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Sevoflurane on an Experimental Model of Hepatic Injury

Andrea Fogaça Soubhia 1, Susi Lauz 2, Edna Frasson de Souza Montero 3, Alessandro Menezes 4, 
Luciane Bicca Mespaque 5, Emilio Facin 5

Summary: Soubhia AF, Lauz S, Montero EFS, Menezes A, Mespaque LB, Facin E – Effects of the Inhalational Anesthetics Halothane and Se-
voflurane on an Experimental Model of Hepatic Injury.

Background and objectives: Hepatic injury after inhalational anesthesia is controversial. Studies have suggested that inhalational agents 
generate an immune response that can provoke hepatic injury. The objective of this study was to analyze the effects of the inhalational agents 
halothane and sevoflurane on the liver of rats submitted to hypoxia and reperfusion.

Methods: Thirty Wistar rats, pretreated with 0.1% phenobarbital for 5 days, with discontinuation of the drug 24 hours before the experiment to 
cause hepatic injury, were used. Animals were distributed in five groups of six rats each. The control group (C) did not receive any treatment; in 
the F group, phenobarbital was used to induce hepatic injury; the Hypoxia group was submitted to 14% oxygen (O2); the H group received 1% 
halothane and 14% O2; and the S group received 2% sevoflurane and 14% O2. Twenty-four hours after exposure to the gases, blood samples 
were collected to evaluate transaminases (AST and ALT), and liver samples were collected for histological evaluation. Kruskal-Wallis Analysis of 
Variance and the Newman-Keuls test were used.

Results: Enzymatic activity mean values of AST (280.33, for halothane, 181, for sevoflurane) and ALT (235 for halothane, and 48.33, for sevo-
flurane) did not show significant differences, and all groups showed elevated values. Compared to halothane on optical microscopy, sevoflurane 
had lower indices of morphologic changes with p = 0.045, for steatosis, p = 0.0075, for inflammatory infiltrate, and p = 0.0074, for necrosis.

Conclusions: Compared to the halothane group, sevoflurane did not show injuries of the liver parenchyma on optical microscopy.
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INTRODUCTION

Complex liver surgical procedures, like extensive resections, 
transplants, and trauma, include most of the time a temporary 
occlusion of the hepatic pedicle. Patients with advanced liver 
disease (borderline liver function) who undergo large size sur-
geries have an extremely high postoperative morbidity and 
mortality 1,2. Hypoxia caused by occlusion of the pedicle or by 
a significant reduction in hepatic blood flow triggers a process 
of ischemic injury that intensifies with reperfusion of the liver, 
compromising not only this organ, but also others related.

The role of inhalational anesthetics in the genesis of the 
ischemic process during surgery has been investigated to 
determine the degree of their involvement on the pathophy-
siology of the ischemic injury. Those investigations are aimed 
at the development of anesthetic alternatives to minimize the 
local and systemic repercussions of the ischemic injury.

Inhalational anesthetics are the most commonly used 
agents for maintenance of general anesthesia. The popularity 
of those drugs to establish anesthesia is based on a range of 
attractive, such as ease of administration, previsibility of their 
effects, low cost, and extensive training of anesthesiologists. 
However, every drug has side effects and among them hepa-
tic injury and the associated high mortality. Studies have been 
conducted to establish the precise pathophysiology of this in-
jury and factors and agents involved in its genesis 3-9.

Most hypotheses on the mechanisms of action of inhala-
tional anesthetics are based on their physical-chemical cha-
racteristics and biochemical and neurophysiological effects, 
besides proposing the cellular membrane, both in its lipidic 
and protein portions, as sites of action 5.

Halothane seems to be the agent associated with hepa-
tic cell injury due to the binding of its oxidative metabolites 
to hepatic cytochromes – they behave as haptens, inducing 
hypersensitivity responses. The oxidative metabolic pathway 
involving cytochrome P450 during exposure to halothane is 
identical to the metabolic pathway observed with enflurane, 
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isoflurane, and desflurane. However, expression of neoanti-
gens should be related to the amount of metabolism of each 
agent. This suggests that, regarding the antigenic load, halo-
thane > enflurano > isoflurane > desflurane, in a proportion 
related to halothane as of 10, 100, and 1.000 times less, 
respectively. Sevoflurane is not metabolized to trifluoroacetyl 
halogenate but to hexafluoroisopropanol that does not beha-
ve like a neoantigen. But cases of hepatitis after exposure to 
sevoflurane have been reported, which might indicate more 
than one mechanism involved in hepatic injury or the presen-
ce or cross reaction, since, in the cases reported, patients 
had previous contact with other inhalational anesthetics. The 
objective of this study was to investigate the effects of the 
inhalational anesthetics halothane and sevoflurane in an ex-
perimental model of hepatic injury 10-12.

METHODOLOGY

Population

Thirty male Wistar rats (Rattus norvegicus albinus) with mean 
weight of 350 g and 3 months of age were used. Animals, 
from the controlled conventional laboratory of the Universi-
dade Federal do Rio Grande (FURG), were operated in the 
Laboratório de Morfologia Experimental  of the department of 
Cirurgia Geral of FURG. The investigation was evaluated and 
approved by the Ethics on Research Committee of FURG, 
# 21/2007. The number of animals was defined according to 
the norms of the Colégio Brasileiro de Experimentação Ani-
mal (COBEA) that determines 6 animals per group as the mi-
nimum significant number.

The sample was randomly distributed in five groups of 6 
rats each, as described: Control Group (n = 6); Phenobarbi-
tal Group (n = 6); Hypoxia Group (n = 6); Halothane Group 
(n = 6); and Sevoflurane Group (n = 6).

Experimental Procedure

All animals, except for the Control Group, were pretreated with 
0.1% phenobarbital (1 mg.mL-1), added to their water during 
5 days, to induce the P-450 complex, with a minimal dose of 
15 mg.day-1 of phenobarbital per rat, which was discontinued 
24 hours before the experiment. Animals that did not achieve 
this index were discarded (control performed by the minimum 
ingestion of 15 mL.day-1 of water).

Animals in the Hypoxia, Halothane, and Sevoflurane 
Groups were individually placed in glass cages connected to 
an anesthesia device with calibrated vaporizers. Rats recei-
ved a mixture of 14% oxygen and 86% nitrogen through the 
anesthesia device via a flow meter. The mixture caused hypo-
xia at which point the anesthetics were administered:

Hypoxia Group: animals received only the mixture of 14% 
oxygen and 86% nitrogen during 2 hours.

Halothane Group: Animals received a mixture of 14% oxy-
gen and 86% nitrogen plus 1% halothane (via a vaporizer ca-
librated for this concentration) during a 2-hour period.

Sevoflurane Group: Animals received a mixture of 14% 
oxygen and 86% nitrogen plus 2% sevoflurane (via a vapori-
zer calibrated for this concentration) during a 2-hour period.

At the end of the anesthetic procedure, rats were retur-
ned to their individual cages and received food and water ad 
libitum.

Material collection and euthanasia

The Control and Phenobarbital groups were not exposed to 
previous inhalational anesthesia, but they underwent collec-
tion of material and death along with the other groups, i.e., 
24 hours after the procedure in the Hypoxia, Halothane, and 
Sevoflurane groups. 

The blood collected was sent immediately to the Labora-
tório Central of Hospital Universitário of FURG. Enzymatic 
activities of aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) were measured by a kinetic method 
in an autoanalyzer device (Selectra).

Five samples were obtained from each liver for histological 
exam by optical microscopy. Samples were fixed in 10% tam-
ponated formaldehyde and were stained with hematoxylin-
eosin (HE) before histological evaluation. In the liver, the oc-
currence of the following was analyzed:

1 -  Microvesicular steatosis: Defined as the presence of 
lipid accumulation of microvesicles in the cytoplasm 
whose volume is lower than the nucleus;

2 -  Leukocyte infiltrate: Presence of leukocytes (especially 
neutrophils) in different areas of the hepatic lobule;

3 – Necrosis: Characterized by condensation or oblitera-
tion of the nucleus, intense cytoplasmic eosinophilia, 
and destruction and architectural loss of hepatocyte 
cords (hepatocellular detrabeculation);

4 – Apoptosis: Characterized by the aspect of the nucleus, 
i.e., the pattern of chromatin in the nucleus and aspect 
of the nuclear cytoplasm.

Results regarding AST and ALT were expressed as me-
ans and standard deviation, while the results of histological 
analysis as medians and quartiles. Kruskal-Wallis Analysis 
of Variance was used to analyze the enzymatic activity and 
histological changes, and the Newman-Keuls test was used 
to compare means. It was considered a level of significance 
of 5%. The analytical study was performed by the Statistics 
Department of FURG using the Bioestat 4.0 software.

RESULTS

Regarding the values of aspartate aminotransferase (AST) in 
rats in the Control, Phenobarbital, Hypoxia, Halothane, and Se-
voflurane Groups, the following results were observed (Table I).
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According to the statistical analysis, the levels of aspartate 
aminotransferase (AST) in the Control Group were similar to 
those in the Phenobarbital and Hypoxia Groups; however, hi-
gher levels were observed in the Halothane and Sevoflurane 
Groups without significant differences between both groups.

As for the levels of alanine aminotransferase (ALT) in rats 
in the Control, Phenobarbital, Hypoxia, Halothane, and Sevo-
flurane Groups the results are shown in Table II.

On statistical analysis, the levels of alanine aminotransfe-
rase (ALT) in the Control Group were similar to those in the 
Phenobarbital and Hypoxia Groups; however, higher levels 
were observed in the Halothanes and Sevoflurane Groups, 
without significant differences between them.

Table III shows the results for hepatic microvesicular ste-
atosis observed on optical microscopy stained by HE in rats 
in the Control, Phenobarbital, Hypoxia, Halothane, and Sevo-
flurane Groups.

On statistical analysis, the levels of hepatic microvesicular 
steatosis in the Control Group were similar to the Phenobarbi-
tal, Hypoxia, and Sevoflurane Groups; higher statistically sig-
nificant levels were observed in the Halothane Group.

Regarding the hepatic inflammatory infiltrate observed in 
optical microscopy stained by HE, the results are presented 
in Table IV.

On statistical analysis, the hepatic inflammatory infiltrate in 
the Control Group was similar to that observed in the Pheno-
barbital, Hypoxia, and Sevoflurane Groups; however, higher 
statistically significant levels were observed in the Halothane 
Group.

As for liver necrosis observed on optical microscopy stai-
ned by HE in rats in the Control, Phenobarbital, Hypoxia, Ha-
lothane, and Sevoflurane Groups, the results are presented 
in Table V.

On statistical analysis, the levels of hepatic in the Control 
Group were similar in the Phenobarbital, Hypoxia, and Sevo-
flurane Groups; however, higher statistically significant levels 
were observed in the Halothane Group.

Table VI show liver apoptosis observed on optical micros-
copy stained by HE in the Control, Phenobarbital, Hypoxia, 
Halothane, and Sevoflurane Groups.

On statistical analysis, the levels of liver apoptosis in the 
Control Group were similar to those observed in the Pheno-

Table I – Comparative Values of AST in the Study Groups

AST
Control Phenobarbital Hypoxia Halothane Sevoflurane

100 110 170 358 196

111 120 135 343 180

119 123 133 214 196

120 121 155 219 185

125 122 144 264 141

130 109 154 284 188

 Mean Value 117.50 117.50 148.50 280.33 181.00

Standard-deviation 10.67 6.28 13.98 60.67 20.57

Variation Coefficient - VC (%) 9.08% 5.34% 9.41% 21.64% 11.36%

Kruskal-Wallis Analysis of Variance test. HCRITICAL = 9.49; HCALCULATED = 25.94; p = 0.0000; comparison of means by the Newman-Keuls test p < 0.05; 
Control = Phenobarbital = Hypoxia.

Table II – Comparative Values of ALT in the Study Groups

ALT

Control Phenobarbital Hypoxia Halothane Sevoflurane

20 20 44 395 50

23 19 35 406 51

21 29 41 176 53

24 28 47 174 50

30 40 49 129 47

32 42 50 135 39

Mean 25.00 29.67 44.33 235.83 48.33

Standard Deviation 4.90 9.69 5.65 129.05 4.97

Variation Coefficient - VC (%) 19.60% 32.66% 12.75% 54.72% 10.21%

Kruskal-Wallis Analysis of Variance test. HCRITICAL = 9.49; HCALCULATED = 24.16; p = 0.0001*; comparison of means by the Newman-Keuls test p < 0.05; 
Control = Phenobarbital = Hypoxia.
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Table III – Analysis of Microvesicular Steatosis in the Study Groups

Microvesicular Steatosis

 
 
 
 
 
 
 

Control Phenobarbital Hypoxia Halothane Sevoflurane

0 0 0 2.0 0

0 0 0 2.0 0

0 0 0 0.0 0

0 0 0 1.0 0

0 0 0 2.0 0

0 0 0 2.0 0

Median 0.00 0.00 0.00 2.00 0,00

Quartile 0.00 0.00 0.00 Q1 1 Q2 2 0,00

Kruskal-Wallis Analysis of Variance test. HCRITICAL = 9.49; HCALCULADO = 9.6990; p = 0.0458*; comparison of means by the Newman-Keuls test p < 0.0139*; 
Control = Phenobarbital = Hypoxia = Sevoflurane ≠ Halothane.

Table IV – Analysis of the Inflammatory Infiltrate in the Study Groups

Inflammatory Infiltrate

Control Phenobarbital Hypoxia Halothane Sevoflurane

0 0 0 1.0 0

0 0 0 2.0 0

0 0 0 3.0 0

0 0 0 2.0 0

0 0 0 2.0 0

0 0 0 1.0 0

Median 0.00 0.00 0.00 2.00 0.00

Quartile 0.00 0.00 0.00 Q1 1 Q2 2 0.00

Kruskal-Wallis Analysis of Variance test. HCRITICAL = 9.49; HCALCULATED = 13.9510; p = 0.0075*; comparison of means by the Newman-Keuls test p < 0.0032*; 
Control = Phenobarbital = Hypoxia = Sevoflurane ≠ Halothane.

Table V – Analysis of Necrosis in the Study Groups

Necrosis

Control Phenobarbital Hypoxia Halothane Sevoflurane

0 0 0 1,0 0

0 0 0 1,0 0

0 0 0 3,0 0

0 0 0 3,0 0

0 0 0 3,0 0

0 0 0 3,0 0

Median 0.00 0.00 0.00 3.00 0.00

Quartile 0.00 0.00 0.00 Q1 1 Q2 3 0.00

Kruskal-Wallis Analysis of Variance test. HCRITICAL = 9.49; HCALCULATED = 13.9697; p = 0.0074*; comparison of means by the Newman-Keuls test p < 0.0032*; 
Control = Phenobarbital = Hypoxia = Sevoflurane ≠ Halothane.
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barbital, Hypoxia, Sevoflurane, and Halothane Groups without 
significant difference among them.

DISCUSSION

In the present study, the experimental model of hepatotoxici-
ty with halogenated anesthetics was used after pretreatment 
with the enzymatic inductor phenobarbital in the presence of 
hypoxia. Prior studies 3,13 made it clear the need of the three 
factors mentioned to generate hepatic injury. Studies suggest 
that the liver that has not been pre-induced cannot metabo-
lize halothane sufficiently to trigger the defense mechanisms 
that cause hepatic tissue injury, even in hypoxic conditions; 
the lower the oxygen concentration, more the hepatic damage 
generated by halothane increases 3. Besides sensitizing the 
liver to halothane, hypoxia also increases the production of 
toxic intermediate metabolites of this drug.

When the enzymatic activity – a way of assessing liver 
function – was submitted to statistical analysis, it did not show 
a significant difference in the mean values of AST (280.33 for 
halothane, and 181 for sevoflurane) and ALT (235 for halotha-
ne, and 48.33 for sevoflurane). Both groups showed elevated 
levels, but with higher percentages in the Halothane Group. 
The findings of enzymatic activity of the present study are in 
agreement with the data in the literature. Nagata et al. 14 re-
ported investigations in an experimental model in which se-
voflurane produced small transient elevations in the hepatic 
enzymes, AST and ALT, similar to those resulting from the 
use of enflurane and halothane. This increase in hepatic en-
zymes, however, returned to normal levels after 48 hours.

Histological evaluation by optical microscopy allows the di-
fferentiation between reversible and irreversible lesions in the 
hepatic tissue. Liver biopsy has a central role in the evaluation 
because it represents the most precise manner to determine 
the nature of the hepatic injury, may it be necrosis, inflamma-
tion, steatosis, or fibrosis. In this study, microvesicular steato-
sis, leukocyte infiltrate, necrosis, and cellular apoptosis were 

observed in the liver of animals with parameters of parenchy-
mal damage. Microvesicular steatosis is due to the accumu-
lation of fat vacuoles in cells. It is seen as small droplets of fat 
finely spread in the cytoplasm without dislocating the nucleus, 
resulting from acute damage promoted by hepatotoxic drugs. 
Microvesicular steatosis was observed only in the group sub-
mitted to treatment with halothane, confirming other studies 13 
in which other isolated treatments with phenobarbital an hy-
poxia did not generate cellular damage on microscopic analy-
sis. As for sevoflurane steatosis was not observed suggesting 
that this drug is not toxic for hepatocytes and, therefore, does 
not generate visible acute damage on optical microscopy.

Regarding the leukocyte infiltrate – especially neutrophils 
in different areas of the hepatic lobule, characterizing inflam-
mation with oxidative stress and changes in vascular perme-
ability and hepatic edema – the present study showed the 
same pattern of steatosis, being present only in the Halothane 
Group.

Cellular necrosis, which manifests by condensation or obli-
teration of the nucleus by the intense cytoplasmic eosinophi-
lia and destruction and architectural loss of hepatocyte cords 
(hepatocellular detrabeculation), the mechanism of cellular 
death in hepatic injury and whether it could evolve in a late 
phase to apoptosis, is not completely understood. In the data 
collected for histological analysis by the HE technique, we ob-
served the persistence of the pattern in which necrosis was 
observed only in the Halothane Group.

In the investigation of apoptosis, which is characterize by 
the aspect of the nucleus – i.e., by the pattern of chromatin 
in the nucleus and aspect of the nuclear cytoplasm as a late 
change of cellular damage evolving to a process of necro-
sis – this type of cellular destruction was not observed in any 
groups, since it was an acute experiment.

With similar results to our study, we found in the literature 
the study of Soma et al. 10, in which monkeys were anestheti-
zed with sevoflurane during 8 consecutive weeks. At the end 
of the study no macroscopic, histopathological, or ultrastruc-
tural pathologic abnormalities were observed in the liver.

Table VI – Analysis of Apoptosis in the Study Groups

APOPTOSIS

Control Phenobarbital Hypoxia Halothane Sevoflurane

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

Median 0.00 0.00 0.00 0.00 0.00

Quartile 0.00 0.00 0.00 0.00 0.00

Kruskal-Wallis Analysis of Variance test. HCRITICAL = 9.49; HCALCULATED = 0.0000; p = 1.0000; Control = Phenobarbital = Hypoxia = Sevoflurane = Halothane.
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Although anesthesia-induced hepatitis is not a common 
occurrence, we should be aware of the association between 
the disease and the use of halogenated anesthetics. Halo-
thane-induced hepatitis has elevated morbidity and mortality 
rates and survival of the more affected patients can require a 
liver transplant. A history of anesthesia-induced hepatitis is a 
reason to avoid subsequent exposure to halothane or other 
halogenated anesthetics, since crossed immunity although 
rare can occur. In summary, avoiding halothane seems to be 
the most effective isolated way of decreasing the frequency 
of anesthesia-induced hepatitis. On the other hand, as explai-
ned before, sevoflurane is a safe alternative because it is not 
metabolized as other halogenated anesthetics and it does not 
form haptens. Current evidence does not indicate the presen-
ce of any sevoflurane metabolites that can cause severe he-
patic injury 11, and studies 12 to correlate its metabolite (com-
pound A) to hepatotoxicity have been inconclusive.

We conclude that halothane should not be used in adults 
with prior history of anesthesia-induced hepatic injury and we 
advise against its use in the pediatric population. Although in 
children the incidence of hepatitis seems to be very low, one 

should consider the immunologic memory, which can trigger 
hepatic injury in adult life after another exposure. Sevoflurane 
has a low hepatotoxic potential as described in the current 
medical literature. Such statement corroborates the studies of 
the present study.

Studies have confirmed that metabolites of sevoflurane 
are less reactive (and, most likely, cause less damage) than 
those of halothane, enflurane, isoflurane, and even desflura-
ne 12. Sevoflurane preserves more efficiently the blood flow 
and oxygen delivery to the liver than halothane, enflurane, 
or desflurane; the effects on hepatic perfusion and metabolic 
function are similar to those of isoflurane 15. It seems unlikely 
that sevoflurane can cause clinically important severe pos-
toperative hepatic dysfunction; for this reason, it is the ideal 
anesthetic in patients with previous hepatic disease. Its use 
is essential in large size surgeries and liver transplants, in-
tervention in which postoperative live dysfunction could have 
harmful effects on patients with history of liver damage.

Thus, we conclude that the Sevoflurane Group, compared 
to the Halothane Group, did not have microscopic damage in 
the liver parenchyma.
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