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ABSTRACT

األهداف: دراسة كيفية تأثير سيفوفلوران ) بنج استنشاقي( على إصابة اإلجهاد 
.)LC( في املرضى الذين يخضعون الستئصال املرارة باملنظار )OSI( التأكسدي

اإلقليمي  شاندونغ  مستشفى  في  مستقبلية  جماعية  دراسة  أجريت  املنهجية: 
الثالث، جينان، الصني على 82 مريًضا مصابني بحصوات املرارة خضعوا لـ LC، مع 
متابعة السيفوفلوران أثناء اجلراحة. أجرينا حتليل التنميط اجليني لتعدد األشكال 
rs145204276 باستخدام منصة TaqMan. وفحصنا مؤشرات إصابة اإلجهاد 
التأكسدي وإصابة الكبد. استخدمنا الضامة التي يسببها عديد السكاريد الدهني 
lncRNA- والتي مت حتديها باستخدام سيفوفلوران، أو البروبوفول، أو ، )LPS(
GAS5  يفرط في التعبير عن البالزميد، لتقييم تأثير سيفوفلوران على استقطاب 

.lncRNA-GAS5 البالعم

 RNA-GAS5و OSI لم تكن مستويات عالمات ،TM2و TM1 النتائج: في
الزمنية  النقطة  في  بينما  واضح،  بشكل  مختلفة   )Inc( الطويلة  املشفرة  غير 
TM3، كانت هذه املؤشرات مختلفة بشكل كبير بني املجموعتني الفرعيتني ديل 
املجموعات  بني  مختلفة  املؤشرات  هذه  تكن  لم  البروبوفول.  وديل  سيفوفلوران 
الفرعية انس سيفوفلوران وانس البروبوفول في أي وقت. أظهرت التجارب املستندة 
lncRNA-GAS5 في  إلى اخلاليا أن السيفوفلوران ميكن أن يزيد من مستوى 
لم يكن  لكن   ،)p=0.0058( الدهني السكاريد  بعديد  املستحثة  البالعم  ديل 
للبروبوفول هذا التأثير )p=0.847(. لم يكن لكل من سيفوفلوران والبروبوفول 
تأثير على مستوى lncRNA-GAS5 في انس البالعم املستحثة بـ p=0.321 و 

p=0.822 ، على التوالي(.

النمط  في   LC أثناء   OSI من  سيفوفلوران  متابعة  تقلل  أن  ميكن  اخلالصة: 
اجليني Del لتعدد األشكال rs145204276. يسهل النمط اجليني Del تنظيم 
lncRNA-GAS5 حتت التعرض لسيفوفلوران وبالتالي يقلل من مدى استقطاب 

.M1 البالعم

Objectives: To further investigate how sevoflurane affects 
the oxidative stress injury (OSI) in patients undergoing 
laparoscopic cholecystectomy (LC).

Methods: A prospective cohort study was carried out at 
Shandong Provincial Third Hospital, Jinan, China on 82 
gallstone patients who underwent LC, with sevoflurane 
maintenance during surgery. Genotyping analysis of the 
rs145204276 polymorphism was performed using the 
TaqMan platform. Oxidative stress injury and liver injury 
parameters were also examined. Lipopolysaccharide 
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(LPS)-induced macrophages, which were challenged 
with sevoflurane, propofol, or the lncRNA-GAS5 
overexpressing plasmid, were used to evaluate the effect 
of Sevoflurane on lncRNA-GAS5-mediated macrophage 
polarization.

Results: At TM1 and TM2, the levels of OSI markers 
and long noncoding (lnc) RNA-GAS5 were not 
obviously different, whereas at the TM3 time point, 
these indices were significantly different between the 
Del-Sevoflurane and Del-Propofol subgroups. These 
indices were not different between the Ins-sevoflurane 
and Ins-Propofol subgroups at any time point. Cell-
based experiments demonstrated that Sevoflurane could 
increased the lncRNA-GAS5 level in LPS-induced Del-
macrophages (p=0.0058), but Propofol did not have this 
effect (p=0.847). Both Sevoflurane and Propofol did not 
have the effect on lncRNA-GAS5 level in LPS-induced 
Ins-macrophages (p=0.321 and p=0.822, respectively).

Conclusion: Sevoflurane maintenance can decrease OSI 
during LC in the Del genotype of the rs145204276 
polymorphism. The Del genotype facilitates lncRNA-
GAS5 up-regulation under Sevoflurane exposure 
and therefore decrease the extent of M1 macrophage 
polarization.

Keywords: Sevoflurane, oxidative stress injure, lncRNA, 
polymorphism
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Laparoscopic cholecystectomy (LC) is a common 
surgical method for the removal of gallstones due to 

its various advantages, including insignificant trauma, 
minor postoperative pain, short hospitalization, 
and few cosmetic scars.1 Sevoflurane is a useful 
anesthetic for elective LC, but its effects vary among 
individuals.2 Laparoscopic cholecystectomy can cause 
pneumoperitoneum, increase intra-abdominal pressure, 
cause mesenteric hypoxia in the liver and visceral vessels, 
and increase oxidative stress injury (OSI). It is clarified 
that sevoflurane can protect LC-induced OSI, but the 
molecular mechanism is not clear.3

Oxidative stress injury is highly associated with 
immune system disorders.4 A recent study has 
elaborated that long noncoding (lnc) RNAs (lncRNAs) 
are crucial for immune function.5,6 The newly-identified 
lncRNA-GAS5 was discovered to affect immune cell 
functions, such as T cell and macrophage polarization.7 

The rs145204276 polymorphism is located within 
the promoter of lncRNA-GAS5, and has been reported 
that the deletion of an allele of the rs145204276 
polymorphism (Del genotype) significantly 
increases the cancers risks.8 It has been shown that 
rs145204276 could affect the immune system and 
induce inflammatory responses.9 Considering that the 
immune system is affected by anesthesia, and immune 
system dysfunction can cause OSI, we suspect that the 
rs145204276 polymorphism may be associated with 
the effects of anesthesia. Here, we aimed to further 
investigate how sevoflurane affects on OSI in patients 
undergoing LC.

Methods. This prospective cohort study was carried 
out between January 2020 and January 2022 at the 
Shandong Provincial Third Hospital, Jinan, China. This 
study was carried out in accordance with the Declaration 
of Helsinki. This study was approved by the ethics 
committee of Shandong Provincial Third Hospital, and 
all the patients signed an informed consent form.

We used the Pubmed website to search for prior 
related publications. We first calculated the sample size 
requirement by using the Chi-square test procedure 
of PASS software (degrees of freedom=1; power=0.9; 
alpha=0.05; W=0.55). Based on meeting the minimum 
sample size requirements, 82 gallstone patients, who 
underwent LC, with sevoflurane maintenance during 

surgery in our hospital were included. Another group 
consisting of 82 gallstone patients who underwent LC, 
with propofol maintenance during the surgery was set 
as the control group. Sevoflurane-maintained patients 
(n=82) or propofol-maintained patients (n=82) were 
categorized into Sevoflurane group or propofol group. 
All patients were treated with a 4-trocar standard 
laparoscopic technique and completed by the same 
surgical team. Patients with the following conditions 
were excluded: i) those who could not self-evaluate their 
physical condition; ii) those who were diagnosed with a 
certain mental disease, pregnant and lactating women; 
iii) those who did not obtain informed consent; and iv) 
those who were younger than 18 years old.

For anesthesia, the patients were injected with 
0.1‐g phenobarbital sodium (Jinyao Amino Acid 
Co., Ltd, Tianjin, China) and 0.5‐mg atropine 
(Weideli Co., Ltd, Wuhan, China) 30 minutes (min) 
before anesthesia induction. General anesthesia was 
induced with sufentanil (0.3 mg/kg) (Humanwell 
Pharmaceutical Co., Ltd, Yichang, China), midazolam 
(0.04 mg/kg) (Humanwell Pharmaceutical Co, Ltd, 
Yichang, China), and propofol (2 mg/kg) (Weideli Co., 
Ltd, Wuhan, China). Anesthesia was maintained with 
sevoflurane (2-3% end‐tidal concentration) (Hengrui 
Co., Ltd, Lianyungang, China) in sevoflurane group 
or with propofol (4-6 mg/kg•h) in propofol group, 
in combination with sufentanil (0.15-0.35 μg/kg•h) 
during surgery. 

We set up 5 time-points (TM1, TM2, TM3, TM4 
and TM5). TM1 was the time point before surgery; 
TM2 was 5 min after anesthesia induction; TM3 was 
2 hours (h) after surgery; TM4 and TM5 were 24 h and 
48 h after surgery. Blood samples were extracted from 
patients between TM1 and TM5. Serum in ordinary 
test tubes was centrifuged at 1500 g for 10 min. 

Genotyping. The lncRNA-GAS5 rs145204276 
polymorphism was identified using the TaqMan 
platform (Thermo Fisher Scientific, Waltham, MA) 
according to previous reports.8,10-12 Patients with the 
rs145204276 Ins/Ins genotype were allocated to the Ins 
group, and Ins/Del or Del/Del genotype patients were 
allocated to the Del group.

Primary and secondary outcome. Oxidative stress 
injury indicator Malondialdehyde (MDA), tumor 
necrosis factor alpha (TNF-α) and interleukin 6 (IL-6), 
and liver injury indicator alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST), were set 
as the primary outcome; mean arterial pressure (MAP) 
and (heart rate) HR were set as secondary outcomes.

Malondialdehyde, ALT, AST and cytokines levels 
determination. Serum MDA levels were determined 
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by the method described in the previous literature.13 
The serum ALT and AST levels were detected using a 
Beckman UniCel DxC 800 system (Beckman, Brea, 
CA).14 Iinterleukin-6 and TNF-α levels were measured 
using enzyme-linked immunosorbent assay (ELISA) 
kits (Minneapolis, MN, USA).

Flow cytometry. The peripheral blood monocyte/
macrophage M1/M2 polarization was determined by 
flow cytometry according to a previous report.15 We 
first fully mixed 50ul of the blood sample with 5ul 
of CD163-PE, CD86-APC and CD68-FITC, and 
placed them in the dark place at room temperature for 
20 min. Subsequently, we added 1 ml of erythrocyte 
lysis solution (Thermo Fisher Scientific, Waltham, 
MA), and the retained leukocytes were fixed with 2% 
paraformaldehyde, and then were performed by flow 
cytometry analysis. All the above antibodies were 
purchased from ebioscience (Thermo Fisher Scientific, 
Waltham, MA).

Quantitative reverse-transcription polymerase chain 
reaction (qRT-PCR). Ribonucleic acids were reverse 
transcribed into cDNAs using a cDNA Synthesis Kit 
(TaKaRa, Osaka, Japan), and cDNAs were amplified 
using the SYBR Premix Ex Taq II Kit (TaKaRa, Osaka, 
Japan). LncRNA-GAS5 levels were measured using 
the LightCycle®96 Real-time PCR System (Roche, 
Basel, Switzerland), with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as the internal reference. 

Sevoflurane-treated macrophages. Peripheral blood 
mononuclear cells (PBMCs) were isolated and induced 
to macrophages according to previous report.16 After 
which they were inoculated in a culture plate for the 
indicated period and placed in a closed plexiglass box. 
The air inlet of this plexiglass box was connected to the 
anesthesia vaporizer, and the air outlet was connected 
to the gas analyzer. A gas content ratio of 5% CO2, 
21% O2, and 74% N2 was initially maintained. Before 
the experiment, Sevoflurane gas was delivered to 
the plexiglass box at a gas flow rate of 3 L/min with 
an anesthetic vaporizer, and sevoflurane content was 
monitored using a gas analyzer. When Sevoflurane 
concentration was 5%, the air inlet and outlet were 
closed, and the cells were treated in a closed plexiglass 
box in a 37°% incubator for 3 h and then placed in a 
37°% incubator for subsequent treatment.

Propofol-treated macrophages. Propofol (Sigma-
Aldrich, Merck, Darmstadt, Germany) was diluted in 
dimethyl sulfoxide (DMSO) to 600 mM. Propofol-
supplemented medium was added to the macrophages 
cultures at 300 μM for 3 h and then placed in a 37° 
percent incubator for subsequent treatment.

Plasmid transfection. The human LncRNA-GAS5 
cDNA was synthesized and cloned into the pcDNA3.1 

vector (named LncRNA-GAS5-OV). Lipofectamine 
2000 reagent (Thermo Fisher Scientific, Waltham, MA) 
was used to transfect the cells.

Statistical analysis. Results are expressed as an 
average ± SD. We checked the normality of all the 
tested data before statistical analyses. The differences 
between the 2 groups were determined by Student t-test 
using SPSS Statistics for Windows, v.24 (IBM Corp., 
Armonk, N.Y., USA) software, if the data meet the 
normal distribution. If continuous variables were not 
normally distributed, the Mann-Whitney U-test was 
employed. The differences between the 2 groups were 
compared using Pearson’s Chi-square test for discrete 
variables. P values <0.05 were considered significant. 

Results. Comparing the clinical features of 
sevoflurane and propofol groups. The perioperative 
clinical characteristics of the 2 patient groups are 
shown in Table 1. Age, body mass index (BMI), average 
operation time, intraoperative bleeding, American 
Society of Anesthesiologists (ASA) score, comorbidities 
rate (hypertension and diabetes), and amount of 
intravenous fluids provided intraoperatively were not 
significantly different between the 2 groups (Table 1). 
Among the 82 patients in the sevoflurane group, 33 
cases showed the Ins/Ins genotype (named the Ins-
sevoflurane subgroup) and 49 cases showed the Ins/
Del or Del/Del genotype (named the Del-sevoflurane 
subgroup). In the propofol group, 35 cases carried the 
Ins genotype (Ins-Propofol subgroup) and 47 cases 
carried the Del genotype (Del-propofol subgroup). 

Comparing OSI and liver injury parameters of 
sevoflurane and propofol groups. Increased levels of 
MDA and cytokines IL-6 and TNF-α, can reflect the 
extent of OSI, and OSI during surgery can lead to liver 

Table 1 - Comparing the clinical features in sevoflurane group and 
propofol group (N=82).

Index Sevoflurane 
group

Propofol 
group

P-value

Age 44.4±17.6 43.5±19.1 0.8276
Body mass index 23.8±3.7 22.6±3.9 0.1646
Surgery time (min) 50.2±18.7 50.8±17.6 0.8851
Bleeding volume (mL) 41.1±14.3 42.1±15.3 0.7645
Gender (female/male), n 30/52 35/47 0.4247
ASA score (I/II), n 66/16 62/20 0.4505
Hypertension (yes/no), n 23/59 18/64 0.3672
Diabetes (yes/no), n 19/63 26/56 0.2206
Intraoperative infusion 
volume (mL)

1324±476 1452±587 0.1271

rs145204276 polymorphism 
phenotype (Ins/Del), n

33/49 35/47 0.7518

ASA: American Society of Anesthesiologists
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injury shortly after surgery.4 Therefore, we tested serum 
MDA, IL-6, and TNF-α levels in TM1, TM2 and 
TM3, as well as ALT and AST levels in TM1, TM4, 
and TM5 as primary outcomes. Here, MDA, IL-6, 
and TNF-α increased from TM1 to TM2 and TM3, 
and they were lower in sevoflurane group than that in 
propofol group (Table 2). Alanine aminotransferase and 
AST enhanced from TM1 to TM4 and TM5, and they 
were lower in sevoflurane group than that in propofol 
group (Table 2). We tested MAP and HR in TM1, TM2, 
and TM3 as secondary outcomes, and found slight 
decreases in MAP or HR from TM1 to TM2 and TM3, 
but the differences did not reach statistical significance. 
MAP and HR had no statistical differences between 
the 2 groups at any time point (Table 2). Collectively, 
these results indicate that sevoflurane maintenance 
leads to stronger protection against OSI than propofol 
maintenance, consistent with a previous report.3

Association of the rs145204276 polymorphism with 
OSI in sevoflurane and propofol groups. The association 
of the rs145204276 polymorphism with OSI and 
liver injury indicators at the indicated time points 

was determined. At the TM3 time point, the levels 
of MDA, IL-6, and TNF-α in the Del-sevoflurane 
subgroup were lower than those in the Del-propofol 
subgroup (Figure 1 A-C). Similarly, at the TM5 time 
point, the values of ALT and AST in the Del-sevoflurane 
subgroup were lower than those in the Del-propofol 
subgroup (Figure 1D-E). There were no significant 
differences in the levels of MDA, IL-6, TNF-α, ALT 
and AST between the Ins-Sevoflurane and Ins-Propofol 
subgroups at any time point (Figure 1 F–J). These results 
demonstrate that sevoflurane protection against OSI 
only occurs in patients carrying the Del genotype of the 
rs145204276 polymorphism.

Association of the rs145204276 polymorphism with 
M1/M2 macrophage polarization in sevoflurane and 
propofol groups. Interlukin-6 and TNF-α are mainly 
secreted by polarized M1 macrophages.17 Therefore, 
we examined the M1/M2 frequency of macrophages 
between the 2 groups. At TM1 and TM2, macrophage 
polarization was not significant different between the 
Del-Sevoflurane and Del-Propofol subgroups. At the 
TM3 time point, the M1 frequency decreased, while 
the M2 frequency increased in the Del-sevoflurane 
subgroup compared with the Del-propofol subgroup 
(Figure 2A-B). The M1/M2 ratio had no statistical 
differences between the Ins-sevoflurane and ins-
propofol groups at any time point (Figure 2C-D). 
These results indicate an association between the 
rs145204276 polymorphism and M1/M2 macrophage 
polarization, which may play a role in the protective 
effect of sevoflurane on OSI.

Association of the rs145204276 polymorphism 
with lncRNA-GAS5 levels in Sevoflurane and Propofol 
groups. The rs145204276 polymorphism is located 
within the promoter of lncRNA-GAS5, suggesting 
that it is related to the lncRNA-GAS5 level.8-9 

Furthermore, lncRNA-GAS5 has been reported 
to regulate the polarization of macrophages.18-19 
Therefore, we explored the possible association of the 
rs145204276 polymorphism with the lncRNA-GAS5 
level in macrophages of the Sevoflurane and Propofol 
groups. First, we observed that at the TM1 time point, 
lncRNA-GAS5 level had no statistical differences 
between the sevoflurane and propofol groups. However, 
lncRNA-GAS5 level decreased significantly from TM1 
to TM2 and TM3, which gradually recovered at TM4 
and TM5 in the 2 groups (Table 3).

At TM1, TM2, and TM3, the Del-sevoflurane and 
Del-propofol subgroup showed higher lncRNA-GAS5 
levels than the Ins-sevoflurane and Ins-propofol 
subgroup (Figure 2 E-F). At TM3, the lncRNA-GAS5 

Table 2 - Comparing the primary and secondary outcomes at indicating 
time point in sevoflurane group and propofol group (N=82).

Index Sevoflurane 
group

Propofol 
group

P-value

Primary outcomes
MDA (μmol/L) at TM1 1.4±0.5 1.5±0.7 0.2941
MDA (μmol/L) at TM2 2.3±0.5* 3.0±0.8* <0.0001
MDA (μmol/L) at TM3 5.1±0.9* 5.8±1.0* <0.0001
TNF-α (ng/L) at TM1 2.09±0.75 1.97±0.64 0.2720
TNF-α (ng/L) at TM2 2.87±0.82* 2.90±1.14 0.8468
TNF-α(ng/L) at TM3 3.77±1.36* 4.37±1.25 0.0037
IL-6 (ng/L) at TM1 2.74±1.03 2.83±0.77 0.5271
IL-6 (ng/L) at TM2 3.01±1.12* 3.37±1.09* 0.0386
IL-6 (ng/L) at TM3 4.32±1.33* 4.89±0.88* 0.0015
ALT (U/I) TM1 12.5±3.1 12.7±5.6 0.7776
ALT (U/I) TM4 28.6±4.6* 31.9±6.4* 0.0002
ALT (U/I) TM5 32.3±6.2* 39.9±6.9* <0.0001
AST (U/I) TM1 24.7±4.4 25.9±5.8 0.1375
AST (U/I) TM4 38.8±6.9* 42.4±7.2* 0.0013
AST (U/I) TM5 44.5±7.0* 49.1±6.3* <0.0001
Secondary outcomes
MAP (mmHg) at TM1 93.4±14.3 94.7±15.6 0.5788
MAP (mmHg) at TM2 90.1±10.6 91.7±11.4 0.3534
MAP (mmHg) at TM3 89.6±13.2 90.5±10.1 0.6246
HR (beats/min) at TM1 81.7±14.5 82.1±14.4 0.8595
HR (beats/min) at TM2 78.4±13.6 79.3±14.0 0.6768
HR (beats/min) at TM3 71.7±12.0* 69.4±15.6* 0.2915

*p<0.05 vs TM1 (baseline). MDA: malondialdehyde, TNF-α: tumor 
necrosis factor alpha, IL-6: interleukin 6, ALT: alanine aminotransferase, 

AST: aspartate aminotransferase, MAP: mean arterial pressure,
HR: heart rate, TM1 to TM5: timepoint 1 to timepoint 5
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Figure 1 - Association of rs145204276 polymorphism with OSI markers and liver injury markers in sevoflurane group and propofol group. (A-C) 
Comparing the serum (A) MDA, (B) IL-6 and (C) TNF-α levels between Del-sevoflurane subgroup and Del-propofol subgroup in TM1, 
TM2 and TM3. (D-E) Comparing the serum (D) AST, and (E) ALT levels between Del-Sevoflurane subgroup and Del-propofol subgroup in 
TM1, TM4 and TM5. (F-H) Comparing the the serum (F) MDA, (G) IL-6, and (H) TNF-α levels between Ins-sevoflurane subgroup and 
Ins-propofol subgroup in TM1, TM2 and TM3. (I-J) Comparing the serum (I) AST, and (J) ALT levels between Ins-sevoflurane subgroup and 
Ins-propofol subgroup in TM1, TM4 and TM5. IL-6 and TNF-α were expressed by fold change compared with TM1 baselines. OSI: oxidative 
stress injury

level decreased significantly in the Ins-Sevoflurane 
subgroup compared with that at TM2, but it did 
not change significantly in the Del-sevoflurane 
subgroup (Figure 2E). LncRNA-GAS5 level decreased 
significantly at the TM3 in both the Ins-propofol and 
Del-propofol subgroups (Figure 2F). Furthermore, at 
TM1 and TM2, lncRNA-GAS5 level had no statistical 
differences between the Del-Sevoflurane and Del-
propofol subgroups, but the lncRNA-GAS5 level in 
the Del-sevoflurane subgroup was significantly higher 
than that in the Del-propofol subgroup at TM3. 
However, lncRNA-GAS5 level had no statistical 
differences between the Ins-sevoflurane and Ins-
propofol subgroups at any time point (Figure 2 G–I). 
These results indicate that there is a difference in the 
regulation of lncRNA-GAS5 levels between sevoflurane 
and propofol maintenance, which was associated with 
the rs145204276 polymorphism.

Regulation of sevoflurane and propofol on 
macrophage lncRNA-GAS5 levels and M1 macrophage 
polarization in Ins and Del genotypes. Next, we explored 
the regulatory mechanism of sevoflurane and propofol 
on the expression of lncRNA-GAS5 by culturing 
macrophages in vitro. Three volunteers with the Del 
genotype and 3 volunteers with the Ins genotype were 

randomly selected, their whole blood was collected, 
and macrophages were isolated and cultured in 
vitro. Cultured macrophages were stimulated with 
lipopolysaccharide (LPS) to differentiate into the 
M1 type, followed by treatment with sevoflurane or 
propofol. We observed that LPS treatment decreased 
lncRNA-GAS5 levels in both the Del genotype and 
Ins genotype macrophages. Sevoflurane enhanced 
lncRNA-GAS5 levels in Del genotype macrophages, 
whereas propofol failed to affect lncRNA-GAS5 levels. 
In macrophages with the Ins genotype, the effect of 
sevoflurane on lncRNA-GAS5 levels was significantly 
weakened (Figure 3 A-B).

Table 3 - Comparing the relative LncRNA-GAS5 levels in sevoflurane 
group and propofol group (N=82).

Index Sevoflurane group Propofol group P-value
TM1 1.02±0.33 1.04±0.41 0.7312
TM2 0.66±0.24* 0.71±0.20* 0.1492
TM3 0.42±0.18* 0.59±0.19* <0.0001
TM4 0.58±0.16* 0.64±0.11* 0.0058
TM5 0.74±0.35* 0.80±0.33* 0.2249

Values are presented as (x±s). *p<0.05 vs TM1 (baseline).
TM1 to TM5: timepoint 1 to timepoint 5.
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Figure 2 - Association of rs145204276 polymorphism with macrophages M1/M2 polarization and LncRNA-GAS5 levels in sevoflurane group and 
propofol group. (A-B) Comparing the macrophages (A) M1 polarization and (B) M2 polarization frequency between Del-Sevoflurane subgroup 
and Del-propofol subgroup in TM1, TM2 and TM3. (C-D) Comparing the macrophages (C) M1 polarization and (D) M2 polarization 
frequency between Ins-sevoflurane subgroup and Ins-Propofol subgroup in TM1, TM2 and TM3. (E-F) Comparing the macrophages 
LncRNA-GAS5 levels (E) between Del-Sevoflurane subgroup and Ins-sevoflurane subgroup; and (F) between Del-propofol subgroup and 
Ins-propofol subgroup in TM1, TM2 and TM3. (G-I) Comparing the macrophages LncRNA-GAS5 levels among Del-sevoflurane subgroup, 
Ins-sevoflurane subgroup, Del-propofol subgroup and Ins-propofol subgroup in (G) TM1, (H) TM2, and (I) TM3.

Next, we determined the role of sevoflurane in 
the regulation of lncRNA-GAS5 on M1 macrophage 
polarization. We observed that, compared with Propofol, 
sevoflurane decreased the extent of M1 macrophage 
polarization, which was reflected by decreases in the 
M1 macrophage markers IL-6 and TNF-α. These 
differences were eliminated by lncRNA-GAS5-OV co-
exposure, indicating that the decreased lncRNA-GAS5 
level was the main reason for sevoflurane-induced M1 
macrophage polarization (Figure 3C-D). Collectively, 
these results demonstrate that in patients with the 
Del genotype, sevoflurane plays a protective role 
against inflammation and injury by enhancing the 
lncRNA-GAS5 level.

Discussion. Both sevoflurane and propofol have 
been shown to inhibit proinflammatory cytokine 
release and OSI.20-21 Some investigators have compared 
the protective effects of sevoflurane and propofol on 
inflammation and OSI, but the results are contradictory. 

It is demonstrated that propofol but not sevoflurane 
prevents OSI in hepatic ischemia/reperfusion injury,22 
while Xie et al23 illustrated that sevoflurane exerts 
greater protective effects than propofol on hypoxia-
reoxygenation injury in cardiomyocytes. We suspect 
that differences in surgical methods, organs, and patients 
may be the reasons for these conflicting results. Single 
nucleotide polymorphisms are important factors in the 
individualization of patients. We observed that patients 
under sevoflurane maintenance experienced lower 
degrees of inflammation and OSI, however, this effect 
only occurred in the Del genotype of rs145204276, 
which is located within the lncRNA-GAS5 promoter.

Long noncoding RNA-GAS5, a novel lncRNA, 
can regulate inflammation and the immune response 
by interacting with its targets.24 A previous study 
has reported that lower lncRNA-GAS5 expression 
is associated with tissue damage and inflammatory 
diseases.25 Indeed, inflammation is highly associated 
with the effects of anesthesia. For example, it has been 

http://www.smj.org.sa/index.php/smj/index


143       https://smj.org.sa      Saudi Med J 2023; Vol. 44 (2)

s145204276 and sevoflurane function.... Zhang & Sha

reported that inflammatory cytokine release is correlated 
with postoperative Visual Analogu Scale score and 
anesthetic consumption.26 Therefore, we suspect that 
the rs145204276 polymorphism may modulate the 
effects of anesthesia and its related OSI by regulating 
inflammatory cytokine release.

Clinical data indicated higher lncRNA-GAS5 
levels and lower proinflammatory cytokine levels in 
macrophages of the Del-sevoflurane subgroup, which 
was associated with the polarization of macrophages. 
In cultured macrophages, sevoflurane increased 
lncRNA-GAS5 levels in Del genotype macrophages but 
not in Ins genotype macrophages. Propofol did not alter 
lncRNA-GAS5 levels in either the Del nor Ins genotype 
macrophages. Meanwhile, compared with propofol, 
sevoflurane significantly weakened the polarization of 
macrophages, which was also related to the up-regulated 
lncRNA-GAS5 level because after lncRNA-GAS5 
overexpression, the changes in the polarization marker 
levels between the 2 groups were eliminated.

Study limitations. We did not investigate how the 
Del genotype of rs145204276 could affect the function 

of Sevoflurane on lncRNA-GAS5 levels; however, we 
can provide a reasonable explanation based on our 
results. Transcription factors can regulate “target” 
levels by binding to their promoters, and rs145204276 
can predictably affect such binding, since it is within 
the promoter of lncRNA-GAS5. Sevoflurane affects 
the Del genotype but not the Ins genotype, which 
suggests that Sevoflurane may regulate lncRNA-GAS5 
levels through rs145204276-mediated transcription 
factors and binding of “targets”. An ongoing study is 
attempting to explain the role of sevoflurane in the 
regulation of lncRNA-GAS5. Another limitation is that 
several factors can affect the OSI in patients undergoing 
surgical procedures. These factors include nutritional, 
environmental, and psychological factors, in addition 
to the stress of surgery. This may also be due to the 
presentation of acute or chronic cholecystitis. All of 
these factors play a role in OSI, and might influence 
OSI and related factors.

In conclusion, sevoflurane can decrease OSI 
during LC in the Del genotype of the rs145204276 
polymorphism. The Del genotype affected the 

Figure 3 - Regulation of sevoflurane and propofol on blood macrophages long noncoding RNA-GAS5 levels and M1 polarization in Ins genotype and 
Del genotype. (A) Del genotype (n=3) or (B) Ins genotype (n=3) peripheral blood derived macrophages were pre-exposed by 5% sevoflurane/
propofol, followed by lipopolysaccharide (200ng/mL) treatment for 24 hours (h). LncRNA-GAS5 levels were determined by qRT-PCR 
assay. (C-E) Del genotype peripheral blood derived macrophages were transfected with or without LncRNA-GAS5-OV for 24 h, then were 
pre-exposed by 5% sevoflurane/propofol, followed by LPS (200ng/mL) treatment for another 24 h. (C) IL-6, and (D) TNF-α levels were 
determined.
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lncRNA-GAS5 level and the associated polarization 
of M1 macrophages. The implications of this study 
for future research are that we show that the effects 
of sevoflurane vary across individuals, and genotyping 
before surgery will be helpful in the selection of 
anesthetics. Larger-scale and multi-center studies are 
needed to eliminate the influence of regional differences 
or medical conditions.

Acknowledgment. The authors gratefully acknowledge Editage 
(https://www.editage.cn/) for the English language editing.

References
  
  1. Kim SS, Donahue TR. Laparoscopic Cholecystectomy. JAMA. 

2018; 319: 1834.
  2. Fan Y, Wang H, Ma Q. Effects of sevoflurane and propofol 

anesthesia on intraoperative endothelial cell function in patients 
undergoing laparoscopic cholecystectomy. J Int Med Res 2020; 
48: 300060520918407.

  3. Eminoglu S, Ozgunay SE, Karaca U, Demirel A, Gamli 
M, Ustundag Y, et al. Effect of fresh gas flow rate on thiol/
disulphide hemostasis and ischemia-modified albumin in 
laparoscopic cholecystectomy. J Coll Physicians Surg Pak 2022; 
32: 141-146.

  4. McGarry T, Biniecka M, Veale DJ, Fearon U. Hypoxia, 
oxidative stress and inflammation. Free Radic Biol Med 2018; 
125: 15-24.

  5. Robinson EK, Covarrubias S, Carpenter S. The how and why 
of lncRNA function: An innate immune perspective. Biochim 
Biophys Acta Gene Regul Mech 2020; 1863: 194419.

  6. Park EG, Pyo SJ, Cui Y, Yoon SH, Nam JW. Tumor immune 
microenvironment lncRNAs. Brief Bioinform 2022; 23: 
bbab504.

  7. Chi X, Guo Y, Zhang L, Zhang J, Du Y, Zhao W, et al. Long 
non-coding RNA GAS5 regulates Th17/Treg imbalance in 
childhood pneumonia by targeting miR-217/STAT5. Cell 
Immunol 2021; 364: 104357.

  8. Zhao S, Liu P, Ruan Z, Li J, Zeng S, Zhong M, et al. 
Association between long non-coding RNA (lncRNA) GAS5 
polymorphism rs145204276 and cancer risk. J Int Med Res 
2021; 49: 3000605211039798.

  9. Zheng Z, Liu S, Wang C, Han X. A Functional polymorphism 
rs145204276 in the promoter of long noncoding RNA GAS5 
is associated with an increased risk of ischemic stroke. J Stroke 
Cerebrovasc Dis 2018; 27: 3535-3541.

10. Deng ZH, Yu GS, Pan B, Feng ZH, Huang Q, Deng JZ, et al. 
Rs145204276 and rs4759314 affect the prognosis of prostate 
cancer by modulating the GAS5/miR-1284/HMGB1 and 
HOTAIR/miR-22/HMGB1 signalling pathways. Artif Cells 
Nanomed Biotechnol 2020; 48: 435-442. 

11. Wang Y, Wu S, Yang X, Li X, Chen R. Association between 
polymorphism in the promoter region of lncRNA GAS5 and the 
risk of colorectal cancer. Biosci Rep 2019; 39: BSR20190091.

12. Gao G, Liu C, Li X, Guan X, Yang X, Qin P. Growth arrest-
specific 5 (GAS5) insertion/deletion polymorphism and cancer 
susceptibility in Asian populations: A meta-analysis. Medicine 
(Baltimore) 2021; 100: e27415.

13. Zor RK, Erşan S, Küçük E, Yıldırım G, Sarı İ. Serum 
malondialdehyde, monocyte chemoattractant protein-1, and 
vitamin C levels in wet type age-related macular degeneration 
patients. Ther Adv Ophthalmol 2020; 12: 2515841420951682.

14. Li J, Zhang H, Chen H, Gan Y, Li J, Huang H. Establishing 
reference intervals of 20 biochemical markers for children in 
Southwestern Fujian, China based on the UniCel DxC 800 
system. Ann Clin Biochem 2020; 57: 435-443.

15. Trombetta AC, Soldano S, Contini P, Tomatis V, Ruaro B, 
Paolino S, et al. A circulating cell population showing both M1 
and M2 monocyte/macrophage surface markers characterizes 
systemic sclerosis patients with lung involvement. Respir Res 
2018; 19: 186.

16. Wang D, Lin Y, Xu F, Zhang H, Zhu X, Liu Z, et al. SIRPα 
maintains macrophage homeostasis by interacting with PTK2B 
kinase in Mycobacterium tuberculosis infection and through 
autophagy and necroptosis. EBioMedicine 2022; 85: 104278. 

17. Chen W, Liu Z, Zheng Y, Wei B, Shi J, Shao B, et al. Selenium 
donor restricts the intracellular growth of Mycobacterium 
tuberculosis through the induction of c-Jun-mediated both 
canonical autophagy and LC3-associated phagocytosis of 
alveolar macrophages. Microb Pathog 2021; 161: 105269. 

18. Chi X, Ding B, Zhang L, Zhang J, Wang J, Zhang W. lncRNA 
GAS5 promotes M1 macrophage polarization via miR-455-5p/
SOCS3 pathway in childhood pneumonia. J Cell Physiol 2019; 
234: 13242-13251.

19. Sun D, Yu Z, Fang X, Liu M, Pu Y, Shao Q, et al. LncRNA 
GAS5 inhibits microglial M2 polarization and exacerbates 
demyelination. EMBO Rep 2017; 18: 1801-1816. 

20. Yew WW, Chang KC, Chan DP. Oxidative stress and first-line 
antituberculosis drug-induced hepatotoxicity. Antimicrob 
Agents Chemother 2018; 62: e02637-e01717.

21. Gascoigne DA, Minhaj MM, Aksenov DP. Neonatal anesthesia 
and oxidative stress. Antioxidants (Basel) 2022; 11: 787.

22. Longhitano L, Distefano A, Murabito P, Astuto M, Nicolosi A, 
Buscema G, et al. Propofol and α2-Agonists attenuate microglia 
activation and restore mitochondrial function in an in vitro 
model of microglia hypoxia/reoxygenation. Antioxidants (Basel) 
2022; 11: 1682.

23. Xie D, Deng H, Feng H. Sevoflurane exerts improved 
protective effects than Propofol on hypoxia-reoxygenation 
injury by regulating the microRNA-221-5p/ADAM8 axis in 
cardiomyocytes. Exp Ther Med 2021; 22: 893.

24. Ni W, Yao S, Zhou Y, Liu Y, Huang P, Zhou A, et al. Long 
noncoding RNA GAS5 inhibits progression of colorectal cancer 
by interacting with and triggering YAP phosphorylation and 
degradation and is negatively regulated by the m6A reader 
YTHDF3. Mol Cancer 2019; 18: 143.

25. Wang C, Ke S, Li M, Lin C, Liu X, Pan Q. Downregulation of 
LncRNA GAS5 promotes liver cancer proliferation and drug 
resistance by decreasing PTEN expression. Mol Genet Genomics 
2020; 295: 251-260.

26. Yang Y, Wu J, Li H, Ye S, Xu X, Cheng L, et al. Prospective 
investigation of intravenous patient-controlled analgesia with 
hydromorphone or sufentanil: impact on mood, opioid adverse 
effects, and recovery. BMC Anesthesiol 2018; 18: 37.

http://www.smj.org.sa/index.php/smj/index
https://jamanetwork.com/journals/jama/fullarticle/2679943
https://jamanetwork.com/journals/jama/fullarticle/2679943
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7570811/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7570811/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7570811/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7570811/
https://pubmed.ncbi.nlm.nih.gov/35108780/
https://pubmed.ncbi.nlm.nih.gov/35108780/
https://pubmed.ncbi.nlm.nih.gov/35108780/
https://pubmed.ncbi.nlm.nih.gov/35108780/
https://pubmed.ncbi.nlm.nih.gov/35108780/
https://pubmed.ncbi.nlm.nih.gov/29601945/
https://pubmed.ncbi.nlm.nih.gov/29601945/
https://pubmed.ncbi.nlm.nih.gov/29601945/
https://pubmed.ncbi.nlm.nih.gov/31487549/
https://pubmed.ncbi.nlm.nih.gov/31487549/
https://pubmed.ncbi.nlm.nih.gov/31487549/
https://pubmed.ncbi.nlm.nih.gov/34891154/
https://pubmed.ncbi.nlm.nih.gov/34891154/
https://pubmed.ncbi.nlm.nih.gov/34891154/
https://pubmed.ncbi.nlm.nih.gov/33862314/
https://pubmed.ncbi.nlm.nih.gov/33862314/
https://pubmed.ncbi.nlm.nih.gov/33862314/
https://pubmed.ncbi.nlm.nih.gov/33862314/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8447101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8447101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8447101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8447101/
https://pubmed.ncbi.nlm.nih.gov/30197169/
https://pubmed.ncbi.nlm.nih.gov/30197169/
https://pubmed.ncbi.nlm.nih.gov/30197169/
https://pubmed.ncbi.nlm.nih.gov/30197169/
https://pubmed.ncbi.nlm.nih.gov/31916466/
https://pubmed.ncbi.nlm.nih.gov/31916466/
https://pubmed.ncbi.nlm.nih.gov/31916466/
https://pubmed.ncbi.nlm.nih.gov/31916466/
https://pubmed.ncbi.nlm.nih.gov/30902880/
https://pubmed.ncbi.nlm.nih.gov/30902880/
https://pubmed.ncbi.nlm.nih.gov/30902880/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8519240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8519240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8519240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8519240/
https://pubmed.ncbi.nlm.nih.gov/33062929/
https://pubmed.ncbi.nlm.nih.gov/33062929/
https://pubmed.ncbi.nlm.nih.gov/33062929/
https://pubmed.ncbi.nlm.nih.gov/33062929/
https://pubmed.ncbi.nlm.nih.gov/32985217/
https://pubmed.ncbi.nlm.nih.gov/32985217/
https://pubmed.ncbi.nlm.nih.gov/32985217/
https://pubmed.ncbi.nlm.nih.gov/32985217/
https://pubmed.ncbi.nlm.nih.gov/30249259/
https://pubmed.ncbi.nlm.nih.gov/30249259/
https://pubmed.ncbi.nlm.nih.gov/30249259/
https://pubmed.ncbi.nlm.nih.gov/30249259/
https://pubmed.ncbi.nlm.nih.gov/30249259/
https://pubmed.ncbi.nlm.nih.gov/36202053/
https://pubmed.ncbi.nlm.nih.gov/36202053/
https://pubmed.ncbi.nlm.nih.gov/36202053/
https://pubmed.ncbi.nlm.nih.gov/36202053/
https://pubmed.ncbi.nlm.nih.gov/34742891/
https://pubmed.ncbi.nlm.nih.gov/34742891/
https://pubmed.ncbi.nlm.nih.gov/34742891/
https://pubmed.ncbi.nlm.nih.gov/34742891/
https://pubmed.ncbi.nlm.nih.gov/34742891/
https://pubmed.ncbi.nlm.nih.gov/28808113/
https://pubmed.ncbi.nlm.nih.gov/28808113/
https://pubmed.ncbi.nlm.nih.gov/28808113/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6105810/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6105810/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6105810/
https://pubmed.ncbi.nlm.nih.gov/35453473/
https://pubmed.ncbi.nlm.nih.gov/35453473/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8243314/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8243314/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8243314/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8243314/
https://pubmed.ncbi.nlm.nih.gov/31619268/
https://pubmed.ncbi.nlm.nih.gov/31619268/
https://pubmed.ncbi.nlm.nih.gov/31619268/
https://pubmed.ncbi.nlm.nih.gov/31619268/
https://pubmed.ncbi.nlm.nih.gov/31619268/
https://pubmed.ncbi.nlm.nih.gov/31705194/
https://pubmed.ncbi.nlm.nih.gov/31705194/
https://pubmed.ncbi.nlm.nih.gov/31705194/
https://pubmed.ncbi.nlm.nih.gov/31705194/
https://pubmed.ncbi.nlm.nih.gov/29636011/
https://pubmed.ncbi.nlm.nih.gov/29636011/
https://pubmed.ncbi.nlm.nih.gov/29636011/
https://pubmed.ncbi.nlm.nih.gov/29636011/

	Title
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	References
	Acknowledgment

