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ABSTRACT

Objectives. One of the important causes of flap losses is ischemia-reperfusion damage. Arnebia species are
rich in naphthoquinone derivatives which known to have anti-inflammatory and anti-oxidant effects. The aim
of the present study was to investigate the effects of Arnebia purpurea extract on viability of the skin flaps.
Methods. Eighteen Wistar rats were divided in three groups. Caudal-based 9×3 cm size skin flap was applied
on dorsum of the all rats and following surgery, 2 cc of A. purpurea extract topically was applied to the group
1 and 2 cc of 0.2% Nitrofurazon cream topically was applied to the group 2, daily. The Group 3 only received
flap surgery (control group). Seven days later, all subjects were euthanatized and necrosis rate in their flaps
was calculated and compared to each other. Results. The necrosis rate was calculated as 20.25% ± 1.59% in
Group 1, 32.05% ± 2.23% in the Group 2 and 37.33% ± 4.12% in the Group 3. It was found that necrosis rate
in the Group 1 was statistically significantly less than Groups 2 and 3 (p < 0.001) and that difference in necrosis
rate between Group 2 and Group 3 was not statistically significant (p > 0.05). Conclusion. Necrosis of skin
flaps was reduced through topical application of A. purpurea extract.  
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Introduction

      The flaps have been used for repair of tissue
defects and partial or complete tissue loss still remains
as an important problem despite technological
advanced in time and advanced techniques. One of the
important causes of flap losses is ischemia-reperfusion
damage. Ischemia is a condition during which part of
a certain tissue receives insufficient blood supply [1]. 

If ischemia lasts longer than the tissue tolerates then
necrosis occurs. If reperfusion is achieved before
necrosis occurs, several physiopathological events
occur which are first reversible and then become
irreversible as a consequence of continuing condition,
leading to so-called ischemia-reperfusion (I-R)
damage. Main reason for I-R damage is reactive



oxygen species and inflammation [2]. 
      Many pharmacological agents such as
sympatholytics, vasodilators, prostaglandin inhibitors,
glucocorticoids, anti-coagulant, and free radical
scavenging agents have been used experimentally to
ischemia and I-R damage to the skin flaps and flap
viability but no clinically usable method has been
developed for this purpose so far [3, 4].
      Chemicals found in nature have been used for
therapeutic purposes since ancient times. Despite
competition from other drug discovery methods,
natural products are still providing their fair share of
new clinical candidates and drugs. Natural products
are still a significant source of new drugs, especially
for anticancer, antimicrobial, and antihypertensive
therapies [5].
      Alkanna in Europe and North Africa,
Lithospermum in far-east and Arnebia in Anatolia has
been used for centuries in traditional medicine [6]. All
of them are members of Boraginaceae family and
roots of the plants in Boraginaceae family are rich in
naphthoquinone [7]. Naphthoquinone are used by
industry as drug and food dye [8]. Naphthoquinone
derivatives, Shikonin (R-configuration) and its
enantiomer alkannin (S-configuration) has been
shown to have wide variety of biological properties
including accelerated wound healing, anti-oxidant,
anti-bacterial, anti-fungal, anti-viral, anti-
inflammatory , anti-tumor  effects [9-13]. 
Previously we showed that the roots of Arnebia
purpurea which is one of the Boraginaceae family
member in Turkey contain high amounts of
naphthoquinones [14]. Our hypothesis is the roots of
A. purpurea which contain high amounts of
naphthoquinones may reduce I-R damage on flap by
anti-oxidant effects. In this study, we aimed to
demonstrate the effects of A. purpurea’s root extract
on viability of the skin flaps.

Methods

      Approval was taken for the present study from the
University Local Ethics Committee for the
Experimental Animals. The study was conducted in
the Production and Research Laboratories for
Experimental Animals of University. Eighteen female
Wistar Albino rats weighting between 250 and 350
grams produced in the Production and Research
Laboratories for Experimental Animals of University.
There are no differences on weight measurements of

animals in the groups. The rats were housed in
appropriate cages at 20°C and under 12 hours of light
and dark periods. The animals were kept in separate
cages in order to keep them from harming to each
other prior to the surgical procedure. All rats were fed
on standard rat food and no water restriction was
applied. 

Preparation of the extract of A. purpurea
Plant Material
      The roots of A. purpurea were collected from
Taşkent, Konya, Turkey. The plant was collected,
identified and authenticated by Prof. Dr. H. D. and Dr.
B. B (Department of Biology, Faculty of Sciences,
Gazi University). A voucher specimen (No 3765) has
been deposited in Faculty of Science, Gazi University. 

Preparation of Plant Extract 
      The dried and powdered roots of A. purpurea (300
g) were extracted with n-hexane (3×500 ml, 40˚C).
Each extract was collected and evoporated under
reduced pressure at a temperature below 40˚C to yield
dark red viscous residue (A. purpurea, 8.5 g). 

Preparation of Cold Cream Formulation
      n-hexane extract from the root of A. purpurea, was
used as 1% concentration which was dissolved in cold
cream. The cream formulation was prepared briefly as
follows; 12.5 g cetyl esters wax, 12.5 g white wax, 56
g mineral oil, 0.5 g sodium borate and 19 g purified
water were accurately weighed to obtain about 100 g
cold cream formulation. Cetyl esters wax and white
wax were reduced to small pieces and melted on a
steam bath. Mineral oil was added and the mixture was
heated until the temperature reached 70 °C. 1 g active
extract was then added to the oily phase and mixed.
Sodium borate was dissolved in purified water,
warmed to 70 °C and gradually added to the melted
mixture. It was stirred rapidly and continuously until
congelation as described in the USP United States of
Pharmacopeia. For control group, same cold cream
was prepared but 1 g Nitrofurazon (Furacin®) was
added instead of A. purpurea extract.

Surgical Procedure 
      All surgical procedures were performed with
intramuscular administration of 50 mg/kg ketamine-
HCl (Alfamine®: Ege-VET) and 10 mg/kg xylazine
HCl (Rompun®: Bayer) for anesthesia by the same
surgeon under sterilized conditions. The rats were
fixed in prone position after their back had been
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shaved. Surgical site was cleaned with 10% povidon
iodine solution and covered sterilely. From their back,
modified McFarlane flap included panniculus
carnosus of 9×3 cm in size was removed and then flap
was re-sutured with 4/0 nylon sutures [15]. 
      The animals were divided in 3 groups so that each
group contains 6 rats. Group 1 (Arnebia purpurea
group): Following surgery 2 cc of A. purpurea cream
was applied topically daily on the flap. Group 2
(Nitrofurazon group): Following surgery, 2 cc of 0.2%
Nitrofurazon (Furacin®) cream was applied topically
daily on the flap. Group 3 (control group): No
substance was applied on the flap. 

Evaluation of Flap Size 
      On the 7th day after the flap surgery all subjects
were euthanized with high doses anesthesia. All flaps’
photographs were taken from the same distance (60
cm) with a Sony DSC-F828 camera (Sony
Corporation, Tokyo, Japan) by a different researcher
who was blind about groups. The total area of necrosis
was determined using the percentage of flap viability
was calculated using the program Adobe Photoshop
CS 5 (Adobe Systems, Inc., San Jose, CA). The
necrotic area was marked on the software and the area
was noted in pixels and then the percentage was
calculated by a different researcher who was blind
about groups [16]. 

Statistical Analysis 
      Data analysis was performed using the package
program IBM SPSS Statistics 17.0 (IBM Corporation,
Armonk, NY, USA). Normality of distribution of the
continuous variables was tested using Shapiro-Wilk's
test and homogeneity of the variances was tested using
Levene's test. Definitive statistics were presented as
mean ± standard deviation. Significance of the
difference in ratio of necrotic area to the total area
between the groups was examined with one-way
analysis of variance (one-way ANOVA). In the case
of significant difference being detected in one-way
ANOVA, multiple comparisons of the groups were
performed using with Tukey’s test. A p value less than
0.05 was considered as statistically significant.

Results

      Mean necrosis rate in Group 1 (A. purpurea
group) was 20.25% ± 1.59%, in Group 2 (Nitrofurazon
group) was 32.05% ± 2.23% and in group 3 (control
group) was 37.33% ± 4.12% (Figures 1 and 2).
Necrosis rate in the Group 1 (A. purpurea group) was
statistically significantly less than Groups 2
(Nitrofurazon group) and Group 3 (control group)
(p<0.001) and that difference in necrosis rate between
Group 2 and Group 3 was not statistically significant
(p=0.150) (Table 1). 
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Figure 1. Mean necrosis rate of groups. Necrosis rate in Group I (Arnebia purpurea group) was 
statistically significantly lower than the Group II (Nitrofurazon group) and Group III (control 
group) (p <0.001) (post hoc Tukey's test)  
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Discussion
      Previously we showed that the roots of A.
purpurea involve naphthoquinones highly [14] and in
the current study we think that because of anti-
inflammatory and anti-oxidant activity,
naphthoquinone derivatives in the A. purpurea extract
reduced I-R damage occurring in the flap so amount
of necrosis was found to be statistically significantly
lower in the groups receiving A. purpurea.
      In the experimental model of caudal-based
randomly patterned skin flap on back of the rats we
used in the present study, no tissue loss occurred on
the area close to the pedicle when the flap was
removed because it had sufficient perfusion but

irreversible tissue damage and necrosis occurred due
to ischemia at the tip of flap away from the pedicle. In
so-called transitional zone between these areas,
ischemia occurred in early stage due to
hyperadrenergic condition because of noradrenaline
released from the sympathetic nerve endings
intersected during flap removal but perfusion was
regained in 12 to 24 hours after the hyperadrenergic
condition ended. Reperfusion occurring after ischemic
period causes ischemic-reperfusion damage [3]. 
      Basic role in physiopathology of I-R damage is
played by reactive oxygen species (ROS) During
ischemia period, high amount of xanthine oxidase-
mediated ROS from endothelial cells and during
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Figure 2. View of necrosis of the flaps. a = Group 1 (Arnebia purpurea group), b = Group 2 
(Nitrofurazon group) and c = Group 3 (control group). 
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Table 1. Mean necrosis rate of groups 

 Necrosis Rate (%) 
Group 1 20.25 ± 1.59 
Group 2 32.05 ± 2.23 
Group 3 37.33 ± 4.12 
pa < 0.001 
Group 1 - Group 2 p < 0.001b 
Group 1 - Group 3 p < 0.001b 
Group 2 - Group 3 p = 0.150b 

 

Data are shown as mean ± standard deviation. Group I = Arnebia purpurea group), Group II 
= Nitrofurazon group, Group III = control group, a one-way analysis of variance (One-way 
ANOVA), b post hoc Tukey's test 

 

 

 



reperfusion period high amount of nicotine amide
adenine dinucleotide phosphate (NADPH) oxidase-
mediated ROS from neutrophils generated in skin flap.
ROS damage to DNA by oxidizing the nucleic acids,
impair protein structure by oxidizing the amino acids,
and cause lipid peroxidation by reacting with fatty
acids [4, 6]. 
      Shikonin/alkannin which are naphthoquinone
derivatives, gives electron to the reactive oxygen
radicals and make them more stable, reduces lipid
peroxidation, increase amount of such anti-oxidant
enzymes as superoxide dismutase (SOD), catalase
(CAT), and glutathione (GSH), prevents attraction of
the neutrophils by reducing capillary permeability, and
decreases neutrophil derived ROS release by
inhibiting the NADPH oxidase enzyme in the
neutrophils [6, 17] and through anti-oxidant activity
occurring this way, shikonin/alkannin reduces I-R
damage [17]. 
      Rohrich et al. [18] defined an ideal
pharmacological agent to be used to improve viability
of the flap as being able to exert effects in the post-
operative period, being easy to apply, reliable, cheap,
having fully clarified mechanism of action, and
protective effects against flap necrosis. Arnebia
extracts have been used in traditional medicine for
centuries and thus is reliable. Herbal products can be
prepare as easy and cheap. As in traditional medicine,
it was used in the present study topically and its topical
use was shown to be effective. 
      Although we think that A. purpurea increases flap
viability with antioxidant effect but as a limitation of
our study, we didn’t have any analysis about it so our
study should be accepted as preliminary work and
further studies on the mechanism of that flap
protective effect are needed.

Conclusions

      In conclusion, in this study we showed that with
high naphthoquinones content, A. purpurea cream
decreased randomly patterned flap necrosis.
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