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ABSTRACT
BACKGROUND AND AIM: Acute hind limb ischemia reperfusion (I/R) injury is a common consequence of abdominal 
aorta cross-clamping during aortic surgery. Erythrocyte deformability is affected by I/R process and may lead to 
increased tissue and organ injury. Lornoxicam and intravenous ibuprofen are becoming commonly used as non-ste-
roidal anti-infl ammatory drugs (NSAID) for postoperative analgesia. In this study, we aimed to investigate the effects 
of lornoxicam (2 mg/kg iv) and intravenous ibuprofen (30 mg/kg iv) on erythrocyte deformability in I/R model in rats. 
MATERIALS AND METHODS: Four study groups, each containing 6 Wistar rats were created. Laparotomy 
was performed in all groups under general anesthesia with ketamine and xylazine. In all groups except sham 
group, ischemia and reperfusion were achieved by clamping and declamping the infrarenal abdominal aorta 
for 120 minutes. Rats in Group IR+L received intravenous infusion of lornoxicam (2 mg/kg) while rats in Group 
IR+I received intravenous infusion of ibubrofen (30 mg/kg) following 2 hours of ischemic period. At the end of 
reperfusion period, erythrocyte packs were prepared from heparinized blood samples. Erythrocyte suspensions 
with hematocrit at a concentration of 5% in a phosphate-buffered saline (PBS) were used in order to perform 
deformability measurements. The value of p<0.05 was considered statistically signifi cant.
RESULTS: Relative resistance has increased in ischemia reperfusion group when compared to control group (p 
< 0.0001). Lornoxicam or ibuprofen intravenous treatments did not change the erythrocyte deformability during 
ischemia reperfusion period in rats (p=0.851, p=0.690).
CONCLUSION: Intravenous ibuprofen or lornoxicam administrations during ischemia reperfusion period in rats 
have no negative effect on erythrocyte deformability. The fi ndings of the study should be supported with more 
detailed and extensive clinical/experimental studies in the future (Fig. 1, Ref. 18). Text in PDF www.elis.sk.
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Introduction

Erythrocytes have a biconcave disk of about 8 μm in diam-
eter. On the other hand, smallest capillaries of microcirculation 
are only 3 μm in diameter. Beyond these capillaries, the diameter 
of thick endothelial slits in the spleen is as small as 0.5 μm (1). 

As a consequence, an erythrocyte must deform itself in order to 
pass through microcirculation of such areas. The extensive and 
reversible deformation feature of erythrocytes leads to optimal 
microcirculation of body. The pH value of the microcirculatory 
bed, free radicals, surface/volume ratio, proteins of cytoskeleton, 
viscosity of intracellular environment, hemoglobin concentra-
tion, ATP content of cellular stores and cell shape are the main 
contributors to erythrocyte deformability (2). Sickle cell anemia, 
hereditary spherocytosis, malaria, septic conditions and vascular 
diseases may lead to decreased erythrocyte deformability (3). De-
creased erythrocyte deformability may result in increased blood 
viscosity, occlusion in microvessels, impaired perfusion and isch-
emia. Although underlying mechanisms are partially explained, 
ischemia-reperfusion affects blood and plasma viscosity, eryth-
rocyte deformability and aggregation (4, 5). During and after 
I/R processes, metabolic alterations, infl ammatory pathways and 
excessive free radical generation may result in changes in eryth-
rocyte deformability.

Lornoxicam is a non-steroidal anti-inflammatory drugs 
(NSAIDs) and belongs to the family of oxicams. Lornoxicam 
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has several features including analgesic, antipyretic and anti-
infl ammatory actions. Lornoxicam inhibits the action of COX1 
and COX2 enzymes and as a result, it prevents prostaglandin 
synthesis which plays important roles in infl ammatory processes. 
The anti-infl ammatory action of lornoxicam is ten times stronger 
than that of other oxicam family members such as piroxicam and 
tenoxicam (6).

Ibuprofen has anti-infl ammatory features that limit the in-
fl ammatory cascades induced by surgical trauma and reduce the 
formation of postoperative pain. Intravenous (iv) ibuprofen is a 
new drug that was fi rst approved in 2009. Primarily, iv ibuprofen 
was solely used in the management of mild-to-moderate pain. 
Also the management of moderate-to-severe pain in combina-
tion with other analgesics such as narcotics and fever treatment 
are other frequent indications for this agent (1). Intravenous ibu-
profen equally inhibits COX1 and COX2 enzymes. In a different 
meta-analysis iv ibuprofen provided less morphine requirement 
and better pain control than placebo does without increased blood 
loss, renal or respiratory adverse effects and perioperative cardio-
vascular complications (7). Another advantage of iv ibuprofen is 
allowing a smooth transition from an intravenous to oral formula-
tion especially for pediatric patients (8).

In this study we aimed to investigate the effects of two NSAID 
drugs, commonly used in the postoperative period of aortic sur-
gical procedures, on erythrocyte deformability during hind limb 
ischemia reperfusion injury process in rats.

Materials and methods

Experimental groups
After obtaining ethical committee approval from Animal Eth-

ics Committee of Gazi University (GUET 18.02.2016-5828, a total 
of 24 adult Wistar-albino rats (200–250 gr) were included. The 
study was conducted in the Physiology Laboratory of Kirikkale 
University. During the study, the animal care was done in corre-
lation with the standards determined by the National Academy of 
Science and published by the National Institutes of Health (NIH 
publication No. 85–23, revised in 1985).

Study design
Four study groups were created (n = 6/group). Rats in the sham 

group (Group S) underwent midline laparotomy and dissection of 
the infrarenal abdominal aorta (IAA) without ischemia reperfusion 
process. Rats in ischemia reperfusion group (Group I/R) under-
went laparotomy and cross-clamping of the IAA for 120 minutes 
followed by 120 minutes of reperfusion; in addition to I/R proto-
col mentioned above, the rats in groups I/R+L and I/R+I received 
intravenous infusion of lornoxicam (2 mg/kg) or IV ibuprofen (30 
mg/kg), respectively, following 120 minutes of ischemia.

Aortic occlusion and ischemia reperfusion
General anesthesia was performed using ketamine hydrochlo-

ride (Ketalar, 50 mg/kg, intramuscularly, Parke-Davis, Eczacibasi, 
Istanbul, Turkey) and xylazine hydrochloride (Alfazyne, 2 %, 
Ege Vet, Izmir, Turkey). After fi xing the rats in supine position, 

the abdomen was shaved, and under aseptic conditions midline 
laparotomy was performed. The abdominal aorta was exposed 
gently and clamped with an atraumatic microvascular clamp. 
The aortic occlusion was achieved at the point of losing the distal 
arterial pulsation. The skin incision was closed and covered with 
a plastic wrap in order to prevent heat loss and fl uid imbalance. 
After 2 hours of ischemia, the microvascular clamp was removed 
and lower extremities were reperfused for 2 hours. Following the 
end of reperfusion period, all rats were sacrifi ced using ketamine 
and xylasine. Heparinized blood samples were collected. Eryth-
rocyte suspensions with a hematocrit at 5 % concentration in a 
phosphate-buffered saline (PBS) were used in order to perform 
deformability measurements.

Deformability measurements
Blood samples from rats were taken and suffi cient measure-

ments were performed as fast as possible in order to prevent he-
molysis of erythrocytes. Blood samples were centrifuged at 1000 
rpm for ten minutes. Serum and buffy coat on erythrocytes were 
removed. After addition of isotonic PBS buffer on to the collaps-
ing erythrocytes, centrifugation was performed at a rate of 1000 
rpm for ten minutes. Liquid on the upper surface was removed. 
Subsequently pure red cell packs obtained from the washing pro-
cess were mixed with the PBS buffer in order to achieve a suspen-
sion with a concentration level of 5 % hematocrit. Deformability 
measurements were performed using those suspensions. All the 
aforementioned processes were performed at 22 °C.

Ten milliliters of erythrocyte suspension plus PBS buffer 
were used in order to perform deformability measurements via a 
fi ltrometer system. A fl ow rate of 1.5 ml/min was achieved using 
an infusion machine. Pressure changes were recorded via a pres-
sure transducer. The obtained data were processed and calculations 
were made using a special software program (Biopac Systems 
Inc, Commat, USA). The relative refractory period value (Rrel) 
is an important parameter in deformability measurements and was 
calculated using the pressure values of suspension to the pressure 
value of buffer. The deformability index determined as Rrel was 
increasing the ability of erythrocytes to deform themselves. Ac-
celerating Rrel values were inversely correlated with the erythro-
cytes’ deformability (9).

Statistical analyses
Statistical Package for the Social Sciences (SPSS, Chicago, IL, 

USA) 17.0 program was used for statistical analysis. Kolmogorov–
Smirnov test was used to compare the distributions of variable 
groups. Kruskal–Wallis test was performed in order to measure de-
formability variations. Bonferroni adjusted Mann–Whitney U test 
was used for assessing intergroup differences after Kruskal–Wallis 
test. Results were expressed as mean± standard deviation (mean ± 
SD). The value of p < 0.05 was considered statistically signifi cant.

Results

Relative resistance which indicates decreased erythrocyte 
deformability has increased in the ischemia reperfusion group (p 
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< 0.0001). Neither lornoxicam nor ibuprofen treatment changed 
the erythrocyte deformability in rats that underwent I/R injury (p 
= 0.851; p = 0.690) (Fig. 1).

Discussion

Aortic cross-clamping is commonly performed during cardio-
vascular surgery. The ischemic tissue injury after cross-clamping 
and subsequent declamping is a common consequence of aortic 
surgery. Also reperfusion of ischemic areas facilitates local and 
systemic complications which may result in increased mortality 
and morbidity. Systemic infl ammatory response syndrome (SIRS) 
and multiple organ failure (MOF) are two important consequences 
of I/R injury (10, 11). In these circumstances, amelioration of blood 
fl ow is essential in order to avoid cell death and deterioration of 
the ischemic damage by I/R injury (12).

The rheological parameters of erythrocytes, such as deform-
ability and aggregation are substantially affected by ischemia-
reperfusion process. Reactions triggered by infl ammation, he-
modynamic changes, generation of free-radicals and mediators, 
acute phase reactions and alterations in the coagulation cascade 
can further aggravate microcirculatory deterioration. Decreased 
erythrocyte deformability leads to microcirculatory disarrange-
ments such as capillary occlusion and diminished oxygen deliv-
ery for the whole body (13). In this manner, the examination of 
erythrocyte deformability may ensure important information on 
circulation and free radicals during I/R injury (14).

Oxicams are a new family of NSAIDs belonging to the group 
of enolic acids. Piroxicam, meloxicam, and tenoxicam are similar 
in structure, albeit with a different ring. In order to reduce side 
effects related to gastrointestinal system, lornoxicam, cinnoxicam, 
and sudoxicam have been developed. Oxicams are mainly used 
in the treatment of arthritis and postoperative infl ammation (6).

There are limited data regarding the effects of lornoxicam 
during I/R injury. In one study Gavrilova et al (15) showed that 

single intravenous injection of 230 mg/kg of lornaxicam 20 min 
after the onset of ischemia reduced the injury demonstrated by 
decreased volume of necrosis and degree of the thinning of the 
left ventricular wall in the region of infarction, and lowered the 
volume of connective tissue in the myocardium. To our knowl-
edge our previous study is the only study investigating the effects 
of lornoxicam on erythrocyte deformability (16). In this study, 
lornoxicam failed to improve the tissue perfusion with decreased 
blood fl ow and erythrocyte deformability (16). In contrast to the 
latter study, at least we found erythrocyte deformability unchanged 
with lornoxicam during I/R injury. We suggest that results opposing 
those from other studies indicate the need for further evaluations 
while focusing on the connection between the local and systemic 
rheological changes during ischemia-reperfusion.

Our pubmed search using ibuprofen iv, I/R and erythrocyte 
deformability as keywords resulted in fi nding only two studies. 
In the study conducted by Cole et al (17), the authors investigat-
ed the effects of ibuprofen iv on focal cerebral ischemia. In this 
study, Cole et al (17) found a reduced brain infarction volume in 
animals treated with iv ibuprofen when reperfusion was allowed. 
On the other hand, in animals with permanent middle cerebral 
artery (MCA) occlusion, ibuprofen worsened the infarction vol-
ume. The authors suggested that the benefi cial effect of cyclo-
oxygenase inhibition occurs during reperfusion. We think that 
this fi nding is important because both ibuprofen and lornoxicam 
treatments during reperfusion period in our study did not result in 
worsened erythrocyte deformability. In addition, Cole et al were 
not able to explain the result of their study. Nevertheless, they 
acknowledged the possibility that ibuprofen might have crossed 
the blood-brain barrier more readily after MCA occlusion than in 
normal situations from which the disposition kinetic profi le was 
obtained. Also they suggested that only intravascular inhibition 
of cyclooxygenase at the endothelial cell, and not the intraparen-
chymal inhibition, could be necessary to achieve the reduction in 
infarction volume.17

In other study, Bozzo et al (18) treated the blood samples with 
different NSAIDs (aspirin, dipyrone, ketorolac, ibuprofen) and 
found that erythrocyte deformability was statistically similar to 
that of control in all treatment groups (dipyrone, 0.80 ± 0.07; ibu-
profen, 0.83 ± 0.04; ketorolac, 0.85 ± 0.05; aspirin, 0.56 ± 0.05). 
However they found that aspirin treatment signifi cantly reduced 
erythrocyte deformability compared to dipyrone, ibuprofen and 
ketorolac (p < 0.05). Also they reported that in all study groups 
which received NSAIDs, the typical discoid shape of erythrocytes 
was unaffected (18). Although not conducted as an I/R model, the 
results of this study strongly support our fi ndings.

In conclusion, we found that both of NSAID drugs -intra-
venous ibuprofen and lornoxicam- did not worsen erythrocyte 
deformability during aortic I/R period. This result suggests that 
an administration of two drugs for postoperative pain can be safe 
and harmless – at least in terms of erythrocyte deformability. The 
fi ndings of this study need to be supported in the future by exten-
sively designed animal and human studies.

Fig. 1. Data from erythrocytes deformability of the study groups. Each 
bar represents the mean ± SD. * p < 0.05 compared to the Group 
Control.
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