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Abstract 

Purpose: To determine the efficacy of dexmedetomidine (DEX) plus either isoflurane or sevoflurane, in 
elderly gallbladder cancer patients given radical resection.  
Methods: A total of 278 elderly patients assessed for eligibility and scheduled for radical gallbladder 
cancer resection in Hunan Cancer Hospital, Changsha, China were recruited. They were randomly 
assigned at a ratio of 1:1 to receive either DEX plus isoflurane or DEX plus sevoflurane. These two 
groups were compared with respect to immune functions (CD3+, CD 4+, CD 8+, and CD4+/CD8+ T 
cells); inflammatory factors, and cognitive function scores.  
Results: The sevoflurane cohort had higher immune function indices, lower levels of inflammatory 
cytokines, and better oxidative stress indices, than the isoflurane cohort (p < 0.05). Postoperatively, 
cognitive function scores in both cohorts were reduced. At postoperative 12 and 24 h, sevoflurane 
cohort had higher scores than the isoflurane group. Sevoflurane was more effective in stabilizing 
hemodynamic indices than isoflurane.  
Conclusion: DEX plus sevoflurane produces more significant improvements in the cognitive function of 
elderly patients undergoing radical resection for gallbladder cancer, with milder immune function 
impairment, milder inflammatory response, and lower degree of oxidative stress, than isoflurane.  
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INTRODUCTION 
 
Gallbladder carcinoma is a prevalent malignant 
tumor in the biliary tract, with poor prognosis. 
The survival period of patients with gallbladder 
cancer is approximately six months, while in 
general, less than 5 % of patients survive in 5 
years [1,2]. Radical resection is primary 
treatment for gallbladder cancer [2]. Survival 

from the illness has been linked to immunity 
[3,4]. Impaired cellular immunity is manifested 
primarily by interactions of nervous, endocrine, 
immune systems. Surgical anesthesia is 
considered the culprit in impaired cellular 
immunity [5,6]. Cognitive dysfunction is a general 
central nervous system defect after an abdominal 
operation. In addition, elderly patients are usually 
comorbid with other basic diseases, for example, 
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diabetic mellitus and hypertension. During 
anaesthesia, hemodynamics fluctuate more and 
postoperative complications occur more 
frequently, thereby affecting the living standard of 
the patient [7-9]. Surgical trauma and the 
pressure of anaesthesia could cause 
inflammatory reactions. The related cytokines, for 
example, IL-6 and CRP, are involved in the 
etiology of cognitive dysfunction [10-12]. 
 
It is believed that appropriate anaesthesia could 
cut down hemodynamic changes in patients with 
gallbladder cancer during operation, and 
enhance postoperative cellular immunity [5]. 
Thus, there is a need to develop appropriate and 
effective anaesthesia protocols. 
 
It is known that DEX is a potent alternative 
central α2 agonist with pain-relieving and 
tranquilizing properties [13]. Medical research 
has indicated that it reduces perioperative 
inflammatory reaction in elder patients [14]. At 
present, the most frequently used anaesthetic 
drugs in clinical trials are sevoflurane and 
isoflurane. Isoflurane is a volatile anaesthesia 
used in operation for bronchial disease subjects; 
it controls neuronal stimulation, decreases brain 
oxygen demand, and regulates oxygen supply 
[16-18]. Sevoflurane is an anaesthesia which has 
the advantages of being relatively fast-acting with 
mild stimulation, which results in shorter 
postoperative recovery times [19]. Research has 
shown that combined use of DEX with either 
isoflurane or sevoflurane is effective in surgery 
[20, 21]. However, not much is known about the 
influence of DEX plus either isoflurane or 
sevoflurane on immunity status, inflammation 
status and cognitive function of aged patients 
during radical resection for gallbladder 
carcinoma. 
 
This research was aimed at investigating the 
effects of DEX plus either isoflurane or 
sevoflurane, on immunity indexes, 
concentrations of pro-inflammatory cytokines, 
and MMSE scores in aged patients given 
surgical resection for gall bladder carcinoma. 
 
METHODS 
 
General information 
 
A total of 278 eligible old patients scheduled for 
radical operation due to gallbladder cancer in 
Hunan Cancer Hospital, Changsha, China were 
selected. They were randomly allocated in a 1:1 
ratio to DEX plus isoflurane group (n = 136) and 
DEX plus sevoflurane (group n = 142). The 
isoflurane cohort comprised 72 females and 64 
males with mean age of 70.23 ± 3.21 years, and 

mean educational exposure period of 8.59 ± 4.72 
years. The sevoflurane cohort comprised 76 
females and 66 males of mean age 70.41 ± 3.57 
years, and mean educational exposure period of 
8.87 ± 4.57 years. The research was inspected 
and authorized by Hunan Cancer Hospital, 
Changsha ethics committee, and followed 
international guidelines for human studies. Each 
patient, as well as his/her families were well 
informed about the procedures involved, and 
they signed informed consent to accept the 
medications and surgery. 
 
Inclusion criteria 
 
The included patients were those with confirmed 
pathological diagnosis of gallbladder cancer, 
patients with complete clinical data, those 
expected to survive for > 3 months, those who 
did no smoke or drink, and patients who had a 
positive attitude to their health status. 
 
Exclusion criteria 
 
Patients in the following categories were 
excluded: patients who had epilepsy or mental 
diseases that prevented communication; those 
with cardiovascular and cerebrovascular 
diseases, patients on long-term use of analgesic 
drugs, those who had a history of abdominal 
surgery, as well as patients with serious 
hepatic/renal dysfunction, and those who could 
not tolerate surgery. 
 
Anaesthesia scheme 
 
All eligible patients in both teams underwent 
routine examinations which involved monitoring 
electrocardiogram, blood pressure, and blood 
oxygen saturation. 
 
Anaesthesia induction procedures involved 
intravenous remifentanil (1 µg/kg), rocuronium 
(0.5 mg/kg), dexmedetomidine (0.5 µg/kg), and 
propofol (1.5 - 2.0 mg/kg). 
 
Tracheal intubation was performed after muscle 
relaxation, and mechanical ventilation was 
performed with an intelligent anaesthesia 
machine. The respiration rate was between 18 
and 22 per minute; with equal ratio of inspiration 
to expiration, and tidal volume of 8 - 10 mL/kg. 
The PCO2 at the final-tidal tide was kept at 35 - 40 
mmHg. 
 
Anaesthesia maintenance procedures 
 
The sevoflurane cohort continuously breathed in 
sevoflurane (about 2.0 %), while the isoflurane 
cohort continuously breathed in about 1.0 % 
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isoflurane. All patients received remifentanil for 
continuous anaesthesia maintenance. Inhalation 
isoflurane or sevoflurane, and infusion of 
remifentanil infusion were discontinued at the last 
step of the operation. Tracheal intubation was 
withdrawn after recovery of spontaneous 
breathing, dysphagia cough reflex, and 
hemodynamic stability. Then, the patients were 
awaken and taken to the recovery room. 
 
Determination of indices 
 
Peripheral venous blood (5 mL) was collected 
before anaesthesia reaction (T0), and at 12 h 
(T4), 24 h (T5), and three days after operation 
(T6). The serum samples were obtained through 
centrifugation at 3000 g for 10 min. The 
expression levels of interleukins 6 and 8, CRP, 
Aβ40 and Aβ42 in serum were determined using 
ELISA kits, in compliance with the ELISA kit 
protocols. 
 
Flow cytometry 
 
After surgery, the standard beneficial indices of 
immunity were determined using flow cytometry. 
Serum was added to red blood cell lysis buffer (8 
mL), kept at laboratory temperature for 10 min, 
followed by centrifugation. After discarding the 
upper liquid layer, following addition of 1 mL of 
PBS, the mixture was transferred to a 1.5-mL 
Eppendorf tube and centrifuged. Thereafter, red 
blood cell lysis buffer was added, and after 
centrifugation, the supernatant was discarded, 
and 500 μL of PBS buffer was added to the 
sediment.  
 
After mixing, the lysed cells were transferred to 
new tubes and stained. Then, the levels of 
CD3+, CD4+, CD8+ and CD4+/CD8+ were 
measured using automatic flow cytometer. 
Catalase (CAT) activity was determined by 
spectrophotometry, while SOD and MDA were 
determined using ELISA kits. 
 
Clinical indicators (eye-opening time, extubation 
time, surgery time, blood loss, and spontaneous 
breathing recovery time) were monitored. The 
hemodynamic indices (heart rate (HR), SBP, 
DBP) were assessed at T0, at onset of 
anaesthesia (T1), and during intubation (T2), and 
extubation (T3). These indexes of unusual 
intraoperative times were compared. 
 
Immune response 
 
The levels of immunity indexes, serum 
inflammatory factors, oxidative stress indexes, 

Aβ40 and Aβ42 were compared between both 
cohorts at different times. The simple Mini-mental 
State Examination (MMSE) scores of the cohorts 
were monitored and recorded at T0, T4, T5, and 
T6. Incidences of unwanted responses were 
compared between the two groups. 
 
Statistical analysis 
 
Statistical analysis was carried out using SPSS 
19.0 (Asia Analytics Formerly SPSS, China). 
Counting data are presented as [n (%)], and 
were compared between the two groups using 
chi square test. Measurement data are shown as 
mean ± standard deviation (x ± SD). The two 
groups were compared with t-test; ANOVA of 
recurrent measures was utilized to compare 
between different times, while LSD test was used 
for post-test. Statistical significance was 
assumed at p < 0.05. 
 
RESULTS 
 
General information on patients 
 
Table 1 shows that there were no marked 
differences between both teams in age, sex, 
body mass index (BMI), years of education, ASA 
grade, tumor size, and lymph node metastasis (p 
> 0.05). 
 
Pertient clinical indicators 
 
The values of related clinical indicators are 
presented in Table 2. There were no marked 
differences in surgery time, blood loss and 
recovery time for spontaneous respiration 
between the two cohorts (p > 0.05), while eye-
opening time and extubation time were markedly 
shorter in sevoflurane cohort. 
 
Hemodynamic indices  
 
A comparison of the two cohorts with respect to 
hemodynamic indexes at different times during 
surgery revealed that at T0, there were no 
marked differences in heart rate, systolic blood 
pressure and diastolic blood pressure. The levels 
of these indexes were reduced in both groups at 
onset of anesthesia and intubation, with lower 
values at onset; their levels during intubation and 
after extubation were higher than those at T1. 
From onset of anesthesia to extubation, levels of 
SBP and DBP were markedly higher in 
sevoflurane cohort than in isoflurane cohort. At 
onset of anesthesia, HR was markedly higher in 
sevoflurane cohort than in isoflurane cohort. 
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           Table 1: Basic information on patients [(mean± SD, or n [%] 
 

Parameter  Isoflurane 
team (n=136)

Sevoflurane 
team (n=142)

χ2/t P-value 

Sex    0.009 0.923 
Male 64(47.06) 66(46.48)  
Female  72(52.94) 76(53.52)   
Age (years) 70.23±3.21 70.41±3.57 0.441 0.659 
BMI (kg/m2) 24.68±2.57 24.56±2.31 0.410 0.682 
Educational exposure 
(years) 

8.59±4.72 8.87±4.54 0.504 0.615 

Smoking 0.062 0.803 
Yes 45(33.09) 49(34.51)   
No 91(66.91) 93(65.49)   
ASA grade   1.088 0.580 
I 38(27.94) 34(23.94)  
II 73(53.68) 85(59.86)   
III 25(18.38) 23(16.20)  
Tumor size   0.023 0.879 
≥ 5 cm 41(30.15) 44(30.99)  
< 5 cm 95(69.85) 98(69.01)  
Lymph node metastasis   0.000 0.989 
Yes 48(35.29) 50(35.21)  
No 88(64.71) 92(64.79)   

 
Table 2: Values of clinically relevant indicators (mean± SD) 
 

Cohort  Eye opening time 
(min) 

Extubation time 
(min) 

Surgery time 
(min) 

Bleeding 
volume (mL) 

Time of recovery of 
spontaneous breathing (min) 

Isoflurane  
(n=136) 

16.02±2.14 21.89±2.31 78.37±14.28 181.87±28.49 15.23±3.43 

Sevoflurane  
(n=142) 

14.33±2.35 20.11±2.09 76.32±15.02 180.28±34.11 15.17±3.31 

t 6.261 6.742 1.165 0.421 0.148
P-value <0.001 <0.001 0.245 0.674 0.882 

 
Table 3: Indexes of hemodynamics at various intraoperative periods 
 

Variable T0 T1 T2 T3 F P 
Isoflurane    
DBP (mmHg) 82.08±5.23 72.31±6.12 74.13±4.08 76.02±7.13 74.028 <0.001 
SBP (mmHg) 134.06±13.27 110.37±10.38 116.78±13.28 121.56±12.74 87.770 <0.001
HR (times /min) 75.23±10.31 63.31±8.27 68.89±9.03 74.81±8.79 51.776 0.273 
Sevoflurane       
DBP (mmHg) 82.37±5.38 78.37±5.11* 80.27±4.58* 82.28±5.03* 20.250 <0.001 
SBP (mmHg) 134.28±13.22 119.34±12.37* 123.67±12.02* 133.31±11.32* 50.735 <0.001
HR (times /min) 75.02±10.23 68.31±8.36* 70.98±8.75 74.48±9.12 16.86 0.294 

* the isoflurane team compared, P < 0.05. 
 
Immune functions  
 
The immune function indexes of both teams were 
compared. At onset of anesthesia, the levels of 
beneficial immunity indexes in the two cohorts 
were comparable.  
 
However, post-anaesthesia, these indexes were 
markedly reduced in both groups, reaching the 
lowest values at T4, and increasing at the last 
two time points. Figure 1 depicts details of the 
changes in levels of these immunity indexes at 
the various intraoperative periods in the two 
cohorts. 

 
Inflammatory cytokine levels 
 
Figure 2 shows comparison of the levels of 
Inflammatory cytokine between the 2 cohorts. At 
T0, serum inflammatory cytokine levels were 
comparable in both groups. However, the levels 
of inflammatory cytokines were enhanced 
postoperatively, peaking at T5, and reducing 3 
days post-surgery. From 12 h to 3 days after 
operation, the levels of inflammatory cytokines 
and CRP were markedly lower in sevoflurane 
group than in isoflurane group. At 12 h and 24 h, 
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there were lower serum IL-8 level in sevoflurane 
cohort than in isoflurane cohort. 
 

 
 
Figure 1: Changes in levels of immunity indexes. A: 
CD3+ level at every period of time in both teams. B: 
Changes in CD4+ value in every time period in both 
groups. C: CD8+ levels in both cohorts at different 
periods. D: Ratio of CD4+/CD8+ in both cohorts at 
each time point. * P < 0.05, compared with isoflurane 
group at the same period 
 
Oxidative stress indices 
 
Figure 3 shows comparison of oxidative stress 
marker levels in both cohorts. Before anesthesia, 
oxidative stress indexes were comparable in both 
teams (p > 0.05). The mean values of SOD and 
CAT from 12 h to 3 days after operation, were 
markedly decreased in both cohorts, relative to 
values at T0, reaching the lowest levels 3 days 
after operation, but they were higher in 
sevoflurane cohort than isoflurane cohort. Within 
the same period, the contents of MDA were 
increased, relative to values before anesthesia, 
and MDA content peaked at T5, but was reduced 
at T6. The MDA level was markedly lower in 
sevoflurane cohort than in isoflurane cohort. 
 

 
 
Figure 2: Comparison of levels of inflammatory 
cytokines. A: Values of IL-6 in both groups at different 
times. B: Levels of IL-8 in both cohorts at each time 
point. C: CRP levels in both cohorts at each time point. 
*P < 0.05, compared with isoflurane group 
 

 
 
Figure 3: Levels of oxidative stress indicators. A: CAT 
values. B: SOD activities in both cohorts at each 
period. C: MDA levels in the two cohorts at each time 
points. *P < 0.05, compared with isoflurane cohort at 
the same time point 
 
Changes in serum Aβ levels 
 
There were markedly higher values of Aβ42 and 
Aβ40 after extubation than at pre-anesthesia (p 
>.05). The pattern of changes in these 
parameters are shown in Figure 4. 
 

 
 
Figure 4: Serum levels of Aβ factors. A: serum Aβ42 
levels in both cohorts. B: Serum Aβ40 levels in both 
cohorts 
 
Changes in cognitive function 
 
The MMSE scores of the isoflurane and 
sevoflurane cohorts were compared, as shown in 
Figure 5. At T0, MMSE score were comparable 
in both cohorts (p > 0.05). Scores at T4 and T5 in 
both groups were lower, when compared with 
scores at T0. At 12 h and 24 h post-operation, 
MMSE scores were markedly higher in 
sevoflurane cohort than in isoflurane cohort. 
 
Incidence of adverse reactions 
 
Table 4 shows the incidence of adverse 
reactions in each cohort. The total incidence of 
adverse reactions was 22.80 % in isoflurane 
cohort, and 19.73% in the sevoflurane cohort. 
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There was no statistical difference between the 2 
cohorts. 
 

 
 
Figure 5: Comparison of MMSE scores. Before 
anesthesia, MMSE scores in both cohorts were 
comparable. However, at T4 and T5, scores in both 
units were lower than that at T0 (p < 0.05). At 12 h and 
24 h post-operation, MMSE scores were markedly 
higher in sevoflurane cohort than in isoflurane cohort. 
*P < 0.05, vs isoflurane cohort 
 

DISCUSSION 
 
At present, the pathogenesis of gallbladder 
cancer is not well understood. However, the risk 
factors for this disease are chronic cholecystitis, 
obesity, female sex, gallstones, and prolonged 
bacterial infection of the gallbladder [22]. Some 
researchers have demonstrated that 
postoperative adverse reactions are increased 
because of wrong choice and dosage of 
anaesthetic drugs [23,24]. The use of DEX could 
decrease the number of narcotic medications, 
and inhibit sympathetic nerve function, thereby 
playing an analgesic effect. Moreover, respiratory 
depression is weakened, cognitive impairment is 
alleviated, and hemodynamics is stabilized [25]. 
Isoflurane and sevoflurane are primarily used as 
anaesthetics in cardiac operations. The latter is 
believed by many cardiac anesthesiologists to 
outperform isoflurane [26]. However, there very 
little research support for this view. 
 
The T-lymphocyte subsets are human immune 
cells involved in responses, and they are also 
essential in cellular tissues of the immune 
system. The T-cell subsets reflect the entire 

status of immunity [27-29]. Anaesthetic systems 
with the most negligible impact on the function of 
immune cells reduce pain in patients to 
maximum levels [30]. 
 
In this study, compared with isoflurane, 
sevoflurane had less effect on the levels of 
immune cells post-surgery. In a previous study 
on patients undergoing abdominal operation, it 
was found that sevoflurane produced milder 
disruption in the levels of CD3+, CD4+, and 
CD4+/CD8+ than propofol [31]. The mechanism 
of this surgically-induced inflammatory response 
is complicated. It has been revealed that C-
reaction protein and interleukins-6 and 8 exert 
potent biological impacts which are implicated in 
modification of immune reactions [32, 33]. Wang 
et al have revealed that sevoflurane anaesthesia 
causes increased levels of inflammatory 
cytokines (IL-6, IL-8, and TNF-α), which can be 
reversed by DEX [34]. In this study, patients 
given sevoflurane showed lower postoperative 
levels of IL-6, CRP and IL-8 than those who 
received isoflurane, suggesting significant 
mitigation of postoperative inflammatory 
responses and cognitive impairment by DEX plus 
sevoflurane. During oxidative stress damage, 
SOD and CAT are antioxidant enzymes which 
play antioxidative defense roles [35]. Superoxide 
dismutase protects cells from damage through 
removing superoxide anions [36]. An increase in 
MDA reflects oxidative stress status, and 
antioxidant enzymes mitigate free radical-
induced damage to the cell membrane and 
macromolecular substances [37]. A prior animal 
study showed excellent alleviation of oxidative 
stress by sevoflurane to isoflurane [38]. 
 
In this study, sevoflurane showed more benefits 
of oxidative stress mitigation than isoflurane. 
However, this result requires more supportive 
evidence and verification. In a previous research, 
Gang et al found no significant differences in 
operative time and amount of blood loss between 
both groups of patients [39]. Rajan and others 
have shown that sevoflurane resulted in better 
recovery and greater clinical benefits such as 
cognitive function, extubation time, and 
orientation, than isoflurane [40]. 

 
Table 4: Incidence of adverse events [n (%)] 
 
Group Nausea 

and 
vomiting 

Gastrointestin
al tract 

reaction

Dizziness Facial 
oedema 

Restles
s-ness 

Total 
incidence 

Isoflurane (n=136) 7(5.15) 8(5.88) 5(3.68) 3(2.21) 8(5.88) 22.80% 
Sevoflurane (n=142) 5(3.52) 9(6.34) 6(4.23) 2(1.41) 6(4.23) 19.73%
χ2      0.267 
P-value   0.606
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Operation time, blood loss, and time of recovery 
of spontaneous breathing were similar for all 
patients. However, the eye-opening time and 
extubation time were markedly shorter in 
sevoflurane cohort than in the isoflurane group. A 
previous study showed better stability with 
sevoflurane than with other inhalant drugs [41]. 
In the present study, sevoflurane plus DEX 
resulted in better hemodynamics than DEX plus 
isoflurane. This result could be attributed to 
increase in local cerebral blood flow, regulation 
of intracranial pressure, and protection of 
functional neurons by sevoflurane, all of which 
facilitated the recovery of cognitive function. 
 
Research has demonstrated an association 
between blood Aβ42/Aβ40 ratio and severity of 
Alzheimer’s illness: aggregation of Aβ42 in 
neurons affects cognition [42,43]. In this 
research, the serum Aβ levels of the patients 
remained unchanged. It has been speculated 
that decreased cognition in patients could lead to 
cerebral hypometabolism, hypoperfusion, or 
vascular lesions, rather than Aβ fluctuations [39]. 
 
Research has shown that DEX reduced the rate 
of cognitive impairment after sevoflurane 
anaesthesia, and improved the MMSE scores in 
the patients [44]. From the analysis, the higher 
MMSE scores in the sevoflurane group indicate 
better improvements in cognitive function by DEX 
plus sevoflurane, relative to the isoflurane group. 
Moreover, there were no differences in incidence 
of adverse reactions between the two cohorts. 
This showed the safety profiles of sevoflurane 
and isoflurane, which is consistent with previous 
research [45]. 
 
Limitations of the study 
 
The use of small sample size, and the short 
observation time are limitations in this study. 
Therefore, there is need for a long-term study 
and longer period of observation in order to 
further elucidate the impacts of inhalant 
anaesthetics on human Aβ. This will facilitate the 
identification of influencing factors during the 
perioperative period. 
 
CONCLUSION 
 
This study has demonstrated that DEX plus 
sevoflurane results in more significant 
improvements in the cognitive function of elderly 
patients undergoing radical resection for 
gallbladder cancer, with more minor immune 
function impairment, milder inflammatory 
response and milder oxidative stress, than DEX 
plus isoflurane. 
 

DECLARATIONS 
 
Conflict of Interest 
 
No conflict of interest associated with this work. 
 
Contribution of Authors 
 
The authors declare that this work was done by 
the authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by them.  
 
Open Access  
 
This is an Open Access article that uses a fund-
ing model which does not charge readers or their 
institutions for access and distributed under the 
terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/ 
4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly credited. 
 
REFERENCES 
 
1. Kanthan R, Senger JL, Ahmed S, Kanthan SC. 

Gallbladder cancer in the 21st century. J Oncol 2015; 

2015: 967472. 

2. Liu X, Huang J, Liu L. MPZL1 is highly expressed in 

advanced gallbladder carcinoma and promotes the 

aggressive behavior of human gallbladder carcinoma 

GBC SD cells. Mol Med Rep 2019; 20: 2725-2733. 

3. Ito H, Ito K, D’Angelica M, Gonen M, Klimstra D, Allen P, 

DeMatteo RP, Fong Y, Blumgart LH, Jarnagin WR. 

Accurate staging for gallbladder cancer: implications for 

surgical therapy and pathological assessment. Ann Surg 

2011; 254: 320–325.  

4. Hueman MT, Vollmer CM, Jr, Pawlik TM. Evolving 

treatment strategies for gallbladder cancer. Ann Surg 

Oncol 2009; 16: 2101–2115.  

5. Zhu J, Zhang X R, Yang H. Effects of combined epidural 

and general anesthesia on intraoperative hemodynamic 

responses, postoperative cellular immunity, and 

prognosis in patients with gallbladder cancer: a 

randomized controlled trial. Medicine (Baltimore) 2017; 

96: e6137. 

6. Foo YZ, Nakagawa S, Rhodes G, Simmons LW. The 

effects of sex hormones on immune function: a meta-

analysis. Biol Rev Camb Philos Soc 2016; 92: 551–571. 

7. Wang R, Chen J, Wu G. Variable lung protective 

mechanical ventilation decreases incidence of 

postoperative delirium and cognitive dysfunction during 

open abdominal surgery. Int J Clin Exp Med 2015; 8: 

21208-21214. 



Wen & Ma 

Trop J Pharm Res, March 2022; 21(3): 662 
 

8. Wolfgram D, Vogt E, Jahn A L, Smith HM, Sussman J, 

Visotcky A, Laud P, Whittle J. Hemodynamics during 

dialysis and changes in cognitive performance. WMJ 

2016; 115: 311-316. 

9. Qiao Y, Feng H, Zhao T, Yan H, Zhang H, Zhao X. 

Postoperative cognitive dysfunction after inhalational 

anesthesia in elderly patients undergoing major surgery: 

the influence of anesthetic technique, cerebral injury and 

systemic inflammation. BMC Anesthesiol 2015; 15: 154. 

10. Skvarc DR, Berk M, Byrne LK, Dean OM, Dodd S, Lewis 

M, Marriott A, Moore EM, Morris G, Page RS, et al. 

Post-operative cognitive dysfunction: an exploration of 

the inflammatory hypothesis and novel therapies. 

Neurosci Biobehav Rev 2018; 84: 116-133. 

11. Zhu Y, Wang Y, Yao R, Hao T, Cao J, Huang H, Wang L, 

Wu Y. Enhanced neuroinflammation mediated by DNA 

methylation of the glucocorticoid receptor triggers 

cognitive dysfunction after sevoflurane anesthesia in 

adult rats subjected to maternal separation during the 

neonatal period. J Neuroinflammation 2017; 14: 6. 

12. Tegeler C, O'Sullivan J L, Bucholtz N, Goldeck D, 

Pawelec G, Steinhagen-Thiessen E, Demuth I. The 

inflammatory markers CRP, IL-6, and IL-10 are 

associated with cognitive function—data from the Berlin 

Aging Study II. Neurobiol Aging 2016; 38: 112-117. 

13. Song J C, Gao H, Qiu H B, Chen QB, Cai MH, Zhang 

MZ, Lu ZJ. The pharmacokinetics of dexmedetomidine 

in patients with obstructive jaundice: A clinical trial. PloS 

One 2018; 13: e0207427. 

14. Bekker A, Haile M, Kline R. The Effect of Intraoperative 

Infusion of Dexmedetomidine on Quality of Recovery 

after Major Spinal Surgery. J Neurosurg Anesthesiol 

2013; 25: 16–24.  

15. Erol H, Arican M. The investigation of xylazine, 

detomidine, isoflurane and sevoflurane anaesthetic 

combinations on clinical, laboratory and cardiovascular 

parameters and on intraocular pressure in horses. J 

Hellenic Veterinary Med Society 2019; 70: 1401-1412. 

16. Li H, Lang XE. Protein kinase C signaling pathway 

involvement in cardioprotection during isoflurane 

pretreatment. Mol Med Rep 2015; 11: 2683-2688. 

17. Hudson AE, Hemmings Jr HC. Pharmacokinetics of 

Inhaled Anesthetics. In: Pharmacology and Physiology 

for Anesthesia. Elsevier 2019; 2019: 44-69. 

18. Gradisek P, Dolenc S. Isoflurane rescue therapy for 

bronchospasm reduces intracranial pressure in a patient 

with traumatic brain injury. Brain Inj 2016; 30: 1035-

1040. 

19. Larson C P, Jaffe R A. Sevoflurane: The Best Volatile 

Anesthetic Ever Developed. In: Practical Anesthetic 

Management. Springer, Cham 2017; 2017: 91-102. 

20. Kang F, Tang C L, Han M, Chai X, Huang X, Li J. Effects 

of Dexmedetomidine-Isoflurane versus Isoflurane 

Anesthesia on Brain Injury After Cardiac Valve 

Replacement Surgery. J Cardiothorac Vasc Anesth 

2018; 32: 1581-1586. 

21. Tang C, Li J, Zhang Z, Zhao B, Wang SD, Zhang HM, Shi 

S, Zhang Y, Xia ZY. Neuroprotective effect of bispectral 

index-guided fast-track anesthesia using sevoflurane 

combined with dexmedetomidine for intracranial 

aneurysm embolization. Neural Regen Res 2018; 13: 

280-288. 

22. Jiao X, Wu Y, Zhou L, He J, Yang C, Zhang P, Hu R, Luo 

C, Du J, Fu J, et al. Variants and haplotypes in Flap 

endonuclease 1 and risk of gallbladder cancer and 

gallstones: a population-based study in China. Sci Rep 

2015; 5: 18160. 

23. Zhou M, Wang L, Wu C, Yan L, Wang R, Sun B, Wang J. 

Reprint of: Efficacy and safety of different doses of 

dezocine for preemptive analgesia in gynecological 

laparoscopic surgeries: A prospective, double blind and 

randomized controlled clinical trial. Int J Surg 2018; 49: 

84-90. 

24. Kim R. Effects of surgery and anesthetic choice on 

immunosuppression and cancer recurrence. J Transl 

Med 2018; 16: 8. 

25. Weerink MAS, Struys MMRF, Hannivoort LN, Barends 

CRM, Absalom AR, Colin P. Clinical pharmacokinetics 

and pharmacodynamics of dexmedetomidine. Clin 

Pharmacokinet 2017; 56: 893-913. 

26. Jones PM, Bainbridge D, Chu MW, Fernandes PS, Fox 

SA, Iglesias I, Kiaii B, Lavi R, Murkin JM. Comparison of 

isoflurane and sevoflurane in cardiac surgery: a 

randomized non-inferiority comparative effectiveness 

trial. Can J Anaesth 2016; 63: 1128–1139.  

27. Li C, Zhou H, Nie Y L, Zhao BY, Wu CC. Effects of 

lipopolysaccharide on T lymphocyte cell subsets and 

cytokine secretion in Mesenteric lymph nodes of mice: 

histological and molecular study. Environ Toxicol 

Pharmacol 2019; 71: 103214. 

28. Pérez-Antón E, Egui A, Thomas M C, Puerta CJ, 

González JM, Cuéllar A, Segovia M, López MC. Impact 

of benznidazole treatment on the functional response of 

Trypanosoma cruzi antigen-specific CD4+ CD8+ T cells 

in chronic Chagas disease patients. PLoS Negl Trop Dis 

2018; 12: e0006480. 

29. Rich RR, Chaplin DD. The Human Immune Response. 

Clin Immunol 2019; 2019: 3-17. 

30. Zhang WL, Liu MY, Zhang ZC, Duan CY. Effect of 

different anesthesia methods on erythrocyte immune 

function in mice. Asian Pac J Trop Med 2013; 6: 995–

998. 

31. Liang LQ, Jiao YQ, Guo SL. Effects of sevoflurane 

inhalation anesthesia on cognitive and immune function 

in elderly patients after abdominal operation. Eur Rev 

Med Pharmacol Sci 2018; 22: 8932-8938. 

32. Zhou H, Zhou D, Lu J, Wu C, Zhu Z. Effects of Pre–

Cardiopulmonary Bypass Administration of 

Dexmedetomidine on Cardiac Injuries and the 

Inflammatory Response in Valve Replacement Surgery 

With a Sevoflurane Postconditioning Protocol: A Pilot 

Study. J Cardiovasc Pharmacol 2019; 74: 91-97. 

33. Shao Q Y, Wan C, Liu J. Effect of peritoneal dialysis on 

inflammatory factors, nutritional index and renal function 

in patients with chronic renal failure. J Hainan Med 

University 2017; 23: 87-90. 



Wen & Ma 

Trop J Pharm Res, March 2022; 21(3): 663 
 

34. Wang N, Wang M. Dexmedetomidine suppresses 

sevoflurane anesthesia-induced neuroinflammation 

through activation of the PI3K/Akt/mTOR pathway. BMC 

anesthesiol 2019; 19: 134. 

35. Ighodaro O M, Akinloye O A. First line defence 

antioxidants-superoxide dismutase (SOD), catalase 

(CAT) and glutathione peroxidase (GPX): Their 

fundamental role in the entire antioxidant defence grid. 

Alexandria J Med 2018; 54: 287-293. 

36. Xu L, Ji X, Nan Z. The conjugation of Cu/Zn superoxide 

dismutase (SOD) to O-(2-hydroxyl) propyl-3-trimethyl 

ammonium chitosan chloride (O-HTCC) enhances its 

therapeutic potential against radiation-induced oxidative 

damage. Pol Chem 2016; 7: 10.1039. 

37. Asmat U, Abad K, Ismail K. Diabetes mellitus and 

oxidative stress—a concise review. Saudi Pharm J 

2016; 24: 547-553. 

38. Yang P, Du Y, Zeng H. Comparison of Inflammatory 

Markers Between the Sevoflurane and Isoflurane 

Anesthesia in a Rat Model of Liver 

Ischemia/Reperfusion Injury. In: Transplantation 

proceedings. Elsevier 2019; 51: 2071-2075. 

39. Gang S, Fang K, Yi MA. Effects of isoflurane versus 

sevoflurane on postoperative cognitive function in old 

patients. J Clin Anesthesiol 2018; 34: 153-155. 

40. Rajan S, Narendran H, Andrews S. Comparison of 

recovery criteria in morbidly obese patients undergoing 

laparoscopic gastric sleeve resection following use of 

sevoflurane and isoflurane. Anesth Essays Res 2014; 8: 

150-155. 

41. Shan J, Sun L, Wang D, Li X. Comparison of the 

neuroprotective effects and recovery profiles of 

isoflurane, sevoflurane and desflurane as neurosurgical 

pre-conditioning on ischemia/reperfusion cerebral injury. 

Int J Clin Exp Pathol 2015; 8: 2001. 

42. Mamo JC, Jian L, James AP, Flicker L, Esselmann H, 

Wiltfang J. Plasma lipoproteinβ-amyloid in subjects with 

Alzheimer's disease or mild cognitive impairment. Ann 

Clin Biochem 2008; 45: 395-403. 

43. Lambert JC, Schraen-Maschke S, Richard F, Fievet N, 

Rouaud O, Berr C, Dartigues JF, Tzourio C, Alpérovitch 

A, Buée L, et al. Association of plasma amyloidβwith risk 

of dementia: the prospective three city study. Neurology 

2009; 73: 847-853. 

44. Zhang H, Wu Z, Zhao X, Qiao Y. Role of 

dexmedetomidine in reducing the incidence of 

postoperative cognitive dysfunction caused by 

sevoflurane inhalation anesthesia in elderly patients with 

esophageal carcinoma. J Cancer Res Ther 2018; 14: 

1497-1502. 

45. Takeda J, Namiki A, Ozaki M, Fukuda K, Morita K, 

Kanmura Y, Yamakage M, Komatsu T, Inada E, Kawate 

R, et al. A prospective randomized multicenter 

comparative study of BLM-240 (desflurane) versus 

sevoflurane in Japanese patients. J Anesth 2013; 27: 

468-471. 

 


