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Abstract 

Background: This study investigated the effects of propofol and isoflurane on endoplasmic reticulum 
(ER) stress in an animal model under general anaesthesia. 
Methods: Rats were randomly divided into Propofol and Isoflurane groups. Anaesthesia was maintained 
with propofol for Propofol group or isoflurane for Isoflurane group during 3 h. ER stress from 
lymphocytes in blood and tissues was evaluated between two groups after euthanasia. Reactive oxygen 
species (ROS) from lymphocytes in blood and tissues, and cytokines in blood were also checked. An 
immunohistochemical assay for ER stress marker from tissues was performed. 
Results: After anaesthesia, the levels of CCAAT-enhancer-binding protein homologous proteins 
(CHOP) in blood and liver were significantly higher in Isoflurane group, compared to Propofol group 
[blood, 31,499 ± 4,934 (30,733, 26,441-38,807) mean fluorescence intensity (MFI) in Isoflurane group vs. 
20,595 ± 1,838 (20,780, 18,866-22,232) MFI in Propofol group, p = 0.002; liver, 28,342 ± 5,535 (29,421, 
23,388-32,756) MFI in Isoflurane group vs. 20,004 ± 2,155 (19,244, 18,197-22,191) MFI in Propofol group, 
p = 0.020]. ROS in blood was significantly higher in Isoflurane group, compared to Propofol group. 
However, cytokines in blood and immunohistochemical assays in tissues were similar between groups. 
Conclusion: Significant higher of ER stress from blood and liver were observed in rats under anaesthesia 
with isoflurane, compared to those that received propofol. ROS from blood also showed significant 
higher under anaesthesia with isoflurane. However, these findings were not associated with any changes 
in cytokines in blood or immunohistochemical assay in tissues. 
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Introduction 
Anaesthesia produces a stress response, 

although it also alleviates noxious stimuli during 
surgery. The induction and maintenance of 
anaesthesia occur due to the actions of intravenous 
and/or inhalation anaesthetic agents. Intravenous 
anaesthetic agents are generally known to have 
anti-inflammatory properties [1–3]. By contrast, 
inhalation anaesthetic agents have protective 
properties with preconditioning effect at 

ischemia-reperfusion injury [4,5]. However, the 
differences between intravenous and inhalation 
anaesthetic agents do not have any significant clinical 
implications [6–8]. 

 The endoplasmic reticulum (ER) is an organelle 
in eukaryotes that involves cell homeostasis including 
transport of folded proteins. Only properly folded 
proteins can be transported from the ER to the Golgi 
apparatus. An increase in the number of unfolded 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2019, Vol. 16 

 
http://www.medsci.org 

1288 

proteins leads to ER stress under harmful conditions 
[9]. Studies on the influence of anaesthetic agents on 
ER stress under specific diseases have been conducted 
but no study has reported on the association between 
an anaesthetic agent and ER stress [10,11]. 

We hypothesised that an intravenous anaesthetic 
agent with its anti-inflammatory properties would 
show less ER stress, compared to an inhalation 
anaesthetic agent. To test this, we investigated the 
effects of propofol and isoflurane on ER stress in an 
animal model undergoing general anaesthesia. 

Materials and Methods 
Experimental design 

This study was conducted after approval of the 
Konkuk University Institutional Animal Care and Use 
Committee (KU17056). Male Sprague–Dawley rats 
(age 6–8 weeks; body weight 200 g) were purchased 
from Orient Bio (Seongnam, Korea). The animal 
experiments were carried out based on the National 
Institutes of Health guidelines for care, and all 
animals were handled for 7 days before starting the 
experiments. Anaesthesia was induced by an 
intraperitoneal injection of 20 µg/g xylazine 
(Rompun®, Bayer Korea, Seoul, Korea). Anaesthesia 
was detected by pinching the hind foot. Tracheal 
intubation was performed on a surgical platform. A 
heating pad was placed between the surgery 
platforms to maintain warmth during surgery. After 
the rats were placed in the supine position, they were 
fastened to the platform with tape, and their tongues 
were pulled out with forceps. All rats were intubated 
using a 16 gauge 4.5 cm catheter (BD, Franklin Park, 
NJ, USA) inserted through the larynx to the bronchus. 
The correct position of the catheter for intubation was 
confirmed by checking for symmetrical chest 
expansion. A ventilator (Harvard Apparatus, 
Holliston, MA, USA) was connected to the catheter. 
The ventilator settings were as follows: fraction of 
inspired oxygen 0.5, inspiratory flow rate of 170 
mL/min, tidal volume of 1.2 mL, and respiratory rate 
of 80 breaths/min [12]. ER stress was checked using 
blood from the tail vein to confirm the baseline status 
at the induction of anaesthesia. The rats were 
randomly allocated to a Propofol group and an 
Isoflurane group before anaesthesia by opening a 
sequentially numbered envelope containing the 
randomization assignment. The allocation sequence 
was generated by Konkuk University Institutional 
Animal Care and Use Committee that was not 
otherwise involved in the trial, with 
random-permuted block randomization. Anaesthesia 
was maintained with propofol or isoflurane, 
according to the groups. The propofol (10 mg/mL; 

Dongkook Pharmaceutical, Seoul, Korea) was 
contained in a 50 mL syringe and continuously 
administered using an infusion pump (Masterflex L/S 
peristaltic pump with Masterflex L/S easy load pump 
head and L/S tubing, Cole-Parmer Instrument Co., 
Vernon Hills, IL, USA) at 5 µL/g/h (50 µg/g/h) via 
the tail vein. Isoflurane (3 vol%; JW Pharmaceutical, 
Seoul Korea) was administered using a vaporizer via 
the catheter. Anaesthesia was maintained until the rat 
was sacrificed by cervical dislocation 3 h after 
inducing anaesthesia. ER stress from lymphocytes in 
the blood, the liver and the kidneys was evaluated 
between the two groups after euthanasia. Reactive 
oxygen species (ROS) in the blood, the liver, and the 
kidneys, as well as cytokines in the blood were also 
checked. An immunohistochemical assay for ER stress 
markers was performed in the brain, the liver and the 
kidneys. 

Isolation of cells from the brain, the liver, the 
kidneys and the blood 

After the rats were euthanized, the skull was cut 
from anterior to posterior along the dorsal midline, 
and the brain was separated and fixed in 4% 
paraformaldehyde for immunohistochemical assay. 
The abdomen was dissected, and the liver and the 
kidneys were isolated. Blood samples were obtained 
from an abdominal artery puncture with 
heparin-coated 2 mL syringes and collected into tubes 
precoated with ethylenediaminetetraacetic acid 
(EDTA). The liver and the kidneys tissues were 
divided into two parts. One was fixed in 4% 
paraformaldehyde for immunohistochemical assay 
and the other was minced into 1 mm3 pieces on ice. 
After the minced tissues were washed, the tissues 
were digested with 1 mg/mL collagenase type 1 
(Sigma-Aldrich, St. Louis, MO, USA) in 5 mL 
phosphate-buffered saline (PBS) at 37°C for 60 min. 
After incubation, the cells in the digested solution 
were filtered through a 70 µm cell strainer (SPL Life 
Science, Seoul, Korea). Lymphocytes were isolated 
from the blood, the liver and the kidneys, to assess ER 
stress and to detect ROS, using density-gradient 
centrifugation over a Biocoll gradient solution 
(Biochrom, Berlin, Germany). 

Flow cytometry to assess ER stress from 
lymphocytes in the blood, the liver and the 
kidneys 

Flow cytometry was performed to assess the 
level of ER stress. Lymphocytes from the blood, the 
liver and the kidneys were stained with 
CCAAT-enhancer-binding protein homologous 
protein (CHOP, DDIT3/CHOP Antibody; LS Bio 
Sciences, USA). The staining was performed for 30 
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min in the dark at room temperature, and the samples 
were analysed on a flow cytometer. The data were 
analysed using FlowJo software (Tree Star, Hillsboro, 
OR, USA). 

Flow cytometry to detect ROS from 
lymphocytes in the blood, the liver, and the 
kidneys 

After washing lymphocytes, they were stained 
with 2,’7’-dichlorofluorescein diacetate (H2DCFDA; 
Life Technologies, Carlsbad, CA, USA) to detect 
intracellular ROS. The staining was performed for 30 
min in the dark at room temperature, and samples 
were analysed on a flow cytometer. The data were 
analysed using FlowJo software. 

Cytokines in the blood 
Serum levels of interleukin (IL)-2, interferon 

(IFN)-γ, tumour necrosis factor (TNF)-α, and 
transforming growth factor (TGF)-β were checked 
using enzyme-linked immunosorbent assays. 

Immunohistochemical assay for ER stress 
marker in tissues from the brain, the liver and 
the kidneys 

Immunohistochemical staining for CHOP was 
performed to detect ER stress marker in the tissues 
form the brain, the liver and the kidneys. The fixed 
tissues were embedded in paraffin and transverse 
paraffin sections 4 μm thick were mounted on 
saline-coated slides. The mounted sections were 
washed in 0.01 M PBS containing 0.3% Triton X-100 
(pH 7.4, PBS-T) and then immersed in 2% normal 
horse serum in PBS for 2 h at 37°C. They were 
incubated overnight at 4°C with CHOP antibody in 
PBS containing 1% bovine serum albumin. The 
sections were washed three times in PBS for 5 min and 
incubated in biotinylated horse-anti-mouse 
immunoglobulin G (1:200, Boster Biotechnology, 
Shanghai, China) in PBS for 2 h at room temperature. 
The sections were washed three times in PBS for 5 min 
and incubated in avidin–biotin–peroxidase complex 
solution (ABC, 1–100, Boster Biotechnology) for 2 h at 
room temperature. They were rinsed three times 
again in PBS for 5 min. After the staining procedure, 
the sections were counterstained with haematoxylin. 
Then the sections were dehydrated through an 
ethanol and a xylene series before coverslips were 
added with Permount®. Samples were visualised by 
incubating tissues for 2 min in 0.04% 3, 
3-diaminobenzidine (DAB, Sigma) containing 0.01% 
H2O2. Rat immunoglobulin G (1:200, Biomeda Corp., 
Foster City, CA, USA) was used instead of primary 
antibody as a negative control. The number of 
CHOP-positive cells in the same area were counted 

and examined for optical density using ImageJ 
software (National Institutes of Health, Bethesda, MD, 
USA). 

Western blotting for ER stress from 
lymphocytes in the blood 

Western blotting was performed to confirm the 
intensity of CHOP staining. Proteins were extracted 
from homogenised tissue samples (50 μg/lane), 
electrophoresed on a Tris-glycine gel (Invitrogen, 
Carlsbad, CA, USA), and transferred to a 
polyvinylidene difluoride membrane. 
Immunoblotting was performed by incubating the 
membrane in 5% fat-free dried milk overnight at 4°C, 
followed by incubation with anti-CHOP antibody 
(1:300, overnight at 4°C; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). After washing three times in 
Tris-PBS, the membranes were incubated for 1 h at 
room temperature with a peroxidase-conjugated 
secondary antibody (1:50,000). The membranes were 
developed using enhanced chemiluminescence 
(Amersham Pharmacia Biotech, Parsippany, NJ, 
USA). Equivalent protein loading of each lane was 
confirmed by stripping and re-blotting each 
membrane for glyceraldehyde 3-phosphate 
dehydrogenase (1:2,000 for 30 min at room 
temperature, secondary 1:20,000 for 30 min at room 
temperature; Biodesign International, Saco, ME, 
USA). The analyses were repeated in triplicate to 
ensure reproducibility. Band intensity was quantified 
using a Luminescent Image Analyzer LAS-3000 
(FUJIFILM Medical Systems, Tokyo, Japan). The 
density of each band was analysed using ImageJ 
software. 

Statistical analyses 
There has been no report for the association 

between an anaesthetic agent and ER stress to 
determine sample size with power analysis. 
Therefore, sample size was calculated using the 
resource equation method, instead of power analysis. 
With the formula for the resource equation method (E 
= Total number of animals – Total number of groups, 
any sample size, which keeps E between 10 and 20, 
should be considered to be adequate.), total number 
of animals between 12 and 22 was adequate for 
sample size determination [13,14]. Analyses were 
performed using the IBM SPSS Statistics 21.0 software 
package (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 6.0 software (GraphPad Software, La 
Jolla, CA, USA). Differences between the two groups 
were detected by the t-test. All data are expressed as 
the number of rat or mean ± standard deviation 
(median, interquartile range). A p-value < 0.05 was 
considered significant. 
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Results 
Twelve rats were enrolled in the study and 

evenly allocated into the two groups without any 
drop-out from the study. 

The levels of CHOP from the blood as the 
baseline status at the induction of anaesthesia had the 
no significant difference between the two groups 
[24,014 ± 2,850 (23,437, 21,348-27,836) mean 
fluorescence intensity (MFI) in the Isoflurane group 
vs. 20,879 ± 1,668 (21,505, 19,150-22,295) MFI in the 
Propofol group, p = 0.077]. After anaesthesia, 
Isoflurane group had the significant increased level of 
CHOP [31,499 ± 4,934 (30,733, 26,441-38,087), p = 
0.039] but Propofol group did not [20,595 ± 1,838 
(20,780, 18,866-22,232), p = 0.805]. The level of CHOP 
from the blood after anaesthesia was significantly 
higher in the Isoflurane group, compared to the 
Propofol group (p = 0.002). The level of CHOP from 
the liver was significantly higher after anaesthesia in 
the Isoflurane group [28,342 ± 5,535 (29,421, 
233,88-32,756) MFI in the Isoflurane group vs. 20,004 ± 

2,155 (19,244, 18,197-22,191) MFI in the Propofol 
group, p = 0.020]. However, the level of CHOP from 
the kidneys after anaesthesia was not different 
between the two groups (Fig. 1). 

The level of ROS from the blood was 
significantly higher after anaesthesia in the Isoflurane 
group, compared to the Propofol group [64.68 ± 7.93% 
(67.50, 56.53-71.44) in the Isoflurane group vs. 51.41 ± 
7.26% (50.34, 44.57-58.80) in the Propofol group, p = 
0.025] (Table 1) but no significant differences were 
observed in the liver or the kidneys (Table 1). 

 

Table 1. Reactive oxygen species (ROS) between Propofol vs. 
Isoflurane groups. 

 Propofol group Isoflurane group p-value 
Blood (%) 51.41 ± 7.26 

(47.55, 45.40-52.23) 
64.68 ± 7.93 
(63.37, 59.30-65.58) 

0.025 

Liver (%) 28.66 ± 4.97 
(29.10, 27.44-30.70) 

32.14 ± 5.41 
(30.57, 28.40-31.74) 

0.321 

Kidney (%) 14.13 ± 2.20 
(15.30, 14.55-15.60) 

13.30 ± 3.32 
(14.75, 13.84-15.12) 

0.654 

Data is presented as mean ± standard deviation (median, interquartile range). 

 

 
Figure 1. Endoplasmic reticulum stress from lymphocytes in the blood, the liver and the kidneys before and after anaesthesia with propofol and isoflurane. Abbreviations: 
CHOP, CCAAT-enhancer-binding protein homologous protein; MFI, mean fluorescence intensity. *p < 0.05. CHOP from lymphocytes in the blood and the liver was significantly 
higher in Isoflurane group than Propofol group. However, CHOP in the kidneys was not different between the two groups. 
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Figure 2. Immunohistochemical assay for endoplasmic reticulum stress marker from the tissues in the brain, the liver and the kidneys. Abbreviations: CHOP, 
CCAAT-enhancer-binding protein homologous protein; MFI, mean fluorescence intensity. CHOP from the tissues in the brain, the liver and the kidneys were similar between the 
two groups. 

 

Table 2. Cytokines in the blood between propofol vs. Isoflurane groups. 

  Before anesthesia After anesthesia 
 Propofol Isoflurane p-value Propofol Isoflurane p-value 
IL-2 (ng/mL) 100.50 ± 20.51 

(108.20, 89.45-113.50) 
104.60 ± 30.22 
(106.34, 87.56-112.00) 

0.807 95.42 ± 22.11 
(102.35, 93.40-110.87) 

100.60 ± 35.14 
(103.11, 84.75-118.20) 

0.786 

IFN-γ (ng/mL) 210.60 ± 20.98 
(205.62, 197.75-215.22) 

195.40 ± 16.80 
(201.50, 190.30-205.94) 

0.242 214.70 ± 29.66 
(208.85, 198.60-227.15) 

195.30 ± 35.13 
(210.90, 190.74-226.45) 

0.373 

TNF-α (ng/mL) 286.60 ± 21.57 
(280.30, 274.52-293.63) 

290.90 ± 49.03 
(286.80, 265.23-305.64) 

0.861 296.70 ± 32.46 
(273.90, 289.38-316.20) 

299.00 ± 61.32 
(270.29, 260.82-302.85) 

0.943 

TGF-β (ng/mL) 234.40 ± 21.19 
(240.12, 231.50-246.70) 

248.50 ± 17.11 
(246.74, 238.19-252.20) 

0.282 248.30 ± 19.07 
(237.05, 230.35-249.36) 

252.20 ± 22.62 
(240.50, 236.10-254.77) 

0.775 

Data is presented as mean ± standard deviation (median, interquartile range). 
Abbreviations: IL, interleukin, IFN, interferon; TNF, tumor necrosis factor; TGF, transforming growth factor. 

 
The levels of cytokines from the blood before 

and after anaesthesia were similar in the two groups 
(Table 2). 

Immunohistochemical assays for ER stress 
marker in tissues from the brain, the liver and the 
kidneys were similar between the groups (Fig. 2). 

 Western blot analyses for ER stress indicated 
that the intensity of CHOP from the blood was higher 
in the Isoflurane group than in the Propofol group 
[CHOP, 199.8 ± 17.88 (188.50, 192.55-212.70) vs. 131.6 ± 
10.01 (145.00, 131.50-125.00), p = 0.004] (Fig. 3). 

Discussion 
There was a significant higher ER stress from 

lymphocytes in the blood and the liver of rats under 
anaesthesia with isoflurane, compared to propofol. 

They also exhibited a significant higher ROS from 
lymphocytes in the blood. However, no differences in 
cytokine levels or immunohistochemical assays in 
tissues were observed between the two anaesthetic 
groups. 

It is difficult to clarify the pure effects of an 
anaesthetic agent, separate from surgical stimuli, or 
the immune response. However, many studies have 
demonstrated that anaesthetic agents directly or 
indirectly modulate the immune response [15-18]. 
Although expression of the immune response 
depends on cell type and host condition, propofol has 
anti-inflammatory effects [15]. It also reduces 
activation of the hypothalamic-pituitary-adrenal axis 
and limits increases in cortisol, norepinephrine, and 
epinephrine, compared to inhalation anaesthetics [16]. 
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Consequently, propofol attenuates the surgical 
stress-induced immune response better than an 
inhalation anaesthetic agent. Inada et al. demonstrated 
this observation in patients undergoing a craniotomy 
for clipping of an un-ruptured aneurysm [18]. 
Therefore, we hypothesised that anaesthesia with 
propofol would be associated with less ER stress than 
anaesthesia with isoflurane. 

 ROS in the blood was significantly higher after 
anaesthesia with isoflurane, compared to anaesthesia 
with propofol. Huang et al. reported that propofol 
attenuates ROS production during one-lung 
ventilation in thoracic surgery [19]. Seo et al. also 
reported that the expression of ROS is significantly 
higher after anaesthesia with isoflurane than after 
propofol during ischemia-reperfusion injury of the 
myocardium, although the heart injury scores in that 
study are similar between the two groups [20]. In fact, 
accumulating evidence has demonstrated that 
propofol inhibits ROS production [21-23]. Therefore, 
our results are reasonable. 

 Increased ROS are associated with ER stress, 
which causes mitochondrial dysfunction and 
increases mitochondrial ROS production. Increased 
CHOP during ER stress contributes to oxidative stress 
and the accumulation of ROS [24]. Many ER 
stress-related models have demonstrated that ER 
stress and oxidative stress, representing ROS 
production, accentuate each other, interfere with cell 
function, and activate pro-apoptotic signalling [25-27]. 
Although the level of ROS is not checked, Zhou et al. 
reported that propofol inhibits the activation of 
protein kinase R like endoplasmic reticulum 
(PERK)-eukaryotic translation initiation 2A 
(eIF2A)-activating transcription factor (ATF)-CHOP 
during ER stress [28]. By contrast, isoflurane might 
induce ER stress by activating caspases and apoptosis 
[29]. Therefore, the increased level of ROS observed 
under anaesthesia with isoflurane in the present study 
were associated with increased ER stress, although 

the mechanism between ER stress and ROS has not be 
clearly clarified [30-34]. 

 Several conditions in the present study should 
be considered to clarify the effects of these anaesthetic 
agents on ER stress. First, no haemodynamic 
parameters were checked during different planes of 
anaesthesia. Although the usual dose of anaesthesia 
was applied, results without similar haemodynamic 
parameters and similar anaesthetic depth could be 
different [35-37]. Second, several studies have failed to 
show any meaningful clinical consequences, 
including histological findings, although differences 
in the levels of ROS between propofol and isoflurane 
were checked [20,36-39]. Seo et al. also reported no 
differences in the myocardial injury score between 
propofol and isoflurane during ischemia-reperfusion 
injury of the myocardium, although a difference in the 
levels of ROS is verified [20]. Third, CHOP was used 
to check ER stress in the present study. ER stress has 
several pathways through inositol-requiring protein 
1, protein kinase RNA-like ER kinase (PERK), and 
activating transcription factor (ATF)-6 [40]. ER stress 
triggers CHOP, which accumulates through the PERK 
and ATF-6 pathways. Therefore, determining CHOP 
activity was sufficient to check the entire pathway for 
ER stress in the present study, although other markers 
for ER stress were not evaluated. 

 In conclusion, ER stress from lymphocytes in the 
blood and the liver was significantly higher in rats 
under anaesthesia with isoflurane than propofol. A 
significant higher ROS from lymphocytes in the blood 
was observed under anaesthesia with isoflurane than 
propofol. However, these observations were not 
associated with any changes of cytokines in the bloods 
or immunohistochemiscal assays in the tissues. 

Acknowledgements 
This research was supported by Basic Science 

Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of 

 
Figure 3. Western blot analyses of endoplasmic reticulum stress from lymphocytes in the blood. Abbreviations: CHOP, CCAAT-enhancer-binding protein homologous 
protein. *p < 0.05. Western blot analyses from lymphocytes in the blood showed the intensity of CHOP was higher in Isoflurane group than in Propofol group. 

 



Int. J. Med. Sci. 2019, Vol. 16 

 
http://www.medsci.org 

1293 

Education (NRF-2018R1D1A1B07047066). This study 
was supported by the National Research Foundation 
of Korea (NRF) grant funded by the Korea 
government (NRF-2016R1A5A2012284). 

Author Contributions 
Eun-Hye Seo: 
-data collection 
-data analysis and interpretation 
-manuscript composition 
Liyun Piao: 
-data collection 
-data analysis and interpretation 
-manuscript composition 
Hyun-Jun Park: 
-data collection 
-data analysis and interpretation 
Ji Yeon Lee:  
-data collection 
-data analysis and interpretation 
Mijung Sa:  
-data analysis and interpretation 
-manuscript composition 
Chung-Sik Oh: 
-data collection 
-data analysis and interpretation 
Seung-Hyun Lee: 
-data analysis and interpretation 
Seong-Hyop Kim: 
-study design 
-data collection 
-data analysis 
-manuscript composition 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Cruz FF, Rocco PR, Pelosi P. Anti-inflammatory properties of anesthetic 

agents. Crit Care 2017; 21: 67. 
2. Chen RM, Chen TG, Chen TL, Lin LL, Chang CC, Chang HC, Wu CH. 

Anti-inflammatory and antioxidative effects of propofol on 
lipopolysaccharide-activated macrophages. Ann N Y Acad Sci 2005; 1042: 
262-71. 

3. Ma X, Hu YW, Zhao ZL, Zheng L, Qiu YR, Huang JL, Wu XJ, Mao XR, Yang J, 
Zhao JY, Li SF, Gu MN, Wang Q. Anti-inflammatory effects of propofol are 
mediated by apolipoprotein M in a hepatocyte nuclear factor-1α-dependent 
manner. Arch Biochem Biophys 2013; 533: 1-10. 

4. Lee YM, Song BC, Yeum KJ. Impact of volatile anesthetics on oxidative stress 
and inflammation. Biomed Res Int 2015; 2015: 242709. 

5. Fuentes JM, Talamini MA, Fulton WB, Hanly EJ, Aurora AR, De Maio A. 
General anesthesia delays the inflammatory response and increases survival 
for mice with endotoxic shock. Clin Vaccine Immunol 2006; 13: 281-8. 

6. Prabhakar H, Singh GP, Mahajan C, Kapoor I, Kalaivani M, Anand V. 
Intravenous versus inhalational techniques for rapid emergence from 
anaesthesia in patients undergoing brain tumour surgery. Cochrane Database 
Syst Rev 2016; 9: CD010467. 

7. Hadade A, Ionescu D, Mocan T, Necula A, Cristea V. Total intravenous versus 
inhalation anesthesia in patients undergoing laparoscopic cholecystectomies. 
Effects on two proinflammatory cytokines serum levels: Il-32 and TNF-alfa. J 
Crit Care Med (Targu Mures) 2016; 2: 44-50. 

8. Chang YT, Wu CC, Tang TY, Lu CT, Lai CS, Shen CH. Differences between 
total intravenous anesthesia and inhalation anesthesia in free flap surgery of 
head and neck cancer. PLoS One 2016; 11: e0147713. 

9. Xu C, Bailly-Maitre B, Reed JC. Endoplasmic reticulum stress: cell life and 
death decisions. J Clin Invest 2005; 115: 2656-64. 

10. Su M, Ren S, Zhong W, Han X. Impact of propofol on renal 
ischemia/reperfusion endoplasmic reticulum stress. Acta Cir Bras 2017; 32: 
533-9. 

11. Chen G, Gong M, Yan M, Zhang X. Sevoflurane induces endoplasmic 
reticulum stress mediated apoptosis in hippocampal neurons of aging rats. 
PLoS One 2013; 8: e57870. 

12. Frank JA, Gutierrez JA, Jones KD, Allen L, Dobbs L, Matthay MA. Low tidal 
volume reduces epithelial and endothelial injury in acid-injured rat lungs. Am 
J Respir Crit Care Med 2002; 165: 242-9. 

13. Charan J, Kantharia ND. How to calculate sample size in animal studies? J 
Pharmacol Pharmacother 2013; 4: 303-6. 

14. Festing MF. Design and statistical methods in studies using animal models of 
development. ILAR J 2006; 47: 5-14. 

15. Schneemilch CE, Schilling T, Bank U. Effects of general anaesthesia on 
inflammation. Best Pract Res Clin Anaesthesiol 2004; 18: 493-507. 

16. Sanders, RD, Hussell T, Maze M. Sedation & immunomodulation. Crit Care 
Clin 2009; 25: 551-70. 

17. Schneemilch CE, Bank U. Release of pro- and anti-inflammatory cytokines 
during different anesthesia procedures. Anaesthesiol Reanim 2001; 26: 4-10. 

18. Inada T, Yamanouchi Y, Jomura S, Sakamoto S, Takahashi M, Kambara T, 
Shingu K. Effect of propofol and isoflurane anaesthesia on the immune 
response to surgery. Anaesthesia 2004; 59: 954-9. 

19. Huang CH, Wang YP, Wu PY, Chien CT, Cheng YJ. Propofol infusion shortens 
and attenuates oxidative stress during one lung ventilation. Acta Anaesthesiol 
Taiwanica 2008; 46: 160-5. 

20. Seo EH, Song GY, Namgung JH, Oh CS, Lee SH, Kim SH. Receptor for 
activated C kinase 1 in rats with ischemia-reperfusion injury: Intravenous 
versus inhalation anaesthetic agents. Int J Med Sci 2018; 15: 352-8. 

21. Heine J, Leuwer M, Scheinichen D, Arseniev L, Jaeger K, Piepenbrock S. Flow 
cytometry evaluation of the in vitro influence of four i.v. anaesthetics on 
respiratory burst of neutrophils. Br J Anaesth 1996; 77: 387-92. 

22. Mikawa K, Akamatsu H, Nishina K, Shiga M, Maekawa N, Obara H, Niwa Y. 
Propofol inhibits human neutrophil functions. Anesth Analg 1998; 87: 695-700. 

23. Zhong H, Song R, Pang Q, Liu Y, Zhuang J, Chen Y, Hu J, Hu J, Liu Y, Liu Z, 
Tang J. Propofol inhibits parthanatos via ROS-ER-calcium-mitochondria 
signal pathway in vivo and vitro. Cell Death Dis 2018; 9: 932. 

24. Cao SS, Kaufman RJ. Endoplasmic reticulum stress and oxidative stress in cell 
fate decision and human disease. Antioxid Redox Signal 2014; 21: 396-413. 

25. Zeeshan HM, Lee GH, Kim HR, Chae HJ. Endoplasmic reticulum stress and 
associated ROS. Int J Mol Sci 2016; 17: 327. 

26. Gu S, Chen C, Jiang X, Zhang Z. ROS-mediated endoplasmic reticulum stress 
and mitochondrial dysfunction underlie apoptosis induced by resveratrol and 
arsenic trioxide in A549 cells. Chem Biol Interact 2016; 245:100-9. 

27. Kim JK, Kang KA, Ryu YS, Piao MJ, Han X, Oh MC, Boo SJ, Jeong SU, Jeong YJ, 
Chae S, Na SY, Hyun JW. Induction of endoplasmic reticulum stress via 
reactive oxygen species mediated by luteolin in melanoma cells. Anticancer 
Res 2016; 36: 2281-9. 

28. Zhou X, Wei Y, Qiu S, Xu Y, Zhang T, Zhang S. Propofol decreases 
endoplasmic reticulum stress-mediated apoptosis in retinal pigment epithelial 
cells. PLoS One 2016; 11: e0157590. 

29. Zhang Y, Li D, Li H, Hou D, Hou J. Taurine pretreatment prevents 
isoflurane-induced cognitive impairment by inhibiting ER stress-mediated 
activation of apoptosis pathways in the hippocampus in aged rats. Neurochem 
Res. 2016; 41: 2517-25. 

30. Zeeshan HM, Lee GH, Kim HR, Chae HJ. Endoplasmic reticulum stress and 
associated ROS. Int J Mol Sci 2016; 17: 327. 

31. Gu S, Chen C, Jiang X, Zhang Z. ROS-mediated endoplasmic reticulum stress 
and mitochondrial dysfunction underlie apoptosis induced by resveratrol and 
arsenic trioxide in A549 cells. Chem Biol Interact 2016; 245:100-9. 

32. Kim JK, Kang KA, Ryu YS, Piao MJ, Han X, Oh MC, Boo SJ, Jeong SU, Jeong YJ, 
Chae S, Na SY, Hyun JW. Induction of endoplasmic reticulum stress via 
reactive oxygen species mediated by luteolin in melanoma cells. Anticancer 
Res 2016; 36: 2281-9. 

33. Zhou X, Wei Y, Qiu S, Xu Y, Zhang T, Zhang S. Propofol decreases 
endoplasmic reticulum stress-mediated apoptosis in retinal pigment epithelial 
cells. PLoS One 2016; 11: e0157590. 

34. Wang H, Dong Y, Zhang J, Xu Z, Wang G, Swain CA, Zhang Y, Xie Z. 
Isoflurane induces endoplasmic reticulum stress and caspase activation 
through ryanodine receptors. Br J Anaesth 2014; 113: 695-707. 

35. Mohaghegh T, Yazdi B, Norouzi A, Fateh S, Modir H, Mohammadbeigi A. 
Effect of intravenous anesthesia with propofol versus isoflurane inhalation 
anesthesia in postoperative pain of inguinal herniotomy: a randomized clinical 
trial. Med Gas Res 2017; 7: 86-92. 

36. Brookes ZL, Brown NJ, Reilly CS. Intravenous anaesthesia and the rat 
microcirculation: the dorsal microcirculatory chamber. Br J Anaesth 2000; 85: 
901-3. 

37. Miller AL, Golledge HD, Leach MC. The influence of isoflurane anaesthesia on 
the rat grimace scale. PLoS One 2016; 11: e016652. 



Int. J. Med. Sci. 2019, Vol. 16 

 
http://www.medsci.org 

1294 

38. Tomihari M, Nishihara A, Shimada T, Yanagawa M, Miyoshi M, Miyahara K, 
Oishi A. A comparison of the immunological effects of propofol and isoflurane 
for maintenance of anesthesia in healthy dogs. J Vet Med Sci 2015; 77: 1227-33. 

39. Mohaghegh T, Yazdi B, Norouzi A, Fateh S, Modir H, Mohammadbeigi A. 
Effect of intravenous anesthesia with propofol versus isoflurane inhalation 
anesthesia in postoperative pain of inguinal herniotomy: a randomized clinical 
trial. Med Gas Res 2017; 7: 86-92. 

40. Oyadomari S, Mori M. Roles of CHOP/GADD153 in endoplasmic reticulum 
stress. Cell Death Differ 2004; 11: 381-9. 


