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Summary

Purpose: The purpose of the current experimental re-
search was to investigate whether hydroxyzine can reduce 
the necrotic area in ischemia-reperfusion injury in epigas-
tric rat skin flaps and to compare its role with cimetidine and 
vitamin C.

Methods: From a total of 77 ischemic rat skin flaps, 18 
were treated with normal saline, 18 with vitamin C, 18 with 
cimetidine and 18 with hydroxyzine before reperfusion. Flap 
necrotic area, neutrophils and mast cells were measured on 
the 7th day. Analysis of variance for multiple comparisons 
and post hoc Dunnett’s test were used for statistical analyses.

Results: The sham group of animals (n=5) showed 
0% flap necrosis. The saline-treated group demonstrated 

75±15.3% of necrosis. The vitamin C, cimetidine and hy-
droxyzine groups had 56.2 ± 24.4%, 25.8 ± 19.3%, and 33.6 
± 27.8% of flap necrosis, respectively. In addition, the num-
ber of neutrophils and mast cells were decreased in the phar-
macologically treated groups compared with flaps perfused 
with normal saline (p<0.05).

Conclusion: Our data suggest that administering hy-
droxyzine in rat epigastric skin flaps before reperfusion may 
attenuate necrosis, neutrophils and mast cell counts. The ben-
eficial effect of cimetidine was the same as hydroxyzine’s but 
the use of vitamin C was less effective.
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Introduction

Reconstructive microsurgery comprises a surgi-
cal technique utilizing revascularized tissue transfer to 
repair tissue defects after trauma or malignant tumor 
removal. It is well known that the most difficult part of 
plastic surgery contribution in surgical oncology is not 
the excision of a tumor itself but the coverage of the de-
fect, especially when free flaps are to be used. Vascular 
occlusion is the reason of partial or total necrosis of free 
flaps. Reperfusion [1] induce a complex chain reactions 
caused by free radicals [2-4] and neutrophils [1,5,6]. 
The term ischemia-reperfusion injury describes the ex-
perimentally and clinically prevalent finding that tis-
sue ischemia with inadequate oxygen supply followed 

by successful reperfusion initiates a wide and complex 
array of inflammatory responses that may both aggra-
vate local injury and also induce impairment of remote 
organ function [7] causing further harassment in can-
cer patients. The specific goal of our investigation was 
to investigate: a) the role of hydroxyzine in reducing 
the necrotic area in ischemia-reperfusion injury in rat 
skin flaps (which has not been determined in any other 
study) and b) to compare the hydroxyzine’s effect with 
vitamin C and cimetidine effect.

Methods

After institutional protocol approval, a total of 77 female 
Sprague-Dawley rats, each weighing about 250 g, were allowed to 
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molecules, and their stimulation to produce their own 
oxidants [13]. So the overall effect is that vitamin C, as 
free radical scavenger, can reduce the inflammation-
mediated tissue injury and increase the tissue perfusion.

Turning our attention to histamine blocking sub-
stances, hydroxyzine is a potent histamine 1 (H1) recep-
tor inverse agonist. This receptor, which is activated by 
the biogenic amine histamine, is expressed throughout 
the body, and is specific in smooth muscles, on vascular 
endothelial cells, in the heart, in the skin and in the cen-
tral nervous system [16].

In our study, perfusion of ischemic flap with a 
hydroxyzine solution significantly increased survival 
in an epigastric island flap model compared with flaps 
perfused with normal saline. Yet, the numbers of neutro-
phils and mast cells were significantly decreased com-
pared with flaps perfused with normal saline.

Cimetidine is also a histamine 2 (H2)-receptor an-
tagonist. H2 receptors are found principally in the pa-
rietal cells of the gastric mucosa [17]. Of the currently 
recognized 4 subtypes of G protein-coupled histamine 
receptors, only the H1 and H2 subtypes have been posi-
tively identified in human skin [18,19].

In our study, perfusion of an ischemic flap with a ci-
metidine solution also increased significantly the surviv-
al in an epigastric island flap model compared with flaps 
perfused with normal saline. In addition, the number of 
neutrophils and mast cells were significantly decreased 
compared with flaps perfused with normal saline.

Our results clearly indicate that histamine may 
probably mediate a component of tissue injury because 
antihistamines (both H1 and H2 blockers) significantly 
decreased the amount of skin flap necrosis after 10 h of 
ischemia. Some studies have shown that mast cells are 
a major source of mediators of necrosis in ischemia re-
perfusion injury to skeletal muscle [20]. Moreover, the 
incubation of xanthine oxidase and hypoxanthine with 
rat peritoneal mast cells may result in the release of his-
tamine [21]. Mannaioni et al. also supported the same 
hypothesis, the release of histamine by free radicals [2]. 
Furthermore Yamaki et al. showed that the recruitment 
of leukocytes to areas of inflammation is a multistep pro-
cess in which the initiation of slow rolling leukocytes by 
histamine stimulation is a precondition for subsequent 
firm adhesion and extravasation into the surrounding 
tissues [22]. So neutrophil rolling is dependent on hista-
mine, and the administration of H1 and H2 blockers will 
abolish the neutrophil-leucocyte rolling and therefore, 
inhibit leucocyte recruitment in venules. Consequently, 
according to the previous studies, a possible mechanism 
that could define our results is that antihistamines would 
block the effect of histamine released by mast cells. The 
decrease of the activity of the available histamine at the 

Discussion

After wide tumor removal follows the coverage 
of the deficit with autologous tissue, the circulation of 
which may be interrupted for a while.

Reperfusion injury is a phenomenon that occurs 
when tissue is subjected to ischemia for a variable period 
of time, after which it is reperfused [1]. Perfusion alone 
cannot reverse the damage already present in the flap 
as a result of ischemia, nor can it prevent further injury 
resulting from the introduction of oxygen into the isch-
emic flap when blood flow is re-established [10]. Many 
factors have been implicated in the cause of reperfusion 
injury, and free radicals, which occur after an ischemic 
event have enjoyed increasing popularity [3,4].

In our study, perfusion of ischemic flaps with a vi-
tamin C solution significantly increased survival in an 
epigastric island flap model compared with flaps per-
fused with normal saline. In addition, the number of 
neutrophils and mast cells decreased compared with 
flaps perfused with normal saline. Although there are a 
few references concerning the use of vitamin C in isch-
emia reperfusion injury, we considered that our com-
parison among the substances we used would be more 
reliable if the experimental conditions were the same.

The therapeutic actions of vitamin C in reducing 
flap necrosis may be due to a combination of its antioxi-
dant activity on the various free radicals which are pro-
duced during the reperfusion phase. Vitamin C termi-
nates lipid peroxidation in the cell membrane and scav-
enges hydroxyl radicals as well as superoxide radicals 
which produce hydroxyl radicals [10]. Matsuba et al. 
demonstrated the salutary effects of high-dose vitamin 
C (14 mg/kg/h) in diminishing early post burn lipid per-
oxidation and reducing microvascular leakage of fluid 
and protein from the intravascular space to the intersti-
tial space in mongrel dogs [11]. In addition to these find-
ings some experimental and clinical studies have shown 
that vitamin C can prevent oxygen free radical produc-
tion in ischemic conditions in various organs [12,13] but 
also in elderly patients [14].

Yet, in the current study the number of neutrophils 
was lower compared with the control group. This indi-
cates that although reperfusion of the ischemic tissue 
worsens the cellular inflammation and interstitial ede-
ma, the accession of vitamin C may attenuate the whole 
process. However, ongoing studies have shown that the 
activation and migration of neutrophils to tissues is not 
a process independent from oxygen radical formation 
[15]. More importantly, the radicals and their products 
lead to the up-regulation of neutrophil adhesion mol-
ecules, which are capable of chemotaxis of the circu-
lating neutrophils, activation of rolling, and adhesion 
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effects gives them another potential use in tissue recon-
struction after tumor excision.
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capillary level would diminish neutrophil rolling and 
accumulation at the injury site. The extension of tissue 
damage would then be reduced, because neutrophils, the 
principle mediators of injury, would be decreased.

Our results demonstrated that antihistamines may 
reduce ischemia/reperfusion injury in rat skin flaps. Re-
cently, some studies have shown the beneficial effect of 
cimetidine on the warm hepatic ischemia-reperfusion 
injury in rats [23]. Weimer et al. [24] showed that hista-
mine activates H1 receptors in epithelial cells to release 
cytokines that are inflammatory chemotactic factors, a 
fact that results in the recruitment of more mast cells. It 
has also been shown that treatment with antihistamines 
can significantly reduce systemic mastocytosis and the 
release of inflammatory chemotactic factors from epi-
thelial cells [25]. Our results are in accordance with 
these findings.

One more thing we can conclude from our study 
is that, although there is no significant difference be-
tween the cimetidine and hydroxyzine groups as far as 
necrosis, the neutrophils and mast cells are concerned, 
there is a more pronounced difference between these 
two groups and the vitamin C group in the percentage 
of flap viability, and the number of neutrophils and mast 
cells. Antihistamines appear to be more effective than 
the effect of vitamin C in protecting from ischemia re-
perfusion injury in a skin flap model.

The capability of successfully administering a 
free radical scavenger after ischemic injury may have 
promising clinical implications, like tissue reconstruc-
tion with free flaps after an oncological operation (e.g. 
mastectomy). It is particularly significant that inexpen-
sive, safe, commonly used medications such as vitamin 
C, cimetidine and hydroxyzine may play an important 
role in the prevention of ischemia/reperfusion injury. 
Further studies seem warranted to explore the clinical 
use of such agents.

Conclusions

1. Hydroxyzine, cimetidine and vitamin C can sig-
nificantly reduce skin flap necrosis in ischemia reperfu-
sion injury in a rat epigastric flap model.

2. Hydroxyzine, cimetidine and vitamin C atten-
uate the number of neutrophils and mast cells seen be-
tween the skin flaps.

3. Hydroxyzine appears to be more effective than 
vitamin C in protecting from ischemia reperfusion in-
jury in the skin flap model.

4. The difference between the hydroxyzine and ci-
metidine groups was not statistically significant.

5. The fact that simple every day agents have such 
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