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Abstract

Background/Aim: Oxidative stress, which is characterised by an imbal-
ance between reactive oxygen species (ROS) production and antioxidant
defences, is a critical factor influencing surgical outcomes. Inhalational an-
aesthetics such as sevoflurane and desflurane are widely used, yet their
differential effects on oxidative stress remain a subject of investigation.
This study aimed to evaluate the impact of these anaesthetic agents on
oxidative stress biomarkers in surgical patients.

Methods: The study included a total of 60 patients who underwent lap-
aroscopic cholecystectomy. The patients were categorised into two cate-
gories based on the type of anaesthetic they received: sevoflurane (n = 30)
and desflurane (n = 30). Blood samples were collected pre- and post-an-
aesthesia to assess oxidative stress markers, including glutathione (GSH),
total antioxidant capacity (TAC), total oxidative status (TOS) and malondial-
dehyde (MDA). Statistical analyses were performed using an independent
t-test, with a significance threshold of p < 0.05.

Results: Sevoflurane and desflurane both induced significant oxidative
stress, but desflurane exhibited a more pronounced effect. Post-anaes-
thesia, the desflurane group showed a greater decrease in GSH (AGSH:
-493.48 + 1563.85 vs -245.77 + 201.89; p < 0.0001) and TAC (ATAC: -0.75
+ 013 vs -0.35 + 0.27; p < 0.0001), along with a higher increase in MDA
(AMDA: 2.06 = 0.74 vs 0.77 + 0.47; p < 0.0001). Although both anaesthet-
ics elevated TOS, the increase was more substantial with desflurane.
Conclusion: Desflurane induced significantly higher oxidative stress
compared to sevoflurane, likely due to differences in their metabolic path-
ways and mitochondrial effects. These findings highlight the need for
tailored anaesthetic strategies, particularly for patients with pre-existing
oxidative stress conditions. Future research should explore potential mit-
igation strategies, including antioxidant supplementation and multimodal
anaesthesia approaches, to optimise perioperative care.
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Introduction

An imbalance between the body’s antioxidant oxygen species (ROS) leads to oxidative stress, a

defence systems and the generation of reactive

crucial biological phenomenon.' This imbalance

Copyright © 2025 Abod et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



1152

can accelerate the ageing process and cause cel-
lular and tissue damage, which can contribute to
the development of a number of chronic diseas-
es, including diabetes, cardiovascular disorders,
neurodegenerative ailments and some types of
cancer.” Highly reactive chemicals known as free
radicals have the ability to oxidase proteins, lip-
ids and nucleic acids, which can impede cellular
function and cause organ damage.?

In recent years, oxidative stress has gained sig-
nificant attention in perioperative medicine,
particularly concerning the role of inhalational
anaesthetics in modulating oxidative balance.*
Agents such as sevoflurane and desflurane are
widely used for inducing and maintaining gen-
eral anaesthesia.”> While these anaesthetics are
essential for surgical procedures, growing evi-
dence suggests that they may differentially affect
oxidative stress levels by altering ROS generation
and antioxidant capacity.® This is particularly
concerning, as oxidative stress during and after
surgery can lead to complications such as tissue
injury, delayed recovery and increased postoper-
ative morbidity.”

The discrepancy in oxidative stress induction
between sevoflurane and desflurane is hypothe-
sised to arise from their distinct chemical proper-
ties and metabolic pathways, which influence mi-
tochondrial function and the overall redox state
within cells.? Sevoflurane, known for its relative-
ly lower toxicity, has been reported to increase
free radical levels but may also enhance antiox-
idant defences in certain patient populations.’ In
contrast, desflurane has been associated with a
more pronounced increase in oxidative stress,
potentially due to its adverse effects on mito-
chondrial function, leading to elevated ROS pro-
duction and cellular damage.!® Mitochondria are
central to cellular energy metabolism and their
impairment is a key source of ROS generation
during anaesthesia. Sevoflurane has been shown
to exert a relatively mild inhibitory effect on mi-
tochondrial oxidative phosphorylation, partly
preserving ATP production and cellular energy
homeostasis. In contrast, desflurane can disrupt
electron transport chain activity, leading to in-
creased electron leakage, excessive ROS forma-
tion and pronounced mitochondrial dysfunction.
These differential effects on mitochondrial dy-
namics may underlie the distinct oxidative stress
profiles observed between the two agents.!"-12
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The assessment of oxidative stress in clinical
research is commonly conducted through the
measurement of key biomarkers. Among these,
glutathione (GSH), total antioxidant capacity
(TAC), total oxidative status (TOS) and malond-
ialdehyde (MDA) are widely used to evaluate the
balance between oxidant production and anti-
oxidant defences.!® Elevated levels of MDA serve
as an indicator of lipid peroxidation and cellular
membrane damage, while fluctuations in GSH
and TAC provide insights into the efficacy of en-
dogenous antioxidant mechanisms.'* These bio-
markers not only facilitate the quantification of
oxidative damage but also help delineate the clin-
ical implications of anaesthetic-induced oxidative
stress.

Given the potential impact of oxidative stress on
surgical outcomes, it is crucial to understand how
different inhalational anaesthetics influence oxi-
dative balance. Therefore, the present study was
designed with the primary objective of assessing
the differential effects of sevoflurane and desflu-
rane on oxidative stress biomarkers, including
GSH, TAC, TOS and MDA, in patients undergoing
laparoscopic cholecystectomy. A secondary aim
was to evaluate pre- and post-anaesthesia chang-
es in these biomarkers within each group, there-
by clarifying the relative contribution of each an-
aesthetic agent to perioperative oxidative stress.

Methods

Study design and participants

This study was conducted at Baghdad Teaching
Hospital in Medical City, Iraq and included 60 pa-
tients who underwent laparoscopic cholecystec-
tomy. Patients were randomly allocated into two
groups according to the anaesthetic agent ad-
ministered: sevoflurane group (n = 30) and des-
flurane group (n = 30). Randomisation was per-
formed using a simple random allocation method
to ensure unbiased distribution. All enrolled pa-
tients were classified as ASA physical status I-II
and had no significant comorbidities. For each pa-
tient, venous blood samples were collected at two
time points (before induction of anaesthesia and
after completion of anaesthesia) to assess oxida-
tive stress biomarkers, including GSH, TAC, TOS
and MDA.
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Inclusion criteria: age: 20 to 50 years; patients
undergoing laparoscopic cholecystectomy under
inhalational anaesthesia using sevoflurane or des-
flurane; no history of chronic diseases such as dia-
betes, hypertension, or autoimmune disorders.

Exclusion criteria: use of antioxidant supple-
ments or specific medications that could inter-
fere with oxidative stress markers.

Sample collection and preparation

Participants’ venous blood samples were taken
both before and after they were exposed to inha-
lational anaesthesia. The samples were collect-
ed in the period from February to April 2025. To
extract the serum, the blood was moved to gel
tubes and centrifuged at 1500 g for 10 minutes
at room temperature. Before analysis, the serum
was kept at-20 °C after being aliquoted into three
Eppendorf tubes.

The Ellman method, in which thiol groups react
with DTNB to form a yellow-coloured product,
was used to measure GSH levels. At 420 nm, ab-
sorbance was measured and the extinction co-
efficient was used to determine the GSH content
(e=13600 M*cm™).15

The Erel technique, which uses antioxidants to
prevent O-dianisidine from oxidising, was used
to detect TAC. TAC levels were calculated using a
standard curve of vitamin C and absorbance was
measured at 444 nm.'®

By oxidising ferrous ions to ferric ions and creat-
ing a coloured complex with xylenol orange, the
Erel technique was used to determine TOS. TOS
levels were computed using a conventional hy-
drogen peroxide curve and absorbance was mea-
sured at 560 nm.*®

The thiobarbituric acid (TBA) method was used
to quantify MDA, a marker of lipid peroxida-
tion. At 535 nm, the absorbance of the MDA-TBA
complex was measured and the extinction coef-
ficient was used to determine the MDA concen-
tration (g = 1.56 x 10° M~*cm™).”7

Statistical analysis

Mean # standard deviation (SD) was used to il-
lustrate the data. Excel 2010 and SPSS version 20
were used to conduct statistical comparisons. To
examine the differences between the pre-expo-
sure and post-exposure groups, the independent
t-test was employed. Statistical significance was
obtained when the p-value was less than 0.05.

1153

Results

Demographic characteristics of patients (age,
body mass index - BMI) and duration of surgery
are presented in Table 1.

Table 1: Demographic and clinical characteristics of participants

. Sevoflurane Desfluran
Variables (Mean = SD) (Mean = SD) p-value
Age (years) 40.06 = 12.43 41131255  0.742
BMI (kg /m?) 2852 +3.83  27.00 = 3.09 0.097
Durationof a5 4, 1800  84.00+1740 0986

surgery (min)

Student t-test; BMI: body mass index;

Oxidative stress parameters

The oxidative stress parameters (GSH, TAC, TOS
and MDA) were measured before and after anaes-
thesia in the sevoflurane group. The results are
summarised in Table 2.

Table 2: Oxidative stress parameters in the sevoflurane group

Before After
: undergoing undergoing -
Variables anaesthesia anaesthesia p-value
(Mean = SD) (Mean = SD)
GSH 1306.52 +24.26  1066.28 = 208.93  0.0001
TAC 1.51 +0.09 117 +0.29 0.0001
TOS 45.01 £7.04 49.41 + 8.65 0.0440
MDA 0.75+0.12 1.53 +0.44 0.0001

Student t-test; GSH: glutathione; TAC: total antioxidant capacity; TOS: total
oxidative status; MDA: malondialdehyde;

The oxidative stress parameters in the desflu-
rane group are presented in Table 3. The results
show a more pronounced effect on oxidative
stress compared to the sevoflurane group.

Table 3: Oxidative stress parameters in the desflurane group

Before dAfter
: undergoing undergoing }
Variables anaesthesia anaesthesia p-value
(Mean + SD) (Mean + SD)
GSH 1296.93 + 47.28 803.45 +150.47  0.0001
TAC 1.51 = 0.09 0.76 = 0.11 0.0001
TOS 48.19 + 8.05 61.75+7.40 0.0001
MDA 0.77 =0.14 2.83+0.77 0.0001

Student t-test: GSH: glutathione; TAC: total antioxidant capacity; TOS: total
oxidative status; MDA: malondialdehyde;
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Comparison between sevoflurane and
desflurane

The changes in oxidative stress parameters (delta
values) between the sevoflurane and desflurane

groups are presented in Table 4 and illustrated in
Figure 1.

Table 4: Oxidative stress parameters in the delta sevoflurane vs
desflurane

. Sevoflurane Desflurane
Variables (yean + D) (Mean = SD)  P-value
Delta-GSH  245.77 = 201.89 493.48 + 153.85  0.0001
Delta-TAC 0.35+0.27 0.75+0.13 0.0001
Delta-TOS 9.81£712 13.70 = 10.26 0.0950
Delta-MDA 0.77 = 0.47 2.06 = 0.74 0.0001

Student t-test; GSH: glutathione; TAC: total antioxidant capacity; TOS: total
oxidative status; MDA: malondialdehyde; Delta: difference before and after
undergoing anaesthesia;
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Figure 1: Comparison of delta values (AGSH, ATAC, ATOS, AMDA) between sevofiurane and desflu-

rane groups

Delta: difference before and after undergoing anaesthesia; GSH: glutathione; TAC: total antioxidant capacity; TOS: total

oxidative status; MDA: malondialdehyde;

Discussion

This study aimed to compare the effects of sevo-
flurane and desflurane on oxidative stress mark-
ers by evaluating reduced GSH, TAC, TOS and MDA
levels before and after anaesthesia. The results
provide valuable insights into how these anaes-
thetics influence redox balance through distinct
biochemical mechanisms, directly addressing the
research objectives. The study confirmed that

both anaesthetics induce oxidative stress, albeit
to varying degrees, with desflurane exerting a
significantly stronger effect.

Initially, the absence of meaningful differences
in baseline demographic variables and surgical
duration between the study groups supports the
validity of attributing the observed alterations
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in oxidative stress markers primarily to the an-
aesthetic agents rather than confounding factors.
Additionally, to ensure consistency and eliminate
potential confounders, all blood samples were
collected from patients undergoing laparoscopic
cholecystectomy (gallbladder removal surgery).
This standardised approach minimised variabil-
ity from different surgical procedures, thereby
strengthening the reliability of the findings. Sevo-
flurane exposure was associated with a moderate
reduction in antioxidant defences and only a lim-
ited rise in oxidative stress indicators, suggest-
ing a comparatively milder redox imbalance. This
suggests that sevoflurane, due to its slower met-
abolic rate, generates lower levels of ROS, leading
to a more gradual depletion of antioxidants with-
out causing severe cellular damage.!® In contrast,
desflurane exposure was linked to a pronounced
depletion of antioxidant defences and a marked
activation of oxidative pathways, consistent with
a state of severe oxidative stress. These findings
reinforce the growing evidence that desflurane
provokes a greater redox imbalance compared to
other inhalational agents, underscoring its stron-
ger impact on cellular homeostasis. This imbal-
ance suggests an increase in the formation of ROS,
such as superoxide and peroxide, which exceed
the body’s capacity to neutralise them through its
natural antioxidant defences. This accumulation
leads to uncontrolled oxidative reactions affect-
ing critical cellular components such as proteins,
lipids and DNA, resulting in cellular damage that
can directly impair immune function.'?

At the cellular level, desflurane is associated with
disruptions in the electron transport chain with-
in mitochondria, which leads to electron leakage
and excessive ROS production. This mitochon-
drial dysfunction not only affects cellular energy
levels but also triggers inflammatory signalling
pathways such as NF-xB, leading to increased
production of pro-inflammatory cytokines like
IL-6, TNF-a and IL-1fB. This oxidative-inflamma-
tory environment weakens immune cell function,
particularly macrophages and T-cells, thereby di-
minishing the body’s ability to fight infections and
impeding proper recovery after surgery.”® This
explanation aligns with the findings of Zivkovic
et al, which highlighted that major surgeries lead
to elevated oxidative stress and inflammation,
negatively impacting recovery quality.?’ Similar-
ly, Pang et al demonstrated that disruptions in the
balance between free radicals and antioxidants
contribute to neurocognitive and immune com-
plications after surgery.?! Furthermore, Watt et al
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showed that laparoscopic surgeries significantly
affect gene expression related to oxidative stress
and DNA repair, supporting the hypothesis that
anaesthesia-induced reductions in antioxidant
defences contribute to weakened immune re-
sponses and increased postoperative complica-
tions.?? Therefore, presented results suggest that
desflurane may increase the risk of postoperative
inflammation and complications through a dual
mechanism involving oxidative stress and im-
mune suppression. This emphasises the impor-
tance of assessing the oxidative state of patients
prior to surgery and implementing preventive
strategies, such as antioxidant supplementation
or modifying anaesthesia protocols, to mitigate
these effects.

The differences in oxidative stress responses
between sevoflurane and desflurane can be ex-
plained by their distinct metabolic and mito-
chondrial effects. Sevoflurane undergoes hepat-
ic metabolism at a slower rate, producing fewer
ROS, which explains the moderate oxidative im-
pact observed.? This aligns with previous stud-
ies which reported that sevoflurane’s lower ROS
generation leads to reduced oxidative damage
compared to other inhalational anaesthetics.?* %
Desflurane, on the other hand, has a much low-
er solubility in blood and is primarily eliminated
through exhalation, which reduces hepatic me-
tabolism but increases mitochondrial oxidative
stress. It disrupts the electron transport chain
(ETC) in mitochondria, leading to electron leak-
age and overproduction of superoxide anions,
significantly elevating ROS levels.?® This mecha-
nism has been well-documented in studies, which
demonstrated that desflurane is associated with
higher mitochondrial dysfunction and oxidative
damage.?” *® Additionally, Tanaka et al provided
evidence that desflurane disrupts mitochondrial
respiration more than sevoflurane, explaining its
greater oxidative burden.?

Beyond mitochondrial dysfunction, recent liter-
ature suggests that desflurane triggers pro-in-
flammatory pathways, exacerbating oxidative
stress. Specifically, desflurane has been shown to
activate the NF-kB pathway, leading to increased
production of pro-inflammatory cytokines such
as IL-6, TNF-a and IL-1B, which further ampli-
fy ROS generation and cellular damage.?® Stud-
ies demonstrated that desflurane promotes in-
flammatory signalling more aggressively than
sevoflurane, contributing to its higher oxidative
impact.®* 32 Furthermore, oxidative stress and
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inflammation are closely linked to postoperative
complications, including delayed wound healing,
prolonged recovery and even potential neuro-
cognitive impairment due to oxidative stress-in-
duced neuronal damage. Studies suggest that
increased MDA and TOS levels after anaesthesia
may correlate with transient cognitive dysfunc-
tion in older patients, which highlights the need
for more targeted perioperative management
strategies.®® The comparative analysis demon-
strated that desflurane imposes a greater oxi-
dative burden than sevoflurane, with more pro-
nounced depletion of antioxidants and enhanced
lipid peroxidation. Although differences in some
parameters did not reach statistical significance,
even moderate increases in oxidative stress may
hold clinical relevance, particularly in vulnerable
patient populations, where subtle shifts can con-
tribute to endothelial dysfunction and systemic
inflammation. From a theoretical perspective,
these findings reinforce the concept that differ-
ent anaesthetic agents exert unique oxidative
stress profiles based on their pharmacokinetic
and metabolic properties. Understanding these
distinctions contributes to refining anaesthetic
selection, particularly in patients with pre-exist-
ing oxidative stress conditions or mitochondrial
dysfunction.

Clinically, this study highlights the importance
of individualised anaesthetic strategies. Pa-
tients with compromised antioxidant defences,
such as those with neurodegenerative diseases,
diabetes, or cardiovascular disorders, may be
more vulnerable to the oxidative effects of des-
flurane.* Implementing protective strategies,
such as preoperative antioxidant supplementa-
tion (eg vitamin C, N-acetylcysteine), optimising
perioperative oxygen delivery and using targeted
ventilation techniques, could mitigate oxidative
damage. Studies suggest that antioxidant co-ad-
ministration can attenuate anaesthesia-induced
oxidative stress, providing a potential avenue
for improving patient outcomes. Additionally, ad-
justing anaesthetic protocols by reducing desflu-
rane concentration and utilising low-flow anaes-
thesia techniques may help minimise oxidative
stress.%7

Despite its strengths, this study has certain
limitations. The sample size, while sufficient to
demonstrate significant differences, may limit
the generalisability of the findings. Additionally,
while key oxidative stress markers were anal-
ysed, future research should incorporate addi-
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tional biomarkers, such as inflammatory cyto-
kines (IL-6, TNF-a) and mitochondrial function
indicators, to provide a more comprehensive
picture of anaesthetic-induced oxidative stress.
Moreover, inter-individual variability in antioxi-
dant defence mechanisms should be explored, as
genetic predisposition may influence suscepti-
bility to oxidative damage from inhalational an-
aesthetics. Future studies could also investigate
multimodal anaesthesia approaches that reduce
reliance on inhalational anaesthetics, potentially
lowering oxidative stress levels.

Moreover, this study did not evaluate postopera-
tive complications such as infections or delirium,
nor did it include comparisons with alternative
anaesthetic modalities such as total intravenous
anaesthesia (TIVA) or target-controlled infusion
(TCI). These aspects should be addressed in fu-
ture research to provide a broader perspective
on perioperative oxidative stress. However, the
primary objective of the present study was spe-
cifically to compare two widely used inhalation-
al anaesthetic agents—sevoflurane and desflu-
rane—that are exclusively administered via the
inhalational route and therefore inclusion of TIVA
or TCI was beyond the scope of this work.

Age stratification into smaller subgroups was
not feasible due to the limited sample size, which
would reduce statistical power. Future studies
with larger cohorts should address this aspect. In
addition, all patients included in this study were
ASA I-1I without significant comorbidities, which
minimised potential confounding; however, this
also prevented assessment of possible associa-
tions between concomitant diseases and oxida-
tive stress biomarkers and this should be consid-
ered in future research.

This study provides clear evidence that sevo-
flurane and desflurane differentially impact ox-
idative stress levels, with desflurane inducing
significantly greater mitochondrial dysfunction,
lipid peroxidation and inflammatory signalling.
These findings are consistent with previous lit-
erature and enhance our understanding of how
inhalational anaesthetics influence redox homeo-
stasis. Given these differences, anaesthetic choice
should be carefully considered, particularly in
high-risk patients. Future research should focus
on optimising perioperative management strate-
gies to minimise oxidative damage, thereby im-
proving patient safety and long-term outcomes in
anaesthesia practice.
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Conclusion

This study demonstrates that sevoflurane
and desflurane exert differential effects on
oxidative stress, with desflurane inducing sig-
nificantly greater redox imbalance, mitochon-
drial dysfunction and lipid peroxidation. The
observed alterations in oxidative stress bio-
markers, including GSH, TAC, TOS and MDA,
underscore the distinct biochemical impact
of these anaesthetics and highlight the im-
portance of careful anaesthetic selection in
clinical practice. From a clinical perspective,
strategies such as optimising perioperative
management and considering adjunctive an-
tioxidant approaches may help mitigate oxi-
dative damage. Future studies should incor-
porate additional oxidative and inflammatory
biomarkers, explore inter-individual variabil-
ity in antioxidant capacity and evaluate mul-
timodal anaesthesia approaches to minimise
oxidative burden. A deeper understanding of
these mechanisms will contribute to refining
anaesthetic protocols and enhancing patient
safety in anaesthesia practice.
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