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aBStract

Introduction: Although most general anaesthesia procedures are performed without any 
complications, volatile agents may have adverse effects on various living systems. This study 
aims to compare the antioxidant effects of isoflurane and N-acetylcysteine (NAC) on liver 
function. Methods: Forty-one patients in the ASA I-II risk groups, who were scheduled to undergo 
gynaecologic laparoscopy, were randomly divided into two groups: The placebo (group P, n=21) 
and the NAC group (group N, n=20). In both groups, anaesthesia was maintained with 1–2% 
isoflurane in 50% Oxygen–50% N2O at 6 l/min, also administered by inhalation. Venous blood 
samples were obtained before anaesthesia induction, and then in the postoperative 1st hour and 
at the 24th hour. The samples were centrifuged and serum levels of glutathione S-transferase 
(GST), malondialdehyde (MDA), aspartate amino transferase (AST), alanine amino transferase 
(ALT), lactate dehydrogenase (LDH), gamma glutamyltranspeptidase (GGT), prothrombin 
time (PT), activated partial thromboplastin time (aPTT) and international normalised ratio were 
determined. Results: GST levels were significantly higher in group N than in group P in the 
postoperative 1st hour. Postoperative values of GST in the two groups were higher when compared 
to preoperative values (P<0.05). When postoperative levels were compared with preoperative 
levels, the postoperative MDA levels of group N were significantly higher (P<0.05). Levels of AST, 
ALT, GGT and LDH in both groups revealed significant decreases at the postoperative 1st hour 
and postoperative 24th hour compared to preoperative values (P<0.05, P<0.001). PT values were 
significantly higher in both groups in the postoperative 1st hour and 24th hour (P<0.05, P<0.001), 
although there were no differences in aPTT levels. Conclusion: Our results showed that liver 
functions were well preserved with administration of NAC during anaesthesia with isoflurane. 
Isoflurane with NAC has lesser effect on liver function tests compared to isoflurane alone.
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introDuction

Volatile anaesthetics have exhibited various organ 
and system toxicities since they have became 
operational.[1] Of particular importance is the 
occurrence of fatal toxicities in the liver where these 
anaesthetics are actually metabolised. Like all the 
other branches of medicine, anaesthesiology recently 
made great improvements, but the search for the ideal 
anaesthetic agent is still ongoing.

There are reports of postoperative hepatitis after 
halothane anaesthesia with a wide spectrum, ranging 
from mildly elevated bilirubin levels to fatal fulminant 
hepatic necrosis.[2] Isoflurane is metabolised very little 
(0.17%) and is presented as safer than halothane.[3] 
There are also reports of hepatitis related to isoflurane 
anaesthesia; but these occurrences are not as severe 
as in halothane cases.[4,5] There is a general consensus 
on the toxicity of volatile anaesthetics. These agents 
are not toxic themselves, but their by-products or 
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end-products of metabolism are toxic.[6] Isoflurane 
is halogenated ether and an isomer of enflurane. Its 
anaesthetic induction is faster because it is nearly 
insoluble in blood. Only 0.17% of isoflurane is 
metabolised in the liver; the amount of its metabolites 
[fluoride and trifluoroacetic acid (TFA)] is not 
sufficient to cause nephrotoxicity.[7] TFA is a reactive 
metabolite that has been shown to be the main reason 
for hepatotoxicity and also cross-sensitivity to other 
halogenated agents. TFA binds to hepatocyte proteins 
and acts like a “hapten.” These antigens are then 
attacked by patient’s antibodies.[8]

The toxicity of volatile anaesthetics can be seen 
after biodegradation. Biodegradation causes lipid 
peroxidation and depletion of antioxidants like 
glutathione.[7] N-acetylcysteine (NAC), a precursor of 
glutathione synthesis, can exert important antioxidant 
cytoprotective effects and anti-inflammatory effects. It 
is also used in cases of paracetamol intoxication and 
chronic obstructive pulmonary diseases, inflammatory 
arthritic diseases, adult respiratory distress syndrome, 
and prevention of human immunodeficiency virus 
(HIV) expression.[9-12]

Free radicals increase the formation of lipid peroxides 
in the cell membrane, and thus participate in many 
pathological processes such as ischaemia, tissue 
anoxia, and diabetes. During surgery with general 
anaesthesia, changes in tissue and organ perfusion and 
the degree of oxygenation can affect oxidative stress, 
defined as the equilibrium between oxidising factors 
(lipid peroxidation) and antioxidising factors (mainly 
the glutathione system). Glutathione S-transferase 
(GST) and malondialdehyde (MDA) levels in the 
tissue samples are assessed to be indicators of lipid 
peroxidation.[13,14]

The aim of the present study is to investigate the 
effects of widely used volatile agent, isoflurane, and 
an antioxidant, NAC, on liver functions.

methoDS

This study was approved by Institutional Review Board 
and written informed consent was obtained from all the 
patients. In this prospective, double-blind, randomised, 
comparative study, a total of 41 patients, aged between 
33 and 65 years, of ASA I-II, undergoing elective 
gynaecologic laparoscopic surgery (hysterectomy, 
myomectomy and ovarian cysts) were randomised 
into two groups, group P (n=21, placebo) and group N 

(n=20, NAC), and they were divided randomly by 
drawing a sealed envelope.

Patients who had severe cardiovascular, pulmonary, 
renal, hepatic, endocrine, neuropsychiatric diseases, 
history of using coumadin recently, aspirin, 
nonsteroidal anti-inflammatory drugs (NSAIDs), 
vitamins, corticosteroids, immune depressants or 
any drug interfering with metabolic functions, any 
history of drug, alcohol, or cigarette abuse, a history 
of hepatitis B or C, inflammatory bowel disease, 
malabsorption, infection with/without fever, or open 
abdominal surgery in 5 years were excluded.

Physical examination was performed the day before 
the scheduled surgery. No premedication was given. 
Age, sex and weight were recorded. On the operation 
table, we inserted a peripheral intravenous (i.v.) line 
with 20-gauge cannula on dorsum of the hand and 
started 0.9% saline infusion. All the patients were 
monitored using a Siemens SC 6002 monitor before 
induction with standard 5-lead electrocardiogram 
(ECG) (lead II and V5 particularly), automatic cuffed 
non-invasive blood pressure, and pulse oxymetry 
with a finger probe. Basal values of heart rate (HR), 
systolic arterial pressure (SAP), diastolic arterial 
pressure (DAP), mean arterial pressure (MAP), and 
peripheral oxygen saturation (SpO2) were measured 
and recorded. Group N received 150 mg/kg NAC in 
250 ml 0.9% saline and group P received only 250 ml 
0.9% saline before induction.

All the patients were preoxygenated with 100% O2. 
For induction, thiopental 3–6 mg/kg and vecuronium 
0.1 mg/kg were given. Patients were intubated and 
connected to the ventilator after 3 minutes. All 
patients received 50% Oxygen–50% N2O with 1–2% 
isoflurane in fresh gas flow at 6 l/minute. Tidal volume 
was 6–8 ml/kg; frequency was 10–12/minute.

HR, SAP, DAP, MAP and SpO2 values were recorded at 
pre-induction and post-induction, and after intubation 
at the 1st, 30th, 60th, 90th and 120th minute.

The presence of light reflex, pupillary dilatation, 
autonomic responses (sweating, tears), somatic 
responses (movement, knitting the eyebrow, eye 
opening, swallowing), and more than 20% increase 
in basal SAP, DAP, HR values were all accepted as 
superficial anaesthesia. In these superficial anaesthesia 
cases, isoflurane inhalation was increased up to 0.5–3% 
and anaesthesia was maintained. Isoflurane inhalation 
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was gradually decreased when basal SAP, DAP, and HR 
values decreased more than 20%. When necessary, 5 mg 
ephedrine was administered in order to increase BP. 
When HR decreased below 50 beats/minute, we accepted 
this HR as bradycardia and administered 0.5 mg atropine 
sulphate i.v. Group N received a 12.5 mg/kg/hour NAC 
i.v. infusion throughout the operation, whereas group P 
received saline infusion at the same amount.

In order to evaluate the liver functions; serum 
aspartate amino transferase (AST), alanine amino 
transferase (ALT), lactate dehydrogenase (LDH), 
gamma glutamyltranspeptidase (GGT), prothrombin 
time (PT), activated partial thromboplastin time 
(aPTT), international normalised ratio (INR), GST and 
MDA levels were monitored as the main variables from 
peripheral venous blood at preoperative, postoperative 
1st hour and the postoperative 24th hour. AST, ALT, 
LDH, GGT were measured with a Roche Modular 
spectrophotometric autoanalyser. PT, PTT, and INR 
were measured with STA-Compact and STA-R devices 
using Stago kits.

Perioperative adverse or side effects like arrhythmias, 
nausea, vomiting, flushing, hypotension, cough, and 
urticaria were all recorded.

Statistical analysis
To evaluate all these data, the SPSS 13.0 program 
was used. Parameters with normal distribution were 
evaluated with the Student’s t-test and parameters 
without normal distribution were evaluated with 
the Mann–Whitney U-test. In-group and inter-group 
comparisons were done with analysis of variance 
(two-way ANOVA).

reSultS

There were no statistical differences according to 
demographic data (age, sex, weight).

There were no statistical differences between groups 
in AST, ALT, GGT and LDH levels at preoperative, 

postoperative 1st hour or postoperative 24th hour 
(P>0.05). Analysis of AST, ALT, GGT and LDH 
in both groups revealed significant decreases at 
postoperative 1st hour and postoperative 24th hour 
versus preoperative values (P<0.05, P<0.001).

PT values revealed significant increases at the 
postoperative 1st hour and postoperative 24th hour 
compared to preoperative values in both groups 
(P<0.05, P<0.001) [Table 1]. In both groups, there 
were no statistical differences in PTT compared to 
preoperative, postoperative 1st hour and postoperative 
24th hour values (P>0.05) [Table 1]. INR values in 
both groups revealed highly significant increases at 
the postoperative 1st hour and postoperative 24th hour 
compared to preoperative values (P<0.001) [Table 1].

In both in-group and inter-group analyses of GST, 
group N revealed significant increases compared to 
group P at the postoperative 1st hour. Postoperative 1st 
and 24th hour values were higher when compared to 
preoperative values (P<0.05).

On comparison of MDA values of groups, it was found 
that in Group P, MDA revealed no significant changes 
at the postoperative 1st hour and postoperative 
24th hour compared to preoperative values (P>0.05). 
Group N revealed significant increases in MDA at the 
postoperative 1st hour and postoperative 24th hour 
compared to preoperative values (P<0.05).

There were no statistical differences in SAP, MAP, DAP, 
HR and SpO2 values at the preoperative, postoperative 
1st hour and postoperative 24th hour (P>0.05). On 
in-group analysis of SAP, MAP, DAP, HR and SpO2 
values, some statistical differences were found, but 
none of these were clinically significant.

Regarding the side effects, both groups had one patient 
with nausea. Group N revealed more drug-related 
issues, such as 11 patients with hypotension during 
induction and 9 patients with flushing during NAC 
infusion. In cases of hypotension, we administered 

Table 1: Biochemical parameters and values according to the time
Before operation After operation 1 hour After operation 24 hours P*

Group P Group N Group P Group N Group P Group N
PT (sec) 14.2±1 14.4±1.3 14.8±1 15.7±1.2 15.2±1.1 15.4±0.9 <0.05
aPTT (sec) 28.40±2.6 29.9±8.5 29.40±4.6 28.8±3.8 25.1±2.5 27.1±2.5 NS
INR (IU) 1.11±0.1 1.15±0.13 1.18±0.11 1.28±0.12 1.22±0.12 1.26±0.1 <0.001
GST (nmol/l) 616±243 598±169 611±191 909±206 767±206 798±216 <0.05
MDA (nmol/l) 6.78±2.57 5.85±2.07 7.4±2.6 7.52±2.4 7.13±2.24 7.44±2 <0.05
Data are presented as mean±standard deviation; *Statistical difference between groups, with ANOVA; NS: Not significant; PT: Prothrombin time; aPTT: Activated 
partial phromboplastin time; INR: International normalized ratio; GST: Glutathione S-transferase; MDA: Malondialdehyde
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ephedrine (an alpha agonist) and decreased the 
isoflurane concentration to less than 0.5%. Also, 
in group N, two patients had cough and reported 
a metallic taste, and two patients had urticaria, for 
which we administered pheniramine 20 mg i.v.

DiScuSSion

The liver is the most affected organ in cases of 
anaesthetic agent toxicity, since it is the site where 
inhalational agents are metabolised. In this study 
where isoflurane was used, no adverse effect was 
found on the liver.

Routine laboratory tests are not indicated unless 
there is no abnormal finding in history or physical 
examination of asymptomatic, otherwise healthy 
cases. There is no routine need for liver function 
tests preoperatively. Preoperative liver function tests 
should be based on any history of hepatic injury and 
physical examination findings. In these cases, AST 
and ALT levels are measured primarily.[15,16]

In a study of sevoflurane for intermediate-duration 
non-hepatic surgeries, ALT levels increased 
non-significantly whereas AST levels remained 
unchanged.[17] Repeated sevoflurane anaesthesia 
caused relatively increased ALT, AST, LDH levels in 
another study, where sevoflurane was administered to 
monkeys for 3 hours a day for 3 days in a total of 8 weeks 
period.[18] Hepatic enzymes returned to normal within 
4–8 weeks. There were no signs of histopathological 
hepatic damage. Thus, they concluded that 
sevoflurane has no significant effect on healthy 
individuals. Postoperative ALT and AST levels were 
found non-significantly reduced in a study conducted 
on 50 children and infants using desflurane 2–3%.[19] 
They concluded that our up-to-date information on 
volatile anaesthetics could not explain this decrease. 
In the present study, serum AST, ALT, GGT, LDH levels 
also decreased in both the groups, which is similar to 
results of the above-mentioned studies.[17-19]

The basic reactions of liver drug metabolism are 
biphasic in nature. Liver p450 monooxidases and 
oxidase systems carry out Phase I reactions which are 
biotransformations.[20] This enzyme system is the basal 
metabolic pathway for sevoflurane, isoflurane, enflurane 
and desflurane. Only sevoflurane needs the Phase II 
reactions for excretion of metabolic end products.[21]

After sevoflurane and isoflurane anaesthesia, liver 

function enzymes were evaluated in a study. Both 
sevoflurane and isoflurane groups revealed that there 
was no significant increase during the first 24 hours. 
Isoflurane group revealed peak increase on the 7th day. 
However, this increase was not statistically significant 
in terms of AST, ALT, GGT, and LDH levels. Also, this 
presented study evaluated coagulation parameters 
like PT, PTT, and INR.[22] All the coagulation factors 
except Factor VIII are synthesised in the liver.[23,24] Both 
groups revealed significant increases in PT values at 
postoperative 1st hour and postoperative 24th hour 
compared to preoperative values, whereas PTT values 
remained within normal ranges. In our study, all our 
patients had preoperatively normal PT, PTT, and INR 
values, but this issue might be problematic for patients 
who have coagulation defects.

In animals anaesthetised with halothane, it was 
shown that cardiac tissue MDA concentrations 
were increased.[25] If vitamin E was given together 
with halothane, cardiac tissue MDA concentrations 
decreased. This decrease in vitamin E might be 
explained by protection of cardiac tissues against 
free radicals and prevention of lipid peroxidation. 
Vitamin E is a powerful antioxidant and might 
scavenge some radicals by attracting unpaired single 
electrons towards it.

The present study shows that preoperative NAC 
infusion significantly increased serum GSH levels. 
Increased postoperative GST level in isoflurane+saline 
group (P) might indicate indirect exposure to oxidative 
stress. Serum MDA concentrations increased in both 
groups. NAC, as an antioxidant, was not able to decrease 
serum MDA levels. We think that this failure might be 
due to a lesser concentration (<1%) of isoflurane used 
because of the haemodynamic instability in the NAC 
infused group N.

Oxidative stress occurs as a result of an imbalance 
between free oxygen radicals and natural endogenous 
antioxidant systems. NAC is the most used exogenous 
antioxidant against this oxidative tissue damage. 
The antioxidant effect of NAC is because of the 
direct effects itself or secondary effects by increasing 
glutathione production. The direct effect is the 
reaction with hydroxyl radicals, thereby inactivating 
them. NAC also prevents glutathione depletion and 
increases hepatic glutathione levels. In an animal 
acute renal failure model, glutathione has been shown 
to prevent ischaemia-reperfusion injury.[26] Further, 
a study was conducted on 83 chronic renal failure 
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patients undergoing computerised tomography using 
non-ionic contrast material. They showed that NAC 
significantly decreases contrast-induced nephropathy 
in high-risk patients.[27]

All inhalational agents decrease hepatic blood flow 
in a dose-dependent manner. Depending on the 
chosen agent, this decrease of hepatic blood flow is 
about 20–25% during anaesthesia and surgery. The 
important factors of this decrease might be the higher 
sympathetic tonus or pressure on the vena caval 
system due to increased intrathoracic pressure during 
controlled ventilation. In the end, decreased hepatic 
flow occurs together with hepatic hypoxia.[28,29] The 
effects of isoflurane and sevoflurane anaesthesia on 
total (portal vein+hepatic artery) hepatic blood flow 
were investigated. Sevoflurane partially decreases 
portal blood flow but increases hepatic arterial flow; 
therefore, it has the same effect as isoflurane on total 
hepatic blood flow.[30]

In a hypoxic environment, the hepatotoxicity of 
anaesthetic volatile agents increases because the energy 
needs of tissues and cells are not sufficiently met.[31,32] 
Especially in hypoxic environments, halothane has 
been shown to cause more histopathological injury than 
does isoflurane in studies conducted on rat livers.[33,34] 
In the present study, we eliminated the risk of a 
hypoxic liver by holding the MAP over 80 mmHg. NAC 
was administered to 11 patients with hypotension 
from group N; therefore, we had to decrease isoflurane 
to less than 0.5% MAC and administer ephedrine in 
order to achieve an MAP over 80 mmHg.

concluSion

We conducted this randomised controlled study in 
order to show the effects of perioperative NAC infusion 
on liver during general anaesthesia maintained by 
isoflurane, the halogenated volatile agent used the 
most today. Under isoflurane anaesthesia, preoperative 
NAC caused increased levels of glutathione and MDA; 
however, liver function tests showed no significant 
difference. We conclude that more extensive and 
prolonged studies are needed to investigate the effect 
of NAC in patients undergoing general anaesthesia 
with halogenated volatile agents.
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