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Abstract

It has been claimed that inhalational anesthetics affect many phases of immune response. Although, there are a
lot of studies on the effects of widely used anaesthetic agents and methods on the immune system, there are only
a few studies to show the effects by evaluation of neopterin concentrations as an important marker of cellular
immunity. This study was done to evaluate possible effects of inhalation anesthetics, such as desflurane, isoflu-
rane, and sevoflurane on the immune system by measuring urinary neopterin concentrations in patients who
underwent laparoscopic cholecystectomy. The study is randomized, prospective and double blind. Urinary
neopterin was measured in patients submitted to general anesthesia with either desflurane (n = 20) or isoflurane
(n = 11), or sevoflurane (n = 13) in laparoscopic cholecystectomy. Urine samples were collected preoperatively,
at 2nd and 24th hours post-operatively and the neopterin per creatinine concentrations were measured by using
high-performance liquid chromatography. 
The preoperative neopterin levels were similar across the study groups. Variance analysis of repeated measures
showed an effect of time (p <0.05): Neopterin concentrations increased over time, but the effect of different anes-
thetics on neopterin was similar. The mean increases in neopterin concentrations were similar among all the
applied anesthetics. In conclusion, this report shows changes of immune response by investigation of neopterin
in urine samples during 24 hours in patients exposed to three different inhalational anesthetic agents sevoflurane,
desflurane and isoflurane in laparoscopic cholecystectomy.
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Introduction

High infection rates in the postoperative period,
negative effects of anesthetics on the patients suffering
from immune deficiency syndromes such as AIDS and
the high incidence of spreading of malign cells in can-
cer patients have speeded up the studies on the effect
of surgery and anesthesia on the human immune sys-
tem (1). Effects of anesthetics on immune system were
first studied with ether (2), and the following numer-
ous studies related to various anesthetics revealed
effects on this system. It has been found that especial-
ly volatile and intravenous anesthetics depress immune
cell functions. The studies until 1990's were directed
towards the negative effects of immune suppression
due to anesthetic agents or anesthetic mechanisms. In

spite of the fact that many immunological effects of
anesthetics have been better understood in the recent
years, the mechanisms and clinical importance of these
effects are still unclear (3). It also remains uncertain
how anesthetics may influence morbidity and mortali-
ty. It has been suggested that inhalational anesthetics
depress chemotactic, phagocytic and microbicidal
activities of neutrophils and monocytes (4).

There is a limited number of studies about the
effects of anaesthetics on immune system in patients
without having surgical trauma. In a study comparing
general anesthesia and epidural anesthesia it was
reported that in the absence of surgery, general epidur-
al anesthesia has only little effect on the immune sys-
tem (5). According to the findings, there is a temporary
immune depression after anesthetic management
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including decrease in the activity of natural killer (NK)
cells, and in the count of T and B lymphocytes and
suppression of proliferative response to mitogens and
decrease in neutrophil oxidative responses (5-9).
Anesthetic agents especially together with surgical
stimuli, have either direct or hormone-dependent
effects via hypothalamo-hypophyseal-adrenal (HHA)
axes on immunologic mechanisms. In the periopera-
tive period, all of the neuroendocrine system, anti- and
pro-inflammatory cytokines cause an increase in their
suppressive effects. In in vivo studies, the main diffi-
culty is to distinguish the specific effects of the anes-
thetic agent from those resulted from the other multi-
ple intraoperative factors. These factors include type
and duration of surgery, blood transfusion, basal
immunological state and body temperature. Although
it seems likely that surgery is associated with signifi-
cant suppression of postoperative immune function;
the degree depends primarily on the type and duration
of the procedure. Therefore, the results of the studies
cannot be easily applied in clinical practice (10, 11).

T-lymphocyte changes in operated patients can be
seen as delayed type hypersensitivity (DTH) respons-
es. DTH is a multifactorial response which contains
both lymphocyte and lymphocyte subpopulation inter-
actions; they can affect final responses. T cell-related
immune function is used to assess DTH response.
Since laparoscopic surgery reduces the magnitude of
surgical trauma, it is thought to be associated with less
immune impairment including decrease in T-cell func-
tion (12-14).

Measurement of neopterin levels in non-invasive
samples provides information about activation of cel-
lular immune system under the control of type 1 T
helper (Th1) cells. Neopterin is produced primarily by
human monocytes/macrophages upon stimulation by
interferon-γ (IFN-γ), and also it is an indicator of a pro-
inflammatory immune status. Increased neopterin is
found in infections by viruses such as human immun-
odeficiency virus (HIV), intracellular living bacteria
and parasites infections and in many diseases, i.e.
autoimmune diseases, malignant tumors, allograft
rejection episodes, neurological and cardiovascular

disorders (15-18). Many components of the immune
system in the surgical patients under anesthesia were
evaluated by measuring T-cell subpopulations like
CD4+ and CD8+ T-cells, serum levels of β2-microglo-
buline, of cytokines like interleukin-2 (IL-2), IFN-γ,
and tumor necrosis factor-alpha (TNF-α) (3, 5, 11).
However, the isolation and measurement of these
markers in biological fluids is difficult, variable, and
expensive; and their application in clinical practice it is
not always feasible. Although blood and/or even uri-
nary neopterin serves as a sensitive and early biomar-
ker of cellular immune system activation, the relation-
ship between neopterin release and exposure to anes-
thetics has not been assessed in greater detail with only
a few exceptions (19, 20). Therefore, the main goal of
the present study was undertaken to investigate possi-
ble effects of inhalation anesthetics, such as desflu-
rane, isoflurane, and sevoflurane on immune system
by measuring urinary neopterin in patients who under-
went laparoscopic cholecystectomy.

Materials and Methods

This report results from a randomized, prospective
and double blind study, performed in Ankara Hospital,
Anesthesiology and Reanimation Clinic between
January and December 2009. It was in concordance
with the Helsinki Declaration 1981 and approved by
the ethic committee. The demographic data of the
patients are listed in Table 1.

According to the American Society of Anesthesio-
logists grading, 44 ASA I-II graded patients scheduled
to have laparoscopic cholecystectomy were randomly
allocated to three groups (13 patients to sevoflurane,
20 patients to desflurane and 11 patients to isoflurane
groups), each planned to have different inhalational
anesthetic agents for the maintenance of the anesthe-
sia. Patients with systemic chronic inflammatory and
coronary artery diseases, or malignancies, and smok-
ers, alcoholics and drug abusers were excluded from
the study. Patients did not receive any premedication.
The peripheral oxygen saturation (SpO2), electrocar-

Groups Number 
Gender 

(Female/Male) 
Age as year 

Sevoflurane (S) 13 12/1 44.2 ± 11.3 (23 - 56)* 

Isoflurane (I) 11 9/2 42.4 ± 14.3 (26 - 62) 

Desflurane (D) 20 17/3 38.8 ± 8.21 (27 - 45) 

Table 1. Demographic data of the patients. *Mean value ± standard deviation (minimum - maximum)
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diogram (ECG) and non-invasive blood pressures were
monitored (PM 8060 Vitara, Drager, Germany).

As preoperative samples, urine samples were col-
lected 15 minutes before anesthetic induction
(Baseline). Afterwards, all patients received 5 mg/kg
thiopenthal, 0.1 mg/kg vecuronium and 1µg/kg fen-
tanyl for induction and nitrous oxide 50 %, oxygen 50
% with either sevoflurane 2 % (Group S) or desflurane
6 % (Group D) or isoflurane 1.5 % (Group I) for the
maintenance. Additional medication was not given to
patients except additional neuromuscular blockers.
After the end of the surgery, the residual effects of neu-
romuscular blocker were antagonized with neostigmin
2.5 mg and atropine 0.5 mg, and the patients were
extubated. As postoperative samples, urine samples
were taken at the 2nd and at 24th hours after operation.
Urine specimens were kept from direct light, and
stored at -20 °C until the assays were performed.

Neopterin concentrations were determined by high-
performance liquid chromatography (HPLC) using a
fluorescence detector (HP, Agilent1100) at a wave-
length of 353 nm for excitation and 438 nm for emis-
sion, as described before (21-24). Creatinine concen-
trations were detected simultaneously by HPLC using
an ultraviolet detector (HP, Agilent1100) at the wave-
length of 235 nm. The neopterin levels were given as
micromoles of neopterin per mol of creatinine. 

Baseline neopterin levels of the three anesthetic
groups are compared using one way analysis of vari-
ance. Repeated measures analysis of variance is used
to analyze the effect of anesthetic groups on the
neopterin levels which are measured at 3 different time
points (baseline, 2 hours and 24 hours after the opera-
tion). A total of 44 patients achieved 99.6 % power to
detect whether the time effect is statistically signifi-
cant. All statistical analyses were performed using the
SPSS program (version 15.0 for Windows), and statis-

tical significance was set at p <0.05.

Results

Mean neopterin levels of the three anesthetic groups
at baseline, post1 (2 hours after the operation) and
post2 (24 hours after the operation) are presented in
Figure 1. The mean baseline neopterin levels were
similar across the three anesthetic groups, D, I, and S

(p = 0.302).
Mean neopterin levels increased over time (p <0.05,

repeated measures analysis of variance). However, the
effect of time was similar in all 3 groups of anesthetics
(p = 0.933; Figure 1). The mean changes as a percent-
age in the urinary neopterin among three anesthetic
groups are given in Table 2. Mean increases in

 
 

Percentage of changes in neopterin levels 
 

 
 

Baseline - Post 1 
 

 
Post 1 - Post 2 

 

 
Baseline- Post 2  

 

Group S, n ==  13 +19.5 +14.0 +27.9 

Group I, n ==  11 +13.0 +14.9 +27.3 

Group D, n ==  20 +16.6 +14.1 +29.5 

All patients, n ==  44 +16.6 +14.3 +28.5 

P values 0.801 0.999 0.995 

Table 2.: Percentages of mean changes in the levels of neopterin in 3 groups of patients receiving different anaes-
thetics (S = Sevoflurane, I = Isoflurane, D = Desflurane).
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Figure 1. Mean neopterin levels of three anaesthetic
groups. ∆, Desflurane group;♦, Sevoflurane group;o,
Isoflurane group. Baseline; post1 = 2 hours after the
operation; post2 = 24 hours after the operation. The
results are expressed as the mean ± standard error
(SEM).
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neopterin levels were similar among the anesthetic
groups (p <0.05; one way analysis of variance).

Discussion

Today, isoflurane, desflurane and sevoflurane
among many inhalational anesthetics are widely used
in many surgical procedures in order to provide opti-
mum surgical conditions for both to the patient and the
surgeon. Beside some advantages of these agents, they
may have untoward effects on many functions in the
body including the immune system. In addition to this,
the effect of surgical stress on the immune system
should not be underestimated. There is still not an opti-
mal approach in determining the immune status of
patients under surgical-anesthetic stress (3, 11-14).
Fortunately, during last two decades, laparoscopic sur-
gery has become more popular than open surgical
practice with the advantages of less postoperative pain,
earlier recovery and better cosmetic outcomes, earlier
discharge from the hospital and in addition to these it
causes less tissue trauma then open operation. Thus, it
is likely to be associated with better preservation of
systemic immune function (12-14).

The effects of anesthetics and anesthetic methods
on the human immune system are being investigated
since the time of ether anesthesia and peaked with the
studies performed on anesthesia workers (25). The
immunosuppressant effects of anesthesia together with
surgical trauma can play a relevant role in postopera-
tive infection occurrence. In addition to surgery, fac-
tors such as plasma transfusion, hypothermia, hyper-
glycemia during perioperative period, and postopera-
tive pain may decrease both humoral and cellular
immunity. It is postulated that every anesthetic agent
more or less suppress immunologic mechanisms (1-
11). Immune response is a protective phenomenon
against any foreign antigen, but due to the nature of the
antigen, antibodies produced and patient's susceptibil-
ity, it may be deleterious (15, 16). Although there are a
lot of clinical studies on the effects of widely used
anesthetic agents and methods on immune system
either in vivo or in vitro (7-14, 26, 27), there is limited
number of evidence on neopterin which is an important
marker of cellular immunity (20, 25). Determination of
neopterin concentrations in biological fluids seems to
be more useful, non-invasive, cheaper and reliable (15-
17, 22-24). By considering the little effect of laparo-
scopic surgery on the immune system, the immunolog-
ic effects of three inhalation agents were evaluated by
monitoring the urinary neopterin levels in this work in
patients who underwent laparoscopic cholecystectomy.
In this study, neopterin levels showed slight elevation
in all study groups at 2 hours after the operation in

comparison to baseline. Similarly, increasing tendency
continued at 24 hours after the operation. However, the
differences were not statistically significant.
According to these results, it may be thought that the
inhalational anesthetics in laparoscopic surgery
patients caused alterations in neopterin levels as indi-
cator of the cellular immune system. When effects of
laparoscopic surgery on immune system are consid-
ered to be unimportant according to literature, this
alteration may originate from exposure of the inhala-
tional anesthetics. However, the results obtained from
studies in which different type of surgical treatments
were applied showed that there is no effect of the anes-
thesia agents on neopterin status in contrast to our sug-
gestion (19, 28, 29). 

Our results also showed that there is not any superi-
ority among isoflurane, desflurane, or sevoflurane.
Many studies suggest that inhalational anesthetics
interfere with many phases of the immune system:
bone marrow depression, inhibition of phagocytosis
and macrophage mobility. In a study performed by
Propicio et al. in two groups in the absence of surgery,
exposed healthy volunteers either to mask thiopenthal-
isoflurane-nitrous oxide anesthesia or lumbar epidural
anesthesia and the immune function of sampled ex
vivo cells from these volunteers were unaffected (5).
Clearly, the interaction among the stressors of surgery
the perianaesthetic period, and anesthetics agents
account for the postoperative immune modulation (1-
11). Moudgill et al. showed that isoflurane does not
effect while halothane and enflurane significantly sup-
press neutrophil chemotaxis (7). On the other hand,
sevoflurane is thought to have a little effect on neu-
trophil apoptosis, cytokine concentration and neu-
trophil count, but desflurane seems to cause greater
systemic response effects (26, 27). Marfella et al.
reported a marked decrease in neopterin level at 4
hours after anaesthetic induction, however they found
an increase in neopterin levels at 24 hours in patients
with uterine malignancies operated either halothane or
isoflurane (20). In our study sevoflurane, desflurane,
and isoflurane resulted in an increase urinary neopterin
levels in the postoperative 2nd hour 19.5 %, 16.6 %,
and 13.0 %, respectively. Moreover, it has been shown
that the increase in neopterin levels continued from the
2nd postoperative hour to the 24th postoperative hour in
both, the sevoflurane and the desflurane groups, with
similar trends (∼ +14 %). Increase in neopterin levels
of the isoflurane group was kept in a steady state.
According to these results, it seems that sevoflurane
and desflurane have reversible effects on the immune
system. At the moment, it is difficult to say the same
thing for isoflurane. It is not surprising to meet some
conflict between our findings and results of the above-
mentioned studies because of the different study
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designs.
In conclusion, this paper reports alteration of

immune system by evaluation of urinary neopterin in
patients exposed to three different inhalational anes-
thetic agents during laparoscopic surgery. It seems
that, depending to the type of the surgery, sevoflurane,
desflurane and isoflurane have minimal effects on the
urinary neopterin status. Finally, further studies are
needed to solve unclear points.
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