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Abstract
Background: The purpose of our study was to evaluate the effect of 6% des�urane on short-term
olfactory memory after laparoscopic surgery, and to investigate whether plasma concentrations of
plasma S-100β protein, neuron speci�c enolase (NSE) and melatonin correlate with it.

Methods: We collected medical data of patients who underwent laparoscopic surgery in the Second
People's Hospital of Guiyang during May 2018 - February 2020. A total of 40 patients, who were aged 18-
60 years old with American Society of Anesthesiologists (ASA) physical status I-II, were enrolled in the
study. During the operation, the patients inhaled 6% des�urane to maintain the anesthesia. Patients were
brought to the recovery room 45 minutes prior to the surgery (T0). And the patients were sent to the post-
anesthesia care unit (PACU) after the surgery, if their Aldrete score was ≥ 9 points (T1), the CCCRC test
was repeated to re-assess their olfactory memory. Venous blood samples (3 mL) were collected at T0 and
T1, and the plasma was centrifuged at 3,000 rpm and then stored in a refrigerator at -20°C. Plasma S-
100β protein, NSE, and melatonin levels were determined using ELISA.

Results: There was no statistically signi�cant difference in the odor identi�cation score between T0 and
T1 (P > 0.05). As compared with T0, the plasma concentrations of S-100β protein and NSE declined at T1.
However, these differences were not statistically signi�cant (P > 0.05). There were also no statistically
signi�cant changes in melatonin levels between T0 and T1 (P > 0.05 .

Conclusions: This study found that undergoing general anesthesia with the inhaled anesthetic des�urane
did not affect the short-term olfactory memory of patients undergoing laparoscopic surgery. This may be
explained by the proposition that des�urane maintains plasma S-100β protein, NSE, and melatonin levels.

Trial registration: Chinese Clinical Trial Registry (URL: http:// www.chictr.org.cn. Registry number:
ChiCTR2100049441 ). Date of Registration: 2 August 2021.

Background
Perioperative neurocognitive disorder (PND) is a common complication after general anesthesia and an
important determinant of short-term and long-term prognosis [1]. A major adverse effect of PND is poor
post-operative recovery, which leads to decreased quality of life and increased medical expenses and
mortality. Currently, the proposed effects of general anesthesia on PND are complicated and
controversial. Olfactory memory, an essential brain function in mammals, plays an important role in the
maintenance of daily physiological functions [2]. It involves the piriform cortex (associated with odor
identi�cation), amygdala, and entorhinal cortex (matches odors with appropriate memories) [3–4].
Previous studies have not found any association between anesthesia and long-term memory impairment.
However, general anesthesia leads to reversible declines in short-term memory, which rapidly improve
after termination of anesthetic effects [5].
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A mounting number of clinical and animal model studies have demonstrated that brain injury-related
changes in blood plasma proteins can re�ect the severity of nerve injury and its close correlation with the
occurrence of post-operative cognitive dysfunction (POCD) [6]. Associated proteins mainly include S-100β
protein and neuron speci�c enolase (NSE). After nerve injury, S-100β protein and NSE may be secreted
from cells into the cerebrospinal �uid or blood, making them potential markers of nerve injury [7–8].

In addition, melatonin, a hormone secreted by the pineal gland, plays an important role in the sleep-wake
cycle. In recent years, it has been established that melatonin may prevent neurodegenerative disease
progression and that sleep-wake cycle disorders have some association with POCD [9]. Anesthetic-
induced olfactory memory impairment may also be mediated through the effects of melatonin, as it
regulates associative memory [10]. Kostopanagiotou et al. [3] found that sevo�urane may affect the
olfactory memory of patients, but these effects are not observed in epidural or propofol anesthesia.
According to another study, olfactory memory impairment is characterized by declines in learning
memory and emotional communication abilities [11–12]. The underlying mechanism may be related to
reduced plasma melatonin secretion and olfactory epithelial nerve injury. This �nding is consistent with
our previous study, which found that transcutaneous acupoint electrical stimulation can relieve olfactory
memory impairment in patients undergoing sevo�urane anesthesia [13]. The underlying mechanism of
action may be associated with elevated plasma melatonin concentrations.

Therefore, to further validate the effects of anesthesia on PND, this study investigated the effects of the
inhaled anesthetic des�urane on post-operative olfactory memory and changes in S-100β protein, NSE,
and plasma melatonin levels.

Methods
Study design and patients This prospective clinical study was approved by the Ethics Committee of the
Second People's Hospital of Guiyang. The study was registered in Chinese Clinical Trial Registry (Registry
number: ChiCTR2100049441), and approved by the Ethics Committee of the Second People's Hospital of
Guiyang (Approval Number: [2020] No. 07). The study had been carried out in accordance with the
Declaration of Helsinki of the World Medical Association for experiments involving humans. Written
informed consent was obtained from all patients. We collected medical data of patients who underwent
laparoscopic surgery in the Second People's Hospital of Guiyang during May 2018 - February 2020. A
total of 40 patients, who were aged 18-60 years old with American Society of Anesthesiologists (ASA)
physical status I-II, were enrolled in the study. Each surgery was expected to last 40-120 minutes and was
performed between 08:00-12:00 am. We excluded patients: (1) with nasal or sinus diseases such as nasal
trauma, nasal polyps, and chronic rhinosinusitis or a history of nasal or sinus surgery; (2) with obstructive
pulmonary disease or acute upper respiratory tract infection; (3) with other neuropsychiatric diseases that
may affect the sense of smell, such as Alzheimer's disease and schizophrenia; (4) that were illiterate or
cognitively impaired; or (5) that recently underwent immunotherapy or hormone therapy.
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Anesthesia management Once patients entered the operating room, their non-invasive blood pressure,
electrocardiogram, and pulse oxygen saturation were monitored. Then, intravenous lines were initiated,
anesthesia was induced with propofol (2 mg/kg), sufentanil (0.5 µg/kg), and rocuronium (0.6 mg/kg),
and mechanical ventilation was performed after tracheal intubation. The respiratory rate was set at 12
beats/minute, the tidal volume was 6-8 mL/kg, and the inspiration-expiration ratio was 1:2. The above
parameters were adjusted according to the end-tidal carbon dioxide volume (PETCO2), which was
maintained at 35-45 mmHg. During the operation, the patients inhaled 6% des�urane to maintain the
anesthetic effect, with intermittent intravenous injection of rocuronium to maintain muscle relaxation.

Assessments of olfactory memory Patients were brought to the recovery room 45 minutes prior to the
surgery (T0), where their olfactory memory was evaluated by the Connecticut Chemosensory Clinical
Research Center (CCCRC) olfactory test. During the test, a commercial olfactory test kit was used under
standard conditions. Speci�cally, the olfactory stimuli (i.e., essential balm, sulfur soap, camphor ball,
alcohol, star anise, sesame oil, pepper powder, and baby talcum powder) were placed in separate, opaque,
wide mouth plastic bottles that were covered with gauze to avoid visual identi�cation. Each nostril was
tested separately by having the subject occlude the opposite nostril. Sixteen olfactory stimuli were listed
in the test table (i.e., the eight previously mentioned items as well as charred paper ash, cinnamon,
tobacco, peanut butter, ketchup, coffee, rubber, and wood shavings). Patients were asked to identify test
odorants and were awarded one point for each correct answer and zero points for no answer/the wrong
answer (full score = 8 points). After the surgery, the patients were sent to the post-anesthesia care unit
(PACU). If their Aldrete score was ≥ 9 points (T1), the CCCRC test was repeated to re-assess their olfactory
memory.

Plasms S-100β protein, neuron speci�c enolase (NSE), and melatonin Venous blood samples (3 mL) were
collected at T0 and T1, and the plasma was centrifuged at 3,000 rpm and then stored in a refrigerator at
-20°C. Plasma S-100β protein, NSE, and melatonin levels were determined using ELISA.

Statistical analysis IBM SPSS Statistics for Windows, version 21 (IBM Corp., Armonk, N.Y., USA) was used
for data analysis. Normally distributed data were expressed as mean ± standard deviation ( χ ± s) and
compared using repeated measures analysis of variance. Non-normally distributed data were expressed
as median (inter-quartile range) [M (Q)] and compared using the χ2 test. P < 0.05 indicated a statistically
signi�cant.

Results
One patient failed to distinguish the tested odors correctly, while another refused the test. Consequently,
data from 38 patients were included in the analyses. Patients’ descriptive data (i.e., sex, age, body mass
index (BMI), operative time, and anesthesia time) are presented in Table 1.
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Table 1
Clinical characteristics of patients ( χ ± s)

Gender (male/female)
(n)

Age
(year)

BMI (kg/m2

)
Operative time
(min)

Anesthesia time
(min)

18/20 40±10 22.3±5.4 85.3±28.7 97.0±34.2

BMI: body mass index

There were no statistically signi�cant changes in heart rate (HR) and mean arterial pressure (MAP)
between T0 and T1 (P > 0.05, Table 2).

Table 2
Comparison of patients’ heart rate ( HR ) and

mean arterial pressure (MAP) at different time
points ( χ ± s)

  T0 T1

HR (beats/minute) 80.14±18.9 76.2±13.7

MAP (mmHg) 92.9±18.2 85.6±15.7

HR: Heart rate; MAP: Mean arterial pressure

There was no statistically signi�cant difference in the odor identi�cation score between T0 and T1 (P >
0.05, Table 3).

Table 3
Patients’ odor identi�cation scores at different

time points [points, M (Q)]

  T0 T1

Odor identi�cation score 8.0 (2) 7.5 (1)

As compared with T0, the plasma concentrations of S-100β protein and NSE declined at T1. However,
these differences were not statistically signi�cant (P > 0.05). There were also no statistically signi�cant
changes in melatonin levels between T0 and T1 (P > 0.05, Table 4).
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Table 4
Comparison of patients’ S-100β protein, NSE, and
melatonin levels at different time points ( χ ± s)

  T0 T1

S-100β protein (ng/L) 0.5±0.21 0.46±0.23

NSE (ng/L) 6.2±2.8 5.9±3.5

Melatonin (pg/mL) 42.11±8.46 43.54±6.49

NSE: Neuron speci�c enolase

Discussion
Common subjective assessments of olfactory performance include the Sni�n' Sticks test, CCCRC
olfactory function test, and Brief Smell Identi�cation Test. Among these, the CCCRC olfactory function
test (also known as the cross-cultural odor identi�cation test) is a rapid and effective measure of
olfactory function [14]. It also takes into account differences in local and regional food cultures, as well
as the fact that tested odors are easy to spot and distinguish by most people due to their simple features
and comparatively stable intensity and nature. The present study assessed the effects of 6% des�urane
(a common clinical dose) on short-term olfactory memory. Our results suggested that the inhaled
anesthetic did not affect post-operative short-term olfactory memory. These �ndings are consistent with
the study by Yildiz et al. [15], which determined that γ-aminobutyric acid (GABA), glutamate, and
adrenergic neurotransmitter systems are known targets of anesthetics and may be correlated with
olfactory memory [16–17]. However, the mechanisms of action were not further clari�ed. Little is known
about the in�uences of anesthetics and anesthesia methods on olfactory memory. Multiple studies have
found that iso�urane, a commonly used inhalation anesthetic, may induce neurotoxicity associated with
cognitive impairment or learning/memory impairment [18]. Des�urane, in contrast, was not found to have
this negative effect [15]. Conversely, another clinical study demonstrated that inhalation of 1.2%
iso�urane had no obvious impact on olfactory memory [19].

Perioperative neurocognitive disorder is a recently developed overarching term for cognitive impairment
developed during the preoperative or post-operative period. It has been observed in patients from across
different age groups and undergoing various operations. Currently, there is a lack of agreement about the
diagnostic criteria for PND. Advanced age, low education level, pre-existing cognitive impairment,
alcoholism, and severity of coexisting diseases are considered to be major risk factors. Nevertheless, the
pathogenesis of PND remains unelucidated, and growing evidence suggests that neuroin�ammation and
blood-brain barrier (BBB) dysfunction are the key contributors to PND [6, 20].

Neuron-speci�c enolase is a marker of cerebral ischemia and hypoxia injury, while S-100β protein is
related to the severity of nervous system injury. Both of these indices may re�ect nerve cell injury, and
their �uctuating concentrations during the perioperative period are predictive of PND [21]. When brain
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neurons are damaged, the peripheral blood concentrations of S-100β and NSE increase. Most studies on
POCD and post-operative delirium have also found increased plasma S-100β and NSE levels, which are
considered to be evidence of increased BBB permeability [22]. In the present study, no signi�cant
differences were observed in S-100β protein and NSE concentrations before and after surgery. This
suggests that des�urane does not affect patients’ short-term olfactory memory after surgery.

The role of melatonin in memory has recently become a popular research topic. It has been reported that
melatonin is conducive to short-term memory and short-term olfactory memory [23, 24]. Animal
researches have demonstrated that melatonin is related to the strength of associations in memory,
especially in stressful situations. This association may depend on high concentrations of melatonin
binding sites, which are important in matching odors with appropriate memories in the entorhinal cortex
and hippocampal CA1 region [25, 26]. The role of melatonin in consolidating memory has also been
con�rmed in other studies. Meanwhile, the role of anesthetics (such as sevo�urane) in reducing
melatonin levels and subsequently leading to post-operative olfactory memory impairment has been
demonstrated in other studies[3]. Arai et al. [26]found that iso�urane may increase the concentration of
melatonin in the blood, while sevo�urane may reduce it. GABA is a common major inhibitory
neurotransmitter found in general anesthetics and olfactory bulb synapses. Our previous study [13]
revealed that sevo�urane may reduce the concentrations of melatonin in the blood by inhibiting the
binding of GABA to the corresponding receptors in the central nervous system, resulting in olfactory
neuroepithelial damage and olfactory memory impairment. The present study found that inhalation of 6%
des�urane did not change plasma melatonin levels, likely because des�urane does not have an impact
on post-operative short-term olfactory memory.

This is the �rst study to assess changes in short-term olfactory memory and S-100β protein, NSE, and
melatonin levels after des�urane anesthesia. However, it has some limitations. The sample size was
small, the effects of long-term inhalation and inhalation of different concentrations of des�urane were
not investigated, and changes in olfactory memory were not followed long-term. Further, clinical studies
have con�rmed that advanced age, infection, and previous cognitive impairment are risk factors for PND.
However, it is unclear whether des�urane has an effect on the olfactory memory of elderly patients and
patients with schizophrenia, dementia, or depression. Hence, the in�uences of anesthetics on post-
operative olfactory memory should be further investigated in these patient subgroups. Finally, although
previous studies have veri�ed the role of melatonin in olfactory memory, there is a lack of data to con�rm
the direct relations between plasma s-100β protein, NSE, and olfactory memory. These measures may
only re�ect a parallel relationship among post-operative changes, and not necessarily indicate causality.
Consequently, future research on post-operative olfactory memory should also include measurements of
cognitive function.

In sum, the current study found that undergoing general anesthesia with the inhaled anesthetic
des�urane did not affect the short-term olfactory memory of patients undergoing laparoscopic surgery.
This may be explained by the proposition that des�urane maintains plasma S-100β protein, NSE, and
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melatonin levels. However, further research is needed to clarify whether varying degrees of olfactory
memory impairment are associated with PND.

Abbreviations
ASA: American Society of Anesthesiologists; PACU: Post-anesthesia care unit; CCCRC: Connecticut
Chemosensory Clinical Research Center; PND: Perioperative neurocognitive disorder; POCD: Post-
operative cognitive dysfunction; NSE: Neuron speci�c enolase; HR: Heart rate; MAP: Mean arterial
pressure; GABA: γ-aminobutyric acid; BBB: Blood-brain barrier.

Declarations
Ethics approval and consent to participate

The study was registered in Chinese Clinical Trial Registry (Registry number: ChiCTR2100049441), and
approved by the Ethics Committee of the Second People's Hospital of Guiyang (Approval Number: [2020]
No. 07). The study had been carried out in accordance with the Declaration of Helsinki of the World
Medical Association for experiments involving humans. Written informed consent was obtained from all
patients. 

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analyzed during the current study available from the corresponding author on
reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This study is supported by the Fund Project of Guiyang Science and Technology Bureau (Zhuke Contract
[2019] No. 9-9-7).

Authors’ contributions

ZJW,  JC, JZP, MWZ and CYS carried out all the clinical studies, YC participated in the molecular biology
studies, ZJW and YC participated in performed the statistical analysis and drafted the manuscript. JHS
and JH participated in the design and conceived of the study, and HG participated in its design and
coordination and helped to draft the manuscript. All authors read and approved the �nal manuscript.



Page 9/10

Acknowledgements

Thanks Hong Gao and Jian Huang for equipment support and technical assistance.

References
1. Evered L, Silbert B, Knopman DS, Scott DA, DeKosky ST, Rasmussen LS, Oh ES, Crosby G, Berger M,

Eckenhoff RG, and Nomenclature Consensus Working Group. Recommendations for the
nomenclature of cognitive change associated with anaesthesia and surgery- 20181.J Alzheimers
Dis. 2018;66(1):1–10.

2. Sari H, Atar Y, Mingir T, et al. Short term olfactory memory and olfactory function after inhalation
anesthetic agents: a randomized clinical trial. Braz J Anesthesiol. Jan-Feb 2020;70(1):36–41.

3. Kostopanagiotou G, Kalimeris K, Kesidis K, et al. Sevo�urane impairs post-operative olfactory
memory but preserves olfactory function. Eur J Anaesthesiol. 2011 Jan;28(1):63–8.

4. Aqrabawi A J, Kim J C. Olfactory memory representations are stored in the anterior olfactory nucleus.
Nature Communications. 2020, 11(1).

5. Callaway J K, Jones N C, Royse A G, et al. Memory Impairment in Rats after Des�urane Anesthesia is
Age and Dose Dependent. J Alzheimers Dis. 2015;44(3):995–1005.

�. Saraswathi Subramaniyan, Niccolò Terrando, Neuroin�ammation and Perioperative Neurocognitive
Disorders, Anesth Analg. 2019 Apr;128(4):781–788.

7. Peng L, Xu L, Ouyang W. Role of peripheral in�ammatory markers in postoperative cognitive
dysfunction (POCD): a meta-analysis. PLoS One 2013;8:e79624.

�. Grandi C, Tomasi CD, Fernandes K, Stertz L, Kapczinski F, Quevedo J, et al. Brainderived neurotrophic
factor and neuron-specifc enolase, but not S100beta, levels are associated to the occurrence of
delirium in intensive care unit patients. J Crit Care. 2011;26(2):133–7.

9. Wu Y, Wang J, Wu A S, et al. Do �uctuations in endogenous melatonin levels predict the occurrence
of postoperative cognitive dysfunction (POCD)? Int J Neurosci. 2014 Nov;124(11):787–91.

10. Rimmele U, Spillmann M, Bärtschi C, et al. Melatonin improves memory acquisition under stress
independent of stress hormone release. Psychopharmacology (Berl). 2009 Mar;202(4):663–72.

11. Argyriou A, Prast H, Philippu A. Melatonin facilitates short-term memory. Eur J Pharmacol. 1998,
349(2-3): 159–162.

12. Liu Y, Ni C, Tang Y, et al. Melatonin attenuates iso�urane-induced acute memory impairments in aged
rats. Basic Clin Pharmacol Toxicol. 2013, 113(4): 215–220.

13. Jian Huang, Hong Gao, Ying Cao, et al. Effect of transcutaneous electrical acupoint stimulation on
postoperative olfactory memory disorder and plasma melatonin in patients with general anesthesia
of sevo�urane. Zhongguo Zhen Jiu. 2020 Mar 12;40(3):243-6.

14. Doty R L, Marcus A, William Lee W. Development of the 12-item Cross-Cultural Smell Identi�cation
Test (CC-SIT). Laryngoscope. 1996 Mar;106(3 Pt 1):353–6.



Page 10/10

15. Yildiz I, Bayr H, Saglam I, et al. The effect of des�urane on postoperative olfactory memory. Eur Rev
Med Pharmacol Sci. 2016 May;20(10):2163–7.

1�. Balachandar Saravanan, Pankaj Kundra, Sandeep Kumar Mishra, et al. Effect of anaesthetic agents
on olfactory threshold and identi�cation - A single blinded randomised controlled study. Indian J
Anaesth. 2018 Aug;62(8):592–598.

17. Ren Y, Zhang FJ, Xue QS, et al. Bilateral inhibition of gamma-aminobutyric acid type A receptor
function within the basolateral amygdala blocked propofol-induced amnesia and activity-regulated
cytoskeletal protein expression inhibition in the hippocampus. Anesthesiology. 2008; 109:775–781.

1�. Pearce R A, Duscher P, Van D K, et al. Iso�urane impairs odour discrimination learning in rats:
differential effects on short- and long-term memory. Br J Anaesth. 2012 Apr;108(4):630–7.

19. Balachandar, Saravanan, Pankaj, et al. Effect of anaesthetic agents on olfactory threshold and
identi�cation - A single blinded randomised controlled study. Indian J Anaesth. 2018, 62(8):592–598.

20. Ni P, Dong H, Wang Y, et al. IL-17A contributes to perioperative neurocognitive disorders through
blood-brain barrier disruption in aged mice. J Neuroin�ammation. 2018, 15(1).

21. Ali MS, Harmer M, Vaughan R. Serum S100 protein as a marker of cerebral damage during cardiac
surgery. Br J Anaesth. 2000;85: 287–98.

22. van Munster B C, Korevaar J C, Korse C M, et al. Serum S100B in elderly patients with and without
delirium. Int J Geriatr Psychiatry. 2010, 25(3): 234–239.

23. Jean-Louis G, von Gizycki H, Zizi F. Melatonin effects on sleep, mood, andvcognition in elderly with
mild cognitive impairment. J Pineal Res. 1998; 25:177–183.

24. Argyriou A, Prast H, Philippu A. Melatonin facilitates short-term memory. Eur J Pharmacol. 1998;
349:159–162.

25. Ram E, Vishne TH, Weinstein T, et al. General anesthesia for surgery in�uences melatonin and
cortisol levels. World J Surg. 2005; 29:826–829.

2�. Arai YC, Ueda W, Okatani Y, et al. Iso�urane increases, but sevo�urane decreases blood
concentrations of melatonin in women. J Anesth. 2004; 18:228–231.


