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ABSTRACT

Introduction: Numerous pharmacological agents have been used to enhance the viability of
flaps. Ischemia reperfusion (I/R) injury is an unwanted, sometimes devastating complication in
reconstructive microsurgery. Tadalafil, a specific inhibitor of phosphodiesterase type 5 is mainly used
for erectile dysfunction, and acts on vascular smooth muscles, platelets and leukocytes. Herein,
the protective and therapeutical effect of tadalafil in I/R injury in rat skin flap model is evaluated.
Materials and Methods: Sixty epigastric island flaps were used to create I/R model in 60 Wistar
rats (non-ischemic group, ischemic group, medication group). Biochemical markers including total
nitrite, malondialdehyde (MDA) and myeloperoxidase (MPO) were analysed. Necrosis rates were
calculated and histopathologic evaluation was carried out. Results: MDA, MPO and total nitrite
values were found elevated in the ischemic group, however there was an evident drop in the
medication group. Histological results revealed that early inflammatory findings (oedema, neutrophil
infiltration, necrosis rate) were observed lower with tadalafil administration. Moreover, statistical
significance (P < 0.05) was recorded. Conclusions: We conclude that tadalafil has beneficial
effects on epigastric island flaps against I/R injury.
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INTRODUCTION enzymatic defects of mediators take place in I/R injury.!'l
Free oxygen radicals play key role in reperfused tissues,
schemia reperfusion (I/R) injury can be devastating  thus causing detrimental effects?.
during flap reconstruction. Some described metabolic
alterations such as capillary narrowing, leukocyte  Tadalafil is a competitive and potent inhibitor of
sequestration, neutrophil infiltration, dysfunction of  cyclic guanosine monophosphate (cGMP)-specific
endothelium, end-organ membrane dysfunction and  phosphodiesterase type 5 (PDE-5).°! PDE-5 specifically
inhibits nitric oxide (NO)/GMP pathway in vascular

Access this article online smooth muscles inducing vasodilatation and in platelets
Quick Response Code: Website: inhibiting aggregation.! Among PDE-5 inhibitors like
; o silenafil, verdenafil, tadalafil, udenafil, avanafil, tadalafil
www.ijps.org .
has longest half-life.
DOI:
10.4103/0970-0358.113714 There is little data existing in flap surgery field for PDE-5
inhibitors. In this experimental study, local response to
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the reperfused skin flap with systemic administration of
tadalafil is investigated.

MATERIALS AND METHODS

This study was performed under the guidelines for the
care and use of laboratory animals and approved by
Animal Ethics Committee of Ankara Training and Research
Hospital.

Sixty Wistar rats (ratus norvergicus) ranging between
300 g and 380 g (343 g mean) were used in this
study. Ketamine hydrochloride (HCI) and xylazine HCI
were injected intramuscular for anesthesia. Tadalafil
tablets (20 mg) were dissolved in 20 cc water. This solution

Figure 1: Epigastic island flap elevated on superficial epigastic artery and vein
according to the model described by Petry et al

was given enterally (5 mg/kg) with nasogastric catheter
according to the weight of the rat (1.7 mg mean). Sixty
rats were divided into 3 groups as non-ischemic, ischemic
and medication groups. Each group was divided into 2
sub-groups (n = 10) (sub-groups a and b). The animals
were randomly distributed. Superficial epigastric island
flaps (7 cm x 4 cm) were elevated from the epigastric
area according to the experimental model described
by Petry et al.® [Figure 1]. Acland V3 clamps for pedicle
clamping were used to induce complete flap ischemia.
For reperfusion at the end of the ischemia the clamps
were removed from the pedicle and the vascular flow
observed with microscobic examination.

In Group [ (non-ischemic group, n = 20), the elevated
flaps were immediately re-adapted to the epigastric area
without any intervention. The half of the animals (1 = 10)
was sacrificed after 12 h (Group 1 a). The rest was sacrificed
after 7 days (Group 1 b). In Group Il (ischemic group, n = 20),
the pedicles of the flaps (superficial epigastric artery and
vein) were clamped for 12 h to achieve global ischemia and
subsequently reperfused. The half of the animals (n=10) was
sacrificed after 12 h of reperfusion (Group Il a). The rest was
sacrificed 7 days later (Group II b). In Group Il (medication
group, n = 20), the same protocol was applied like in
the Group II, but at the 30™ min of the reperfusion, a
single dose of 5 mg/kg of tadalafil was administered
enterally. The half of the animals (n = 10) was sacrificed
after 12 h of reperfusion (Group III a). In the rest of the
animals (Group Il b), 5 mg/kg tadalafil were administered
daily and at the 7™ day they were sacrificed. Sub-groups a

Table 1: Total nitrite, MDA, MPO values for groups la, lla, llla.

Group 1 2 3 4 5 6 7 8 9 10 Mean

la Total Nitrite 0,13 0,05 0,06 0,04 0,36 0,09 0,08 0,07 0,09 0,21 0,11
(nmol/mg)
MDA 0,29 0,25 0,28 0,2 0,76 0,31 0,22 0,34 0,29 0,23 0,31
(nmol/ mg)
MPO 17,63 6,94 14,01 36,66 36,22 20,34 23,47 19,34 22,14 19,43 21,61
(mU/ mg)

lla Total Nitrite 0,18 0,49 0,12 0,35 0,28 0,12 0,47 0,32 0,29 0,36 0,29
(nmol/mg)
MDA 0,63 1,38 1,03 1,22 0,49 0,88 0,91 0,78 0,67 0,82 0,88
(nmol/ mg)
MPO 67,86 92,03 26,09 61,54 99,67 135,82 78,45 83,79 92,58 68,32 80,61
(mU/ mg)

Ila Total Nitrite 0,29 0,19 0,23 0,16 0,12 0,19 0,08 0,11 0,16 0,17 0,17
(nmol/mg)
MDA 0,33 0,21 0,50 0,31 0,25 0,40 0,37 0,29 0,41 0,34 0,34
(nmol/ mg)
MPO 21,91 32,34 40,05 41,01 47,24 37,64 37,11 29,56 32,78 40,89 36,05
(mU/ mg)
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Table 2: Total nitrite, MDA, MPO values for groups Ib, lib, llib

Group 1 2 3 4 5 6 7 8 9 10 Mean

Ib Total Nitrite 0,07 0,06 0,07 0,04 0,17 0,13 0,12 0,11 0,14 0,08 0,09
(nmol/mg)
MDA 0,29 0,16 0,16 0,14 0,34 0,21 0,25 0,41 0,15 0,22 0,23
(nmol/ mg)
MPO 14,78 2,70 17,43 11,86 41,74 43,69 19,32 22,47 21,55 30,14 22,56
(mU/ mg)

IIb Total Nitrite 0,48 0,39 0,45 0,37 0,40 0,57 0,41 0,90 1,06 0,85 0,58
(nmol/mg)
MDA 0,64 0,46 1,03 0,71 0,24 0,56 0,83 0,85 0,60 0,72 0,66
(nmol/ mg)
MPO 40,71 13539 124,06 167,66 24455 271,96 182,71 169,82 122,19 243,96 170,30
(mU/ mg)

b Total Nitrite 0,18 0,30 0,14 0,17 0,65 0,11 0,37 0,27 0,19 0,22 0,26
(nmol/mg)
MDA 0,20 0,23 0,22 0,45 0,27 0,18 0,23 0,44 0,27 0,15 0,26
(nmol/ mg)
MPO 54,11 110,34 63,22 92,78 96,73 88,44 121,98 61,49 41,40 59,48 78,99
(mU/ mg)

Figure 2: A sample of flaps among the animals. | b, Il b, and Il b show the
status of flaps sacrificed on the 7" day after reperfusion. Please note that the
animals numbered as 2, 6, and 1 represent these flaps, respectively

and b were observed for 24 h and 7 days, respectively.

The tissue samples (4 cm X 1 ¢cm in size) obtained from
the flaps in all of the sub-groups were freezed via liquid
nitrogen to analyze malondialdehyde (MDA), total nitrite
and myeloperoxidase (MPO) levels. The flaps in Group I b,
I1band Il bwere digitally photographed at the 7" day. After
the transfer of the photographs to the computer, total flap
areas, and necrotic areas were marked and calculated via
software (AutoCAD, Autodesk Inc., San Rafael, CA, USA).
The specimens were obtained from the mid-portion of the
flaps (4 cm X 1 cm in dimensions) and stained with H and E.
Neutrofil infiltration, edema, necrosis, neovascularization
and fibrosis rates were assessed by the same patholog.
For the statistical analysis, Wilcoxon signed rank test

77

was used via SPSS 11.0 for Windows Release (Microsoft
Corporation, USA) and P value below 0.05 was accepted
as statistically significant. The biochemical and statistical
analysis were carried out between the Groups I a and Il a,
[lTaandIlla,Iband Il b, and Il b and Il b.

RESULTS
No complications were noted during the study.

The mean MDA, MPO, and total nitrite values were found
elevatedintheischemicgroup (GroupllaandlIlb),butthere
was an evident drop in the medication group (Group Ill a
and Il b). Tables 1 and 2 show total nitrite, MDA and MPO
values for sub-groups a and b, respectively. At the 7 day,
necrotic areas could be clearly assessed macroscopically.
Figure 2 shows a sample among the flaps in Groups [ b,
II b, and Il b. Mean necrosis rates among the flaps were
13.2%, 43.2%, and 19.9% in Group I b, Group II b, and
Group Il b, respectively [Table 3].

Statistically significant difference was calculated
between the groups and clearly documented on Table 4.
In this manner, all but one of the results was observed
as statistically significant (P < 0.05). The p-score for MDA
between the Group | a and Il a was calculated as 0.445
which was not accepted as significant.

Histological results [Table 5] revealed that early
inflammatory  findings (oedema, neutrophil
infiltration, necrosis rate) were significantly higher in
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Table 3: Necrosis rates of the flaps in percentages

Rat Group Ib Group IIb Group lllb

number (Non-ischemic (Ischemic (Medication
group) group) group)

1 9 29 9

2 27 57 15

3 11 42 22

4 0 32 13

5 12 46 20

6 17 74 16

7 13 28 25

8 19 36 19

9 10 61 26

10 14 27 34

Mean 13,2 (%) 43,2 (%) 19,9 (%)

Table 4: Calculated p-scores for biochemical markers
between the groups.
(MDA: malondialdehyde, MPO: myeloperoxidase)

Total nitrite MDA MPO
p-score between group la-lla 0.017 0.445 0.005
p-score between group lla-llla 0.028 0.005 0.007
p-score between group Ib-llb 0.005 0.007 0.005
p-score between group llb-1llb 0.007 0.007 0.007

ischemic group (Group II a and II b) [Figure 3]. On
the other hand, these findings were observed lower
with tadalafil administration (Group IIl a and Il b)
[Figure 4].

DISCUSSION

Reconstructive microsurgeryincludesmandatoryischemic
periods. Whatever the reason is, ischemia causes tissue
hypoxia and triggers anaerobic metabolism. At the time
of the reperfusion of the tissue, some proinflammatory
substances are secreted.

IR injury has various consequences like capillary
narrowing, leukocyte  sequestration,  neutrophil
infiltration, dysfunction of endotel, end-organ membrane
dysfunction and enzymatic defects in the arrangement of
inflammatory mediators.!"! Reperfusion of the tissues, in
addition, triggers many cytokines.! Proinflammatory
substances like histamine, platelet activating factor (PAF),
leukotriene B4, tumour necrosis factor, tromboxane A2
and interleukin-1 are sequestrated from the environment
of the damaged tissues and have negative effects on
ischemic area.! Complement system is one of the major
casquade in I/R injury and the end products C3a and
C5b-9 cause variable inflammatory consequences.”

Theprotectionmechanismsagainstl/Rinjuryaremultifactorial
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Figure 3: Oedema, neutrophil infiltration, and necrosis rate can be seen on
(a) (H and E, x10), where these findings are
observed quite significant on (b) (H and E, x20). (c) (H and E, x10)
demonstrates evident
decrease in these findings

Figure 4: Oedema, neutrophil infiltration, necrosis rate and fibrosis are
observed few, but neovascularization can be seen significant on (a). However,
(b) reveals the opposite findings with Ib. On the other hand, (c) indicates
evident decrease in oedema, neutrophil infiltration, necrosis rate and fibrosis,
but quite increase in neovascularization

andstillhave notbeen clearlyidentified. Unlike cytokines,NO,
which is secreted from endothel, is a well-known protective
mediator against I/R injury!® Physiological regulation
of vascular tonus, inhibition of platelet aggregation,
prevention of leukocyte adhesion, scavenging free radicals,
maintenance of vascular permeability, prevention of smooth
muscle proliferation, supporting immune defence and
regeneration of endothelia are the main described roles
of NO.”' [schemic conditions, however, cause NO to yield a
free radical, peroxynitrite. This mechanism, paradoxically,
explains why nitric oxidase synthetase inhibitors have
protective effect on the injury." MDA is marker of tissue
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Table 5: The comparison of the histological scores among three groups

Histological Group la Group lla Group llla
findings (Non-ischemic grup) (Ischemic group) (Medication group)
Oedema ++ ++++ ++
Neutrophil infiltration + ++++ ++
Necrosis rate + +++ ++

(+: Lowest  ++:Lower  +++: Medium  ++++: High)

Histological Group Ib Group IIb Group lllb
findings (Non-ischemic grup) (Ischemic group) (Medication group)
Oedema ++ ++++ ++
Neutrophil infiltration + et ++
Necrosis rate + +++ ++

Fibrosis + +++ ++
Neovascularization ++++ + +++

(+: Lowest  ++:Lower  +++:Medium  ++++: High)

injury and formed during lipid peroxidation."! Few studies
revealed that PDE-5 inhibitors had decreased MDA levels
in different experimental organ systems in rats.""""*l MPO
is a characteristic constituent of neutrophil granules and is
widely used as a marker of tissue invasion and neutrophil
sequestration.™

Reperfusion of the ischemic tissues causes release of
variousfreeradicals containing superoxide (O, ), hydrogen
peroxide, hydroxyl radical ions,'*™ which trigger the
inflammatory mediators. For this reason, studies are
mainly focused on antioxidant therapy in I/R injury. In
this manner, O, - dismutase, catalase, desferroxamine,
U74006F (inhibitor of lipid peroxidation), and histamine,
PAF leukotriene B4, tromboxane A2 inhibitors were
successfully used to struggle with I/R injury.!'>!!

Not only was the entire concern focused on substance
inhibition therapy but also few studies aimed to decrease the
leucosyte-endothel relationship. In this manner, monoclonal
antibodies against selectins (selectin P, selectin L, selectin E),
endothelial intercellular adhesion molecule and beta 2
glycoprotein (cluster of differentiation molecule number 18)
(CD 18) were used.”>! In a study, montelukast, a selective
cysteinyl leukotriene 1 receptor antagonist was found
protective in a rat skin I/R injury model.?* Moreover, caffeic
acid phenethyl ester, melatonin, simvastatin, lidocaine were
successfully used to alter I/R injury.?+?7

Apart from the pharmacological agents, ischemic
preconditioning is a planned intervention against I/R injury.
This method is mainly composed of manually applied
short ischemic periods with subsequent reperfusion of
tissues.P! [schemic preconditioning was first described for
myocardium, but numerous organ studies followed this.?*
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Like ischemic preconditioning, graded cold application
gives a tolerance to the tissue against I/R injury.*

PDE are a superfamily of enzymes that have multiple
roles on numerous pathways. PDE was first isolated by
Uzunov and Weiss at rat brain tissue in 1972.% Later
then, selective blockage of different PDEs was shown.

Tadalafil, specific inhibitor of PDE-5, is an oral
pharmacological agent that is mainly used for erectile
dysfunction.”! Among the other PDE-5 inhibitors, tadalafil
has the longest half-life time with 36 h.

In the literature, there are many reports for PDE-5 on
different organ systems. The main use of PDE-5 inhibitors
is for erectile dysfunction,’® but they are also still being
successfully used for pulmonary arterial hypertension.*”
Tadalafil, like the prototype PDE-5 inhibitor sildenafil,
has some common actions on platelets, endothel, vision,
brain circulation.**#!Unlike sildenafil, tadalafil has lower
side effects, especially on vision.*

There are few studies about tadalafil on flap experiments
in surgical literature. In a study, local injection of
tadalafil augmented the survival of axial-pattern skin
flaps in rats, but the analysis was not documented
biochemically.** In another study, tissue response
to local and systemic (orogastric) administration of
sildenafil citrate was evaluated in dorsal skin flaps in
rats. According to this study, systemic administration
apparently decreased the ratio of necrosis of the flaps
with regard to local administration. Moreover, another
study with systemic usage of tadalafil increased random
pattern flap survival, but could not achieve a statistical
significance. !

Indian Journal of Plastic Surgery January-April 2013 Vol 46 Issue 1



Kayiran, et al.: Tadalafil reduces reperfusion injury

In our study, the epigastric island flap was chosen since
it simulates microsurgical free tissue transfer, closely."’]
This model has been widely used in various experimental
models on I/R injury and skin flap survival.'#242527 |pn
Group lII, a single dose of tadalafil was administered to
the animals at the 30" min of the reperfusion, because
once the flaps are reperfused, mean free radical blood
level is settled in certain time. It is clearly demonstrated
that tadalafil decreased the negative effects of I/R injury
via well-known actions on vascular smooth muscles,
platelets and leukocytes. The biochemical markers (total
nitrite, MDA, MPO) and necrosis rates were significantly
increased in ischemic group. Systemic administration
of tadalafil in our study established the proposed
blood-level in Group IlI; so that the biochemical markers
were statistically lowered. Moreover, it was statistically
significant that tadalafil administration decreased
necrosis rates of the flaps in Group IlI.

More complex actions have to take place in the alteration
of free oxygen radicals. Tadalafil possibly acts on these
mechanisms. Although this is not clearly understood and
demonstrated, more researches are needed to prove this
hypothesis. As a consequence, this study proved that
tadalafil reduced the I/R injury in rat skin experimental
model. However, further clinical studies will manage the
benefits of tadalafil in various models, and these results
may ensue in the future that tadalafil can be used as a
potent inhibitor of I/R injury.

REFERENCES

1. Carroll WR, Esclamado RM. Ischemia/reperfusion injury in
microvascular surgery. Head Neck 2000;22:700-13.

2. al-Qattan MM. Ischaemia-reperfusion injury. Implications for the
hand surgeon. J Hand Surg Br 1998;23:570-3.

3. Kulkarni SK, Patil CS. Phosphodiesterase 5 enzyme and its
inhibitors: Update on pharmacological and therapeutical aspects.
Methods Find Exp Clin Pharmacol 2004;26:789-99.

4. Liz, XiX,GuM,Feil R, Ye RD, Eigenthaler M, et al. A stimulatory
role for cGMP-dependent protein kinase in platelet activation.
Cell 2003;112:77-86.

5. Petry JJ, Wortham KA. The anatomy of the epigastric flap in the
experimental rat. Plast Reconstr Surg 1984;74:410-3.

6. Gideroglu K, Yilmaz F, Aksoy F, Bugdayci G, Saglam I, Yimaz F.
Montelukast protects axial pattern rat skin flaps against ischemia/
reperfusion injury. J Surg Res 2009;157:181-6.

7. Mollnes TE, Song WC, Lambris JD. Complement in inflammatory
tissue damage and disease. Trends Immunol 2002;23:61-4.

8. Anaya-Prado R, Toledo-Pereyra LH, Lentsch AB, Ward PA.
Ischemia/reperfusion injury. J Surg Res 2002;105:248-58.

9. Lefer AM, Lefer DJ. The role of nitric oxide and cell adhesion
molecules on the microcirculation in ischaemia-reperfusion.
Cardiovasc Res 1996;32:743-51.

10. McVary KT, Monnig W, Camps JL Jr, Young JM, Tseng LJ,

Indian Journal of Plastic Surgery January-April 2013 Vol 46 Issue 1

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

van den Ende G. Sildenafil citrate improves erectile function and
urinary symptoms in men with erectile dysfunction and lower urinary
tract symptoms associated with benign prostatic hyperplasia:
A randomized, double-blind trial. J Urol 2007; 177:1071-7.

Arikan DC, Bakan V, Kurutas EB, Sayar H, Coskun A. Protective
effect of tadalafil on ischemia/reperfusion injury of rat ovary.
J Pediatr Surg 2010;45:2203-9.

Serarslan Y, Yénden Z, Ozgiray E, Oktar S, Guven EO, Sogit S,
et al. Protective effects of tadalafil on experimental spinal cord
injury in rats. J Clin Neurosci 2010;17:349-52.

Beheshtian A, Salmasi AH, Payabvash S, Kiumehr S,
Ghazinezami B, Rahimpour S, et al. Protective effects of
sildenafil administration on testicular torsion/detorsion damage
in rats. World J Urol 2008;26:197-202.

Weiss B. Differential activation and inhibition of the multiple forms
of cyclic nucleotide phosphodiesterase. Adv Cyclic Nucleotide
Res 1975;5:195-211.

Freitas FA, Piccinato CE, Cherri J, Marchesan WG. Effects of
pentoxyfilline and heparin on reperfusion injury island skin flaps
in rats exposed to tobacco. J Surg Res 2010;164:139-45.

Fertel R, Weiss B. Properties and drug responsiveness of cyclic
nucleotide phosphodiesterases of rat lung. Mol Pharmacol
1976;12:678-87.

Weiss B, Hait WN. Selective cyclic nucleotide phosphodiesterase
inhibitors as potential therapeutic agents. Annu Rev Pharmacol
Toxicol 1977;17:441-77.

Saenz de Tejada |, Anglin G, Knight JR, Emmick JT. Effects of
tadalafil on erectile dysfunction in men with diabetes. Diabetes
Care 2002;25:2159-64.

Behrend L, Vibe-Petersen J, Perrild H. Sildenafil in the treatment
of erectile dysfunction in men with diabetes: Demand, efficacy
and patient satisfaction. Int J Impot Res 2005;17:264-9.
Goldstein |, Lue TF, Padma-Nathan H, Rosen RC, Steers WD,
Wicker PA. Oral sildenafil in the treatment of erectile dysfunction.
Sildenafil Study Group. N Engl J Med 1998;338:1397-404.
Kovanecz |, Rambhatla A, Ferrini MG, Vernet D, Sanchez S,
Rajfer J, et al. Chronic daily tadalafil prevents the corporal fibrosis
and veno-occlusive dysfunction that occurs after cavernosal
nerve resection. BJU Int 2008;101:203-10.

Filippi S, Morelli A, Sandner P, Fibbi B, Mancina R, Marini M,
et al. Characterization and functional role of androgen-dependent
PDES5 activity in the bladder. Endocrinology 2007;148:1019-29.
Sairam K, Kulinskaya E, McNicholas TA, Boustead GB,
Hanbury DC. Sildenafil influences lower urinary tract symptoms.
BJU Int 2002;90:836-9.

Eskitascioglu T, Karaci S, Canoz O, Kilic E, Gunay GK. The
impact of lidocaine on flap survival following reperfusion injury.
J Surg Res 2011;167:323-8.

Uygur F, Noyan N, Hahaolu A. The effect of simvastatin on the
survival of ischaemic skin flap: An experimental study in rats.
J Plast Reconstr Aesthet Surg 2010;63:1723-32.

Aydogan H, Gurlek A, Parlakpinar H, Askar |, Bay-Karabulut A,
Aydogan N, et al. Beneficial effects of caffeic acid phenethyl
ester (CAPE) on the ischaemia-reperfusion injury in rat skin
flaps. J Plast Reconstr Aesthet Surg 2007;60:563-8.

Gurlek A, Celik M, Parlakpinar H, Aydogan H, Bay-Karabulut A.
The protective effect of melatonin on ischemia-reperfusion injury
in the groin (inferior epigastric) flap model in rats. J Pineal Res
2006;40:312-7.

Murry CE, Jennings RB, Reimer KA. Preconditioning with
ischemia: A delay of lethal cell injury in ischemic myocardium.
Circulation 1986;74:1124-36.

Glazier SS, O’'Rourke DM, Graham DI, Welsh FA. Induction of
ischemic tolerance following brief focal ischemia in rat brain.

80



30.

31.

32.

33.

34.

35.

36.

37.

38.

Kayiran, et al.: Tadalafil reduces reperfusion injury

J Cereb Blood Flow Metab 1994;14:545-53.

Pang CY, Yang RZ, Zhong A, Xu N, Boyd B, Forrest CR. Acute
ischaemic preconditioning protects against skeletal muscle
infarction in the pig. Cardiovasc Res 1995;29:782-8.

Domenech RJ, Sanchez G, Donoso P, Parra V, Macho P. Effect
of tachycardia on myocardial sarcoplasmic reticulum and Ca2+
dynamics: A mechanism for preconditioning? J Mol Cell Cardiol
2003;35:1429-37.

Vegh A, Szekeres L, Parratt J. Preconditioning of the ischaemic
myocardium; involvement of the L-arginine nitric oxide pathway.
Br J Pharmacol 1992;107:648-52.

Gattullo D, Linden RJ, Losano G, Pagliaro P, Westerhof N.
Ischaemic preconditioning changes the pattern of coronary
reactive hyperaemia in the goat: Role of adenosine and nitric
oxide. Cardiovasc Res 1999;42:57-64.

Kinnunen |, Laurikainen E, Schrey A, Laippala P, Aitasalo K.
Effect of hypothermia on blood-flow responses in pedicled groin
flaps in rats. Br J Plast Surg 2002;55:657-63.

Uzunov P, Weiss B. Separation of multiple molecular forms of
cyclic adenosine-3’,5’-monophosphate phosphodiesterase in
rat cerebellum by polyacrylamide gel electrophoresis. Biochim
Biophys Acta 1972;284:220-6.

Gresser U, Gleiter CH. Erectile dysfunction: Comparison of
efficacy and side effects of the PDE-5 inhibitors sildenafil,
vardenafil and tadalafil: Review of the literature. Eur J Med Res
2002;7:435-46.

Lepore JJ, Maroo A, Pereira NL, Ginns LC, Dec GW, Zapol WM,
et al. Effect of sildenafil on the acute pulmonary vasodilator
response to inhaled nitric oxide in adults with primary pulmonary
hypertension. Am J Cardiol 2002;90:677-80.

Dunkern TR, Hatzelmann A. The effect of Sildenafil on
human platelet secretory function is controlled by a complex
interplay between phosphodiesterases 2, 3 and 5. Cell Signal
2005;17:331-9.

Announcement

Android App

39.

40.

41.

42.

43.

44.

45.

46.

47.

Gori T, Sicuro S, Dragoni S, Donati G, Forconi S, Parker JD.
Sildenafil prevents endothelial dysfunction induced by ischemia
and reperfusion via opening of adenosine triphosphate-sensitive
potassium channels: A human in vivo study. Circulation
2005;111:742-6.

Vlachopoulos C, Tsekoura D, Alexopoulos N, Panagiotakos D,
Aznaouridis K, Stefanadis C. Type 5 phosphodiesterase inhibition
by sildenafil abrogates acute smoking-induced endothelial
dysfunction. Am J Hypertens 2004;17:1040-4.

Cunningham AV, Smith KH. Anterior ischemic optic neuropathy
associated with viagra. J Neuroophthalmol 2001;21:22-5.
Gorkin L, Hvidsten K, Sobel RE, Siegel R. Sildenafil citrate
use and the incidence of nonarteritic anterior ischemic optic
neuropathy. Int J Clin Pract 2006;60:500-3.

Arnavaz A, Aurich A, Weissenborn K, Hartmann U, Emrich HM,
Schneider U. Effect of sildenafil (Viagra) on cerebral blood flow
velocity: A pilot study. Psychiatry Res 2003;122:207-9.

Oh M, Chang H, Minn KW. The effects of tadalafil on axial-pattern
skin flap survival in rats. Dermatol Surg 2008;34:626-30.
AyyildizA, Uysal A, Koger U, Karaaslan O, Huri E, Germiyanoglu C,
et al. Effect of sildenafil citrate on viability of flaps: An experimental
studyinrats. Scand J PlastReconstr Surg Hand Surg 2005;39:204-8.
Brewer MB, Stump AL, Holton LH, Janes LE, Silverman RP,
Singh DP. Effects of systemic tadalafil on skin flap survival in
rats. Eplasty 2012;12:e45.

Askar |, Oktay MF, Gurlek A, Bac B. Protective effects of some
antineoplastic agents on ischemia-reperfusion injury in epigastric
island skin flaps. Microsurgery 2006;26:193-9.

How to cite this article: Kayiran O, Cuzdan SS, Uysal A, Kocer
U. Tadalafil significantly reduces ischemia reperfusion injury in skin
island flaps. Indian J Plast Surg 2013;46:75-81.

Source of Support: Nil, Conflict of Interest: None declared.

A free application to browse and search the journal’s content is now available for Android based

VR Download

Android
« application

mobiles and devices. The application provides “Table of Contents” of the latest issues, which
are stored on the device for future offline browsing. Internet connection is required to access the
back issues and search facility. The application is compatible with all the versions of Android. The
application can be downloaded from https://market.android.com/details?id=comm.app.medknow.
For suggestions and comments do write back to us.

81

Indian Journal of Plastic Surgery January-April 2013 Vol 46 Issue 1



