap necro-

  Tissue TBARS (Nmol/mL) Serum TBARS (Nmol/mL) TAC-Serum (U/mL) TAC-Tissue (U/mL)

Control
 Mean 2.78 4.38 4.54 2.12
 Standard deviation 0.46 0.54 1.31 0.94
 Median 2.85 4.30 4.17 2.26
 Minimum 1.9230 3.82681 3.28 1.06
 Maximum 3.3461 5.36521 7.40 3.37
Experiment
 Mean 0.96 2.94 6.94 6.09
 Standard deviation 0.27 0.47 1.25 1.51
 Median 0.96 2.79 6.63 5.62
 Minimum 0.5769 2.42290 5.59 4.65
 Maximum 1.4807 3.52000 9.09 9.52
Sham
 Mean 1.49 3.77 3.92 3.99
 Standard deviation 0.41 0.96 0.92 1.00
 Median 1.32 3.73 4.11 3.78
 Minimum 1.1153 2.38452 2.28 3.00
 Maximum 2.1400 5.20000 4.99 5.61
ap  0.001* 0.001* 0.001* 0.001*
bPost hoc
Control vs. experiment 0.001* 0.001* 0.006* 0.001*
Control vs. sham 0.002* 0.208 0.529 0.005*
Experiment vs. sham 0.005* 0.141 0.001* 0.009*

a: Kruskal Wallis Test; b: Mann-Whitney U Test; *: P<0.01.

Table 2. Thiobarbituric acid reactive substances (TBARS) and total antioxidant capacity (TAC) evaluations by groups

Figure 5. Serum and tissue TAC distribution according to 
groups (mean and standard deviation).

Figure 6. Distribution of collagen formation findings accord-
ing to groups.
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sis in the postoperative period is perfusion failure. The 
process leading to flap necrosis begins with the sepa-
ration of the vessels feeding the flap and sympathetic 

fibers from the flap after flap removal. With sympathet-
ic innervation, blood flow in the distal part of the flap 
decreases with the release of vasoconstrictor substanc-
es such as Endothelin 1, thromboxane A2, PG F2 α. 
Flap perfusion returns to normal as sympathetic neu-
rotransmitters are depleted within 12–24 hours. When 
circulation is restored after 6–12 hours, reperfusion 
injury can occur, which is the secondary pathogenetic 
factor in flap necrosis [8]. Free oxygen radicals are re-
leased through different mechanisms in ischemic tissue, 
and these radicals cause tissue damage. The xanthine 
dehydrogenase/xanthine oxidase enzyme system, neu-
trophilic nicotinamide diphosphate, neutrophil endo-
thelial adhesion through the myeloperoxidase enzyme 
system, and intracellular calcium overload are the main 
mechanisms involved in this process.

Many studies have been conducted to increase flap vi-
ability. The most effective method in these studies is delay 
methods [9]. Delay can be done surgically or vascularly, 
and it increases flap viability by reducing the release of 
vasoconstrictor and thrombotic agents observed in acute 
flap surgery, usually in two or three-stage operations, giv-
ing the flap time to adapt to ischemia, increasing distal 
blood flow, increasing neoangiogenesis and vasodilation 
in the flap. Pang et al. [10] showed that there was an in-
crease in blood flow in surgically delayed random-pattern 
porcine skin flaps, especially in the distal part of the flap. 
Taylor et al. [3] and Callegari et al. [11] have shown that 
pre-existing “choke” anastomoses are opened by vascular 
delay in pigs, rabbits, dogs and humans. Lineaweaver et 
al. [12] showed that vascular retardation increased the 
viability of the skin island of the TRAM flap and this 
resulted in vasodilatation and enhancement by increas-
ing VEGF and FGF gene expression. They showed that 
this occurs through induction of angiogenesis. Although 
surgical delay methods have been proven to be clinically 
effective, the fact that they require multi-stage surgery 
and are expensive and time-consuming limits the clini-
cal use of delay procedures. Today, studies are being con-
ducted on the use of pharmacological agents to increase 
flap viability as an alternative to delaying procedures. For 
this purpose, vasodilator, antithrombotic agents, agents 
to prevent neutrophil aggregation and adhesion, hemor-
heological agents, anti-inflammatory agents, and antioxi-
dant agents have been tried [8].

Although the effectiveness of these drugs has been 
demonstrated experimentally in animals, their clinical 
effectiveness in increasing flap viability has not been sur-
passed by delaying methods. Recent studies have focused 

  Control Exp. Sham p 
  (%) (%) (%)

PNL** proximal
 Low 100 87.5 75.0 0.745
 High 0 12.5 25.0 
PNL** distal
 Low 87.5 75.0 100.0 1.000
 Moderate 12.5 12.5 0 
 High 0 12.5 12.5 
Lymphocyte proximal
 Low 87.5 75.0 62.5 0.836
 Moderate 12.5 25.0 37.5 
Lymphocyte distal
 Low 37.5 87.5 75.0 0.163
 Moderate 62.5 12.5 25.0 
Fibroblast proximal
 Low 75.0 37.5 37.5 0.111
 Moderate 25.0 62.5 25.0 
 High 0 0 37.5 
Fibroblast distal
 Low 75.0 37.5 50.0 0.387
 Moderate 25.0 25.0 37.5 
 High 0 37.5 12.5 
Collagen proximal
 Low 75.0 0 62.5 0.013*
 Moderate 25.0 75.0 37.5 
 High 0 25.0 0 
Collagen distal
 Low 75.0 12.5 37.5 0.037*
 Moderate 25.0 50.0 62.5 
 High 0 37.5 0 
VEGF*** vessel proximal
 Low 75.0 50.0 62.5 0.870
 Moderate 25.0 37.5 37.5 
 High 0 12.5 0 
VEGF*** vessel distal
 Low 62.5 12.5 50.0 0.051
 Moderate 37.5 37.5 50.0 
 High 0 50.0 0

Fisher Freman Halton (Monte Carlo) test; *: P<0.05; **: PNL: Polymorphonucle-
ar leukocyte; ***: VEGF: Vascular endothelial growth factor; Exp: Experiment; 
PNL: Polymorphonuclear leukocyte; VEGF: Vascular endothelial growth factor.

Table 3. Histopathology evaluations according to groups
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on local angiogenic cytokine protein (VEGF, PDGF) 
therapy, and these treatments have been shown to in-
crease flap viability [13, 14]. Free oxygen radicals formed 
as a result of ischemia/reperfusion are effective in the 
pathogenesis of many diseases such as the aging process, 
cardiovascular diseases, cancer, lung diseases, inflamma-
tory and rheumatic diseases. There are different antioxi-
dant systems in the body against oxyradicals.

Antioxidants can be divided into two groups: endog-
enous and exogenous. They exert their effects through 4 
basic mechanisms. These are scavenging, quenching, re-
pair and chain-breaking effects. Many studies have been 
conducted on how antioxidants increase flap viability 
through different mechanisms. Cetin et al. [15] showed 
that fucoidin reduces ischemia reperfusion damage in 
the skin flap by dose-dependently inhibiting the “roll-
ing” phase, which is the first step in leukocyte adhesion. 
Many agents such as carnitine, desferoxamine, vitamins 
E, C, and coenzyme Q have been experimentally shown 
to increase flap viability with antioxidant activity [16]. 
Ozkan et al. [17] showed that methylene blue positive-
ly affected the viability of the rat epigastric island flap 
through xanthine oxidase inhibition.

Thymoquinone is obtained from the seeds of the 
Nigella sativa plant, popularly known as black cumin, 
which is used as a natural medicine in the treatment of 
joint pain, flatulence, dyspepsia, liver and lung diseases. 
Many experimental studies have been conducted espe-
cially on its anticarcinogenic effect. Ait Mbarek et al. 
[18] showed that intratumorally administered nigella 
sativa extract in mice with tumors resulted in a reduc-
tion in tumor size and a decrease in the rate of metasta-
sis. In their in vitro and in vivo studies on squamous cell 
carcinoma and fibrosarcoma, Ivankovic and colleagues 
found that thymoquinone caused a dose-dependent 
cytotoxic effect and growth inhibition on tumor cells. 
Badary et al. [19] showed that thymoquinone reduc-
es ifosfamide-induced renal toxicity and increases the 
antitumoral activity of ifosfamide. Peng et al. [20] re-
ported that thymoquinone was used in osteosarcoma. 
They showed that it inhibits proliferation and angio-
genesis. Its inhibitory effect on tumor proliferation has 
been demonstrated in ovarian adenocarcinoma [21], 
uterine sarcoma, human osteosarcoma [22], fibrosar-
coma, and prostate cancer [23]. Apart from these, it 
has been stated that thymoquinone has antimicrobial, 
antihepatotoxic, antinephrotoxic, antidiabetic and an-
tiplatelet effects on the vascular system through ara-
chidonic acid metabolism. Studies have attributed the 

anticarcinogenic, antihepatotoxic and antinephrotoxic 
properties of thymoquinone to its existing antioxidant 
capacity. Houghton and colleagues demonstrated that 
thymoquinone strongly inhibits non-enzymatic lipid 
peroxidation in cell culture. In the study conducted by 
Meral et al. [24], they showed that thymoquinone re-
duced the level of superoxide radicals and reduced lipid 
peroxidation in diabetic rabbits. In the study conducted 
by Sayed-Ahmed and Nagi [25] on the effect of thy-
moquinone on gentamicin nephrotoxicity in rats, they 
examined the changes in tissue glutathione peroxidase, 
catalase, glutathione, and TBARS, which is an indicator 
of lipid peroxidation, and found a significant decrease 
in the thymoquinone group. In the study conducted by 
Hosseinzadeh et al. [26] on the effect of thymoquinone 
on ischemia reperfusion injury in rat skeletal muscle, 
after systemic intraperitoneal thymoquinone adminis-
tration at doses of 20 mg/kg, 40 mg/kg, 80 mg/kg, a 
significant decrease in ischemia reperfusion injury was 
observed in the total sulfhydryl group, in the MDA 
level, which is the end product of lipid peroxidation. 
They found a significant decrease and an increase in to-
tal antioxidant capacity. It was also stated in the study 
that the antioxidant effect of thymoquinone increased 
dose-dependently. In their study, Kara et al. [27] found 
that thymoquinone applied in the rapid maxillary ex-
pansion procedure in rats caused an increase in new 
bone formation, capillary number and inflammatory 
cell density in the maxillary sutures.

Selcuk et al. [28] studied the effect of thymoquinone 
applied intraperitoneally at a dose of 2 mg/kg/day and 
topically as a 0.5% solution for 21 days in a second-de-
gree burn model created in a rat. As a result, they stated 
that minimum necrosis, lower total oxidative stress lev-
el and minimum bacterial count were measured in the 
group where thymoquinone was applied combined sys-
temically and topically. As a result, they stated that thy-
moquinone accelerates wound healing and reepitheliali-
zation by reducing inflammation and oxidative stress in 
systemic or topical application.

In a study conducted by Abla et al. [29] with acetyl-
cysteine on rat skin flaps, they found that acetylcysteine 
reduced flap necrosis by 14%. In the study conducted by 
Angel et al. [30] with the antioxidant desferoxamine, a 
significant decrease in flap necrosis areas was detected. 
In our study, there were also statistically significant dif-
ferences in necrotic area measurements and necrosis/flap 
area percentages in the thymoquinone-injected group 
compared to the control and sham groups.
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A significant decrease in necrosis percentages was de-
tected in the sham group, which was applied only with 
DMSO, compared to the control group. This suggests 
that thymoquinone reduces distal flap necrosis thanks to 
its antioxidant properties. This result is parallel to other 
studies on flap viability in the literature.

In our study, to demonstrate the antioxidant activity 
of thymoquinone, TAC and TBARS change, which is an 
indicator of lipid peroxidation, were examined in serum 
and tissue samples taken from flaps, and it was found to 
be significantly lower in the thymoquinone group than in 
the control group and sham group.

While a significant change was detected in tissue 
TBARS and tissue TAC measurements in the sham 
group, where DMSO109, which is known to have an-
tioxidant activity, was applied alone, compared to the 
control group, no significant difference was detected in 
serum measurements. This shows that thymoquinone 
increases antioxidant capacity at serum and tissue lev-
els. These results are consistent with other studies in 
the literature on the antioxidant activity of thymoqui-
none [19, 31].

Although there are studies in the literature showing 
that thymoquinone has anti-inflammatory properties 
[32], in our study, no significant difference was detected 
in PNL and lymphocyte levels in the proximal and distal 
flaps between the groups and no significant anti-inflam-
matory activity was demonstrated.

Although there is no statistically significant difference 
in fibroblast levels between the groups, it is noteworthy 
that the proliferation in the distal flaps in the experimen-
tal group was higher than in the other groups. This sug-
gests that thymoquinone contributes slightly positively 
to fibroblast proliferation.

When the collagen levels in the sections were exam-
ined, it was observed that the collagen density was sig-
nificantly higher in the experimental group in the flap 
distals, and fiber structures began to appear and formed 
bundles in some places. This shows that thymoquinone 
stimulates collagen synthesis.

Peng et al. [20] showed in their in vivo and in vitro 
studies that thymoquinone has antitumor and antian-
giogenic effects in osteosarcoma. There is no study in 
the literature on the neoangiogenetic effect of thymo-
quinone on flaps. In our study, although staining with 
anti-VEGF antibody showed more intense vasculariza-
tion in the distal flaps, especially in the experimental 
group, no statistically significant difference was ob-

served between the groups. This suggests that thymo-
quinone does not have a significant neoangiogenetic 
effect on the flaps.

Our study has several shortcomings. Since this is 
an experimental study on rats, the anatomical differ-
ences between the human and rat skin are an import-
ant point that has to be taken into account when in-
terpreting the results of this study. Unlike human skin, 
rat skin has an additional skin layer called panniculus. 
It is a layer of special kind of muscle in terms of the 
structure of muscle fibers. Due to these limitations, 
results of this study should be carefully interpreted 
when translated into human subjects. Future studies 
on human subjects are required in this matter. Anoth-
er limitation is that, despite our histological and bio-
chemical findings, the exact mechanism of thymoqui-
none and biochemical pathways involved is not clear. 
Further studies with the addition of advanced DNA/
RNA sequencing and western blot techniques can 
shed light on the exact mechanisms of thymoquinone 
on cellular level.

Conclusion
The results obtained from our study are parallel to 
many studies conducted with other antioxidant and an-
ti-inflammatory agents in the literature. Since each an-
tioxidant shows its effectiveness through different and 
diverse mechanisms, it is not possible to standardize 
their effectiveness and since there are no other studies 
on the effect of thymoquinone on flap survival, there is 
no information about the effects of thymoquinone at 
different doses, the doses at which minimum and max-
imum effectiveness is observed, and its effectiveness in 
topical or oral application.

Ethics Committee Approval: The Istanbul University Animal Ex-
periments Local Ethics Committee granted approval for this study 
(date: 02.09.2014, number: 2014/88).

Authorship Contributions: Concept – GC, YA; Design – GC, TFY, 
EMK; Supervision – YA; Fundings – GC; Materials – YA; Data collec-
tion and/or processing – GC, YA, EMK; Analysis and/or interpretation 
– GC, TFY, EMK; Literature review – GC, TFY, MS; Writing – GC, YA, 
MS; Critical review – GC, MS.

Conflict of Interest: No conflict of interest was declared by the 
authors.

Use of AI for Writing Assistance: Not used.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Peer-review: Externally peer-reviewed.



North Clin Istanb450

REFERENCES

1. Mathes SJ, Nahai F. Classification of the vascular anatomy of mus-
cles: experimental and clinical correlation. Plast Reconstr Surg 
1981;67:177–87. [CrossRef ]

2. Taylor GI, Palmer JH. The vascular territories (angiosomes) of the 
body: experimental study and clinical applications. Br J Plast Surg 
1987;40:113–41. [CrossRef ]

3. Taylor GI, Corlett RJ, Caddy CM, Zelt RG. An anatomic review of 
the delay phenomenon: II. clinical applications. Plast Reconstr Surg 
1992;89:408–18. [CrossRef ]

4. Morris SF, Yang D. Effect of vascular delay on viability, vascula-
ture, and perfusion of muscle flaps in the rabbit. Plast Reconstr Surg 
1999;104:1041–7. [CrossRef ]

5. Sasaki GH, Pang CY. Hemodynamics and viability of acute neuro-
vascular island skin flaps in rats. Plast Reconstr Surg 1980;65:152–
8. [CrossRef ]

6. Woo CC, Kumar AP, Sethi G, Tan KH. Thymoquinone: potential 
cure for inflammatory disorders and cancer. Biochem Pharmacol 
2012;83:443–51. [CrossRef ]

7. McFarlane RM, Deyoung G, Henry RA. The design of a pedicle flap 
in the rat to study necrosis and its prevention. Plast Reconstr Surg 
1965;35:177–82. [CrossRef ]

8. Vedder NB, Bucky LP, Richey NL, Winn RK, May JW Jr. Improved 
survival rates of random flaps in rabbits with a monoclonal antibody 
that blocks leukocyte adherence. Plast Reconstr Surg 1994;93:1035–
40. [CrossRef ]

9. O’Shaughnessy KD, Mustoe TA. The surgical TRAM flap delay: reli-
ability of zone III using a simplified technique under local anesthesia. 
Plast Reconstr Surg 2008;122:1627–30. [CrossRef ]

10. Pang CY, Forrest CR, Neligan PC, Lindsay WK. Augmentation of 
blood flow in delayed random skin flaps in the pig: effect of length 
of delay period and angiogenesis. Plast Reconstr Surg 1986;78:68–
74. [CrossRef ]

11. Callegari PR, Taylor GI, Caddy CM, Minabe T. An anatomic review 
of the delay phenomenon: I. Experimental studies. Plast Reconstr Surg 
1992;89:397–418. [CrossRef ]

12. Lineaweaver WC, Lei MP, Mustain W, Oswald TM, Cui D, Zhang F. 
Vascular endothelium growth factor, surgical delay, and skin flap surviv-
al. Ann Surg 2004;239:866–75. [CrossRef ]

13. Ashrafpour H, Huang N, Neligan PC, Forrest CR, Addison PD, Mo-
ses MA, et al. Vasodilator effect and mechanism of action of vascular 
endothelial growth factor in skin vasculature. Am J Physiol Heart Circ 
Physiol 2004;286:H946–54. [CrossRef ]

14. Im MJ, Kim YS, Edwards RJ, Hoopes JE, Fenselau A. The effect of 
bovine basic fibroblast growth factor on skin flap survival in rats. Ann 
Plast Surg 1992;28:242–5. [CrossRef ]

15. Cetin C, Köse AA, Aral E, Colak O, Erçel C, Karabağli Y, et al. Pro-
tective effect of fucoidin (a neutrophil rolling inhibitor) on ischemia 
reperfusion injury: experimental study in rat epigastric island flaps. Ann 
Plast Surg 2001;47:540–6. [CrossRef ]

16. Kargi E, Deren O, Babuccu O, Hosnuter M, Erdogan B. Dual synergis-
tic effect: the effect of dexamethasone plus carnitine on skin flap surviv-
al. Ann Plast Surg 2004;53:488–91. [CrossRef ]

17. Ozkan M. Random paternli rat deri fleplerinin yaşayabilirliğini arttır-
mada metilen mavisinin etkisinin incelenmesi. Uzmanlık Tezi. Elazığ: 
Fırat Üniversitesi; 2009.

18. Ait Mbarek L, Ait Mouse H, Elabbadi N, Bensalah M, Gamouh A, 
Aboufatima R, et al. Anti-tumor properties of blackseed (Nigella sativa 
L.) extracts. Braz J Med Biol Res 2007;40:839–47. [CrossRef ]

19. Badary OA, Nagi MN, Al-Shabanah OA, Al-Sawaf HA, Al-Sohaibani 
MO, Al-Bekairi AM. Thymoquinone ameliorates the nephrotoxicity 
induced by cisplatin in rodents and potentiates its antitumor activity. 
Can J Physiol Pharmacol 1997;75:1356–61. [CrossRef ]

20. Peng L, Liu A, Shen Y, Xu HZ, Yang SZ, Ying XZ, et al. Antitu-
mor and anti-angiogenesis effects of thymoquinone on osteosarcoma 
through the NF-κB pathway. Oncol Rep 2013;29:571–8. [CrossRef ]

21. Shoieb AM, Elgayyar M, Dudrick PS, Bell JL, Tithof PK. In vitro in-
hibition of growth and induction of apoptosis in cancer cell lines by 
thymoquinone. Int J Oncol 2003;22:107–13. [CrossRef ]

22. Roepke M, Diestel A, Bajbouj K, Walluscheck D, Schonfeld P, Roess-
ner A, et al. Lack of p53 augments thymoquinone-induced apoptosis 
and caspase activation in human osteosarcoma cells. Cancer Biol Ther 
2007;6:160–9. [CrossRef ]

23. Kaseb AO, Chinnakannu K, Chen D, Sivanandam A, Tejwani S, 
Menon M, et al. Androgen receptor and E2F-1 targeted thymoqui-
none therapy for hormone-refractory prostate cancer. Cancer Res 
2007;67:7782–8. [CrossRef ]

24. Meral I, Yener Z, Kahraman T, Mert N. Effect of Nigella sativa on glu-
cose concentration, lipid peroxidation, anti-oxidant defence system and 
liver damage in experimentally-induced diabetic rabbits. J Vet Med A 
Physiol Pathol Clin Med 2001;48:593–9. [CrossRef ]

25. Sayed-Ahmed MM, Nagi MN. Thymoquinone supplementation pre-
vents the development of gentamicin-induced acute renal toxicity in 
rats. Clin Exp Pharmacol Physiol 2007;34:399–405. [CrossRef ]

26. Hosseinzadeh H, Taiari S, Nassiri-Asl M. Effect of thymoquinone, a con-
stituent of Nigella sativa L., on ischemia-reperfusion in rat skeletal muscle. 
Naunyn Schmiedebergs Arch Pharmacol 2012;385:503–8. [CrossRef ]

27. Kara MI, Erciyas K, Altan AB, Ozkut M, Ay S, Inan S. Thymoquinone 
accelerates new bone formation in the rapid maxillary expansion proce-
dure. Arch Oral Biol 2012;57:357–63. [CrossRef ]

28. Selcuk CT, Durgun M, Tekin R, Yolbas L, Bozkurt M, Akçay C, et al. 
Evaluation of the effect of thymoquinone treatment on wound healing 
in a rat burn model. J Burn Care Res 2013;34:e274–81. [CrossRef ]

29. Abla LE, Gomes HC, Percario S, Ferreira LM. Acetylcysteine in ran-
dom skin flap in rats. Acta Cir Bras 2005;20:121–3. [CrossRef ]

30. Angel MF, Narayanan K, Swartz WM, Ramasastry SS, Kuhns DB, 
Basford RE, et al. Deferoxamine increases skin flap survival: additional 
evidence of free radical involvement in ischaemic flap surgery. Br J Plast 
Surg 1986;39:469–72. [CrossRef ]

31. Fouda AM, Daba MH, Dahab GM, Sharaf El-Din OA. Thymoqui-
none ameliorates renal oxidative damage and proliferative response 
induced by mercuric chloride in rats. Basic Clin Pharmacol Toxicol 
2008;103:109–18. [CrossRef ]

32. Houghton PJ, Zarka R, de las Heras B, Hoult JR. Fixed oil of Ni-
gella sativa and derived thymoquinone inhibit eicosanoid gener-
ation in leukocytes and membrane lipid peroxidation. Planta Med 
1995;61:33–6. [CrossRef ]

https://doi.org/10.1097/00006534-198102000-00007
https://doi.org/10.1016/0007-1226(87)90185-8
https://doi.org/10.1097/00006534-199203000-00002
https://doi.org/10.1097/00006534-199909040-00021
https://doi.org/10.1097/00006534-198002000-00005
https://doi.org/10.1016/j.bcp.2011.09.029
https://doi.org/10.1097/00006534-196502000-00007
https://doi.org/10.1097/00006534-199404001-00020
https://doi.org/10.1097/PRS.0b013e31818cbedb
https://doi.org/10.1097/00006534-198607000-00010
https://doi.org/10.1097/00006534-199203000-00001
https://doi.org/10.1097/01.sla.0000128682.53915.92
https://doi.org/10.1152/ajpheart.00901.2003
https://doi.org/10.1097/00000637-199203000-00007
https://doi.org/10.1097/00000637-200111000-00012
https://doi.org/10.1097/01.sap.0000136975.69733.1f
https://doi.org/10.1590/S0100-879X2006005000108
https://doi.org/10.1139/y97-169
https://doi.org/10.3892/or.2012.2165
https://doi.org/10.3892/ijo.22.1.107
https://doi.org/10.4161/cbt.6.2.3575
https://doi.org/10.1158/0008-5472.CAN-07-1483
https://doi.org/10.1046/j.1439-0442.2001.00393.x
https://doi.org/10.1111/j.1440-1681.2007.04560.x
https://doi.org/10.1007/s00210-012-0726-2
https://doi.org/10.1016/j.archoralbio.2011.09.012
https://doi.org/10.1097/BCR.0b013e31827a2be1
https://doi.org/10.1590/S0102-86502005000200004
https://doi.org/10.1016/0007-1226(86)90115-3
https://doi.org/10.1111/j.1742-7843.2008.00260.x
https://doi.org/10.1055/s-2006-957994

