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1. INTRODUCTION 

The results of experimental in vitro studies 

report immunosuppressive effects of volatile 

anaesthetics depending on the duration of 

exposure and a dose used on various immune 

cells. 

Volatile anaesthetics are known as substances 

having beneficial immunomodulatory properties 

not only in the inflammatory reaction induced 

by ischemia-reperfusion or hypoxia-reoxidation 

but also in other states of the acute 

inflammatory response (1-4). 

It was shown that the use of volatile anaesthetics 

(such as sevoflurane, isoflurane or desflurane) 

significantly reduces the expression of 

inflammatory mediators, such as monocyte 

chemoattractant protein-1 (MCP-1), cytokine 

induced neutrophil chemoattraktant-1 (CINC-1), 

IL-6 and IL-8 by the cells of damaged tissue and 

modifies the expression of neutrophil integrin 

CD11b and selectin CD62L which are the 

inflammatory response molecules playing a key 

role in the acute organ failure (5-7). 

Several clinical studies have shown that the use 

of volatile anaesthetics in patients undergoing 

lung (4, 8), heart (9) or liver surgery (10) 

resulted in fewer postoperative complications. 

The described effects of inhaled anaesthetics in 

the clinical conditions may largely correspond 

to their immunomodulatory properties 
demonstrated in the experimental in vitro and in 

vivo studies. 

Inhaled anaesthetics have a depressant effect on 

both specific and nonspecific immune response. 

An influence of volatile anaesthetics was 

reported on most immune system cells. 

2. THE IMPACT OF INHALED ANAESTHETICS ON 

THE FUNCTIONS OF POLYMORPHONUCLEAR 

NEUTROPHILS (PMN) 

In the description of inhibiting the bactericidal 

function of human neutrophils in vitro Welch et 
al. suggested that this property is connected with 
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the mechanism responsible for eliminating 
pathogens which is dependent on the production 

of reactive oxygen species (ROS) (11). 

This report was confirmed by another study 

proving that the production of ROS by activated 

neutrophils was inhibited by halothane, 

enflurane, isoflurane and sevoflurane (12). 

It is suggested that the mechanism by which 

volatile anaesthetics impair the release of ROS 

from neutrophils may be associated with a direct 

inhibitory effect on NADPH oxidase or with 

suppressing some components of the NADPH 

oxidase control pathway such as protein 

kinase C (12, 13). 

The impaired release of ROS, caused by volatile 

anaesthetics, results in the inhibition of the 

primary inflammatory response by reducing the 

adhesion of neutrophils to endothelial cells. 

ROS released from neutrophils are in fact a 

stimulus for the upregulation of endothelial 

adhesive molecules such as P-selectins and 

intercellular adhesion molecule (ICAM)-1, 

which respectively participate in rolling along 

the endothelium, the slowdown and further 

adhesion of neutrophils to endothelial cells (14, 

15). 

Numerous evidence justified the role of 

neutrophils in the ischemic and later reperfused 

myocardium as a good model of primary 

inflammatory damage leading to organ 
dysfunction (16). 

Data obtained from experimental and clinical 

studies suggests that isoflurane and sevoflurane 
may have protective effects in the conditions of 

ischemia-reperfusion with simultaneous 

reducing ROS production by neutrophils and 
post-ischemic adhesion of neutrophils 

to endothelial cells (17). These properties of 

volatile anaesthetics may be a part of the 

phenomenon called anaesthetic preconditioning 
of the ischemic myocardium (18).  

Frohlich et al. showed that halothane, enflurane 

and sevoflurane caused weakness, while 
desflurane significantly increased the activity of 

peripheral blood neutrophils (12). Anaesthesia 

induced by isoflurane had little effect on 

phagocytosis of E. coli (19). 

The in vitro study stated that isoflurane-induced 

anaesthesia weakened the phagocytic activity 

depending on the duration of exposure (20). 

In their clinical study Erol A. et al. investigated 

the influence of anaesthesia using desflurane, 

sevoflurane and propofol on phagocytosis and 

the respiratory burst activity of 

polymorphonuclear leukocytes isolated from 

bronchoalveolar lavage (21). It was shown that 

desflurane and sevoflurane, in contrast to 

propofol which stimulates leukocyte activity, do 

not influence the phagocytic activity and ROS 

production-dependent elimination of pathogens. 

Horn et al. reported a promoting action of 

sevoflurane on binding of platelets to the 

surface of lymphocytes, neutrophils and 
monocytes (22). Sevoflurane increases the 

expression of P-selectin by affecting the 

transcription factor AP-1 (activator protein 1), a 
regulator and a mediator in adhering platelets to 

leukocytes (22). The above study did not 

describe similar properties when using 

desflurane. 

In the in vivo experimental study, Kusza et al. 

investigated the effects of anaesthesia using 

halothane and isoflurane on peripheral 
microcirculation in the cremaster muscle (23). 

The observed behaviour of leukocytes during 
anaesthesia using halothane contributed to 

a better perfusion of capillaries. 

During halothane anaesthesia, there was a 

significantly lower level of rolling leukocytes 

and leukocytes that adhere to the endothelium of 
postcapillary venules. 

A decrease in accumulation of activated 

leukocytes is associated with reduced levels of 

ROS, which may improve perfusion of 

capillaries directly by preventing endothelial 
oedema and microthrombosis, as well as 

indirectly by dilating the arterial part of 

microcirculation, especially resistance arterioles 
and precapillary sphincters. 

In another study, Kusza et al. studied the effects 

of halothane and isoflurane on the behaviour of 

leukocytes at the level of microcirculation after 

experimentally induced cardiac arrest using a 

cremaster muscle rat model and in vivo 

microscopy (24). 

The presented study showed that anaesthesia 
using halothane at the concentration of 1MAC 

attenuated the harmful effect of cardiac arrest on 

peripheral microcirculation by significantly 
reducing the number of leukocytes that 

transmigrate into the extravascular space, the 

lack of swelling in the post-capillary venules 
endothelium and by increasing numbers of 

functional capillary density. In the same 

experimental in vivo model, Mielniczuk et al. 
showed that sevoflurane reduces the 
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development of systemic inflammatory response 
observed at the level of microcirculation in the 

conditions of experimentally induced 

haemorrhagic shock (25). 

A better capillary perfusion was observed 
together with reduced number of rolling 

leukocytes and those attached to the post-

capillary endothelium in the conditions of shock 
during sevoflurane anaesthesia. 

In the in vitro experiment, Mobert et al. 
evaluated an inhibitory effect of inhaled 

anaesthetics on the interactions between 

neutrophils and human endothelial cells (26). 

The adhesion of PMNs, derived from the human 

umbilical venous blood (HUVECs), to 
endothelial cells was induced by the stimulation 

of PMNs and/or HUVECs. 

The described experiment showed that 

halothane, isoflurane and sevoflurane at the 

concentration of 1-2 MAC inhibit the adhesion 

of neutrophils to endothelial cells. This effect 

was due to reduced expression of the molecule 

CD11b on the surface of neutrophils. 

Lucchinetti E. et al. studied the effect of 

sevoflurane used at the concentration of 0.5-1.0 

vol% on the course of a 15-minute ischemia-

reperfusion of the upper extremity (27). 

The suppressed leukocyte activation was 

demonstrated together with the inhibition of 

their interaction with the vascular endothelium, 

assessed as the level of expression of the 

adhesive molecule CD 11b. In the in vitro 

experiment, Feng J. et al. evaluated the impact 

of pre-conditioning of endothelial cells with 

isoflurane, and the subsequent incubation in the 

conditions deficient in oxygen and glucose (28). 

It was shown that protection of 

endothelium ensured by isoflurane is based on 

activating protein kinase C (PCK) and 

mitochondrial ATP-sensitive potassium 

channels. 

3. THE IMPACT OF INHALED ANAESTHETICS 

ON THE FUNCTION OF MACROPHAGES 

Most experimental in vivo and in vitro studies 

dealing with the effects of volatile anaesthetics 

on the function of monocytes and macrophages 

involve the evaluation of the function of 

macrophages isolated from the alveoli. For 

example, in mice in response to influenza 

infection, halothane inhibits intra-alveolar 

macrophage recruitment (29). 

The vivo study conducted on a rat endotoxaemia 

model showed that isoflurane reduces the 

release of pro-inflammatory IL-1β cytokine 

whose concentration was determined in 

bronchoalveolar lavage fluid (BALF) (30). 

Tschaikowsky et al. described an increased 

expression of inducible nitric oxide synthase 

(iNOS) in murine macrophages under the 

influence of volatile anaesthetics (halothane, 

enflurane, isoflurane and desflurane) after 

previous stimulation with bacterial 

lipopolysaccharide (LPS) and IFN-γ (31). 

It is probable that co-stimulation of cells with 

LPS and IFN-γ activates iNOS expression by 

influencing the transcription regulatory factors 

such as NF-B and IRF-1 (an INF-dependent 

transcription factor). It is postulated that inhaled 

anaesthetics have no effect on this type of 

genetic regulation of transcription. The anti-

inflammatory properties of volatile anaesthetics 

were also demonstrated in other animal models 

describing a model of acute lung injury caused 

by endotoxaemia (32). 

In opposition to these, there are other results of 

experimental studies showing the inhibition of 

LPS-induced iNOS expression in rat or murine 

macrophages caused by volatile anaesthetics 

(halothane, enflurane, isoflurane and desflurane) 

as well as the suppression of NO release by 

isoflurane or sevoflurane (31, 33, 34). It is 

believed that this mechanism of action of 

inhaled anaesthetics depends on the inhibition of 

intracellular calcium accumulation and 

decreased activity of the AP-1transcription 

factor. 

4. THE IMPACT OF VOLATILE ANAESTHETICS 

ON THE FUNCTION OF NK CELLS 

Natural Killer cells (NK cells) are essential for 

the elimination of tumour cells at an early stage 

of cancer, including metastases. A dysfunction 

of NK cells in the perioperative period is 

associated with an increased risk of death in 

cancer patients. 

Many studies that evaluate the in vitro cell 

response after surgery and anaesthesia prove 

the impaired cytotoxic activity of NK cells. 

In the in vitro experimental study, Woods and 

Griffitys demonstrated that volatile anaesthetics 

such as halothane and enflurane reversibly 

inhibit the activity of NK cells in proportion to 

the concentrations used (35). In this study, NK 

cells returned to full activity 1 hour after 

the exposure to inhaled anaesthetics. 
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In mice, in both in vivo and in vitro 

experimental conditions halothane and 

isoflurane inhibited the increased IFN treatment-

induced cytotoxicity of NK cells isolated from 

the spleen (36). In addition, studies on animal 

models showed that the suppression of NK cell 

activity induced by halothane and isoflurane 

caused a rapid progression of neoplastic disease 

and the appearance of distant metastases (37, 

38). 

Although the exact mechanism responsible for a 

direct depressant effect of volatile anaesthetics 

on the NK cells activity remains unclear, it is 
believed that they can directly activate CD8 T 

lymphocytes, which in turn leads to reduced 

cytotoxic properties of NK cells. The in vitro 
study evaluating the functions of cell lines 

isolated from the splenic parenchyma of 

anaesthetized mice demonstrated that the 

removal of CD8+ lymphocytes from the 
immediate vicinity of NK cells restored the 

ability of NK cells to respond to IFN stimulation 

(39). 

5. THE IMPACT OF VOLATILE ANAESTHETICS 

ON THE FUNCTION OF LYMPHOCYTES 

Various studies have shown inhibitory effects of 
volatile anaesthetics on the proliferation of 

lymphocytes and the suppressive activity of 

these drugs on the release of cytokines by 

peripheral blood mononuclear cells (PBMC) 
(40-42). 

Splenic T cells isolated from the rats 

anaesthetized with halothane at the 
concentration of 1 vol % for 5 hours displayed 

reduced proliferative capacity and impaired 

ability to express the molecule CD25, an α IL-2 
chain receptor (41). 

The vitro study using human PBMC showed 

that the exposure of cells to halothane at the 

concentrations of 1vol% for 60 minutes 

impaired surface binding of lymphocytes both to 

immunoglobulins and mitogen concanavalin A 

(ConA), the phenomenon was reversible after 24 

hours (40). Resistance to the action of mitogens 

such as ConA substantially impairs lymphocyte 

ability of blastic transformation as well as the 

consequent production and the release of 

cytokines, while in B cells it additionally blocks 

the secretion of antibodies. 

The in vitro exposure of lymphatic cells to 

halothane, sevoflurane, isoflurane and enflurane 

inhibits the release of IFN-γ, IL-1β and TNF-α 

(42). 

The induction of cell apoptosis is one of the 

mechanisms though which inhaled anaesthetics 

inhibit the function of lymphatic cells. 

In vitro, isoflurane and sevoflurane directly 

induce the phenomenon of apoptosis in human 

peripheral blood lymphocytes depending on a 

dose and the duration of exposure (43). 

It was shown that the induction of apoptosis is 

accompanied by increased levels of activated 

caspase-3 (CASP3) in the analyzed lymphatic 
cells (43). At the same time, it was shown that 

isoflurane limphotoxicity was greater than 

sevoflurane limphotoxicity. 

Based on these results Loop et al. found that 
sevoflurane and isoflurane induce the cellular 

apoptosis pathway by influencing the release of 

cytochrome c from mitochondria into the 
cytoplasm in human T lymphocytes depending 

on the concentration used (44). 

It is believed that the loss of cytochrome C, as a 

part of the electron transfer chain, induced by 

volatile anaesthetics, destabilizes the 

mitochondrial membrane potential and 

significantly impairs the lymphocytic synthesis 

of adenosine triphosphate (ATP) leading to the 

activation of caspases, induction of apoptosis 

and cell death. 

Furthermore, a decrease in the mitochondrial 

transmembrane potential can induce 

intracellular production of peroxides and other 

ROS, which in turn activates protein kinase C 

(PKC) and the so-called mitogen-activated 

protein kinases (MAPK). 

Loop et al. reported that sevoflurane inhibited 

the activation of the AP-1 transcription factor 

(activator protein-1) in human T lymphocytes, 

and that the inhibition of AP-1 was associated 

with interference with the p38 MAPK pathway 

through increased phosphorylation of p38γ/p38δ 

isoforms (45). Therefore, it is believed that a 

decrease in the mitochondrial transmembrane 

potential, the release of cytochrome c from 

mitochondria and interference with the MAPK 

pathway may underlie the suppression of 

lymphatic cells induced by volatile anaesthetics. 

The use of inhaled anaesthesia in response to 

surgical trauma is connected with more reduced 

number of T lymphocytes and HLA-DR 

expression compared to the surgery done in total 

intravenous anaesthesia (TIVA) (46). In 

addition, after anaesthesia using isoflurane the 

Th1/Th2 ratio decreased significantly, while it 
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remained unchanged after the use of propofol 

(47). 

In the in vitro study, Schneemilch et al. 

investigated the impact of various anaesthetics 

on the function of mononuclear cells (48). 

Peripheral blood mononuclear cells obtained 
from healthy donors were activated by a strong 

mitogen, phytohemagglutinin (PHA), in the 

presence or absence of various concentrations of 
thiopental, propofol, fentanyl, sufentanil, 

sevoflurane, nitrous oxide as well as the 

combinations of these anaesthetics. 

Lymphatic cell proliferation was assessed using 

titration of thymidine uptake. 

The interleukin-2 production and the release of 

soluble IL-2 receptor were determined using 
enzyme immunoassays and was a measure of 

lymphocyte activation. 

It was shown that thiopental and nitrous oxide 

have immunosuppressive activity and that 

sevoflurane may have beneficial effects on the 

immune system by reducing the 

immunosuppressive action of both these 

intravenous anaesthetics. 

The rats inhaled with halothane for up to 5 hours 

showed reduced proliferation and expression of 

the IL-2 receptor in lymphocytes isolated from 

the spleen and activated by the mitogen (40). 

Mitsuhata et al. examined the effects of volatile 

anaesthetics (sevoflurane, isoflurane, enflurane) 

at the concentrations corresponding to the 

clinical conditions on the release of cytokines by 

stimulated human peripheral mononuclear cells 

(PBMC). A reduction in the release of IL-1β and 

TNF- was found together with no influence on 

the IL-2 secretion (42).  

Schneemilch et al. demonstrated that volatile 

anaesthetics had variable effects on the function 

of PBMC: the exposure to nitrous oxide reduced 

proliferative capacity of PBMC activated by 

PHA, while the exposure to sevoflurane did not 

had a similar effect (48). 

Surprisingly, the combination of the two volatile 

anaesthetics slightly increased the proliferation 

rate suggesting a protective effect of 

sevoflurane. 

Interestingly, the comparable compensating 

effect was achieved by the exposure of PBMC 

to thiopental and sevoflurane with nitrous oxide. 

The possible molecular mechanisms involved in 

inhibiting the function of T lymphocytes in 

response to volatile anaesthetics may be 

connected with the abnormal inflow of calcium, 

modulation of enzymatic balance between 

adenylate cyclase and phosphodiesterase, 

impaired signal transduction and gene 

transcription, the inhibition of nitric oxide 

production and expression of inducible nitric 

oxide synthase (31, 40). 

6. THE STRUCTURE OF INHALED 

ANAESTHETICS PARTICLES AND 

IMMUNOMODULATORY EFFECTS 

In their in vitro study, Urner M. et al. took on 

determining the component structure of the 
inhaled anaesthetic molecule responsible for the 

immunomodulatory effects (49). 

The inflammatory response after simultaneous 

exposure to endotoxin and sevoflurane, diethyl 
ether or other water-soluble molecules 

containing trifluorided carbon atoms (CF3) was 

evaluated in the cells of alveolar epithelium in 
rats and human microvascular endothelial cells 

and neutrophils. 

In the epithelial and endothelial cells, the 

expression of inflammatory mediators in 

response to the stimulation with LPS was dose-

dependent and decreased after the exposure to 

sevoflurane and other compounds that contained 

the CF3 groups. 

As a result of exposure to the compounds 

containing the CF3 groups, chemotactic activity 

of neutrophils was reduced together with the 

expression of surface molecules CD11b and 

CD62L. 

It was shown that the CF3 groups were 

responsible for the immunomodulatory effect of 

volatile anaesthetics (reduced expression of 

MCP-1, IL-6, IL-8, CD11b, CINC-1; increased 

CD62L). 

Attenuated expression of inflammatory 
mediators described by Urner et al., observed 

during conditioning with sevoflurane is 

consistent with the results of previously 
described studies, while increased expression of 

MCP-1 was typical of diethyl ether (50). This 

suggested that diethyl ether had 

proinflammatory effect, while fluorinated 
carbon groups were essential for the 

cytoprotective effect of volatile anaesthetics. 

According to Urner et al., suppression of the 
inflammatory reaction after stimulation with 

LPS can be demonstrated in a wide range of 

different subclasses of organic compounds 
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(alcohols, carboxylic acids, amino acids, esters 
and amides) carrying fluorinated alkyl 

substituents on the assumption that the 

biological effect is associated with the function 

group (CF3) and not with the basic structure of 
the molecule. 

There were no decreased levels of inflammatory 

mediators (MCP-1) during the exposure of 
AECs to chloroform, suggesting that the 

cytoprotective effects are not typical of all 

trihalogenic groups (trichloro-, tribromo-) but 

can be clearly attributed to the presence of 
trifluorided groups (CF3). 

At present, due to coexistence of the anaesthesia 

effect, the clinical use of 

beneficial immunomodulatory properties of 

volatile anaesthetics is limited to the patients 
who are well-monitored and mechanically 

ventilated in the operating room and intensive 

care unit. 

The possibility to use immunosuppressive 

activity of the fluorinated organic substances 
on a larger scale is focused on developing the 

compound that could be injected intravenously, 

non-toxic and devoid of anaesthetic properties. 

7. SUMMARY 

Most of the research data comes from the in 
vitro studies, and do not take into account the 

impact of multiple pathophysiological 

mechanisms present in living organisms whose 
task is to restore and preserve full homeostasis. 

In vitro, all anaesthetics can influence the 
inflammatory response, but a degree of this 

impact depends on the applied concentrations, 

research techniques used for cell separation and 
/ or cell culture and a research model. 

Many in vivo studies suggest that if an 
applicable organism is not affected by systemic 

pathology, the immunomodulatory effects of 

anaesthesia do not have permanent outcomes. 
But in patients with a pre-existing immune 

system dysfunction, sepsis and multiple organ 

failure, as well as in patients with a high risk of 

perioperative complications, the type of used 
anaesthetic and the method of anaesthesia may 

have clinical implications. 

Anaesthetics may interfere in various areas of 

the immune system, both directly through the 

impact on functioning of immune cells and 

indirectly by modulating the stress response. 

8. CONCLUSIONS 

1. The immunosuppressive effect of volatile 

anaesthetics is conditioned by the chemical 

structure of the inhaled anaesthetic molecule. 
Ether structure is proinflammatory, while CF3 

substituents are anti-inflammatory. Therefore, it 

can be expected that halothane (no 

ether structure, one CF3 group) and sevoflurane 
(ether structure, two CF3 groups) show 

a stronger immunosuppressive effect than 

isoflurane (ether structure, one CF3 group) and 
desflurane (ether structure, one CF 3 group). 

2. Inhaled anaesthetics may have a beneficial 

effect on the course of syndromes characterized 

by severe, generalized inflammatory response 
such as sepsis, shock, postresuscitation disease, 

polytrauma, burn disease, acute pancreatitis and 

ARDS. 

3. Inhaled anaesthetics may have a beneficial 

effect in transplantology, both in autologous 

transplants (transfer of free tissue flaps) in 
which we can prevent damage caused by 

ischemia and reperfusion, as well as in 

allogeneic transplants (including the "non-heart 

beating donors") where they may be an 
induction of the immunosuppressive treatment. 

4. The use of inhaled anaesthetics in patients 

who start to develop Compensatory Anti-
inflammatory Response Syndrome (CARS), 

those with pathologies listed in section 2 and 

congenital or acquired immunodeficiency 
syndromes (AIDS, immunosuppressive therapy, 

cachexia) may be associated with particularly 

severe immunosuppressant effects and the 

consequent exposure to infectious agents. 

5. Inhaled anaesthetics used in patients with 

cancer can cause neoplastic progression and 

thus contribute to increased mortality in this 
group of patients. 
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