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Background: Numerous studies suggest that intravenous propofol is superior to inhaled
volatile anesthetic. This study compared the changes in the endoplasmic reticulum (ER)
stress of cancer cells and lymphocytes after propofol- and sevoflurane-based anesthesia
during breast cancer surgery.

Methods: We randomized 53 patients undergoing breast cancer surgery to propofol (n =
28) and sevoflurane (n = 25) anesthesia groups. Blood samples were obtained immediately
before inducing anesthesia, and 1 and 24 h postoperatively. Human breast cancer cell lines
were cultured and treated with patient plasma, and the frequency of C/EBP homologous
protein (CHOP) on the cancer cell lines and lymphocytes was measured. The neutro-
phil-to-lymphocyte ratio in plasma was evaluated in both groups.

Results: The CHOP expression on breast cancer cell lines did not differ between the
groups (P = 0.108), although it decreased significantly over time (P = 0.027). The CHOP
expression on lymphocytes was comparable between the groups (P = 0.485), and was the
neutrophil-to-lymphocyte ratio (P = 0.501).

Conclusions: Propofol-based anesthesia did not induce greater ER stress than sevoflu-
rane-based anesthesia during breast cancer surgery. The ER stress of cancer cells did not
differ according to the type of anesthesia during breast cancer surgery.

Keywords: Anesthesia; Apoptosis; Breast neoplasms; Endoplasmic reticulum; Propofol;
Sevoflurane.

Introduction

The endoplasmic reticulum (ER) synthesizes transmembrane proteins and lipids, and
stores calcium [1]. Conditions such as hypoxia and inflammation impose stress on cells.
They enhance ER stress to induce apoptosis for normal cellular homeostasis [2]. Numer-
ous diseases such as multiple myeloma, neurodegenerative disease, and diabetes are asso-
ciated with ER stress, and cancer is associated with alteration of ER stress [3,4].

Propofol is considered superior to sevoflurane for attenuating cancer progression com-
pared to inhaled volatile anesthetics, although this is controversial [5-8]. The effects of
propofol on cancer are derived from its anti-inflammatory properties, while sevoflurane
causes immunosuppression and promotes cancer progression [7]. Propofol exerts a neu-

roprotective effect by reducing ER stress of normal neurons, unlike the neurotoxic vola-
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tile anesthetics that enhance ER stress [9,10]. However, few stud-
ies have compared changes in ER stress after propofol- and vola-
tile anesthetic-based anesthesia in a cancer environment.

We hypothesized that propofol would induce greater ER stress
in cancer cells than sevoflurane. The study was designed to com-
pare the changes in ER stress of cancer cells and lymphocytes be-
tween propofol- and sevoflurane-based anesthesia in patients un-

dergoing breast cancer surgery.

Materials and Methods
Study population

The study was approved by the Institutional Review Board
(Konkuk University Medical Center, Seoul, Korea; KUH1160108)
and registered at Clinicaltrials.gov (NCT03561831), and was con-
ducted in accordance with the Helsinki Declaration-2013. In-
formed consent was obtained from all patients before the opera-
tion. Female Koreans with American Society of Anesthesiologists
class I to IT physical status, who were scheduled to undergo breast
cancer surgery, were enrolled in this study. Patients were excluded
based on the following criteria: age < 20 years old, abnormal pre-
operative laboratory results, history of cancer, history of propofol
or sevoflurane allergy, or other concurrent surgery. On entering
the operating room, each patient was randomly allocated to
propofol-based (Propofol) or sevoflurane-based (Sevoflurane) an-
esthesia groups. A random-permuted block design was used for
randomization. The medical team involved in the patient care was
blind to the study. All data were collected by trained observers
who were also blind to the study and did not participate in patient

care.

Anesthesia

The anesthesia techniques were standardized. No patient re-
ceived pre-anesthetic medication. Anesthesia was induced after
routine non-invasive monitoring, including the bispectral index
(BIS). For the Propofol group, an initial effect-site propofol con-
centration of 4.0 pg/ml was administered intravenously under a
modified Marsh model (k,, 1.21/min) using a target-controlled
infusion (TCI) device (Orchestra® Base Primea; Fresenius Vial,
France). For the Sevoflurane group, thiopental sodium (5 mg/kg)
was administered intravenously to induce anesthesia. After loss of
consciousness, mask ventilation was confirmed and rocuronium
0.6 mg/kg was administered intravenously. Remifentanil (5.0 ng/
ml) was intravenously administered under the Minto model [11],

and maintained until the end of surgery. After tracheal intubation,
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propofol or sevoflurane was titrated to maintain a BIS of 40 to 60.
The mean systemic blood pressure was maintained within 20%
of the baseline or > 60 mmHg during anesthesia. At the end of
the surgery, the administration of propofol or sevoflurane with
remifentanil was stopped and ketorolac 0.5 mg/kg was given in-
travenously for postoperative analgesia. Residual neuromuscular
paralysis was antagonized with neostigmine 0.03 mg/kg and gly-
copyrrolate 0.008 mg/kg with neuromuscular transmission mon-
itoring. Intravenous patient-controlled analgesia (PCA) was
available on demand for patients undergoing radical mastecto-
mies. The total PCA volume was 200 ml, consisting of fentanyl
(2,000 pg; 40 ml), ramosetron (0.6 mg; 4 ml), and normal saline
(156 ml). The PCA device (Gemstar PumpTM; Hospira, USA) was
programmed to deliver 0.03 ml/kg/h as the basal infusion rate
and 0.05 ml/kg on demand, with a 15 min lock-out time. After
tracheal extubation, patients were transferred to the post-anes-
thesia care unit (PACU). Postoperative medical treatment and
decision making were under the control of the surgeon responsi-

ble, in accordance with standard institutional regimens.

Blood samples

Venous blood samples were collected immediately before in-
ducing anesthesia (Preop), on arrival in the PACU (Post 1 h),
and 24 h postoperatively (Post 24 h). Blood samples were ob-
tained without or with minimal stasis (within 30 s) and centri-
fuged immediately at 3000 rpm for 15 min at 4°C. Plasma sam-
ples were frozen within 1 h of sampling and stored at —-80°C un-

til the analysis.

Breast cancer cell culture

The Michigan Cancer Foundation-7 (MCF-7) human breast
cancer cell line (AcceGen Biotech, USA) was cultured in Roswell
Park Memorial Institute medium 1640 (RPMI 1640) supple-
mented with 10% fetal bovine serum and 1% penicillin. The me-
dium was replaced every 3-5 days. Cells were subcultured using

the trypsin-ethylenediaminetetraacetic acid method.

C/EBP homologous protein (CHOP) in MCF-7 cell line
cultured with the plasma from patients with breast cancer

To culture the MCF-7 cell line with plasma of breast cancer pa-
tients, 15,000 cells were counted and mixed with 4 pl of breast
cancer patient plasma in a total volume of 100 pl. Then they were
transferred into the wells of 96-well cell culture plates. After 24 h

of incubation, the cells in each well were transferred to fluores-
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cence-activated cell sorting (FACS) tubes. Then, the cells were
washed twice with FACS buffer (0.1% bovine serum albumin and
0.05% sodium azide in 1 x phosphate-buffered saline [PBS]) for
5 min. After washing, the cells were fixed with fixation buffer (BD
Biosciences, USA) and washed with FACS buffer for 5 min. Then,
they were incubated with the 1 x foxp3 perm buffer (BioLegend,
USA) for 15 min and washed with FACS bulffer for a further 5
min. The cells were stained with DNA Damage Inducible Tran-
script 3/CHOP rabbit anti-human polyclonal antibody (Cat No.
LS-C16732; LSbio, USA) for 30 min, and washed with FACS buf-
fer for 5 min. Then, they were stained with goat anti-Rabbit IgG
(H + L) secondary antibody (Cat No. A-11034; Invitrogen, USA)
and incubated for 30 min. Finally, they were washed with FACS

buffer again.

CHOP on lymphocytes from blood

Peripheral blood mononuclear cells (PBMCs) were isolated us-
ing density-gradient centrifugation for 20 min over Biocoll sepa-
rating solution (Biochrom, Germany). The PBMCs were washed
with 1 x PBS (pH 7.4, no calcium, no magnesium), 155.1 mM
sodium chloride (NaCl), 2.9 mM sodium phosphate dibasic
(Na,HPO,-7H,0), and 1.0 mM potassium phosphate monobasic
(KH,PO,) solution. After isolating the lymphocytes, the cells were
stained with fluorescein isothiocyanate, an anti-human cluster of
differentiation 4 antibody (BD Biosciences, USA) at room tem-
perature for 30 min in the dark. After fixation, the cells were per-
meabilized with FACSd™ Perm2 (BD Biosciences, USA) buffer
according to the manufacturer’s instructions. After permeabiliza-
tion, the cells were stained and incubated with the same CHOP
antibodies used in the MCF-7 cell line culture, using the same

methods.

Flow cytometric analysis

All data were collected using the BD Accuri C6 flow cytometer
(BD Biosciences, USA), and then analyzed with FlowJo™ soft-
ware (Tree Star, USA).

Determination of the leukocyte differential count

The differential leukocyte count was determined preoperatively,
and at 24 h postoperatively. To calculate the neutrophil to lym-
phocyte ratio, the ratio of neutrophils to leukocytes was divided

by the ratio of lymphocytes to leukocytes.
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Clinical measurements

The maximal and minimal effect-site concentrations of propo-
fol and the maximal and minimal end-expiratory concentrations
of sevoflurane were recorded during anesthesia. Postoperative
pain was assessed using a visual analogue scale (VAS) ranging
from 0 mm (no pain) to 100 mm (worst pain imaginable). Intra-
venous ketorolac 0.5 mg/kg was administered on demand as an
additional rescue analgesic. The perioperative opioid doses were

recorded.

Statistics

The primary outcome measure was the frequency of CHOP on
MCE-7 cell lines over time in the Propofol and Sevoflurane
groups. In a pilot study of 10 patients, we calculated a standard-
ized effect size of 0.482 for the group difference in CHOP fre-
quency on MCEF-7 cell lines. For 80% power to detect intergroup
differences using two-way repeated-measured analysis of variance
(ANOVA) at the 5% significance level (a), a sample size of 22 per
group was needed. Ultimately, 53 patients were enrolled, assum-
ing a drop rate of 15%.

The differences in the frequency of CHOP on MCE-7 cell lines
over time, and on circulating lymphocytes of patients with breast
cancer, between the Propofol and Sevoflurane groups was ana-
lyzed by two-way repeated-measured ANOVA. For continuous
variables, the distribution of the data was evaluated for normality
using the Shapiro-Wilk test. The independent two-tailed t-test
was used to compare means for continuous, normally distributed
data between the Propofol and Sevoflurane groups. When the
data were not normally distributed, the Mann-Whitney U test
was used. Normally distributed continuous data are presented as
the mean * standard deviation; data that were not normally dis-
tributed are presented as the median (Q1, Q3). The chi-square
test was used to compare the means of categorical variables be-
tween the two groups. For categorical variables, the number of
patients (n) and proportion (%) were calculated. All calculations
were performed using SPSS software (ver. 20.0; SPSS Inc., USA).
A P value < 0.05 was taken to indicate statistical significance.

Results

Eighty-four patients were eligible for the study, of whom 31
were excluded: 14 refused to participate, nine had abnormal pre-
operative laboratory results, four previously had cancer, one had a
propofol allergy, and three underwent other types of concurrent

surgery. Therefore, 53 patients were included in the final analysis
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(Fig. 1).

The patient demographics were similar between the Propofol
and Sevoflurane groups (Table 1). The total amount of propofol
was significantly higher in the Propofol than Sevoflurane group,
and thiopental sodium was significantly higher in the Sevoflurane
than Propofol group. The lowest and highest BIS values did not
differ significantly between the two groups (Table 1). The
amounts of medications, such as vasopressors, inotropics, opioids,
and ketorolac, administered perioperatively were similar between
the two groups (Table 2). The VAS and postoperative nausea and
vomiting scores did not differ between the two groups during the
study (Table 2).

The CHOP expression on MCE-7 cell lines did not differ be-
tween the Propofol and Sevoflurane groups (0.20% [0.14, 0.23%]
vs. 0.13% [0.07, 0.21%], 0.22% [0.06, 0.24%] vs. 0.09% [0.05,
0.17%], and 0.14 + 0.07 vs. 0.12 + 0.07% preoperatively, 1 h post-
operatively, and 24 h postoperatively, respectively; overall group
difference (95% CI, 0.03 [-0.01, 0.07], P = 0.108) (Fig. 2). The
CHOP expression on MCF-7 cell lines in both groups decreased
significantly over time (P = 0.027) (Fig. 2).

The CHOP expression on lymphocytes did not differ between
the Propofol and Sevoflurane groups (0.16% [0.05, 0.41%] vs.
0.07% [0.03, 0.19%], 0.13% [0.07, 0.39%] vs. 0.04% [0.02, 0.13%],
and 0.19% [0.08, 0.52%] vs. 0.05% [0.02, 0.38%] preoperatively, 1

h postoperatively, and 24 h postoperatively, respectively) (P =
0.485) (Fig. 3). In addition, the changes of CHOP expressions on
lymphocytes in both groups showed no specific pattern over time
(P = 0.836) (Fig. 3).

The ratios of neutrophils to leukocyte in the Propofol vs. Sevo-
flurane groups (55.3 + 8.0% vs. 57.6 + 6.7% and 57.5 + 11.5% vs.
58.4 + 11.0% preoperatively and 24 h postoperatively, respective-
ly) and lymphocyte to leukocyte (36.2 + 8.6% vs. 33.8 = 6.1%
and 34.1 + 8.9% vs. 33.4 £ 9.6% preoperatively and 24 h postop-
eratively, respectively) did not differ significantly between the
Propofol and Sevoflurane groups (P = 0.441 and P = 0.361, re-
spectively) (Table 3). The ratios of neutrophils to lymphocytes
(1.53 [1.16, 1.94] vs. 1.80 [1.48, 2.05], 1.63 [1.35, 2.20] vs. 1.62
[1.31, 2.31] preoperatively and 24 h postoperatively, respectively)
also were not significantly different between the Propofol and
Sevoflurane groups (overall difference [95% CIJ, -0.118 [-0.469,
0.232], P = 0.501) (Table 3).

Discussion

In this study, propofol did not induce greater ER stress in can-
cer cells than sevoflurane during breast cancer surgery. The anes-
thetics reduced the ER stress of cancer cells over time, but did not
influence the ER stress of lymphocytes. The ratios of neutrophils

Enrollment

Assessed for eligibility (n = 84)

Excluded (n = 31)
* Refusal to participate (n = 14)
* Abnormal laboratory finding (n = 9)

* History of previous cancer (n = 4)
* History of allergy to propofol (n= 1)
* Other concurrent surgery (n = 3)

53 Patients met criteria

A4

A4

.
Allocation
Propofol group (n = 28) LI—I—J Sevoflurane group (n = 25)
Follow-up
Lost to follow-up (n = 0) LI—I—J

H
v Analysis v
The CHOP expression on breast cancer cell line with the plasma from patients
The CHOP expression on lymphocyte in plasma from patients

The neutrophil to lymphocyte ratio in plasma from patients

A4

A 4

Lost to follow-up (n = 0)

Fig. 1. CONSORT flow diagram. CHOP: C/EBP homologous protein.
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Table 1. Demographic Characteristics of the Propofol- and Sevoflurane-based Anesthesia during Breast Cancer Surgery

Characteristics Propofol group (n = 28) Sevoflurane group (n = 25) P value
Age (yr) 48 (42, 55) 50 (44, 60) 0.412
Weight (kg) 57.5 (510, 62.5) 59.0 (51.0, 65.0) 0.748
ASA-PS classification 1.000
1 27 (96.4) 24 (96.0)
2 1(3.6) 1(4.0)
Cancer stage 0.309
1 12 (46.2) 14 (53.8)
2 14 (56.0) 11 (44.0)
3 2(100.0) 0(0.0)
Anesthesia duration (min) 153 + 27 140 + 34 0.126
Anesthetics
Propofol total (mg) 876 (712,1142) NA < 0.001
Propofol minimal (pg/ml) 2.0(2.0,3.0) NA < 0.001
Propofol maximal (pg/ml) 36 %10 NA < 0.001
Thiopental sodium (mg) NA 300 (250, 325) < 0.001
Sevoflurane minimal (vol%) NA 1.0 (1.0, 1.0) < 0.001
Sevoflurane maximal (vol%) NA 2.0 (2.0,2.0) < 0.001
Remifentanil (ug) 1594 (1265, 1822) 1382 (1238, 1650) 0276
Rocuronium (mg) 50 (50, 60) 50 (50, 60) 0.488
BIS
Lowest value 45 (41, 50) 46 (42, 53) 0.655
Highest value 55+ 11 53+ 10 0.580

Values are presented as median (Q1, Q3), incidence (percentage), or mean + SD. ASA-PS: American Society of Anesthesiologists physical status,

BIS: bispectral index, NA: not-applicable.

Table 2. Amount of Medications Administered and Postoperative Pain and Nausea/vomiting

Propofol group (n = 28) Sevoflurane group (n = 25) P value

Phenylephrine (ug) 0 (0, 80) 0 (0, 50) 0.787
Ephedrine (mg) 0(0,2) 4(0,4) 0.105
Fentanyl (jg) 159 (120, 205) 153 (120, 203) 0914
Ketorolac use 11 (39.3) 14 (56.0) 0.347
VAS score

Preop 25 (20, 30) 30 (20, 40) 0.169

Post1h 25 £ 12 30+ 12 0.153

Post 24 h 15 (8, 25) 20 (10, 30) 0.059
PONV

Preop 3(10.7) 6 (24.0) 0.358

Post1h 2(7.1) 6 (24.0) 0.185

Post 24 h 12 (42.9) 8(32.0) 0.596

Values are presented as median (Q1, Q3), incidence (percentage), or mean + SD. VAS: visual analogue scale, PONV: postoperative nausea and

vomiting.

to lymphocytes among leukocytes did not differ between the two
groups.

Numerous studies have shown that propofol is superior to vola-
tile anesthetics in terms of reducing cancer progression [12-14].

The anti-inflammatory effects of propofol might help reduce can-

https://doi.org/10.4097/kja.21569

cer progression [15]. However, in other studies the type of anes-
thetic did not influence cancer cell progression [16,17]. In our
study, the anti-inflammatory effect of propofol has not been re-
produced in a clinical situation, although it has been demonstrat-

ed in animal studies. The cancer environment is complex and
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Fig. 2. CHOP expression on MCF-7 cell lines in both groups. Values
in this figure are presented as mean (95% CI). The CHOP expression
on MCEF-7 cell lines in the Propofol and Sevoflurane groups were
0.18% (0.04%) vs. 0.16% (0.05%), 0.17% (0.04%) vs. 0.11% (0.03%),
and 0.14% (0.03%) vs. 0.12% (0.03%) at Preop, Post 1 h, and Post 24
h, respectively. *P = 0.108 (group difference across all measured time
points). P = 0.027 (comparison with preoperative levels). CHOP:
C/EBP homologous protein, MCF-7 cell line: Michigan Cancer
Foundation-7 human breast cancer cell line, Preop: before inducing
anesthesia, Post 1 h: on arrival at the post-anesthesia care unit, Post 24
h: 24 h postoperatively.

Table 3. The Changes in Neutrophil and Lymphocyte during Breast Surgery

0.6 - — Propofol
— Sevoflurane
0.5
(2
45 0.4
o
=
g 03 »\/
> \
G 1
a 024
o
T
(]
0.1
*P =0.485
0
Preop Post 1 h Post 24 h

Fig. 3. CHOP expression on lymphocytes in both groups. Values in
this figure are presented as mean (95% CI). The CHOP expression
on lymphocytes in the Propofol and Sevoflurane groups were 0.3%
(0.14%) vs. 0.28% (0.23%), 0.29% (0.15%) vs. 0.22% (0.20%), and
0.34% (0.15%) vs. 0.23% (0.15%) at Preop, Post 1 h, and Post 24 h,
respectively. *P = 0.485 (group differences across all measured time
points). CHOP: C/EBP homologous protein, Preop: before inducing
anesthesia induction, Post 1 h: on arrival at the post-anesthesia care
unit, Post 24 h: 24 h postoperatively.

Propofol group (n = 28) Sevoflurane group (n = 25) P value

Ratio of neutrophils to leukocytes

Preop 553 8.0 57.6 + 6.7 0.249

Post 24 h 575 £ 115 584 + 11.0 0.781
Ratio of lymphocytes to leukocytes

Preop 36.2 + 8.6 338 £ 6.1 0.247

Post 24 h 341+ 89 334+ 96 0.769
NLR

Preop 1.53 (1.16, 1.94) 1.80 (1.48, 2.05) 0.157

Post 24 h 1.63 (1.35,2.20) 1.62 (1.31,2.31) 0.873

Values are presented as mean * SD, or median (Q1, Q3). NLR: neutrophil to lymphocyte ratio.

non-homogenous, such that the effects of anesthetics on cancer
may not be dramatic. Several studies have evaluated the effects of
various anesthetics on ER stress in different diseases. Propofol ex-
erts an organ protective effect by modulating ER stress, although
patterns of ER stress changes vary. Chen et al. [18] revealed that
propofol enhanced ER stress and ultimately induced cell apoptosis
of unnecessary muscle tissue to protect muscle. By contrast, Wang
etal. [19] observed a neuroprotective effect of propofol through a
reduction of ER stress and amelioration of neuronal cell apopto-
sis. Su et al. [20] showed an organ protective effect of propofol
against ischemic reperfusion injury through a reduction of ER
stress in normal cells. The up and down regulation of ER stress by

propofol commonly induces ER stress related apoptosis of abnor-
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mal cells, which protect organs. Cui et al. [21] showed that propo-
fol exerted anti-cancer effects by enhancing ER stress-related can-
cer cell apoptosis in a lung cancer model. However, in the present
study, the ER stress of breast cancer cells was not higher under
propofol-based anesthesia than volatile anesthetics-based anes-
thesia. In fact, independent of the anesthetic type, the ER stress of
cancer cells decreased following anesthesia. We assume that this
might be attributable to differences in the cell microenvironment
among diseases and types of cancer. Li et al. [22] showed that re-
gional anesthesia with bupivacaine reduced ER stress in colorectal
cancer, but not in melanoma. In addition, our previous in vitro
study showed that propofol reduced ER stress in normal tissues,

but not cancer cells [23]. The cancer environment of breast cancer
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may differ from that of other malignancies in which changes in
ER stress as a result of propofol have been reported.

This study showed that propofol and sevoflurane inhibit ER
stress in cancer cell over time. The decrement in CHOP expres-
sion on cancer cells after anesthesia reflected reduced ER stress of
cancer cells due to propofol- and sevoflurane-based anesthesia.
Chevet et al. [24] found that, when the immune status was inade-
quate, ER stress contributed to cancer progression. Moreover,
cancer-related hypoxia modulated ER stress, leading to cancer cell
progression [25]. In most breast cancers, high levels of ER stress
suppress cancer cell apoptosis [26,27]. However, we did not inves-
tigate the mechanism of decrement in ER stress after anesthesia.
We assume that some cytokines and transcription factors can re-
duce ER stress after anesthesia [28].

There were several limitations to this study. First, the equipo-
tent doses of propofol- and sevoflurane-based anesthesia were de-
signed to achieve equivalent BIS value. However, whether these
anesthetics have equivalent potency in terms of their effects on
cancer cell ER stress is not clear. In clinical practice, the BIS pro-
vides a basis for clinical comparison between propofol and volatile
anesthetics [29]. In several clinical studies, BIS values were main-
tained in the same range for propofol and volatile anesthetics, and
equipotency was thus achieved [30-32]. However, we were unable
to determine equivalent concentrations of these anesthetics in vi-
tro. Nonetheless, we performed this study because the majority of
anesthesiologists that use anesthetics ensure adequate BIS; anes-
thetics are always guided by the BIS or other kinds of processed
electroencephalogram index during cancer surgery. We believe
that referring to the BIS is the best option to ensure equipotency
among diverse anesthetics. Second, we did not directly investigate
the apoptosis of cancer cell lines. Moreover, we did not examine
ER receptors such as inositol requiring enzyme-1a (IREla), dou-
ble-strand RNA-dependent protein kinase (PERK), and activating
transcription factor 6 (ATF6) [25], which sense ER stress. Howev-
er, CHOP is a good marker of ER stress of cells [33]. Zheng et al.
[34] showed that the CHOP level predicts disease free survival in
breast cancer patients. Third, although the pro- and anti-apoptot-
ic activities could differ among cancer cell lines, only one breast
cancer cell line was cultured in this study [35]. Fourth, the mecha-
nism underlying the decrement in ER stress seen in the cancer cell
lines in this study after anesthesia was not identified. Possible
mechanism related to ER stress of cancer cell after anesthesia
should be evaluated in further studies. Finally, the effect of thio-
pental sodium on ER stress in the Sevoflurane group was not con-
sidered. Few studies have evaluated the effect of thiopental sodi-
um on ER stress during cancer surgery [36]. However, a single

dose of thiopental sodium during the early anesthesia period
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would have negligible effect on ER stress during cancer surgery.
In conclusion, propofol-based anesthesia did not induce greater
ER stress of cancer cells than sevoflurane-based anesthesia in vitro
setting. However, the ER stress of the cancer cells declined after
anesthesia. These findings need to be validated in detailed studies
explicitly investigating the effect of anesthesia on ER stress after

cancer surgery.
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