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Abstract Renal ischemia/reperfusion injury could arise
as a consequence of clinical conditions such as renal
transplantation, shock, cardiac arrest, hemorrhage and
renal artery surgery. In this experimental study, we
aimed to determine the preventive effects of amrinone on
bilateral renal ischemia/reperfusion injury in rats. A
total of 60 Wistar-albino rats were divided into six
groups (n=10). Midline laparotomies were made under
ketamine anesthesia. In the sham, amrinonel and am-
rinone2 without ischemia (AWIl and AWI2) groups
saline, 5 and 10 mg/kg of amrinone was infused, re-
spectively. In the ischemia, ischemia plus amrinonel
(IPA1) and ischemia plus amrinone2 (IPA2) groups,
saline and 5 and 10 mg/kg of amrinone was infused,
respectively, at the beginning of reperfusion, subsequent
to 45 min of bilateral renal artery occlusion. Following
6 h of reperfusion, blood was drawn to study serum
BUN and creatinine and a bilateral nephrectomy was
done to determine tissue malonyldialdehyde (MDA) and
myeloperoxidase (MPO) levels. The results were ana-
lysed by Mann-Whitney U-test. The parameters studied
were statistically higher in the ischemia group compared
with the other groups (P <0.05 for each comparison),
indicating renal I/R injury. These parameters were lower
in the amrinone without ischemia groups (AWI1 and
AWTI2) than in the sham group, however there were no
significant differences between the groups (P> 0.05, for
each comparison). The treatment groups IPA1 and IPA2
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had statistically similar results compared with the sham
group, showing the preventive effect of amrinone on
renal I/R injury at the given doses. We conclude that
amrinone prevented experimental renal ischemia/reper-
fusion injury in rats, independently of the administered
doses. This preventive effect of the agent could depend
on its effect of regulating the microcirculation, in de-
creasing intracellular calcium and in preventing neutro-
phil activation. We propose that this preventive effect of
amrinone — which has gained clinical application espe-
cially in cases of cardiac insufficiency — could also be
exploited in clinical conditions related with renal isch-
emia/reperfusion.
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Introduction

Advances in transplantation surgery and early inter-
vention for acute myocardial ischemia has led to the
realization and documentation of pathophysiology and
treatment measures of ischemia/reperfusion (I/R) injury
which has been studied intensely for the last two de-
cades. The kidney, which is one of the most transplanted
organs, could undergo ischemia not only following
transplantation but also under clinical conditions such
as cardiac arrest, hypotensive states, shock, hemor-
rhages and renal artery operations [15]. The correction
of these clinical conditions could lead to reperfusion
injury, further aggravating the renal ischemic damage.
The superoxide radicals (SOR) which cause this damage
have also been held responsible for various clinical dis-
ease states such as cataracts, diabetes, arteriosclerosis,
rheumatic diseases, malignancies and inflammatory dis-
eases, emphasizing the well known fact that I/R injury is
not limited to the kidney [5].However, acute renal in-
sufficiency due to ischemia is still one of the most com-
mon and important complications that physicians face.
For example, acute tubular necrosis is seen in approxi-
mately 19-50% of cadavers and 10% of living donor



renal transplants [1, 15, 20]. We therefore consider it
justified to study measures which could prevent such
damage to renal tissue.

In this experiment the preventive role of amrinone in
renal I/R injury is assessed. The drug is a phosphodi-
esterase III inhibitor, with reported effects of lowering
intracellular calcium (Ca) and regulating the microcir-
culation [6, 28, 29]. It has inotropic and vasodilatatory
activity and is being used in newborns, children and
adults when these effects are needed clinically [17, 32, 34].

Materials and methods

A total of 60 Wistar-albino rats (210-280 g) were divided into six
groups, each consisting of ten animals. Rats were fed standard food
and fasted 12 h before being operated. All operations were done
under ketamine HCIl anesthesia (40 mg/kg, im.), using sterile
techniques. In each animal, the abdomen was entered through
midline incisions, the bowel was taken out of abdominal cavity and
the renal arteries visualized. In the sham, AWI1 and AWI2 groups,
saline and amrinone (5 and 10 mg/kg) were infused via the caudal
caval vein, respectively. In the ischemia and IPA1 and IPA2
groups, both renal arteries were occluded using microvascular
clamps. After 45 min the occlusions were removed. At the begin-
ning of reperfusion, 5 and 10 mg/kg amrinone was infused via the
caudal caval vein in the IPA1 and IPA2 groups, respectively. The
bowel was returned to the abdomen and the incision was closed
with 3-0 silk sutures in each group. At the end of 6 h of reperfu-
sion, 3 ml of blood was drawn from each rat to study serum blood
urea nitrogen (BUN) and creatinine (Cr) levels. The abdomen was
reentered and bilateral nephrectomies were carried out. The kid-
neys were wrapped with aluminum foil, coded appropriately,
placed in liquid nitrogen and kept at —30°C to determine tissue
malonyldialdehyde (MDA) and myeloperoxidase (MPO) levels.

Serum Cr levels were determined by the Jaffe method which
depends on the measurement of spectrophotometric absorbance of
Janovski complex, produced as a result of the reaction of creatinine
with the alkaline pitrate, at 520 nm [19].

Serum BUN levels were determined by the urease/glutamate
dehydrogenase kinetic, spectrophotometric method. The decreasing
absorbance of nicotinamide adenine dinucleotide (NADH) was
determined in 340 nm [12].

MDA, which is the end product of lipid peroxidation, was used
for the assessment of superoxide radical production. MDA levels
were determined using the tiobarbituric acid (TBA) test based on
the calorimetric measurement of the concentration of the pink
colored end-product of the reaction between lipid peroxides and
TBA. Briefly, renal tissues were weighed and homogenized in KCl
at a ratio of 1/9 (w/v). Phosphoric acid and TBA were added to the
homogenate and n-butanol was added to the solution which was
then centrifuged. The absorbance of the supernatant was measured
at 535 and 520 nm by spectrophotometry. 1,1,3,3-tetractoxypro-
pane was measured as standard. The difference between the two
absorbance values was considered as the amount of MDA in
nmoles/g-tissue [31].
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MPO activity, which shows the degree of neutrophil infiltration,
was determined after the tissues were prepared according to Schi-
erwagen et al. [25] The MPO activity was assayed by measuring the
H,0,-dependent oxidation of O-dianisidine. In its oxidized form o-
dianisidine has a brown color. This was measured spectrophoto-
metrically at 410 nm. The results are given as U/mg-protein. One
unit of MPO activity was defined as the amount of enzyme caused
absorbance change in 1 min at 410 nm [7].

The results were compared using Mann-Whitney U-tests. A
value of P<0.05 was considered significant.

Results

All results obtained are shown in Table 1.

Creatinine

The mean serum creatinine level was significantly higher
in the ischemia group (0.79+0.02 mg/dl) (mean=+SE)
compared with other groups (P <0.05, for each com-
parison). This value was lowest in group AWII1, fol-
lowed by AWI2, sham, IPA2 and IPA1, respectively.
Although some differences between the groups existed,
nere was statistically significant (P>0.05, for each
comparison).

Blood urea nitrogen

The mean serum BUN level was significantly higher in
the ischemia group (43.3+1.3 mg/dl) compared with
other groups (P <0.05, for each comparison). This value
was lowest in the sham group, followed by AWI2,
AWIIL, TPA2 and IPAl, respectively. Although some
differences between the groups existed, none were sta-
tistically significant (P> 0.05, for each comparison).

Myeloperoxidase

The mean tissue MPO level was significantly higher in
the ischemia group (1.24+0.03 U/mg-protein) com-
pared with other groups (P <0.05, for each comparison).
This value was lowest in group IPA2, followed by IPAI,
AWI2, AWI1 and sham, respectively. Although some
differences between the groups existed, none was statis-
tically significant (P> 0.05, for each comparison).

Table 1. MPO, MDA, BUN and creatinine values (mean = SE). MPO = myeloperoxidase; MDA = malonyldialdehyde; BUN = blood

urea nitrogen

Groups MPO (U/mg-protein) MDA (nmol/g-tissue) BUN (mg/dl) Creatinine (mg/dl)
Sham 0.64+0.01 50.12+ 1.5 19.8+£0.6 0.46+£0.01
Amrinone without ischemial (5 mg/kg) 0.44+£0.01 42.87+1.3 19.9+£0.6 0.39+0.01
Amrinone without ischemia2 (10 mg/kg) 0.43+0.01 40.45+1.2 19.5£0.5 0.40£0.02
Ischemia 1.24+0.03 77.12+2.3 433+1.3 0.79+£0.02
Ischemia plus amrinonel (5 mg/kg) 0.35+0.01 48.37+1.4 25.8+0.7 0.50+0.01
Ischemia plus amrinone2 (10 mg/kg) 0.3140.01 45.98+1.2 25.1+1.1 0.48+0.02
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Malonyldialdehyde

The mean tissue MDA level was significantly higher in
the ischemia group (77.12 £ 2.3 nmol/g-tissue) compared
with the other groups (P <0.05, for each comparison).
This value was lowest in AWI2, followed by AWII,
IPA2, IPA1 and sham, respectively. Differences between
the groups were not statistically significant (P >0.05, for
each comparison).

Discussion

This experimental study on the effects of amrinone in
renal I/R injury was done in the rat kidney with its very
well known responses to such an injury [9, 13, 16].

Tissue injury subsequent to an I/R event has been
attributed both to ischemia and to the production of
SORs. Ischemia leads to adenosine triphosphate con-
sumption which results in an increase in cytosolic cal-
cium ion levels due to membrane instability. The influx
of calcium has been shown to convert xanthine dehyd-
ogenase to xanthine oxidase as a result of the activation
of proteases and the formation of calcium-calmudulin
complex, which would require as long as 30 min in the
kidney [3, 5, 22, 26]. Xanthine oxidase thus formed, in
turn produces superoxide radicals while converting
hypoxanthine — accumulated due to ATP degradation —
to xanthine with oxygen delivery during reperfusion.
Several studies have shown the preventive effects of
calcium channel blockers in renal I/R injury [26]. cAMP
has also been reported to prevent I/R injury by inhib-
iting the increase in cytosolic calcium by means of acti-
vating membrane sodium/potassium ATPase [6, 28, 29].
High intracellular cAMP levels, sufficient to prevent I/R
injury, can be reached by the inhibition of the enzyme
phosphodiesterase III [6, 28]. Amrinone is a bipyrimi-
dine derivative which effectively inhibits phosphodiest-
erase I11. Tse et al. have shown a 24% inhibition of the
enzyme activity in reperfused dog hearts. Replenishment
of cAMP and high energy phosphates were also reported
to be reached by amrinone administration during rep-
erfusion [23, 30].

In a study evaluating the effects of amrinone on the
suppression of intimal thickening in endothelial injury,
the minumum doses of the drug to be effective probably
due to a cAMP-mediated mechanism has been suggested
as 3.0-10.0 mg/kg [14]. In another study, amrinone was
reported to be effective in preventing muscle protein
wasting during chronic sepsis in rats at a dose of 5 mg/
kg [11]. Thus, in our study, 5 and 10 mg/kg of amrinone
administered intravenously as single doses were chosen
to evaluate its effects in renal I/R injury.

It has been reported that 45-60 min are enough for
the experimental renal I/R injury to take effect [8, 21]. It
was also shown that this injury could be documented by
tissue and serum studies beginning at the 4th hour of
reperfusion [21, 22]. In the present study, the period of
ischemia was 45 min and the reperfusion period was

finished in the 6th hour. The statistically higher levels of
serum BUN, creatinine and tissue MDA and MPO in
the ischemia group when compared with the sham group
(P <0.05) show that the procedure results in I/R injury
in the kidney severe enough to document.

MPO activity is an indicator of neutrophil infiltration
[8]. In a large number of studies related to renal ischemia
reperfusion, it was shown that significant neutrophil
infiltration occurs in the kidney, reaching a peak value at
the 6th hour of reperfusion [35]. Therefore, the statisti-
cally higher MPO activity in the ischemia group com-
pared to the Sham group (P <0.05) is consistent with the
literature. This infiltration is considered to be due to an
increase in intracellular calcium, activating enzyme
phospholipase A2 and causing neutrophil chemotaxis
through leukotrienes [9, 10, 18]. In the present study
amrinone prevented the neutrophilic infiltration as
reflected in the significantly lower MPO values ob-
tained in IPA1 (0.35+0.01U/mg-protein) and IPA2
(0.31£0.01U/mg-protein) compared to the ischemia
group (P<0.05). Although MPO levels obtained by
10 mg/kg of amrinone administration were lower than
those obtained by 5 mg/kg of amrinone in renal I/R,
these were not statistically significant (P> 0.05, when
MPO levels were compared between IPA1 and IPA2
groups). This preventive effect could be attributed to
amrinone’s inhibitory activity on the enzyme phospho-
diesterase III, causing cAMP to increase and intracel-
lular calcium to decrease. The drug also prevents
thrombocyte aggregation and regulates the microcircu-
lation by inhibiting the intracellular calcium increments
which results in lower neutrophils in the reperfused tis-
sue [6, 28, 29]. The importance of the inhibition of
neutrophilic infiltration to the kidney in preventing I/R
injury is documented by a study demonstrating the
reduction of SOR induced proteinuria in neutrophil-
depleted animals [24]. As can be seen in the present
study, amrinone exerts this effect in a dose-independent
manner for the given doses.

MDA is an end-product of lipid peroxidation caused
by superoxide radicals attacking of the lipid membranes
of the cell, especially the hydroxyl ion [3, 4, 21, 22, 26].
Determination of its tissue levels is regarded as a reliable
way of documenting the SOR production in an I/R event
[2, 33]. SOR production in such an event is considered to
begin as a result of occurrence of the calcium-calmudulin
complex and proteolitic activity caused by increased in-
tracellular calcium resulting in the conversion of the en-
zyme xantine dehydrogenase to xantine oxidase [6, 28,
29]. In a large number of studies, increased MDA levels
in the renal tissue has been shown with the advent of
reperfusion. In the present study, we were also able to
obtain significantly increased levels of tissue MDA in the
ischemia group compared with the sham group
(P<0.05). With amrinone administration in the IPA1
and IPA2 groups, statistically similar renal MDA levels
were obtained compared with the sham group, exhibiting
the totally preventive action of the drug against I/R
injury in the kidney, at both administered doses. The



mean MDA value of the IPA2 group (45.98 +1.2 nmol/
g-tissue) was lower than that of IPAl group
(48.37 £ 1.4 nmol/g-tissue); however these values were
very close to each other and statistically insignificant
between groups (P>0.05). This protective effect is
probably the result of the enzyme phosphodiesterase I11
inhibition leading to lower intracellular calcium levels
and the consequent cessation of the proteolitic conver-
sion of xanthine dehydrogenase to oxidase.

Amrinone has also been reported to inhibit the oc-
currence of the calcium-calmodulin complex — with va-
soconstrictory effects through activation of myosine
light-chain kinases — leading to regulation of the mi-
crocirculation [6, 28, 29, 32]. In the kidney, microcircu-
latory derangement results in erythrocyte congestion in
the cortical and thrombus formation in the medullary
capillaries.

In a large number of studies, serum BUN and cre-
atinine have been used as a marker of functional renal
ischemic injury that increases as a result of altered
glomerular hemodynamics. In a time-sequence study in
which the authors have assessed the protective role of
ICAM-1 monoclonal antibody against renal ischemia-
reperfusion injury, serum BUN and Cr were shown to
increase as early as 2 h as the kidneys were perfused,
reaching peak levels in the 24th hour [18, 35]. In the
present study, statistically increased levels of both serum
BUN and Cr were observed in the ischemia group when
compared with the sham group following 6 h of reper-
fusion (P <0.05). This observation is consistent with the
studies that have documented an increase in arteriolar
resistances — due to enhanced eicosanoid synthesis or
degradation of nitric oxide — and a decrease in the
glomerular ultrafiltration coefficient [27]. The statisti-
cally similar results of BUN and Cr in the IPA1 and
IPA2 groups compared with the sham group again
document the protective effects of amrinone in reperfu-
sion injury (P>0.5) by keeping the glomerular hemo-
dynamics from alteration.

In conclusion, we show the protective role of amri-
none in renal I/R injury, independently of the dose ad-
ministered (5 or 10 mg/kg). The drug itself did not have
an adverse effect in relation to the parameters studied in
this experiment, as could be seen by the statistical sim-
ilarity in the results obtained from the AWI1, AWI2 and
sham groups (P >0.05). Nevertheless, in the groups
which received amrione all values of the studied pa-
rameters were lower than in the sham group. The reason
for this could be related to the fact that there is a con-
tinuous production of SOR in the cells due to the
“leakage” of electrons, mainly from the electron trans-
port chain during normal metabolic activity. Other
sources are the range of flavin oxidases and the autoxi-
dation of certain compounds (such as ascorbic acid
thiols) [4].

Amrinone is used successfully in newborns, children
and adults in situations in which an increase in cardiac
contractility is required. It decreases pulmonary vascular
resistance if this is elevated and has been reported to
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improve cardiac index following cardiac surgery [17, 32,
34]. Because the agent has gained clinical application in
humans, we propose that amrinone be used in situations
in which renal I/R injury could arise. Furthermore, it
could be of benefit to evaluate the preventive effects of
amrinone in relation to renal damage at various time
intervals after clamping the renal artery during renal
surgery.
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