EFFECT OF APROTININ ON
RENAL INJURY CAUSED BY
ISCHEMIA/REPERFUSION OF
THE LOWER EXTREMITIES IN
THE RATS
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xtremity ischemia is an unavoidable clin-

ical symptom during peripheral vascular

surgery, aorfic aneurysm surgery, re-
implantation of extremities or during peripher-
al wvascular injury. Although the primary
process is to recover the blood circulation of the
ischemic limbs during resuscitation, there are
strong clinical and experimental evidences that
the reperfused ischemic tissues can induce renal
dysfunction. 1
Accumulating evidence suggests that the spe-
cific reperfusion component of the injury cas-
cade is mediated in large part by neutrophil
adherence and subsequent neutrophil-mediated
organ injury. When the neutrophils are activat-
ed by adherence to the endothelial tissue, they
secrete reactive oxygen species and proteolytic
enzymes.2
Aprotinin (Trasylol; Bayer Pharmaceuticals,
Turkey) is a serine protease inhibitor that is
presently in wide clinical use for minimizing
perioperative blood loss in cardiovascular oper-
ations and has been shown to protect against the
damage of ischemia and reperfusion by sup-
pressing the release of lysosomal enzymes and
inhibiting their activities.3, 4
Aim of this experimental study was to investi-
gate effect of aprotinin on ischemia/reperfusion
(IR) injury on the rat kidney after infrarenal
aortic occlusion.

MATERIALS AND METHODS

The study was performed at the Experimental
Ammal Research Laboratory. All rats received
in compliance with the
EuropeanConvention on Animal Care.

humane care

ANIMALS AND GROUPING

Thirty female Wistar Albino rats, weighing
between 300-350 g, were employed in this
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study. The animals were randomly divided into
3 groups: sham group (n=10), aorta exposed but
was not clamped; IR group (n=10), infrarenal
abdominal aorta was clamped for 3 hours, fol-
lowed by 2 hours of reperfusion; aprotinin
group (n=10), 30000 KIU/kg aprotinin
(Trasylol; Bayer Pharmaceuticals, Turkey)
administered before the aorta was clamped.
Expenmental design

Animals were allowed free access to standard
rat chow and water. At the room temperature
{200C) anesthesia was administered by intra-
muscular injection of kethamine hydrochlorur
(Ketalar, Pfizer, Turkey) of 30 mg/kg and xylo-
sine hydrochlorur (Rompun, Bayer, Turkey) of
6 mg/kg to the left anterior foot. During the sur-
gical procedures, anesthesia was maintained
with IM kethamine at every 30-45 minutes and
body temperature was maintained with a water-
filled heating pad. Carotid arterial catheter was
inserted for arterial blood sample and a jugular
venous line was established for intravenous
fluid infusion through the same neck incision.
The animals were then given heparin (1000
units/kg) via the right jugular vein. The abdom-
inal aorta was exposed through a midline
abdominal incision under aseptic conditions
and the infrarenal aorta was cross-clamped for
3 hours followed by 2 hours of reperfusion. A
bulldog clamp was used for the infrarenal aor-
tic occlusion. Cessation of blood flow was ver-
ified by doppler ultrasound. Abdominal con-
tents were replaced and covered with a damp
swab for the 3-hour penod of cross-clamping
and abdomen was resutured for the period of
reperfusion.

At the end of the experiment, the left kidneys
were removed and fixed with a 10 % formalde-
hyde solution. The tissues were embedded in
parafin, sectioned in 5Im thick slices, and
stained with routine hematoxylin and eosin.
The specimens were histopathologically exam-
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ined using light microscopy and evaluated by
the same pathologist who was blinded to the
study. A quantitative renal injury scoring sys-
tem was used previously described by
Klausner.5 The renal injury was rated accord-
ing to acuie tubular necrosis with a scoring sys-
tem between 0-4. Grade 0: normal kidney;
grade 1: minimal ATN.<5%; grade 2: mild
ATN, 5-25%; grade 3: moderate ATN, 25-75
%; graded: severe ATN.>75 %. Cell swelling,
vacuolization, nuclear pyknosis, inflammatory
infiltrate, and medullary congestion were also
evaluated.

STATISTICAL ANALYSIS

Student’s t test (two-tailed) was used to com-
pare data between the groups. Values are given
as means + standart error (SE). Results were
considered significant if the P value was less
than (0.05.

RESULTS

Figure 1: Normal glomerular and tubular struc-
ture. (H&E, original magnification, x20)

All animals have completed the study and there

Koguyvelu Heart Journal

was no any mortality. In hematoxylin and eosin
stained sections, All groups had no ATN high-
er than 25%. But there were manifest inflam-
matory infiltration and ATN in the IR group
and the renal injury scores were significantly
higher than in the sham group (respectively,
mean 1.240.7, 0.2£0.4, p<0.05). The renal
injury score was (0.7+0.6 in the aprotimin group
and when compare with the sham group there
was no statistically difference (p>0.05). The IR
group had higher injury score than the aprotinin

group without statistically significant differ-
ence (p>0.03).
glomeruler and tubuler structure. However fig-
ure 2 shows ATN.

Figure 1 shows normal

Figure 1: Hydropic degeneration and necrosis of
individual cells in acute tubular necrosis. (H&E,
original magnification, x20)

DISCUSSION

The skeletal muscle represents about 42% of
entire body weight and 76% of the mass of the
lower extremities. During reconsructive vascu-
lar surgery, ischemia occurs due to occlusion of
aorta, iliac or femoral artery on the muscles of
lower extremities. Dunng i1schemia of lower
extremities, muscle cells cannot keep their
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membrane integrity and this causes releasing of
calcium, phospholipid A2 and formation of
polyunsaturated fatty acids and farty acid radi-
cals. If the oxygenation is re-established at that
stage of ischemia, fatty acid radicals react with
oxygen and perform the lipid peroxidation
reaction. This reaction increases the membrane
permeability and also stimulates chemotaxis of
leukocytes, which can release oxygen-derived
free radicals and proteolytic enzymes when
activated. As a result, ischemic cell injury is
worsened by reperfusion.6

A devastating consequence of tissue reperfu-
sion is the damage in organs uninvolved in the
initial ischemic insult.7 Sometimes reperfusion
injury leads to life-threatening metabolic
abnormalities and high mortality and morbidity
rates.8 In some cases, acute renal and respira-
tory failure, cardiac dysfonction and even death
can occur as a result of systemic toxic effects of
reperfusion products, metabolic acidosis, myo-
globinuria, electrolytic and enzymatic changes
known as “myonephropathic-metabolic syn-
drome”.1 Wahlberg et al showed that azotemia
occurs in 23% of patients after abdominal aor-
tic surgery.9

Beyond its antiproteolytic effects as a serine
protease inhibitor, aprotinin was shown to
decrease the release of lysosomal enzymes,
increase intracellular adenine nucleotides
(adenosine triphosphate and adenosine diphos-
phate), and effect the levels of cyclic
monophosphates. Decreased levels of cyclic
guanosine monophosphate and increased levels
of cyclic adenosine monophosphate have been
shown to inhibit lysosomal enzyme release.3,
10

Aprotinin appears to have hemostatic and anti-
inflammatory effects when the drug is at a
kallikrein-inhibiting concentration.11, 12
Aprotinin inhibits the initiation of both coagu-
lation and fibrinolysis, as well as the release of
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the vasoactive peptide bradykinin. It appears
that when kallikrein inhibition occurs, the pro-
duction of the direct precursor of bradykinin,
high molecular weight kininogen, is blocked.
According to recent reports, because
bradykinin increases during the ischemia-reper-
fusion period, its suppression by aprotinin
should ameliorate reperfusion injury.13
Aprotinin is metabolized in the kidney and
potentially nephrotoxic at high concentra-
tions.14 Aprotinin is potantially a antigenic
agent and can cause allergic reactions.15 In
addition, aprotinin can lead to graft trombosis
after coronary bypass operations. 16

The model of abdominal aortic oclusion in rats,
is a safe method to evaluate organ injury and
protective effects of different agents after IR of
lower extremities. In this study, there was a sig-
nificant difference between sham and IR groups
according to their renal injury scores, whereas
no significant difference existed between sham
and aprotinin groups. Renal injury scores were
higher in IR group as compared with aprotinin
group.

In conclusion, we have shown that IR of the
lower extremities cause renal injury. Although
the exact mechanism or mechanisms remain
unclear, aprotinin pretreatment appears to be
moderate useful to decrease renal injury in elec-
tive peripheral vascular and aortic aneurysm
surgery. But the clinical application should be
studied further.

REFERENCES

1. Haimovici H. Metabolic complications of
acute arterial occlusions. J Cardiovasc Surg
1979;20:349-57.

2. Mathias MA, Tribble CG, Dietz JF, et al.
Aprotinin improves pulmonary function during
reperfusion in an isolated lung model. Ann
Thorac Surg 2000;70:1671-4.

Volume 8, Number 2, 2004



3. Sunamori M, Sultan I, Suzuki A. Effect of
aprotinin to improve myocardial viability in
myocardial preservation followed by reperfu-
sion. Ann Thorac Surg 1991;52:971-8.

4. Sultan I, Sunamori M, Suzuki A. Heart
preservation: analysis of cardioprotective
infusate characteristics. Membrane stabiliza-
tion, calcium antagonism, and protease inhibi-
tion on myocardial viability: a biochemical,
ultrastructural, functional study. J Heart Lung
Transplant 1992;11:607-18.

5. Klausner JM, Paterson IS, Goldman G, et
al. Postischemic renal injury is mediated by
neutrophils and leukotrienes. Am J Physiol
1989;256:794-802.

6. Akar H, Sarag A, Konuralp C, Yildiz L,
Kolbakir F. Comparison of histopathologic
effects of camitine and ascorbic acid on reper-
fusion injury. Eur J Cardiothorac Surg
2001;19:500-6.

7. Carden DL, Granger DN. Pathophysiology
of ischemia-reperfusion injury. J Pathol
2000;190:255-66.

8 G.J. Smith, J.W. Holcroft and F.W.
Blaisdell. Acute arterial insufficiency. In: S.E.
Wilson, F. Veith, R.W. Hobson and R.A.
Williams, Editors, Vascular surgery. Principles
and practice, McGraw Hill, New York (1987),
pp. 325-331.

9. Wahlberg E, Dimuzio PJ, Stoney RI.
Aortic clamping during elective operations for
infrarenal disease: The influence of clamping
time on renal function. J WVasc BSurg
2002;36:13-8.

10. Roberts RF, Nishanian GP, Carey IN,
Darbinian SH, Kim JD, Sakamaki Y, Chang
JY, Starnes VA, Barr ML. Addition of apro-
tinin to organ preservation solutions decreases
lung reperfusion injury. Ann Thorac Surg
1998;66:225-30.

11. Wachtfogel YT, Kucich U, Hack CE,

Kosuyolu Heart Journal

Niewiarowski S, Colman RW, Edmunds LH.
Aprotinin inhibits the contact, neutrophil, and
platelet activation systems during simulated
extracorporeal perfusion. J Thorac Cardiovasc
Surg 1993;106:1-9.

12. Mietkiewski E, Lichota E, Legiecka B,
Palgan E, Staniszewski L, Pietrzak-Nowacka
M. Effects of kinin, kallikrein and its inhibitor
on certain indices of cell- mediated immunity
and humoral immunityin rabbits. Acta Physiol
1980;31:71-9.

13. Nagahiro I, White T, Yano M, et al
Recombinant Kunitz protease inhibitor amelio-
rates reperfusion injury in rat lung transplanta-
tion. Ann Thorac Surg 1998:66:351-5.

14. Molenaar 1Q, Begliomini B, Grazi GL,
Ringers J, Terpstra OT, Porte RJ. The effect of
aprotinin on renal function in orthotopic liver
transplantation. Transplantation 2001;71:247-
52

15. Boher H, Bach A, Fleischer F, Lang J.
Adverse haemodynamic effects of high dose
aprotinin in a paediatric cardiac surgical
patient. Anaesthesia 1990;45:853-4.

16. Underwood MJ, Cooper GJ. Aprotinin and
vein graft occlusion after coronary artery
bypass (letter). J Thorac Cardiovasc Surg
1995;109:1022-3.

Effect of Aprotinin on Renal Injury Cauvsed ... 11



