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Abstract
Background. Desflurane is a mainstay of general inhaled anesthetics with a methyl ethyl ether structure 
and is widely used in clinical practice. It has been reported to induce inflammation and lipid peroxidation 
in rat pulmonary parenchyma, to increase alveolar macrophages, and to cause peribronchial infiltration and 
edema. Rutin, a flavonoid vitamin P1, is known to have biological properties including acting as an antioxidant, 
an anti-inflammatory, and an inhibitor of bronchoalveolar polymorphonuclear leukocyte (PNL) infiltration.

Objectives. The aim of this study is to examine the effects of rutin on desflurane-induced pulmonary injury 
using biochemical and histopathological methods.

Materials and methods. The rats were divided into 3 groups (n = 6 each): healthy control (HC), 
rutin+desflurane-treated (DRT) and desflurane-only (DSF). Briefly, 50 mg/kg of rutin was given orally 
to the DRT group and an equal volume of normal saline was given to the DSF and HC groups. After 1 h, 
anesthesia was induced and maintained in the DRT and DSF groups for 2 h. After the rats had been sacrificed, 
the lungs were removed. Malondialdehyde (MDA), total glutathione (GSH), tumor necrosis factor alpha 
(TNF-α), and nuclear factor kappa B (NF-κB) levels were measured in the excised lung tissue. The removed 
tissues were also fixed in 10% formalin, and the obtained sections were stained with hematoxylin and eosin 
(H&E) and evaluated under light microscopy. The biochemical and histopathological results of the DRT group 
were compared with those obtained from the DSF and HC groups.

Results. Desflurane increased MDA, TNF-α and NF-κB, and decreased GSH in lung tissue. The PNL infiltration, 
alveolar macrophages, hemorrhage, alveolar damage, and edema were observed in the lung tissue of the DSF 
group. Rutin was histopathologically shown to protect lung tissue from oxidative stress by preventing an in-
crease in oxidant parameters and a decrease in antioxidants.

Conclusions. The results suggest that rutin may be useful in the treatment of desflurane-associated lung 
injury.
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Background

Desflurane is one of the modern inhaled anesthetic drugs 
commonly used today that has a methyl ethyl ether struc-
ture.1 This anesthetic gas was first synthesized in the USA 
in the 1960s and entered into service in 1990.2 Desflurane 
has been widely used because of its safety and effective-
ness, as well as promoting a rapid recovery and extubation.1,3 
However, like other inhalation anesthetics, desflurane af-
fects respiration.4 The irritant effect of desflurane on the air-
ways is much more pronounced than sevoflurane and halo-
thane.5,6 Allaouchiche et al. have evaluated bronchoalveolar 
and systemic oxidative stress in animals exposed to desflu-
rane. In their study, it was shown that desflurane accelerates 
the lipid peroxidation (LPO) reaction in bronchoalveolar 
tissue, increases the production of malondialdehyde (MDA), 
and induces systemic oxidative stress.7 It has also been re-
ported that desflurane induces inflammation and LPO in rat 
pulmonary parenchyma, and causes peribronchial infiltra-
tion, alveolar septal infiltration and edema, and increases al-
veolar macrophages.8 However, the role of pro-inflammatory 
cytokines, such as tumor necrosis factor alpha (TNF-α) and 
nuclear factor kappa B (NF-κB), in desflurane-induced lung 
toxicity has not yet been examined.

Desflurane has not only been reported to cause lung 
injury but also severe liver injury resulting in death.9 Stud-
ies have shown that oxidative stress plays an important 
role in the pathogenesis of the toxic effects of desflurane 
in the liver.10 To date, there has not been any research ex-
amining the effects of desflurane on glutathione (GSH), 
which acts as a total antioxidant in lung tissue. However, 
while desflurane causes MDA to increase in liver tissue, 
the amount of total GSH decreases.11 These findings indi-
cate that desflurane may cause oxidative and inflammatory 
damage in lung tissue. In addition, it can be proposed that 
agents that have both antioxidant and anti-inflammatory 
activity can protect the lungs from desflurane toxicity.

In  this study, the effects of  rutin (3,3,4,5,7-pentahy-
droxyflavone-3-rhamnoglucoside), a vitamin P1 flavonoid, 
on desflurane-induced lung injury were examined.12 Rutin 
is known to have various biological properties such as an-
tioxidant, anti-inflammatory, antibacterial, and anti-hy-
perglycemic activity, cytokine inhibition, bronchoalveolar 
polymorphonuclear granulocyte infiltration inhibition, 
and immunomodulation.13–15 Rutin has also been reported 
to reduce lipopolysaccharide-induced oxidative acute lung 
injury.16 These findings indicate that rutin may be effec-
tive in reducing the lung damage induced by desflurane. 
At present, there are no studies that have examined the ef-
fects of rutin on desflurane-induced lung injury.

Objectives

The  current study aimed to  determine the  harmful 
effects of desflurane on the lung using biochemical and 

histopathological methods, and to measure the protective 
effects of rutin, a significant antioxidant.

Materials and methods

Animals

Experimental animals were obtained from the Atatürk 
University Medical Experimental Application and Research 
Center. A total of 18 male albino Wistar rats weighing 
235–248 g were used in the experiments. All of the animals 
were kept and fed in groups in the laboratory environ-
ment (22°C) before the experiment. Animal experiments 
were performed according to the National Guidelines for 
the Use and Care of Laboratory Animals, and were ap-
proved by the local animal ethics committee of Atatürk 
University (Erzurum, Turkey) with a decision No. 5/117, 
dated April 27, 2018.

This study conformed to the ethical standards laid down 
in the 1964 Declaration of Helsinki. The manuscript does 
not contain clinical studies or patient data.

Chemicals

Desflurane (Suprane 100% inhalation steam, 240 mL) 
was obtained from Eczacıbaşı-Baxter Hospital Supply In-
dustry (Istanbul, Turkey) and rutin was obtained from 
Solgar (Leonia, USA). Each tablet contained 500 mg of ru-
tin (>94% purity).

Experimental groups

The rats were divided into 3 groups with 6 rats each: 
1) healthy control (HC) group, 2) desflurane (DSF), and 
3) 50 mg/kg rutin and desflurane (DRT).

Preparation of rutin suspension

In order to administer rutin at a dosage of 50 mg/kg 
to each animal whose average weight was 241.5 g, the calcu-
lated dosage was found to be 12.075 mg (241.5 g × 50/1000 
= 12.075 mg). The 12.075 mg rutin dosage was prepared 
for each animal as a suspension in 0.5 mL of a 0.9% NaCl 
solution.

Experimental procedure

The  anesthesia gas vaporizer was calibrated prior 
to the experiment. The anesthetic gas was adjusted ac-
cording to the recommendations of Eger–Johnson and 
Haelwyn with a minimum alveolar concentration of 1% 
and a desflurane concentration of 6%.17 Briefly, 50 mg/kg 
of rutin was orally administered to the DRT group (n = 6). 
The DSF (n = 6) and HC (n = 6) groups were treated orally 
with the  same volume of  normal saline (0.5  mL 0.9% 
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NaCl). One hour after rutin and 0.9% NaCl administra-
tion to the DRT and DSF groups, anesthesia was induced 
and maintained for 2 h in a 40 × 40 × 70 cm transparent 
plastic box. The box was connected to the semi-open anes-
thesia machine with fixed hoses. At five-minute intervals, 
preoxygenation was applied to the cages with 100% oxygen. 
Anesthesia maintenance was provided by a mixture of 2 L 
of oxygen and 2 L of nitrous oxide with 6% desflurane. 
Following this, the animals were sacrificed by decapitation 
and their lungs were removed. Malondialdehyde, GSH, 
TNF-α, and NF-κB levels were measured in the excised 
lung tissue, and the tissues were evaluated histopatho-
logically. The biochemical and histopathological results 
of the DRT group were compared with those obtained 
from the DSF and HC groups.

Biochemical analyses

Sample preparation

Homogenates were prepared from the lung tissues for bio-
chemical analysis. The GSH and MDA levels in the super-
natants obtained from these homogenates were determined 
using appropriate methods based on the literature. Briefly, 
0.2 g was weighed from each tissue sample and removed 
at this stage of the study. The level of MDA in the lung 
tissue was determined using 1.15% potassium chloride so-
lution, and the other measurements were carried out with 
phosphate buffer at pH 7.5. The tissue was homogenized 
in ice and mixed with an appropriate solution, completed 
to a total of 2 mL.17,18 The samples were then centrifuged 
at 4°C for 10 min at 10,000 rpm. The supernatant portion 
was used as the analysis sample for MDA, GSH, TNF-α, 
NF-κB, and protein concentration measurements.

MDA analysis

The MDA measurement was based on a spectropho-
tometric measurement (at  532  nm) of  the  absorbance 
of a pink colored complex formed by thiobarbituric acid 
(TBA) and MDA at a high temperature (95°C).18 Briefly, 
250 μL of homogenate, 100 μL of 8% sodium dodecyl sulfate 
(SDS), 750 μL of 20% acetic acid, 750 μL of 0.08% TBA, and 
150 μL of distilled water were mixed in Eppendorf tubes 
and vortexed. The mixture was then incubated at 100°C for 
60 min and, once cooled down, 2.5 mL of n-Butanol was 
added. Spectrophotometric measurements were then made. 
The resulting red color was read using 3 mL cuvettes whose 
light path is 1 cm at 532 nm. The MDA level of the samples 
was determined by taking the dilution coefficients into 
consideration and using a standard graph derived from pre-
viously prepared MDA stock solutions. The stock standard 
solution with a 200 μmol/L concentration was prepared 
using standard: 1.1.3.3-tetraethoxypropane. Standard solu-
tions with different concentrations were achieved through 
serial dilution of the prepared stock standard.

GSH analysis

The DTNB (5,5’-Dithiobis (2-nitrobenzoic acid)), a di-
sulfide chromogen used in  the measurement medium, 
is decreased by compounds with sulfhydryl groups. The re-
sulting yellow color was spectrophotometrically measured 
at 412 nm.20 Before measurement, 0.5 mL of meta-phos-
phoric acid was added to 0.5 mL of the prepared super-
natant and centrifuged for 2 min at 2000 rpm for depro-
teinization. Then, 1500 μL of measuring buffer (200 mM 
Tris-HCl containing 0.2 mM EDTA, pH = 8.2), 500 μL 
of supernatant, 100 μL of DTNB, and 7900 μL of methanol 
were mixed in Eppendorf tubes and vortexed. The mixture 
was incubated at 37°C for 30 min and then measured with 
the spectrophotometer. The amount of yellow color was 
read using 3 mL quartz cuvettes at 412 nm, and the GSH 
levels in the samples were determined by taking the di-
lution coefficients into consideration and using a stan-
dard graph derived from a GSH stock solution prepared 
previously.

TNF-α and NF-κB analysis

Tissue-homogenate NF-κB and TNF-α concentrations 
were measured using rat-specific sandwich enzyme-linked 
immunosorbent assay kits (Rat Nuclear Factor-kappa 
B  ELISA kit, cat. No: 201-11-0288; SunRed Biological 
Technology, Shangai, China; and Rat Tumor Necrosis 
Factor α ELISA kit, cat No: YHB1098Ra, Shanghai LZ, 
Shanghai, China). Analyses were performed according 
to  the  manufacturers’ instructions. Briefly, monoclo-
nal antibodies specific for rat NF-κB and TNF-α were 
coated onto the wells of micro plates. The tissue homog-
enate, standards, biotinylated monoclonal antibody, and 
streptavidin-horseradish peroxidase (HRP) were pipetted 
into these wells and then incubated at 37°C for 60 min. 
After washing, chromogen reagent A and chromogen re-
agent B were added, which is acted upon by the bound 
enzyme to produce a color. The samples were then incu-
bated at 37°C for 10 min and a stop solution was added. 
The intensity of the colored product is directly propor-
tional to the concentration of rat NF-κB and TNF-α pres-
ent in the original specimen. At the end of the course, 
the well plates were read at 450 nm. The concentration 
of the samples was calculated from formulas derived from 
standard graphs.

Histopathological examination

The removed tissues were fixed in a 10% formalin solu-
tion for 24 h. Four micron-thick sections were obtained 
from the paraffin blocks using routine techniques and 
stained with hematoxylin and eosin (H&E). All sections 
were evaluated using light microscopy (Olympus BX 52; 
Olympus Corp., Tokyo, Japan) by a pathologist who was 
not aware of the treatment protocols.
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Statistical analyses

The  results for continuous variables are presented 
as  means  ±  standard deviation (SD). The  normality 
of  the distributions for continuous variables was con-
firmed with the Kolmogorov–Smirnov test. For the com-
parison of groups, one-way analysis of variance (ANOVA) 
was used. The homogeneity of variances was confirmed 
with Levene’s test, and post hoc Tukey’s honest signifi-
cant difference (HSD) or Games–Howell tests were used 
according to the homogeneity of the variances. The sta-
tistical level of significance for all tests was considered 
to be 0.05. Statistical analyses were performed using IBM 
SPSS Statistics for Windows v. 19.0 software (IBM Corp., 
Armonk, USA).

Results

MDA and GSH analysis

Malondialdehyde levels in the lung tissues were differ-
ent across the study groups (F(2, 15) = 292.7, p < 0.001). 
Levels of MDA in the DSF group were significantly higher 
than the levels of healthy animals (7.3 ±0.7 μmol/g pro-
tein compared to  1.3  ±0.4  μmol/g protein, p  <  0.001). 
In the DRT group, MDA levels were similar to the HC ani-
mals (1.7 ±0.1 μmol/g protein compared to 1.3 ±0.4 μmol/g 
protein, p > 0.05; Fig. 1). In addition, GSH levels in the lung 
tissues were statistically different across the  study 
groups (F(2, 15) = 247.9, p < 0.001). Glutathione levels 
in the lung tissues of the HC animals were statistically 
higher than in the DSF rats (5.5 ±0.4 nmol/g compared 
to 1.5 ± 0.2 nmol/g (p < 0.001). Rutin allowed GSH levels 
to be maintained at 5.2 ±0.4 nmol/g and there was no 
significant difference between GSH levels in the HC and 
DRT groups (p > 0.05; Fig. 2).

TNF-α and NF-κB analysis

The TNF-α and NF-κB levels in the lung tissues were dif-
ferent across the study groups (F(2, 15) = 250.9, p < 0.001; 
F(2, 15) = 554.3, p < 0.001, respectively). The TNF-α and 
NF-κB levels in the lung tissues of the DSF animals were 
both significantly higher than in the HC rats (6.7 ±0.6 pg/mL 
compared to 1.8 ±0.3 pg/mL for TNF-α and 8.8 ±0.5 pg/mL 
compared to 2.7 ±0.3 pg/mL for NF-κB). However, rutin 
administration prevented the TNF-α and NF-κB levels in-
crease induced by desflurane (p > 0.05; Fig. 3,4). In the DRT 
group, TNF-α and NF-κB levels were similar to the HC 
animals (2.2 ±0.2 pg/mL compared to 1.8 ±0.3 pg/mL for 
TNF-α and 3.0 ±0.3 pg/mL compared to 2.7 ±0.3 pg/mL 
for NF-κB).

Fig. 1. Malondialdehyde (MDA)  levels in the study groups; * p < 0.001 
when compared with healthy control group (HC). DRT – rutin+desflurane-
treated group; DSF – desflurane-only group

Fig. 3. Tumor necrosis factor alpha (TNF-α) levels in the study groups; 
* p < 0.001 when compared with healthy control group (HC). 
DRT – rutin+desflurane-treated group; DSF – desflurane-only group

Fig. 2. Glutathione (GSH)  levels in the study groups; * p < 0.001 when 
compared with healthy control group (HC). DRT – rutin+desflurane-treated 
group; DSF – desflurane-only group
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Histopathological findings

As can be seen in Fig. 5, normal pleural mesothelium, 
bronchioles pulmonary arterioles and alveolar canals 
were observed in the  lung tissues of healthy animals. 
On the other hand, polymorphonuclear leucocyte (PNL) 
infiltration, alveolar macrophages, hemorrhage, alveo-
lar damage, and edema were observed in the lung tis-
sue of the DSF group (Fig. 6). However, no pathological 
findings were reported in  the  lung tissue of  the DRT 
group, with the exception of dilated conjunctival blood 
vessels (Fig. 7).

Discussion

In this study, the effect of rutin on desflurane inhalation 
induced lung injury in rats was investigated biochemically 
and histopathologically. The biochemical results showed 
that, in lung tissues of the DSF animals, the levels of MDA, 
TNF-α and NF-κB increased, and the  level of GSH de-
creased significantly, compared to HC and DRT groups. 
Desflurane is a drug that provides rapid awakening when 
discontinued and shortens the duration of patients’ stay 
in the recovery room. For this reason, it is one of the most 
commonly used modern inhaled anesthetic agents. How-
ever, when desflurane is used alone for induction of anes-
thesia, it irritates the respiratory tract, increases secretion, 
and triggers coughing and laryngospasm.1,2 Desflurane has 
been compared with other inhaled anesthetics in various 

Fig. 7. Histopathological examination of the rutin+desflurane-treated 
group (DRT). No pathological findings except dilated conjunctival 
blood vessels were detected in the lung tissue of the DRT group 
(H&E staining, ×200 magnification)

Fig. 6. Histopathological examination of the desflurane-only group 
(DSF). Polymorphonuclear leucocyte infiltration (straight arrow), alveolar 
macrophages (straight arrow), hemorrhage (round arrow), alveolar 
damage (double square arrow), and edema (single square) were observed 
in the DSF group inhaling desflurane (H&E staining, ×200 magnification)

Fig. 5. Histopathological examination of the healthy control group (HC). 
Normal pleural mesothelium (straight arrow), bronchioles (striped arrow), 
pulmonary arterioles (round arrow), alveoli (square arrow), and alveolar 
channels (double arrow) were observed in lung tissues of healthy animals 
(H&E staining, ×100 magnification)

Fig. 4. Nuclear factor kappa B (NF-κB) levels in the study groups;  
* p < 0.001 when compared with healthy control group (HC). 
DRT – rutin+desflurane-treated group; DSF – desflurane-only group
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studies and it has been reported that it increases oxidative 
stress in the lung, and causes inflammation and more lung 
damage than other anesthetics.7,21–24 The high MDA and 
low GSH levels in the lung tissues of the DSF group indicate 
that the oxidant/antioxidant balance changes in favor of ox-
idants. Under normal physiological conditions, the oxidant/
antioxidant balance is maintained in favor of antioxidants. 
Any change in this balance in favor of oxidants is called 
oxidative stress.25 Reactive oxygen species (ROS) leading 
to oxidative stress oxidize cell membrane lipids, facilitate 
the production of toxic products such as MDA from lipids, 
and exacerbate cellular damage.26,27 Many studies have 
reported that desflurane increases MDA levels and plays 
a role in oxidative stress.8,28,29 In the current study, MDA 
levels were similar between the HC group and the DRT 
group, but significantly elevated in the DSF group. Similar 
to these results, a recent study conducted by Adefegha et al. 
reported that rutin suppresses oxidative damage mediated 
by acute inflammation in rats by its anti-inflammatory 
activity.30

In addition, it has been shown that rutin prevents leakage 
of polymorphonuclear granulocytes into the bronchoal-
veolar lavage (BAL) fluid in LPS-induced acute lung in-
jury (ALI).13,31 Furthermore, rutin has been shown to play 
a preventive role in the development of acute respiratory 
distress syndrome (ARDS) by  increasing the secretion 
of pro-inflammatory cytokines and by a concentration-
dependent inhibition of LPS-induced inflammatory re-
actions, including lipid peroxidation.32 It has also been 
shown that decreased superoxide dismutase, catalase and 
glutathione peroxidase caused by LPS, and the activities 
of antioxidant enzymes, such as oxygenase-1, can be re-
versed by rutin.16

One of the most important non-enzymatic endogenous 
antioxidants in cellular defense against oxidative damage 
is GSH. It protects the cell from ROS damage by chemi-
cally detoxifying hydrogen peroxide or organic oxides.33,34 
In the current study, it was observed that GSH levels de-
creased in the desflurane group, whereas they were similar 
and maintained in the HC and DRT groups. Based on these 
results, it is likely that rutin, by increasing GSH levels, has 
preventive effects against oxidative stress.. A high GSH 
level is accepted as an indicator of normal cell function 
and viability, whereas a decrease in the GSH level is con-
sidered as a weakness of the intracellular defense system 
and a marker of damage.35

Furthermore, in  the  current study, TNF-α levels 
in the lung tissues of the DSF animals were found to be 
higher than that of the HC and DRT groups. The TNF-α, 
which is the first detectable cytokine in the blood after tis-
sue damage, is a glycoprotein synthesized mainly by mono-
cytes and macrophages that can cause inflammation and 
tissue damage at high concentrations.36 Free oxygen radicals 
induced by TNF-α also cause edema by increasing vascular 
permeability,37 and pulmonary edema during septic shock 
occurs with this mechanism.38 It has also been reported 

that TNF-α was elevated in a patient who underwent des-
flurane anesthesia for ear surgery, and a systemic and in-
trapulmonary pro-inflammatory response developed.39 
When we evaluated NF-κB levels, it was found that NF-κB 
levels were increased in the DSF group, and that the HC 
and DRT groups showed similar levels of TNF-α. Increased 
NF-κB in the DSF group and similar levels in the HC and 
DRT groups can be considered an indicator of the anti-
inflammatory effects of flavonoids. Studies have also shown 
that abnormal activation and inhibition of NF-κB plays 
a role in the pathophysiological processes of many diseases 
such as metabolic, inflammatory and neurodegenerative 
diseases, and cancer.40 Resveratrol, a flavonoid in red wine, 
also inhibits NF-κB activity. Accordingly, it is thought that 
resveratrol can reduce the mortality rates of coronary heart 
diseases and some types of cancer.41 Lee et al. reported that 
TNF-α released from endothelial cells stimulated by LPS 
and subsequently activated NF-κB are suppressed by rutin 
in a dose-dependent manner, suggesting that rutin may be 
useful in vascular inflammatory diseases.42

In  the  current study, the  biochemical results were 
also supported by histopathological findings. In a study 
by Aldemir et al. evaluating the effects of desflurane and 
isoflurane on  the  lung histopathologically, the  degree 
of peribronchial inflammatory infiltration and the num-
ber of  alveolar macrophages were significantly higher 
in the desflurane group. In addition, alveolar septal infil-
tration and edema were detected together with high MDA 
levels.8 Others have examined changes in the rabits’ lungs 
after human recombinant TNF-α injection, and increased 
vascular permeability, granulocyte infiltration and edema 
were found.37 In this study, PNL infiltration, alveolar mac-
rophages, hemorrhage, alveolar damage, and edema were 
observed in lung tissues of the DSF group. It is likely that 
these findings are due to the increase in TNF-α, NF-κB 
and MDA levels in lung tissue. Many studies have been 
conducted on the preventive effect of rutin against lung 
injury caused by LPS.31,43 Histopathological examination 
in LPS-induced ALI revealed that rutin prevented PNL in-
filtration, which is expected to be the dominant cell in BAL 
fluid, and had a protective effect against ALI.43 Others have 
shown that rutin has a preventive effect against ARDS 
by inhibiting lipid peroxidation.32 Similar to these studies, 
no histopathologic findings, except for dilated conjunc-
tival blood vessels, were found in the DRT group in our 
study. We believe that this is proof of the protective effect 
of rutin.

Limitations

In order to explain the mechanisms of  lung damage 
caused by desflurane in more detail, total oxidant, total 
antioxidant and anti-inflammatory cytokine levels should 
be measured, and the effect of rutin on these parameters 
should be investigated. In addition, it will be important 
to examine the molecular histopathology of the tissues.
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Conclusions

The results indicate that desflurane inhalation increases 
MDA, TNF-α and NF-κB, factors associated with inflamma-
tion and oxidative stress, and decreases GSH, a strong antiox-
idant, in lung tissues of rats.  Administration of rutin reversed 
the effects of desflurane on these parameters and eliminated 
oxidative stress, showing a protective effect on lung tissue. 
Our experimental results showed that the biochemical and 
histopathological effects were consistent. We consider that 
these results will shed light on future studies investigating 
the protective effect of rutin on the lungs.
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