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Background. Renal ischemia/reperfusion (I/R)-induced
tubular epithelial cell injury, called ischemic acute renal failure,
is associated with high mortality in humans. Protecting the kid-
ney against I/R injury is very important during complicated renal
operations, transplantation surgery, and anesthesia. Aim. The
purpose of this study was to investigate and compare the effi-
ciency of ketamine, thiopental, propofol, etomidate, and
intralipid in reducing the injury induced by free radicals in a rat
model of renal I/R. Method. Forty-two Wistar rats were

divided into seven groups in our study. Rats in the sham group
underwent laparotomy and waited for 120 minutes (min) without
ischemia. Rats in the control group were given nothing with
ischemia-reperfusion. Rats in the I/R groups were given ketamine
(20 mg/kg), thiopental (20 mg/kg) propofol (25 mg/kg), etomidate
(10 mg/kg) and 10% intralipid (250 mg/kg) intraperitoneally 15 min
prior to the ischemia for 60 min, followed by reperfusion for 60
min. The blood samples and kidney tissues of the rats were
obtained under anesthesia at the end of the reperfusion period.
Biochemical malondialdehyde (MDA), superoxide dismutase
(SOD), catalase (CAT), blood urea nitrogen (BUN), creatine
(Cr), aspartate aminotransferase (AST) were determined, and
histopathological analysis was performed with these samples.
Results. MDA level was increased significantly in the control
group (p < 0.05). Histopathological findings of the control group
confirmed that there was renal impairment by tubular cell swell-
ing, interstitial edema, medullary congestion, and tubular dilata-
tion. MDA levels were lower in the ketamine, thiopental, and
propofol groups compared to the control group (p < 0.05). In the
thiopental and propofol groups, the levels of histopathological
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scores were significantly lower than control and etomidate
groups in ischemia-reperfusion. Conclusion. Our results dem-
onstrated that I/R injury was significantly reduced in the pres-
ence of propofol and thiopental. The protective effects of these
drugs may belong to their antioxidant properties. These results
may indicate that propofol and thiopental anesthesia protects
against functional, biochemical, and morphological damage bet-
ter than control in renal I/R injury.

Keywords ischemia reperfusion injury, ketamine, thiopental,
propofol, etomidate

INTRODUCTION

I/R damage can occur in clinical cases such as ren-
ovascular surgery, clamping of aorta, shock, and trauma.[1]

According to the severity of the damage, many clinical
occasions varying from prerenal azotemia without tissue
damage to the acute kidney failure related to tubular and
cortical necrosis can be encountered. Acute tubular necro-
sis (ATN) and the development of renal failure related to
I/R are main reasons behind morbidity and mortality.[2] It
is established that graft function delay developing after
renal transplantation is related to ATN. ATN arises as a
result of damage created by free oxygen radicals, which
are formed in I/R.[3] Free radical formation in ischemic tis-
sue and its increase with reperfusion suggest the value in
organ transplantation.[4]

In the renal transplantation process, exposure of the graft
for transplant to I/R damage in variable levels causes graft
function delays and graft losses in post-operative period.
Hence, in this procedure, it is an indisputable fact that
approaches for preventing I/R damage have positive effects in
graft functions and graft lifetime. Thus, before any important
operation and renal transplantation, it would be wise to find a
suitable prophylactic treatment in order to avoid I/R damage.

Anesthetic material should be chosen for patients with
an increased risk for kidney failure, as well as kidney disease
and/or undergoing operational implementation such as trans-
plantation, in order to protect kidney’s functions. However,
no ideal anesthetic material has yet been developed to pro-
tect the functions of kidney.[5] In this study, we sought to
examine the possible effects of variable anesthetic materials
against the damage created by ischemia and reperfusion.

MATERIALS AND METHODS

Animals

The experimental protocol used for this study was
approved by the Animal Ethics Review Committee of the

Faculty of Medicine, University of Kahramanmaras, and
adhered to National Institutes of Health guidelines for the
use of experimental animals. Forty-two Wistar rats were
housed in individual cages in a temperature-controlled
room with alternating 12-h light:dark cycles and acclima-
tized for a week before the study. Food was removed 8 h
prior to the study, but all animals were allowed free access
to water and rat chow diet.

Experimental Design

Animals were anesthetized with intramuscular injections
of 60 mg/kg ketamine hydrochloride (Ketalar, Eczacibasi,
Turkey). The abdominal region was shaved and sterilized
with povidone iodine solution. A midline incision was
made, and the abdominal viscera were retracted to the
right side. The left renal hilus was dissected, the renal
vascular pedicle was occluded using a microvascular
clamp (Vascustatts II, midi 1001-532, Scatlan, Minnesota,
USA), and the intestine was replaced into the abdominal
cavity. At the end of the 60 minutes (min) ischemic
period, 60 min reperfusion was established by removal of
the clamp, and left nephrectomy was performed. Animals
were randomly divided into seven groups, each consisting
of six animals:

• Group 1 (sham group, n = 6) rats were subjected to iden-
tical surgical procedures described above, except for
renal I/R;

• Group 2 (control group, n = 6) rats received 60 min of left
renal ischemia, followed by 60 min of reperfusion;

• Group 3 (I/R + ketamine group, n = 6) animals were
administered ketamine hydrochloride (20 mg/kg,
intraperitoneally [ip]) 15 min before the reperfusion
phase;

• Group 4 (I/R + thiopental group, n = 6) animals were
administered thiopental sodium (20 mg/kg, ip; PEN-
TAL, I.E. Ulagay Ilaç Sanayii Turk A.S. Topkapi,
Istanbul, Turkey) 15 min before the reperfusion
phase;

• Group 5 (I/R + propofol group, n = 6) animals were
administered propofol (25 mg/kg, ip; Propofol 1%
Fresenius, Fresenius Kabi AB, Uppsala, Sweden) 15 min
before the reperfusion phase;

• Group 6 (I/R + etodimate group, n = 6) animals were
administered etomidate (10 mg/kg, ip; Etomidate-
Lipura, B. Braun Melsungen AG, Germany) 15 min
before the reperfusion phase; and

• Group 7 (I/R + intralipid group, n = 6) animals were
administered intralipid (250 mg/kg, ip; intralipid 10%
500 ml Fresenius, Fresenius Kabi AB, Uppsala, Sweden)
15 min before the reperfusion phase.
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At the end of the reperfusion period, the samples of blood
and tissue were harvested for biochemical, serological,
and histopathological evaluation. Blood (5 mL) was taken
from the animals via cardiac puncture. Half of tissues were
used for tissue biochemical analysis.

Biochemical Analysis

Serum samples were used for the measurement of
serum urea levels, which were used to assess renal
function, and as an indicator of renal I/R injury. The levels
of serum urea were analyzed with DADE-BEHRING
dimension-RLMax biochemical analyzer.

Renal Histology

The kidneys fixed in a 10% neutral buffered formalin
solution were embedded in paraffin and were used for histo-
pathological examination. Five micrometers (5 μm) thick
sections were cut, deparaffinized, hydrated, and stained with
hematoxylin and eosin. The renal sections were examined in
blind fashion for tubular cell swelling, tubular dilatation, hya-
line cast, interstitial edema, medullary congestion, and moder-
ate to severe epithelium necrosis in all treatments. A minimum
of 10 fields for each kidney slide were examined and assigned
for severity of changes using scores on a scale of none (−),
mild (+), moderate (++), and severe (+++) damage.

Antioxidant Study

In order to determine tissue antioxidant levels, 1 × 1 cm2

tissue samples were taken from the left kidney. The samples
were preserved in a deep freezer until examination. The
tissues were homogenized with three volumes of ice-cold
1.15% KCl. The activities of antioxidant enzymes and the
levels of lipid peroxidation were measured in the supernatant
obtained from centrifugation at 14,000 rpm. SOD activity was
measured according to the method described by Fridovich.[6]

CAT activities were determined by measuring the decrease in
hydrogen peroxide concentration at 230 nm by the method of
Beutler.[7] Lipid peroxidation level in the tissue samples was
expressed in MDA and measured according to procedure of
Ohkawa et al.[8] Protein concentration was determined
according to the method of Lowry.[9]

Statistical Analysis

All variables were expressed as mean and standard
deviation. Differences between groups were evaluated by

Kruskal-Wallis variance analysis followed by a post-hoc
Mann-Whitney U test. p values < 0.05 were considered
statistically significant. All data were entered into and pro-
cessed by SPSS 9.05 for Windows statistical package.

RESULTS

I/R procedure significantly increased MDA levels (p
< 0.05), decreased CAT activities (p < 0.05), and did not
change superoxide dismutase (SOD) levels (p > 0.05).
MDA levels were lower in the ketamine, thiopental, and
propofol groups compared to control group (p < 0.05, see
Figure 1). MDA levels of thiopental and propofol groups
were lower compared to etomidate group as well (p <
0.05). Our findings showed that CAT levels increased in
propofol, thiopental, and ketamine groups (see Figure 2).
When CAT levels were evaluated, it was shown that the
lowest results were in the propofol group and the highest
results were in the sham group. When mean SOD levels
were evaluated, the lowest was in the propofol group and
the highest was in the thiopental group (see Figure 3).

Despite using a light microscope, epithelial necrosis
and hyaline cast formation were not observed in kidney
tissues that were stained with Hematoxylin-Eosin. In the
sham group, no tubular dilatation was observed, although
mild and moderate dilatation had been observed in the
other groups (see Figure 4). In the sham group, no intersti-
tial edema was observed. The most apparent interstitial
edema was observed in the control group, in a moderate
degree. Tubular dilatation, which was not present in the
sham group, was observed in other groups in mild and
moderate degrees. In the ischemic group, medullar con-
gestion has been observed in mild and moderate intensity
(see Figure 5). In the thiopental and propofol groups,
the levels of histopathological scores was significantly
decreased compared to control and etomidate groups in
ischemia-reperfusion (see Figure 6).

DISCUSSION

Reperfusion damage is the chain of events related to
free oxygen radicals produced during tissue ischemia and
reperfusion. These chains of events continue with the
activation of endothelial cells and the inflammation
developed by the circulating leukocyte migration to the
area.[10,11] The kidney I/R damage, which is a critical
clinical problem, has been the subject of many clinically
and experimental studies in the development of trans-
plantation surgery. Regarding kidney I/R damage, there
are some comparative studies examining propofol and
thiopental, which are among the anesthetic agents.[12,13]
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Figure 1. MDA levels (nmol/mg protein).
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Figure 2. CAT levels.
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Figure 3. SOD levels.
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Basu et al. detected that propofol decreased oxidative
stress and inflammatory response in patients who had
kidney transplantation.[14]

In his study on I/R damage, Darendelioglu stated that
ketamine, propofol, and etomidate, when applied in both
anesthetic and subanesthetic doses, showed protective
effects against I/R damage, though the most significant
effects were observed in subanesthetic doses.[15] In our
study, we applied ketamine at 20 mg/kg, thiopental at

10 mg/kg, propofol at 25 mg/kg, and etomidate at 10 mg/kg
(ip) at subanesthetic doses. We applied 10% of intralipid at
a 250 mg/kg dose according to the phosphatide ratio it con-
tained. The early phase of reperfusion—the first hour, when
the damage is at its maximum—was expected to benefit
from the maximum effects. For this reason, these active
materials were applied 15 min before the reperfusion.

As oxygen radicals are short-lived and the kidney tis-
sue has a complex structure, it is hard to detect oxygen
radicals. It is executed indirectly with the lipid peroxida-
tion measuring originated from free oxygen radicals. One
substance produced by lipid peroxidation is MDA.[3] So,
in our research, we studied MDA levels in the kidney tissue
in order to show the damage and compare the anesthetics’
effects in decreasing the damage. The highest MDA rate
was detected in the control group. In addition, MDA levels
in thiopental and propofol groups were determined to be
lower when compared to control groups (p < 0.05).

In the metabolism, there are enzymatic organisms
against the harmful effects of free oxygen radicals. Mea-
suring these enzyme levels gives us indirect information
about the free radical mediated damage. We examined
SOD and CAT levels in kidney tissue. In examining the
SOD levels, we detected that the lowest level was in the
propofol group but the highest level was in the thiopen-
tal group.

Because it is concordant with the other medications
and has a wide confidence interval, ketamine is one of the
anesthetic materials with the widest usage range in experi-
mental applications.[16] For this reason, we prefer ket-
amine as an anesthetic material. Active materials used in
this study are intravenously used anesthetic materials. In
researching the effects of subanesthetic doses of these
anesthetic materials on kidney ischemia reperfusion dam-
age, we found that ketamine was the anesthetic material in
this study with the most positive effects. In order to stan-
dardize this effect in our study, the anesthesia in all the
groups was provided by ketamine. When examining the
results of the sham and control groups, in which no active
material was used apart from the anesthetic material ket-
amine, we can see I/R damage occurred in kidney. There-
fore, we are convinced that the results we obtained were
independent from the effect of ketamine. However, in
order to put forward the total effects of ketamine, which
we used as anesthetic agent, different studies in which it
interacts and is combined with other materials are required.

This study showed that higher doses of ketamine had
a better effect than the low doses of ketamine. There is
scant information about the effects of ketamine at higher
doses with renal failure. However, in a study that investi-
gated the effect of high dose ketamine following incom-
plete cerebral ischemia in rats, it was observed that high-
dose ketamine improved the neurological outcome.

Figure 4. Mild tubular dilatation.

Figure 5. Severe congestion.

Figure 6. Mean histological scores.
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The MDA values obtained in the thiopental group were
significantly lower in comparison with the control group
(p < 0.05). Considering the histopathology findings, a sig-
nificant recovery in the thiopental group was detected com-
pared with the control group. This recovery in the thiopental
group was better when compared to the other groups, and
there were major differences among the ketamine, etomi-
date, and intralipid groups (p < 0.05). In their studies exam-
ining the effects of etomidate, thiopental, and propofol
induction on the hypoperfusion reperfusion event, Yagmur-
dur et al. stated that high lipid resolution material thiopental
has the effects of lipid peroxidation inhibition and free radi-
cal-related hemolysis, inhibiting antihemolytic activity and
antioxidant. Thus, in clinically suitable concentrations,
thiopental is stated to repress the neutrophil originated free
oxygen radicals significantly.[17] Basu et al. found that pro-
pofol had an inflammatory response-decreasing effect com-
pared to thiopental in a study in which oxidative stress and
inflammatory response after the renal transplantation were
examined.[14] However, we did not detect any significant
difference between these two groups in our study. Accord-
ing to this information and based on the data we obtained
from our study, it is determined that thiopental decreases the
kidney I/R damage via free oxygen radicals in rats, and this
effect is significant compared to etomidate.

Compared to control and etomidate groups, the MDA
levels of propofol group was significantly low (p < 0.05).
In the histopathological analysis of kidney tissue of the
propofol group, significant recovery was observed. Con-
sidering the increase in average histological scores, it was
also found statistically low compared to the control and
etomidate groups. The anesthetic material propofol, which
has high lipid resolution, is often used in the induction of
anesthesia and in the sedation of patients bound to
mechanical ventilation in intensive care unita. The posi-
tive effects of many organs such as heart, lungs, brain,
liver and testis were observed. Propofol may limit the oxi-
dative damage in various tissues, including kidney. In
addition to the effect of propofol to the kidney, I/R damage
has been stated in very few studies. In the study of Wang
et al.,[18] propofol was detected to decrease the renal
ischemia reperfusion damage and renal dysfunction in rats
significantly. Furthermore they showed that these protec-
tive effects are via heme oxygenase-1 induction. Yagmurdur
et al. showed in their studies that propofol hypoperfusion
reperfusion condition related to lipid peroxidation inhibi-
tion and induction doses of propofol may have many
advantages in the suspension of metabolites and free oxy-
gen radicals.[17] In examining tissue antioxidant capacities
during the propofol anesthesia, Runzer et al.[19] detected
that MDA levels decreased significantly when high-dose
propofol was mixed with halothane. Nonetheless, in the
same study, it was detected that the protective effect of

propofol was significant in all tissues and had a significant
protective effect primarily in liver and then kidney, heart,
and lungs. When adding propofol in high and low doses,
more positive results were observed in high doses. They
explained the tissues’ different responses, as each tissue
has different lipid peroxidation sensitivity.

The forms of etomidate and propofol used in clinics are
preparations prepared as 10% lipid emulsion. In studying
how those components affect the I/R damage, we also used
intralipid solution, including 10% lipid contents as another
group. In his article, Szekely mentions intralipid explosion
reaction redoubling the effect of neutrophils.[20] Mathy-
Hartert, on the other hand, compared propofol and intralipid
in his study of free oxygen radicals effect, and found that
intralipid had an effect in a low level.[21] In Runzer’s study,
it was confirmed that intralipid has a low antioxidant effect.
In the combination of intralipid and propofol, however, they
stated that in low concentrations, this effect was more evi-
dent.[19] Our diagnoses are supported by the results of those
studies. In our study, we confirmed that intralipid in rats
may reduce kidney I/R damage at a low level; however,
propofol lowers kidney I/R damage at a significant level.

Etomidate is preferred, especially in the induction of
cardiac patients. Yagmurdur’s research has shown increased
MDA levels in etomidate groups. Post-operative examina-
tion showed that in etomidate and thiopental groups, AST
and ALT levels in 24 hours showed a marked significant
increase, but in propofol group no significant change has
been marked.[17] Our study showed in that MDA level was
higher in etomidate groups than in other groups.

When we compare all of our results, we found a possi-
ble reducing effect of ketamine, thiopental, etomidate, and
intralipid on kidney I/R damage. Most of this reducing
effect was found in the propofol and thiopental groups.
While the reducing effect in ketamine and MDA levels
was significant, there was no significant improvement in
pathological findings. While there was a reduction in
MDA levels and pathological findings for etomidate and
intralipid, these findings were not significant.

Thiopental and propofol could be chosen in situations
where kidney I/R damage was a likely occurrence, such as
transplantation surgery in surgery interference and other
clinical states to the induction and continuation of anesthe-
sia. However, experimental studies for a wide range of
clinical research and the antioxidant effect mechanism of
anesthetics are required.
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