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The effects of Desflurane and Sevoflurane
on Nesfatin-1 levels in laparoscopic
Cholecystectomy: a randomized controlled
trial
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Abstract

Background: Nesfatin-1 is involved in cardiovascular regulation, stress-related responses. The objective of this study
is to investigate the impact of volatile anesthetics on Nesfatin-1 levels.

Method: Fourty-two patients aged 30–65 years with the American Society Anesthesiology (ASA) Class I-II who were
scheduled for laparoscopic cholecystectomy were included in the study Patients were randomized into two group;
desflurane administered group (Group I, n = 21) and sevoflurane administered group (Group II, n = 21). For anesthesia
maintenance, the patients received 6% desflurane or 2% sevoflurane in 40% O2 and 60% air. The patient’s heart rate
(HR), mean, systolic and diastolic arterial pressures (MAP, SAP, DAP), peripheral O2 saturation (SpO2) were monitored
and recorded before induction, after induction, after intubation, and during extubation. Blood samples were collected
before induction (T1), and after extubation when aldrete score was 10 (T2).

Results: Demographic data were similar between the groups. The preoperative levels of nesfatin were similar in the two
groups (p = 0.715). In desflurane group, post-operative nesfatin levels were similar compared to preoperative levels (p = 0.
073). In sevoflurane group, post-operative nesfatin levels were similar (p = 0.131). The nesfatin levels (postoperative vs
preoperative) were similar between the groups (p = 0.900).

Conclusion: In conclusion, this study results suggest that nesfatin-1 levels are not affected by the use of sevoflurane or
desflurane in patients undergoing laparoscopic cholecystectomy.

Trial registration: Australian New Zealand Clinical Trials Registry, ACTRN12617001023347, retrospectively registered on
17 July 2017.

Keywords: Desflurane, Inhaler anesthetic agent, Sevoflurane, Volatile anesthetics, Nesfatin-1, Laparoscopic abdominal
surgery

Background
Nesfatin-1 was discovered in 2006 by Oh-I et al. [1] as
an 82-amino acid (aa) polypeptide derived from the cal-
cium and DNA-binding protein, nucleobindin 2
(NUCB2). Human studies have shown a circulating
NUCB2/nesfatin-1 concentration of 30 pmol/L [2].
Nesfatin-1 is an anorexigenic, energy-regulating peptide

expressed in not only central, but also peripheral tissues
with pleiotropic effects [3].
In addition to its central expression and actions,

NUCB2/nesfatin-1 has been subsequently described to
be predominantly expressed in the periphery and to
exert several peripheral effects in adipose tissue, gastric
mucosa, endocrine pancreatic beta cells, and the testis
[2]. Nesfatin-1 reduces gastric emptying and motility
after brain injection [4], and it is also involved in the
regulation of cardiovascular functions by stimulating
sympathetic nerve activity [5].

* Correspondence: draycaozcan@gmail.com
1Atatürk Training and Research Hospital, Anesthesiology and Reanimation
Department, Atatürk Training and Research Hospital, Bilkent, Ankara, Turkey
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Ozcan et al. BMC Anesthesiology  (2018) 18:23 
DOI 10.1186/s12871-018-0484-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-018-0484-x&domain=pdf
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=372700&isReview=true
mailto:draycaozcan@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


NUCB2/ nesfatin-1 that has a regulatory role in cardiac
functions and expression from cardiomyocytes has been
showed in rats and humans [6]. Nesfatin-1 is involved in
other important processes, including cardiovascular regula-
tion, stress-related responses [3, 7]. Gastric transit and oral
intake are delayed by the possible effect of the nesfatin-1
after the abdominal surgery. [8].
Today, laparoscopic cholecystectomy has been in-

creasingly used. Endocrine markers were elevated be-
cause of the stress response in experimental animals
and humans undergoing abdominal surgery [8]. İt has
been identified by different studies that acute stress in-
creases the central level of nesfatin-1 [9, 10]. However,
according to Yoshida et al. acute stress does not influ-
ence plasma level of nesfatin-1 [11].
In the present study, we aimed to analyze the changes

in nesfatin-1 levels in patients undergoing laparoscopic
cholecystectomy based on postoperative surgical stress
responses, and to compare the effect of two different
volatile anesthetics on plasmatic levels of nesfatin-1.

Methods
A written informed consent was obtained from each pa-
tient. The study protocol was approved by the Yıldırım
Beyazid University Clinical Research Ethics Committee
(Number: 26,379,996/259). The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki.
Forty-two patients with the American Society

Anesthesiology (ASA) Class I-II who were scheduled for
laparoscopic cholecystectomy between 01.12.2016 and
01.01.2017 were included in the study.
Prior to anesthesia induction, patients were randomly

assigned to two groups using a sealed envelope system.
Heart rate (HR), mean, systolic and diastolic arterial pres-
sures (MAP, SAP, DAP), peripheral O2 saturation (SpO2)
of the patients who were taken to the operation were mon-
itored. A 20 gauge catheter was used to enable intravenous
access, and 0.9% sodium chloride (5–10 mL/kg/h) was in-
fused. To induce anesthesia, the patients were given 1 mg
of lidocaine (Aritmal, 2%, Osel), 1 μg/kg of remifentanil
(Ultiva, 5 mg, GlaxoSmithKline), 8 mg/kg of thiopental so-
dium, and 0.6 mg/kg of rocuronium bromide intraven-
ously. After a three-min preoxygenation with 100% O2

administration through a face mask, orotracheal intubation
was performed when sufficient muscle relaxation was ob-
served. Then, patients were ventilated with a Dräger
anesthesia instrument (Luebeck, Germany), with tidal vol-
ume set to 8 ml kg− 1 and frequency set to 12/min. Soda
lime (Sorbo-lime, Berkim, Turkey) was used as a CO2 ab-
sorbant. For anesthesia maintenance, the patients received
6% desflurane or 2% sevoflurane in 40% O2 and 60% air,
according their randomization. 8 ml kg− 1 tidal volume
(TV) ventilation with 5–7 cmH2O PEEP were applied to
the patients during surgery.

Patients in both groups received remifentanil infusion
(0.25 μg/kg/min) to maintain anesthesia. At the end of
the surgery, all patients received 0.5 mg atropine and
1.5 mg neostigmine for decurarization. In all groups,
patients received 0.5 mg atropine when heart rate was
< 40; 10 mg of ephedrine when MAP was < 50, and the
remifentanil infusion dose was lowered. Sevoflurane
and desflurane concentrations weren’t changed during
the anesthesia maintenance. Patients received intraven-
ous tramadol (1 mg/kg) and metoclopramide (10 mg)
30 min before the end of surgery.
Hemodynamic and respiratory parameters (SAP, DAP,

MAP, HR, SpO2, etCO2) were recorded before induction,
after induction, after intubation, and during extubation.
Blood samples were collected before induction (T1), and
after extubation when aldrete score was 10 (T2). Blood
samples were collected into aprotinin and EDTA-
containing tubes. Samples were centrifuged at 3000 rpm,
and plasma samples were aliquoted in polypropylene
tubes, and stored at − 80 C until further analysis. Five cc
of venous blood samples were used to analyze nesfatin-1
levels, by using a commercial ELISA kit according to the
vendor’s instructions. (Ray- Biotech, Norcross, GA, USA;
catalogue no. EIANES-1).

Statistical analysis
Data analysis was performed by using IBM SPSS Sta-
tistics version 17.0 software (SPSS Inc., Chicago, IL,
USA). Shapiro Wilk test was used to determine
whether the distributions of continuous variables were
normal or not. While categorical data were shown in
number of cases and percentages, descriptive statistics
for continuous variables were expressed in mean ± SD
or median (min-max), where applicable. Categorical
data were analyzed by the continuity corrected chi-
square or Fisher’s exact test, where appropriate. The
mean differences between the groups were compared
by Student’s t test, while the Mann-Whitney U test
was used to compare the mean ranks. Wilcoxon sign-
rank test was used to assess the statistical significance
of the differences between pre- and post-operative
nesfatin levels. A p value less than 0.05 was considered
statistically significant.

Sample size estimation
The primary aim of this study was to compare by means
of differences in nesfatin measurements between the
groups. A total sample size of 42 (21 in each group) was
required to detect at least 30.6-U difference with a
power of 80% at 5% significance level. The difference of
30.6 was taken from both pilot study and clinical experi-
ence. The sample size estimation was performed by
using G*Power 3.0.10 software (Franz Faul, Universitat
Kiel, Germany).
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Results
There were no significant differences in the mean age, sex,
ASA stage, mean height, mean body weight, body mass
index (BMI), and distribution of comorbidities between
desflurane and sevoflurane groups (p > 0.05) (Table 1).
There was no significant difference in preoperative

nesfatin levels between desflurane and sevoflurane
groups (p = 0.715).
In desflurane group, post-operative nesfatin levels were

similar compared to preoperative levels (p = 0.073). Post-
operative nesfatin levels in sevoflurane group were simi-
lar (p = 0.131). There was no significant difference in
post-operative nesfatin levels between desflurane and
sevoflurane groups (p = 0.900). The nesfatin levels (post-
operative vs preoperative) were similar between the
groups (p = 0.900). (Table 2) (Fig. 1).
There were no significant differences in pre-intubation,

post-intubation, intraoperative 15, intraoperative 30, and
post-extubation SAP, DAP, MAP, heart rate and SpO2

between the groups. There were no significant differences
in post-intubation, intraoperative 15. min, intraoperative
30.min EtCo2 measurements between the groups (Table 3).
For all patients, age and body weight were not sig-

nificantly correlated with the change in nesfatin levels
(p = 0.249 and p = 0.081, respectively). Similarly, the
variation in nesfatin levels was similar between female
and male patients (p = 0.731). The increase in nesfatin
levels was similar between the diabetic group and the
non-diabetic group (p = 0.974). The increase in nesfa-
tin levels was also similar between the hypertensive
group and the non-hypertensive group (p = 0.872).

There was no statistically significant difference between
pre- and post-op nesfatin levels in diabetic patients (n = 7)
and non-diabetic patients (n = 35) (p = 0.303 and p = 0.370).
Postoperative nesfatin levels compare to preoperative levels
have increased in statistically similar manner in diabetic pa-
tients and nondiabetic patients(p = 0,974). Moreover no cor-
relation has been observed between nesfatin levels and
duration of surgery.
The horizontal lines in the middle of each box indi-

cates the median Nesfatin-1 levels, while the top and
bottom borders of the box mark the 25th and 75th per-
centiles, respectively. The whiskers above and below the
box mark indicates the maximum and minimum levels.

Discussion
The major finding of this study is, that nesfatin-1 levels
are unaffected by laparoscopic cholecystectomy and re-
main unchanged by sevoflurane and desflurane. Neuro-
humoral, immunological, and metabolic pathways are
activated through surgery, and these events depend on
the duration of surgery, intensity of postoperative pain,
degree of blood loss, and type of surgery [12].
Regarding the effect of inhaled agents on surgical

stress response, desflurane has a lower cortisol and
ACTH response, compared to sevoflurane; however,
desflurane is known to affect catecholamine levels
more, compared to sevoflurane, and also enhances
catecholamine secretion [13]. Therefore, sevoflurane
may be more useful in patients with cardiovascular in-
stability, hypertension, and cardiac pathology.
Nesfatin-1 is involved in the regulation of cardiovascular

functions through stimulation of sympathetic nerves [14].
Feijoo-Bandin et al. [6] demonstrated the presence of
NUCB2/nesfatin-1 in both rat and human cardiomyocytes,
which support the hypothesis that nesfatin-1 may have a
regulatory role in cardiac functions. Subcutaneous adminis-
tration of nesfatin-1 to the rats led to a prominent increase
in MAP without affecting the heart rate, suggesting a beta-
adrenergic effect of nesfatin-1 [11]. While cardiac and renal
beta-adrenergic activation have an important role in the
regulation of systemic blood pressure, hypothalamic nesfa-
tin is considered to be the mainstay in this process [15].

Table 1 Demographic and clinical features of groups

Parameters Desflurane (n = 21) Sevoflurane (n = 21) p-value

Age (years) 49.6 ± 9.3 49.8 ± 10.9 0.943a

Sex 0.306b

Male 4 (19.0%) 8 (38.1%)

Female 17 (81.0%) 13 (61.9%)

ASA 1.000b

I 11 (52.4%) 10 (47.6%)

II 10 (47.6%) 11 (52.4%)

Height (m) 1.64 ± 0.10 1.66 ± 0.10 0.566a

Body weight (kg) 84.0 ± 17.9 79.3 ± 13.2 0.366a

Body-mass
index (kg/m2)

31.2 ± 5.9 28.9 ± 5.2 0.210a

Comorbid diseases 10 (47.6%) 11 (52.4%) 1.000b

DM 1 (4.8%) 6 (28.6%) 0.093c

HT 7 (33.3%) 6 (28.6%) 1.000b

Asthma 2 (9.5%) 4 (19.0%) 0.663c

Others 4 (19.0%) 3 (14.3%) 1.000c

a Student’s t test, b Continuity corrected chi-square test, cFisher’s exact test.
Others: thyroid, hematological, neurological and rheumatological diseases

Table 2 Pre- and postoperative nesfatin levels

Preoperative
Nesfatin
Levels (pg/ml)

Postoperative
Nesfatin
Levels (pg/ml)

p-value a Change

Desflurane 78.9
(59.1–168.4)

98.6
(78.9–147.2)

0.073 15.8
(−13.6–41.2)

Sevoflurane 86.8 (71.0–127.9) 102.5
(77.0–145.7)

0.131 3.9
(−9.9–39.3)

p-valueb 0.715 0.900 0.900
aComparison of pre- and postoperative nesfatin levels within the groups,
Wilcoxon sign-rank test, bComparison between the groups, Mann-Whitney U test
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Similar to MAP, nesfatin-1 signaling is considered to
be an important factor in modulation of cardiovascular
responses [16]. In this study, there was no significant
difference in the hemodynamic parameters between the
patient groups.
However, we did not identify a correlation between nes-

fatin levels and BMI in this study. Nesfatin-1 is considered
as an important hormone for regulating body weight in
humans. Efforts to identify the correlation between BMI
and nesfatin levels have provided contradictory results.
Some of the previous studies have suggested a negative
correlation between BMI and nesfatin levels [17, 18]
whereas others have suggested a positive correlation be-
tween these variables [19, 20].
In another study, intracerebroventricular injection of

nesfatin-1 was found to increase anxiety- and fear-
associated behavior in rats [21]. Central nesfatin-1 plays
a role in anxiety [22], and has been linked to response to
various types of stress [23]. Goebel et al. suggested that
nesfatin plays a regulatory role in stress condition [9].
In mice, nesfatin-1 precursor proteins are expressed in

brain regions involved in stress response and cognitive
functions [24].
On the other hand, nesfatin-1-mediated regulation of

stress and mood may be associated with a sex-specific
pathway [14]. Elevated nesfatin-1 levels have been linked
to age [25], sex [26], and anxiety [27]. However, there

are contradictory reports on positive/negative correl-
ation between nesfatin-1 levels and female sex [28, 29].
Another study has shown that circulating nesfatin-1
levels are associated with anxiety in obese female pa-
tients [2] and female patients with anorexia nervosa
[26]. On the other hand, an inverse correlation has been
identified in obese male patients [30]. In this study, we
did not identify any correlation among nesfatin-1 levels,
sex and age.
Comparison of rats who underwent surgery under iso-

flurane anesthesia and who did not undergo surgery
showed nesfatin-1 secretion, particularly in the fore-
brain, from neuroendocrine nerves (SON and PVN) and
anterior parvocellular neurons. The central level of
nesfatin-1 can be increased by acute stress; on the other
hand, the plasma levels of nesfatin-1 are not influenced
by acute stress. A recent study has shown that chronic
stress may increase the plasma level of nesfatin-1 [11].
Stress limited to 30 min increased nesfatin-1 secretion.

Behavioral, endocrine, and autonomic responses to stress
should be evaluated to understand the place of nesfatin-1
in physiological stress response. In another study, 30-min
stress was found to cause nesfatin secretion from pontine
(LC)/medullary nuclei most raphe pallidus neurons, SON
neurons, and, to a smaller extent, neurons in the magno-
and parvocellular subdivisions of the PVN, similar to acti-
vation of catecholaminergic neurons [9].

Fig. 1 Preoperative and postoperative nesfatin-1 levels (pg/ml) at each groups.In desflurane group, post-operative nesfatin levels were similar compared to
preoperative levels (p= 0.073). There was no significant difference in post-operative nesfatin levels between desflurane and sevoflurane groups
(p= 0.900). (Figure 1)

Ozcan et al. BMC Anesthesiology  (2018) 18:23 Page 4 of 6



Extracellular norepinephrine levels are elevated by re-
straint, tail shock, auditory and hypotensive stress, in LC
terminal regions [31] and elevated levels of Fos mRNA and
protein in the LC are induced in response to abdominal
surgery, restraint, shock, hypotension, swim force, immune
challenge, water avoidance stress and social stress [32–34].
In Another research, it was finded out that the abdominal
surgery activates the nesfatin-1-ir neurons in the LC com-
bined with LC-arising projections to CRF-containing

neurons in the PVN. And then release of brain CRF lend to
the reduce of gastric motor function so by this way postop-
erative ileus after abdominal surgery can be developed [4].
Nesfatin-1-producing neurons become activated in re-

sponse to acute limited stress. This, in turn, modulates
bowel functions [10]. Nesfatin-1 may also play a role in im-
portant metabolism-related stress adaptive responses, such
as suppression of food intake.
Intracerebroventricular administration of nesfatin leads

to a dose-dependent delay in gastric emptying. Explorative
abdominal surgery was indicated as hypothalamus and
medullary neurons were activated, which regulates post-
operative gastric ileus and digestion functions [35].
The results of the studies analyzing stress response to

surgery have revealed elevated postoperative nesfatin-1
levels, and reduced bowel motility. We could not detect
a significant increase in association with the response to
surgical stress in nesfatin levels. In future studies, we will
analyze nesfatin levels in patients with reduced anxiety
due to intravenous hypnotic agents, and investigate the
effects of premedication on bowel motility and discharge
from hospital.

Conclusion
In conclusion, this study results suggest that nesfatin-1
levels are not affected by the use of sevoflurane or desflur-
ane in patients undergoing laparoscopic cholecystectomy.
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Table 3 Comparision of groups based on hemodynamic
measurements within a single observation period

Desflurane Sevoflurane p-value a

SAP (mmHg)

pre-intubation 149.88 ± 19.76 145.42 ± 19.09 0.496

post-intubation 121.12 ± 26.89 133.00 ± 21.16 0.148

intraop15 122.18 ± 22.70 122.89 ± 18.94 0.918

intraop30 118.88 ± 15.07 122.21 ± 18.18 0.556

post-extubation 150.71 ± 20.44 155.63 ± 23.77 0.512

DAP (mmHg)

pre-intubation 88.71 ± 10.48 88.58 ± 10.52 0.971

post-intubation 74.94 ± 17.32 84.68 ± 14.69 0.077

intraop15 82.29 ± 16.63 78.89 ± 13.01 0.497

intraop30 73.00 ± 20.14 73.63 ± 20.64 0.927

post-extubation 95.06 ± 11.37 93.68 ± 13.01 0.739

MAP(mmHg)

pre-intubation 111.56 ± 10.75 107.47 ± 14.83 0.374

post-intubation 86.94 ± 20.23 99.24 ± 17.84 0.073

intraop15 94.44 ± 20.44 93.29 ± 14.98 0.855

intraop30 90.56 ± 12.30 91.94 ± 15.05 0.776

post-extubation 115.31 ± 16.63 118.06 ± 16.22 0.634

HR(heart rate per minute)

pre-intubation 87.76 ± 18.38 80.32 ± 12.95 0.165

post-intubation 84.00 ± 21.04 79.32 ± 12.61 0.418

intraop15 68.18 ± 13.68 67.47 ± 11.84 0.870

intraop30 65.82 ± 12.97 63.47 ± 10.07 0.545

post-extubation 92.35 ± 14.78 84.21 ± 13.72 0.096

SpO2(%)

pre-intubation 97.76 ± 1.60 98.26 ± 1.52 0.345

post-intubation 98.59 ± 1.80 99.26 ± 0.81 0.170

intraop15 98.76 ± 1.09 98.68 ± 1.67 0.867

intraop30 98.65 ± 1.06 98.95 ± 1.08 0.406

post-extubation 98.82 ± 1.78 98.68 ± 1.97 0.826

EtCo2(mmHg)

post-intubation 34.00 ± 4.81 33.52 ± 4.65 0.749

intraop15 33.75 ± 2.57 32.90 ± 3.27 0.365

intraop30 35.65 ± 3.05 34.71 ± 2.97 0.326
aStudent’s t test

Ozcan et al. BMC Anesthesiology  (2018) 18:23 Page 5 of 6



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Atatürk Training and Research Hospital, Anesthesiology and Reanimation
Department, Atatürk Training and Research Hospital, Bilkent, Ankara, Turkey.
2Yıldırım Beyazıt University Anesthesiology and Reanimation Department,
Ankara, Turkey. 3Atatürk Training and Research Hospital, Biochemistry
Department, Ankara, Turkey. 4Yıldırım Beyazıt University Pharmacology
Department, Ankara, Turkey.

Received: 6 July 2017 Accepted: 25 January 2018

References
1. Oh-I S, Shimizu H, Satoh T, Okada S, Adachi S, Inoue K, Eguchi H, Yamamoto

M, Imaki T, Hashimoto K, Tsuchiya T, Monden T, Horiguchi K, Yamada M,
Mori M. Identification of nesfatin-1 as a satiety molecule in the
hypothalamus. Nature. 2006;443:709–12.

2. Hofmann T, Stengel A, Ahnis A, Busse P, Elbelt U, Klapp BF. NUCB2/nesfatin-
1 is associated with elevated scores of anxiety in female obese patients.
Psychoneuroendocrinology. 2013;38:2502–10.

3. Goebel M, Stengel A, Wang L, Lambrecht NW. Tache´ Y. Nesfatin-1
immunoreactivity in rat brain and spinal cord autonomic nuclei. Neurosci
Lett. 2009;452:241–6.

4. Stengel A, Goebel M, Wang L, Taché Y. Abdominal surgery activates
nesfatin-1 immunoreactive brain nuclei in rats. Peptides. 2010;31:263–70.

5. Bonnet MS, Djelloul M, Tillement V, Tardivel C, Mounien L, Trouslard J,
Troadec J-D, Dallaporta M. Central NUCB2/Nesfatin-1-expressing Neurones
belong to the hypothalamic-brainstem circuitry activated by
Hypoglycaemia. J Neuroendocrinol. 2013;25:1–13.

6. Feijoo-Bandin S, Rodriguez-Penas D, Garcia-Rua V, Mosquera-Leal A, Otero
MF, Pereira E, Rubio J, Martinez I, Seoane LM, Gualillo O, et al. Nesfatin-1 in
human and murine cardiomyocytes: synthesis, secretion, and mobilization
of Glut-4. Endocrinology. 2013;154:4757–67.

7. Pałasz A, Krzystanek M, Worthington J, Czajkowska B, Kostro K,
Wiaderkiewicz R, Bajor G. Nesfatin-1, a unique regulatory neuropeptide of
the brain. Neuropeptides. 2012;46:105–12.

8. Naito Y, Fukata J, Tamai S, Seo N, Nakai Y, Mori K, et al. Biphasic changes in
hypothalamopituitary-adrenal function during the early recovery period
after major abdominal surgery. J Clin Endocrinol Metab. 1991;73:111–7.

9. Goebel M, Stengel A, Wang L, Taché Y. Restraint stress activates nesfatin-1-
immunoreactive brain nuclei in rats. Brain. 2009;1300:114–24.

10. Xu L, Bloem B, Gaszner B, Roubos EW, Kozicz T. Stress related changes in
the activity of cocaine- and amphetamine regulated transcript and nesfatin
neurons in the midbrain nonpreganglionic Edinger-Westphal nucleus in the
rat. Neuroscience. 2010;170:478–88.

11. Yoshida N, Maejima Y, Sedbazar U, Ando A, Kurita H, Damdindorj B, Takano
E, et al. Stressor responsive central nesfatin-1 activates corticotropin
releasing hormone, noradrenaline and serotonin neurons and evokes
hypothalamic pituitary adrenal axis. Aging. 2010;2:774–8.

12. Marana E, Russo A, Colicci S, Polidori L, Bevilacqua F, Viviani D, Di Stasio E.
Desflurane versus sevoflurane: a comparison on stress response. Minerva
Anestesiol. 2013 Jan;79(1):7–14.

13. Şimşek T, Şimşek HU, Cantürk NZ. Response to trauma and metabolic
changes: posttraumatic metabolism. Ulus Cerrahi Derg. 2014;30(3):153–9.

14. Tanida M, Mori M. Nesfatin-1 stimulates renal sympathetic nerve activity in
rats. Neuroreport. 2011;22:309–12.

15. Feijo’o-Bandı’n S, Rodrı’guez-Penas D, Garcı’a-Ru’a V, Jose’A M-L, Gonza’lez-
Juanatey R, Lago F. Nesfatin-1: a new energy-regulating peptide with pleiotropic
functions. Implications at cardiovascular level Endocrine. 2016;52:11–29.

16. Garcı’a-Galiano D, Navarro VM, Gaytan F, Tena-Sempere M. Expanding roles of
NUCB2/nesfatin-1 in neuroendocrine regulation. J Mol Endocrinol. 2010;45:281–90.

17. Ding S, Qu W, Dang S, Xie X, Xu J, Wang Y, Jing A, Zhang C, Wang J. Serum
nesfatin-1 is reduced in type 2 diabetes mellitus patients with
peripheralarterial disease. Med Sci Monit. 2015;21:987–91.

18. Shen P, Han Y, Cai B, Wang Y. Decreased levels of serum nesfatin-1 inpatients
with obstructive sleep apnea syndrome. Sleep Breath. 2015;19:515–22.

19. Sahin FK, Sahin SB, Ural UM, Cure MC, Senturk S, Tekin YB, Balik G, Cure E,
Yuce S, Kirbas A. Nesfatin-1 and vitamin D levels may be associated with

systolic and diastolic blood pressure values and hearth rate in polycystic
ovary syndrome. Bosn J Basic Med Sci. 2015 Jul 9;15(3):57–63.

20. Araz O, Yilmazel UE, Dorman E, Bayraktutan Z, Yayla M, Yilmaz N, Acemoglu
H, Halici Z, Akgun M. Is there a relationship between obstructive sleep
apnea syndrome severity and nesfatin-1? Respiration. 2015;90:105–10.

21. Merali Z, Cayer C, Kent P, Anisman H. Nesfatin-1 increases anxiety- and fear-
related behaviors in the rat. Psychopharmacology. 2008;201:115–23.

22. Ge JF, Xu YY, Qin G, Pan XY, Cheng JQ, Chen FH. Nesfatin-1, a potent
anorexic agent, decreases exploration and induces anxiety-like behavior in
rats without altering learning or memory. Brain Res. 1629;2015:171–81.

23. Emmerzaal TL, Kozicz T. Nesfatin-1: implication in stress and stress-
associated anxiety and depression. Curr Pharm. 2013;19:6941–8.

24. Foo KS, Brismar H, Broberger C. Distribution and neuropeptide coexistence
of nucleobindin-2 mRNA/nesfatin-like immunoreactivity in the rat CNS.
Neuroscience. 2008;156:563–79.

25. Dogan U, Bulbuller N, Cakır T, Habibi M, Mayir B, Koc U, Aslaner A, Ellidag HY,
Gomceli I. Nesfatin-1 hormone levels in morbidly obese patients after l
laparoscopic sleeve gastrectomy. Eur Rev Med Pharmacol Sci. 2016;20(6):1023–31.

26. Hofmann T, Elbelt U, Ahnis A, Rose M, Klapp BF, Stengel A. Sex-
specificregulation of NUCB2/nesfatin-1: differential implication in anxiety in
obesemen and women. Psychoneuroendocrinology. 2015;60:130–7.

27. Goebel-Stengel M, Stengel A. Role of brain NUCB2/nesfatin-1 in thestress-
induced modulation of gastrointestinal functions. CurrNeuropharmacol.
2016;14:882–91.

28. Tsuchiya T, Shimizu H, Yamada M, Osaki A, Oh-I S, Ariyama Y, Takahashi H,
Okada S, Hashimoto K, Satoh T, Kojima M, Mori M. Fasting concentrations of
nesfatin-1 are negatively correlated with body mass index in non-obese
males. Clin Endocrinol. 2010 Oct;73(4):484–90.

29. Ogiso K, Asakawa A, Amitani H, Nakahara T, Ushikai M, Haruta I, Koyama K,
Amitani M, Harada T, Yasuhara D, Inui A. Plasma nesfatin-1 concentrationsin
restricting-type anorexia nervosa. Peptides. 2011;32:150–3.

30. Hofmann T, Ahnis A, Elbelt U, Rose M, Klapp BF, Stengel A. NUCB2/nesfatin-
1 is associated with elevated levels of anxiety in anorexia nervosa. PLoS
One. 2015;10(7):e0132058.

31. Britton KT, Segal DS, Kuczenski R, Hauger R. Dissociation between in vivo
hippocampal norepinephrine response and behavioral/neuroendocrine
responses to noise stress in rats. Brain Res. 1992;574:125–30.

32. Bonaz B, Taché Y. Water-avoidance stress-induced c-fos expression in the rat
brain and stimulation of fecal output: role of corticotropin-releasing factor.
Brain Res. 1994;641:21–8.

33. Campeau S, Watson SJ. Neuroendocrine and behavioral responses and
brain pattern of c-fos induction associated with audiogenic stress. J
Neuroendocrinol. 1997 Aug;9(8):577–88.

34. Ishida Y, Hashiguchi H, Takeda R, Ishizuka Y, Mitsuyama Y, Kannan H, et al.
Conditioned-fear stress increases Fos expression in monoaminergic and
GABAergic neurons of the locus coeruleus and dorsal raphe nuclei. Synapse.
2002;45:46–51.

35. Stengel A, Taché Y. Nesfatin-1 - role as possible new potent regulator of
food intake. Regul Pept. 2010;9:18–23.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ozcan et al. BMC Anesthesiology  (2018) 18:23 Page 6 of 6


	Abstract
	Background
	Method
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Statistical analysis
	Sample size estimation

	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

