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Laboratory Investigation 

Isoflurane impairs 
antioxidant defence sys- 
tem in guinea pig lddney 

Purpose: To investigate whether free radical metabolism is changed due to isoflurane treatment and, if so, to elu- 
cidate the role of changed free radical metabolism in the nephrotoxicity. 
Materials and methods: Fifteen guinea pigs were used in the study. Five were treated with isoflurane in oxy- 
gen, five with oxygen and five were controls. Animals were exposed to isoflurane and oxygen three times. Each 
treatment was performed for 30 rain once a day for three consecutive days. Activities of free radical enzymes, 
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px); values of antioxidant para- 
meters, antioxidant potential (AOP), non-enzymatic superoxide radical scavenger activity (NSSA) and oxidation 
resistance (OR) and, level of an oxidant parameter namely, malondialdehyde (MDA) were determined in the renal 
tissues of the groups. Blood was also obtained for serum creatinine and urea analyses. 
Results: AOP, NSSA, SOD and CAT activities were decreased; (0.0188 + 0.0026 vs 0.0156 _+ 0.0015, P < 
0.025; 8.72 _+ 1.80 vs 6.40 _ 1.22, P < 0.05; 76.71 _+ 18.54 vs 52.79 _+ I 1.68, P < 0.025; 71.26 + 15.58 
vs 55.39 -+ 8.83; P < 0.05, respectively) but, MDA level, OR value and GSH-Px activities increased (10.89 _+ 
1.57 vs 15.87 -+ 2.97, P < 0.01; 0.84 --- 0.34 vs 2.28 --- 1.39, P < 0.0S; 1.45 - 0.83 vs 3.45 +-- 1.20, P < 
0.0 I, respectively) in kidney tissues from isoflurane-treated group compared with controls. No differences were 
observed between control and oxygen groups with regard to all analysis parameters except GSH-Px. 

Conclusion: Isoflurane impairs the antioxidant defence system and this oxidant stress may play a part in the isoflu- 
rane-induced renal toxicity. 

Object i f :  VErifier si le m&abolisme des radicaux libres est change par I'usage d'isoflurane et, si c'est le cas, pr& 
ciser le r61e de ce mEtabolisme transformE sur la nEphrotoxicit& 
M & h o d e  : I'Etude a porte sur quinze cobayes dont cinq ont re~u de I'isoflurane dans de I'oxyg~ne, cinq, de 
I'oxyg~ne et cinq ont servi de tEmoins. Les animaux ont ErE exposes trois lois ~ I'isoflurane et ~ I'oxyg~ne. Chaque 
traitement a EtE rEalisE pendant 30 min, une lois par jour, trois jours cons&utifs. On a dEterminE dans les tissus 
rEnaux des cobayes : les activitEs des enzymes des radicaux libres, la superoxyde-dismutase (SOD), la catalase 
(CAT) et la glutathion-peroxydase (GSH-Px); les valeurs des param&res antioxydants, le potentiel antioxydant 
(PAO), I'activitE non enzymatique des piEgeurs de radicaux superoxydes (ANPS) et la resistance ~ roxydation 
(RO) ainsi que le niveau d'un param&re oxydant, ~ savoir, le malondialdEhyde (MDA). On a aussi prElevE du sang 
aux fins d'analyses de la crEatinine et de I'urEe sEriques. 
R~sultats : Les activit& des PAO, ANPS, SOD et CAT &aient diminuEes (0,0188 + 0,0026 vs 0,0156 + 
0,0015, P < 0,025; 8,72 -+ 1,80 vs 6,40 _+ 1,22, P < 0,05; 76,71 -+ 18,54vs 52,79 - I 1,68, P < 0,025; 71,26 
-+ 15,58 vs 55,39 -+ 8,83; P < 0,0S, respectivement) mais le niveau de MDA, la valeur de la RO et les activit& 
de la GSH- Px augment& (10,89 _+ 1,57vs 15,87 +_ 2,97, P < 0,01; 0,84 +_ 0,34 vs 2,28 _+ 1,39, P < 0,05; 
1,45 _+ 0,83 vs 3,45 _+ 1,20, P < 0,01 respectivement) dans les tissus rEnaux du groupe traitE ~ I'isoflurane com- 
pare au groupe tEmoin. Aucune difference n'a ErE relevEe entre le groupe tEmoin et celui qui a re~u de I'oxygEne 
quant aux analyses de tousles param&res, sauf la GSH-Px. 
Conclusion : I'isoflurane nuit au syst~me de defense antioxydant et ce stress oxydant peut faire partie de la to- 
xicitE rEnale induite par I'isoflurane. 
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LL currently used volatile anesthetics are, 
to some extent, potentially toxic. 1 
Hepatotoxicity and nephrotoxicity are 
important in this regard, because hepato- 

cytes and proximal tubular cells are the two principal 
sites of  anesthetic-induced toxic reactions. 2 Since 
some anesthetic agents including isoflurane, sevoflu- 
rane and desflurane contain fluoride in their chemical 
composition, it has been suggested that increased 
blood fluoride concentrations after anesthesia can be 
critical to the expression of  fluorinated anesthetic- 
induced nephrotoxicity. 2,s However, the mechanism 
by which fluoride causes proximal tubular necrosis has 
been poorly elucidated. In fact, some researchers 
found no evidence of  nephrotoxicity despite high 
serum fluoride concentrations. 1,4 This supports the 
concept that serum fluoride concentration alone does 
not predict nephrotoxicity, s 

Another potential mechanism, by which fluorinated 
anesthetics might contribute to the development of  
acute renal failure (ARF) is by a decrease in mean arte- 
rial blood pressure of  20-30 mm Hg after anesthesia. 6 
This decrease in arterial blood pressure may produce 
renal hypoperfusion and ischemic tubular damage, 
which can increase the risk of  developing nephrotoxic 
AKF. 7,8 As the perioperative period is frequently com- 
plicated by hypotension and nephrotoxic drug admin- 
istration, fluorinated anesthetics may represent an 
additional risk factor for the development ofA.RF. 9,m 

In spite of  these explanations, no molecular mech- 
anism leading to fluorinated anesthetic-induced ARF 
has been documented in detail. In this study, isoflu- 
rane was selected for investigation because it exerts the 
greatest toxicity to the tubular cells and is the most 
widely used among fluorinated volatile anesthetics. 
The present study was undertaken to assess whether 
free radical-mediated cellular reactions played any part 
in anesthetic-induced nephrotoxicity. 

Materials and Methods 
Fifteen guinea pigs (two months old, approx. 450 g) 
were used for the experiments. The study was performed 
according to the rules of Animal Care Committee of 
Health Ministry. There were three groups of five ani- 
mals: control, isoflurane and oxygen. The animals were 
fed a laboratory diet during the study. Isoflurane, 2.0% 
v/v, and oxygen, 100%, mixture was given to the animals 
at 2 L-min -I for 30 min a day for three consecutive days. 
In the oxygen group, only oxygen, 100%, was given 
under the same conditions. The gas mixture was inspired 
using face masks. At the end of the experiments, two 
hours after the last isoflurane treatment, the animals were 
killed and their kidneys were removed and placed in an 

ice bath until homogenisation for about one hour. 
Inferior vena cava blood was also withdrawn from the 
animals and used for measuring serum BUN and creati- 
nine concentrations. 

Histological examination: Part of each kidney was 
taken for light microscope examination. After fixation 
in formalin 10%, tissue samples were embedded in 
paraffin, cut at about 5 pm and stained with hema- 
toxylen-eosin. The slides were coded and examined 
for morphological changes by light microscope. 

Biochemical analysis:. Kidneys were first washed with 
deionized water to remove blood and then homoge- 
nized in an homogenisator (B.Braun Melsungen 
model) at 1000 U for about three minutes. During tis- 
sue preparation procedure, the temperature was 4~ 
After centrifugation, 10,000 g for about 60 min, the 
upper layer was taken. In this fraction SOD, glutathione 
peroxidase (GSH-Px) and catalase (CAT) activities were 
measured as described previously n-is. One unit of SOD 
activity was defined as the amount of protein causing 
50% inhibition of the nitroblue tetrazolium salt (NBT) 
reduction rate. The CAT and GSH-Px activities were 
given in IU.mg -~ protein and SOD activity in U.mg -t 
protein. The malondialdehyde (MDA) concentration 
was determined by using the thiobarbituric acid reac- 
tion 14 and the amount of protein by the Lowry 
method. Is The anti-oxidant potential (AOP), oxidation 
resistance (OR) and non-enzymatic superoxide radical 
scavenger activity (NSSA) analyses were performed as 
described previously. ~6-~s Serum urea and creatinine 
concentrations were measured in the routine biochem- 
istry laboratory. 

The AOP was assessed as described below, which is 
based on the determination of  MDA levels before and 
after exposure to superoxide radicals produced by xan- 
thine-xanthine oxidase system. 16 In the reaction medi- 
um enriched with fish oil, samples (supernatant 
obtained after centrifugation) were exposed to superox- 
ide radicals (02"-) produced by xanthine/xanthine oxi- 
dase system for one hour. We think that, by using this 
reaction system, it is possible to obtain more correct 
information of the total (enzymatic and nonenzymatic) 
antioxidant potential (AOP) of the tissue and cells. For 
this, MDA levels of the reaction medium (nmol.g "l tis- 
sue) were measured before (blank) and after (sample) 
02"- radical attack. The difference between both values 
was inversely proportional with AOP of the tissues 
(1.nmolLg tissuelhrl). Antioxidant potential was 
assessed from the difference between MDA levels of 
blank and sample studies and results were expressed as 
1 .nmol-g tissuelhr x. 

The OR was assessed as described below, which 
mainly based on the determination of  MDA levels 
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"FABLE I Sensitivity (detection limit) and variability (% CV) of the parameters measured in the study. 
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MDA A OP OR CA T GSH-Px SOD NSSA 

Detection 0.80 0.0155 0.0044 3.50 0.005 O. 10 0.10 
limit nmol.g -j nmol-l.gl.h a nmol-l.gl.h q IU.mg q IU.mg l U.mg ~ U.mg 
% CV 7.8 4.2 7.9 3.7 4.2 2.1 2.3 
(within) 
% CV 8.3 5.1 9.0 4.5 4.8 2.5 2.6 
(between) 

TABLE II Mean • SD values ofMDA (nmol.gq), AOP (nmol-l.gq-hrq), OR (nmol-l-gq-hra), CAT (IU.mgq), GSH-Px (mIU.mgq), 
SOD (U.mg q) and NSSA (U.mg q) in the kidney tissues of the groups and, serum Creatinine (mg.dl a) and BUN (mg.dl q) levels. 

Groups MDA AOP OR CAT GSH-Px SOD NSSA Creatinine BUN 

I (n=5) 10.89 • 1.57 0.094 • 0.013 0.84 • 0.34 71.26 • 15.58 1.45 • 0.83 76.71 • 18.54 8.72 • 1.80 0,45 • 0.05 30.75 • 2.48 

l I  (nffiS) 15.87 • 2.97 0.078 • 0.007 2.28 • 1.39 55.39 • 8.83 3.45 • 1.20 52.79 • 11.68 6.40 • 1.22 0.48 • 0.07 22.80 • 3.37 

I I I  (nffi5) 12.20 • 4.20 0,101 • 0,006 1.35 • 0.75 81.01 • 7.33 4.45 ~: 1.38 65.85 • 6.54 8.12 • 2.02 0,40 • 0.05 22.25 • 4.91 

ANOVA F=3.89 F=8.27 F=3,06 F=6.70 F=8,68 F=4,11 F=2.50 

P < 0.05 P < 0.01 P < 0.1 P < 0,025 P < 0.005 P < 0.05 P < 0.25 

Mann Whimey U test 

I-I1 P < 0.01 P < 0.025 P,~ 0.05 P < 0.05 P < 0.01 P < 0.025 P < 0.05 n.s. n.s. 

I - I l l  n.s. n.s. n.s. n.s. P < 0.005 n.s. n.s, n.s. n.s, 

I I - I I I  n.s. P < 0.0005 n.s. P < 0.005 n.s. P < 0.05 P < 0.025 n.s. n.s. 

I-Control, II-Isoflurane, III-Oxygen 
n.s.: non-significant (P > 0.05) 

before and after incubation with copper II sulphate. 
By incubation, metal-catalysed peroxidation is 
induced and then peroxidation products (malondi- 
aldehyde by thiobarbituric acid assay) are determined. 
By this reaction system, it is possible to obtain data 
into the oxidation status of  tissue and plasma samples; 
if the sample under investigation was previously 
exposed to oxidant stress and could not cope with it, 
then O R  value would be increased. 17 

The (NSSA) measurement was assessed to obtain 
correct superoxide dismutase (SOD) enzyme activity. 
In the present SOD measurement methods, total 
(enzymatic plus non-enzymatic) superoxide scavenger 
activity instead of SOD activity was measured. To 
obtain enzymatic (SOD) and non-enzymatic superox- 
ide scavenger activities (NSSA) separately, samples 
were exposed to trichloroacetic acid (TCA) treatment. 
Thus, SOD enzyme protein together with other pro- 
teins were removed by precipitation. ~8 

The precision analysis results (within, 10 analyses 
with the same sample on the same day, and between, 
one analysis with the same sample on consecutive 10 
days, batch analyses) and, the sensitivity limits of the 
parameters measured in the study are given in Table I. 

In the statistical analysis, ANOVA and Mann- 
Whitney U tests were used. 

Rgsul ts  

The AOP, NSSA, SOD and CAT activities were 
decreased but, MDA concentration, OR value and 
GSH-Px activities increased in isoflurane-treated group 
compared with controls, indicating impaired antioxi- 
dant defence in the kidney tissues (Table II). No differ- 
ences were observed between control and oxygen 
groups with regard to all analysis parameters except 
GSH-Px. There were no differences between serum 
urea and creafinine concentrations among the groups, 
indicating absence of functional renal impairment. 

Histopathological examination revealed glomerular 
congestion, glomerular hypercellularity, necrosis in 
proximal tubular cells and cellular residues in distal 
tube lumens in isoflurane group (Figures 1, 2, 3). In 
the oxygen group, minimal glomcrular congestion 
and loss of  cytoplasm in some proximal tubular cells 
were observed (Figure 4). There was no histopatho- 
logical abnormality in the control samples (Figure 5). 

Discussion 
The results of the present study show that isoflurane 
treatment impairs enzymatic and non-enzymatic 
antioxidant defence systems in renal tissue. Isoflurane 
and/or  one of  its metabolites may play a part in the 
inhibition of  SOD and CAT enzymes. For example, 
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FIGU RE 1 Photomicrograph of renal tissue from isoflttrane- 
treated guinea pigs. 

, glomcrular congestion. H.E x 250 

FIGURE 3 Photomicrograph of renal tissue from isoflurane- 
trcated guinea pigs. loss of cytoplasm, *homogenization, 
, caryolysis, CR: ccllular rcsiduc in distal tube lumen. H.E. x 250 

F IGURE 2 Photomicrograph of  renal tissue from isoflurane- 
treated guinea pigs. 

glomerular hypercellulafity. H.E. • 100 

FIGURE 4 Photomicrograph of renal tissue from oxygen-~rcat- 
ed guinea pigs. Minimal congestion in glomerulus, loss of  cyto- 
plasm. H.E. • 100 

fluoride which is a constituent of isoflurane and the 
most electronegative element 21 may inhibit these 
enzymes by making complexes with their cofactor 
metals such as Cu *~, Zn +§ and Fc +§ However, GSH- 
Px activity was found to be higher in the isoflurane 
group than in the control group and lower than in the 
oxygen group. This demonstrates that increased renal 
GSH-Px activity in the isoflurane group is mainly due 
to oxygen exposure rather than isoflurane treatment. 
It is possible that, although isoflurane makes inhibi- 
tion in GSH-Px activity, this effect is masked by the 
inductive effect of oxygen (Table II). In addition to 

total antioxidant defence potential (AOP), non-enzy- 
matic antioxidant defence (NSSA) is also weakened, 
possibly because the oxidant stress created by isoflu- 
rane treatment leads to depletion of non-enzymatic 
antioxidant system as well. Increased oxidation resis- 
tance also supports the hypothesis that isoflurane 
treatment causes preoxidation in cellular structures. It 
seems that isoflurane treatment results in considerable 
impairment of the antioxidant defence system and 
leads to oxidant stress ha the renal tissue, the indica- 
tion for which is increased MDA levels irl the affected 
tissue. Because of the reduced antioxidant defence 
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FIGURE 5 Photomicrograph of renal tissue from contro[ group. 
G: glomerulus, DT: distal tubulus, PT: proximal tubulus. 
H.E. x 100 

capacity (decreased AOP and NSSA vaiues), tubuiar 
cells are exposed to free radical-mediated peroxidation 
reactions. Since the cellular structures are undergone 
to pre-oxidation, they gain resistance against Cu § 
induced oxidation. Accordingly, histopathologlcal 
examination results reveal considerable derangements 
such as glomerular congestion, necrosis in proximal 
tubular cells and cellular residues in distal tubular 
lumens in the affected tissue (Figures 1, 2, 3). Despite 
these changes, no functional insufficiency was 
observed in the isoflurane-treated kidney tissues 
(unchanged BUN and creatinine levels). 

Toxicity mechanisms, by which inhaled flourinated 
anesthetics contribute to renal damage have been inves- 
tigated for some time but no satisfactory explanation 
have been obtained. ~9 Some investigators suggested 
that the nephrotoxicity of  fluorinated volatile com- 
pounds arises from inorganic fluoride, 2~ which may 
inhibit enzyme systems by binding tightly to metal 
cations. 21 However, no evidence o f  nephrotoxicity has 
been found despite high serum fluoride concentra- 
tions 1,* so that fluoride concentrations alone did not  
predict anesthetic nephrotoxicity, s Anesthesia-associat- 
ed hypotension and resulting tissue ischemia was also 
suggested as one of  the factors leading to tubular 
nephrotoxicity. 7,s However, no satisfactory evidence of  
these molecular mechanisms have been obtained. In 
our opinion, increased fluoride concentrations due to 
anesthetic treatment might impair antiomdant defence 
system by making powerful metal complexes. 

In conclusion, our results suggest that impaired 
enzymatic and nonenzymatic antioxidant defence sys- 
tems due to isoflurane treatment leads to oxidant 
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stress hi the tubular ceils and accelerates peroxidation 
reactions in the renal tissue. Antioxidant treatment 
may give beneficial results in this regard but requires 
further verification. 
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