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Abstract: Objectives: To investigate the effect of dexmedetomidine (DEX) on alleviating postoperative cognitive dys-
function (POCD) and T helper 17 (Th17)/regulatory T cell (Treg) imbalance in geriatric patients undergoing ortho-
pedic surgery. Methods: A total of 82 geriatric patients undergoing lower extremity joint replacement surgery were 
enrolled and randomized into two groups. Patients in the experimental group received a loading dose of 0.5 µg/kg 
DEX for 10 min and then a maintenance dose of 0.5 µg/kg/h DEX until 30 min before the end of the surgery, while 
patients in the control group were administered with an equal volume of saline. The mini-mental state examination 
(MMSE) was used to evaluate the patients’ cognitive function levels. The enzyme-linked immunosorbent assay 
(ELISA) was used to detect the protein levels of S100 calcium-binding protein B (S-100β), matrix metalloproteinase 
9 (MMP9), interleukin-10 (IL-10) and interleukin-17A (IL-17A). The quantitative real-time polymerase chain reac-
tion (qRT-PCR) was used to detect and compare the mRNA levels of retinoic acid-related orphan receptor gamma-t 
(RORγt) and forkhead box P3 (Foxp3), the ratio of which reflected Th17/Treg balance. Results: Compared to the 
control group, the MMSE scores in the DEX group were obviously higher at 24 and 72 h after the surgery, and the 
incidence of POCD was lower in the DEX group. Simultaneously, DEX significantly decreased the level of S100β, 
MMP9, and the ratio of RORγt/Foxp3 mRNA at the end of the surgery and one day after surgery. Furthermore, IL-
10 was upregulated, while the IL-17A and the IL-17A/IL-10 ratio were downregulated at the end of the surgery and 
one day after surgery in the DEX group. Conclusions: DEX could reduce the incidence of POCD in elderly orthopedic 
patients, which might be related to the attenuation of inflammatory response and blood-brain barrier (BBB) damage 
through modulating the Th17/Treg imbalance.
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Introduction

Postoperative cognitive dysfunction (POCD) is 
defined as the patient’s cognitive function 
decline following surgery and anesthesia, wh- 
ich mainly manifests as inattention, memory 
decline, sleep disorders, and decreased lan-
guage or learning abilities [1]. Long duration of 
anesthesia and severe surgical trauma will sig-
nificantly increase the risk of POCD, especially 
in elderly patients [2]. In addition, the incidence 
of POCD depends on the type of surgery, for 
example, patients undergoing orthopedic sur-
gery are vulnerable to developing POCD with an 

incidence of 41 to 75% at 7 days and 18 to 45% 
at 3 months after surgery [3]. POCD causes 
additional healthcare expenditure, prolonged 
hospitalization, and increased mortality in pa- 
tients after orthopedic surgery [1]. Therefore, it 
is critical for anesthetists to determine proper 
perioperative prevention measures to reduce 
the incidence of POCD in elderly orthopedic 
patients. 

Dexmedetomidine (DEX), an α2 adrenergic 
receptor agonist, has various therapeutic 
effects, including sedation, hypnosis and anal-
gesia effects with low respiratory depression; 
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therefore, there are increasing studies on the 
clinical applications of DEX, especially in neu- 
roprotection [4]. A previous study has shown 
that DEX is effective in treating sevoflurane-
induced neurocognitive impairment in rats by 
decreasing neuroapoptosis, neuroinflamma-
tion and oxidative stress [5]. In addition, sever-
al studies have revealed that DEX could reduce 
the occurrence of POCD by alleviating oxida- 
tive stress, inflammation, microglia activation, 
extracellular amyloid β-protein (Aβ) accumula-
tion, and mitochondrial dysfunction [6-8], how-
ever, the precise mechanisms underlying the 
functions of DEX, particularly the neuropro- 
tective effects of DEX, remain to be fully 
elucidated.

Recently, there has been increasing attention 
on the relationship between deregulated im- 
mune response and POCD [9]. T helper (Th) 
cells, an essential component of the adaptive 
immune system, can exacerbate or alleviate 
brain damage depending on the infiltrating 
immune cell subpopulations. Pro-inflammatory 
subpopulations, including Th1 and Th17, are 
the main sources of pro-inflammatory cyto-
kines that lead to endothelial cell damage, 
whereas anti-inflammatory subpopulations, 
mainly including Th2 and regulatory T (Treg) 
cells, attenuate the inflammatory response and 
modulate the function of Th1 and Th17 cells 
[10, 11]. The role of peripheral Th cells in the 
process of cognitive impairment has been  
demonstrated in multiple neurodegenerative 
diseases [12]. In line with this notion, a previ-
ous study demonstrated that vitamin D could 
improve POCD by regulating the balance of 
Th17/Treg cell [13]. Another study reported that 
α7 nicotinic acetylcholine receptor (α7nAchR) 
could improve POCD by regulating the Th17 
response [14]. Together, these results demon-
strate that the Th17/Treg imbalance plays an 
essential role in the development of POCD. In 
addition, Treg cell might play a major role in 
alleviating ischemia stroke-induced blood-brain 
barrier (BBB) damage [15]. It has been report-
ed that matrix metalloproteinases (MMPs) 
cause BBB damage and are involved in the 
pathological process of many diseases, such 
as Alzheimer’s disease (AD) and cerebral isch-
emia-reperfusion injury [16, 17], and the elevat-
ed MMP-9 levels might lead to the occurrence 
of POCD in patients after surgery [18]. 

Nevertheless, there are no reports on whether 
DEX could hamper the disruption of BBB integ-
rity by Th cells to reduce the incidence of POCD 

in clinical studies. In this study, we hypothe-
sized that DEX was involved in the neuroprotec-
tion against POCD by regulating the Th17/Treg 
imbalance to alleviate subsequent BBB impair-
ment and inflammatory response in elderly 
patients undergoing orthopedic surgery.

Materials and methods

Clinical data

Eighty-two patients scheduled to undergo lower 
extremity joint replacement surgery were en- 
rolled in this study. This study was written 
according to the CONSORT 2010 checklist 
(Supplementary File 1). This trial was approved 
by the Ethics Committee of the Hebei General 
Hospital, China (ethics approval No. 2019-48) 
(Supplementary File 2) and it was registered at 
clinicaltrials.gov (No. ChiCTR2200055802). All 
the patients signed the informed consent.

Inclusion and exclusion criteria 

The inclusion criteria were: (1) elderly patients 
aged ≥ 60 years; (2) with ASA scale I-III; (3) have 
scheduled for lower extremity joint replace-
ment surgery. 

The exclusion criteria were: (1) patients who 
declined to be included in this study; (2) with a 
history of spinal trauma; (3) have participated 
in other clinical trials within one month; (4) with 
the Mini-Mental State Examination (MMSE) 
scores < 21; (5) patients who were taking tran-
quillisers or antidepressants; (6) with severe 
hearing and vision impairment; (7) with contra-
indications to anesthesia; (8) withdrawal from 
the surgery. 

Anesthesia procedure

All patients who underwent routine preopera-
tive preparations were given combined spinal-
epidural anesthesia (CSEA) and received 2 L/
min oxygen through a nasal cannula during the 
surgery to prevent hypoxia. After being connect-
ed to monitors, the patients were turned to the 
lateral position, and 1% lidocaine was subcuta-
neously administered followed by 2-2.5 ml of 
0.5% bupivacaine injection into the subarach-
noid space, through a puncture site between 
lumbar vertebrae 2 and 3. An epidural catheter 
was placed. The sensory block level was con-
trolled below T8 and the Ramsay Sedation 
Scale score was 2-3 during the surgery. In order 
to reduce perioperative bleeding, we used 
blood conservation strategies, including a tour-
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niquet inflated to 300 mmHg for a maximum of 
90 min and 10-15 mg/kg tranexamic acid for IV 
use. At the end of the surgery, the epidural 
catheter was removed and the patients were 
transferred to the general ward.

DEX treatment procedure

Patients were randomized into two groups at  
a 1:1 ratio. Randomization was conducted 
based on the Microsoft Excel random number 
generator by an investigator not involved in par-
ticipant registration and data collection. And 
the allocation sequences were packed in 
sealed envelopes with identical shapes and 
sizes and were not disclosed to ensure conceal-
ment until the completion of this study. Based 
on the allocation sequence, a research assis-
tant prepared the study agents. The study 
agents (dexmedetomidine 200 µg/2 mL or nor-
mal saline 2 mL) were diluted into 50 mL with 
normal saline. The syringes were given a num-
ber and marked as “study medicine” for 
double-blinding. 

The patients, responsible anesthesiologists, 
and outcome assessors were blinded to the 
allocation until the completion of the study. The 
anesthesiologist was not involved in postopera-
tive assessments and the postoperative asses-
sors were not involved in the intraoperative 
management.

The experimental (DEX) group: patients rece- 
ived a loading dose of 0.5 µg/kg DEX for 10 min 
and then a maintenance dose of 0.5 µg/kg/h 
DEX until 30 minutes before the end of 
surgery. 

The control group: patients received the same 
treatment procedure except that saline instead 
of DEX was given.

In case that the patient’s blood pressure drops 
more than 20% of the baseline, 6 mg ephedrine 
will be given intravenously each time, and if 
bradycardia occurs (25% reduction from base-
line), 0.5 mg atropine will be injected. For 
patients with SpO2 < 90%, ventilatory support 
will be provided such as jaw thrust. Patients 
with persistent hypoxia, failure of spinal anes-
thesia, or serious complications were excluded 
from this study.

Measurements

We examined and collected test results from 
each patient at five-time points: (1) T0: before 

the surgery; (2) T1: 30 minutes into the surgery; 
(3) T2: at the end of the surgery; (4) T3: one day 
post-surgery; and (5) T4: three days post- 
surgery.

MMSE scores

The MMSE scores included delayed memory, 
immediate memory, time-oriented ability, posi-
tion-oriented capacity, language, attention, vis- 
uospatial, and computational capacity, which 
were performed at T0, T3, and T4. The total 
MMSE scores were 30, and higher scores were 
associated with better cognitive function. The 
main outcome was the incidence of POCD, and 
a 2 points reduction in MMSE scores after sur-
gery was considered as POCD [19].

The enzyme-linked immunosorbent assay 
(ELISA)

We collected the patient’s blood samples at T0, 
T2, and T3. The serum concentrations of ma- 
trix metalloproteinase 9 (MMP9, ELH-MMP9-1, 
RayBio, China), S100 calcium-binding protein B 
(S-100β, EH0543, FineTest, China), interleukin-
17A (IL-17A, EH3267, FineTest, China) and inter-
leukin-10 (IL-10, EH0173, FineTest, China) at 
T0, T2, and T3 were detected using ELISA kits 
according to the manufacturers’ instructions 
and calculated using the standard curve pro-
vided with the kits.

The quantitative real-time polymerase chain 
reaction (qRT-PCR)

Total RNA from the peripheral blood samples  
of the patients was extracted with Trizol to- 
tal RNA extraction reagent (MF034-01, Mei5 
Biotechnology, China), quantified by Nanodrop 
Spectrophotometer (Nanodrop 2000, Thermo 
Scientific) and reverse transcribed into cDNA 
using PrimeScript RT reagent kit (RR047A, 
TaKaRa, China). Based on the manufacturer’s 
recommendations, RT-qPCR thermal cycling 
was performed, and the relative transcript  
levels of the forkhead box P3 (Foxp3) and the 
retinoic acid receptor-related orphan receptor 
gamma t (RORγt) were quantified using the 
2-ΔΔCt method with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as the internal con-
trol. The primer sequences were listed in Table 
1.

Statistical analysis

The PASS 15.0 software was utilized to deter-
mine the sample size required for this study. 
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Based on the previous study [3], we hypothe-
sized that the incidence of POCD was 45%. And 
in our pilot study, we found that the incidence 
of POCD in the DEX group was 20% (3 of the 15 
patients were diagnosed with POCD). Hence, 
82 patients could ensure a power of 0.80 to 
detect the differences at a significance level of 
0.05. 

Considering an estimated drop rate of 20%, we 
planned to include 103 patients. Finally, we 
included 96 patients in this study and the actu-
al drop rate was 15% (the number of drop out 
was 14 patients).

SPSS 27.0 (SPSS Inc.) was used for statistical 
analysis. Mean ± standard deviation (SD) or 
median (interquartile range, IQR) was used to 

Perioperative hemodynamic changes

As shown in Table 4, compared to T0, there was 
a significant decrease in heart rate (HR) and 
mean arterial pressure (MAP) in both the DEX 
and control groups at T1 (P < 0.001) and T2 (P 
< 0.001), however the reduction in HR and MAP 
at the T1 was more significant in the DEX group 
than that in the control group (HR, P = 0.001; 
MAP, P = 0.003).

The effects of DEX on POCD

The MMSE scores were used to evaluate 
patients’ cognitive levels at T0, T3, and T4. As 
shown in Figure 2, there was no difference in 
the preoperative MMSE scores between the 
two groups (P = 0.946). Nevertheless, when 

Table 1. Primer sequences used for the qRT-PCR
Gene Sequence (5’-3’) PCR product (bp)
Foxp3-F GCCGAGATCTTCGAGGCGG 100
Foxp3-R GCCACCATGACTAGGGGCAG
RORγt-F AGTCGGAAGGCAAGATCAGA 100
RORγt-R CAAGAGAGGTTCTGGGCAAG
GAPDH-F GACCTGACCTGCCGTCTA 83
GAPDH-R AGGAGTGGGTGTCGCTGT
qRT-PCR: real-time polymerase chain reaction; F: forward; R: reverse; Foxp3: fork-
head box P3; RORγt: retinoicacid-related orphan receptor gamma-t; GAPDH: glycer-
aldehyde-3-phosphate dehydrogenase.

Figure 1. Patient enrollment flow chart.

represent continuous data, 
while parametric or non-para-
metric t-test was used for 
comparison. Normal distribu-
tion data were analyzed using 
the Shapiro-Wilk test, whe- 
reas the repeated measures 
ANOVA followed by the post 
hoc Bonferroni test was 
applied to analyze the multi-
time points data. Chi-square 
(or Fisher’s exact) test was 
used to analyze categorical 
variables. Two-sided P < 0.05 
was considered statistically 
significant.

Results

Demographic and intraopera-
tive characteristics

96 patients were evaluated 
for eligibility, and 82 partici-
pants completed the trial  
ultimately (Figure 1). The 
patients’ baseline characte- 
ristics indicated that these 
two groups were balanced in 
demographic characteristics 
(Table 2). As for intraopera- 
tive characteristics, the length 
of hospital stays was shorter 
in the DEX group than that in 
the control group (P = 0.002), 
but other indicators were si- 
milar between the two groups 
(Table 3).
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comparing the MMSE score at different testing 
times, we observed that the MMSE scores were 
lower at T3 and T4 than that at T0 in the control 
group (P < 0.001), but the MMSE scores at T3 
and T4 were improved in the DEX group (P < 
0.001). Meanwhile, the incidence of POCD was 
lower in the DEX group than that in the control 
group (17.50% vs 38.10%, P = 0.038). 

The effects of DEX on neuronal damage bio-
marker

We examined the S100β level to explore the 
beneficial effect of DEX on the central nervous 
system. As shown in Figure 3, there was no dif-
ference in the level of S-100β protein between 
the two groups at T0 (P = 0.736). However, the 

S100β protein level was upregulated at T2 and 
T3 compared to that at T0 in the control group 
(P < 0.001), while DEX significantly downregu-
lated the level of S100β protein at T2 (P < 
0.001) and T3 (P = 0.020). 

The effects of DEX on the inflammatory re-
sponse

We explored the modulatory effects of DEX on 
the inflammation and found that the serum 
IL-17A and IL-10 levels as well as the IL-17A/
IL-10 ratio were upregulated in the two groups 
at T2 (P < 0.001) and T3 (control group, IL-17A, 
P < 0.001; IL-10, P < 0.001; IL-17A/IL-10 ratio, P 
< 0.001; DEX group, IL-17A, P < 0.001; IL-10, P 
< 0.001; IL-17A/IL-10 ratio, P = 0.004, Figure 

Table 2. Baseline patient characteristics
Characteristics Control group Dexmedetomidine group P value
Total patients 42 40
Age (years) 69.71±7.25 70.93±7.23 0.451
BMI (kg/m2) 24.72±4.72 24.14±3.55 0.537
Sex, n (%) 0.582
    Male 15 (35.71) 12 (30.00)
    Female 27 (64.29) 28 (70.00)
ASA classification, n (%) 0.126
    II 27 (64.29) 19 (47.50)
    III 15 (35.71) 21 (52.50)
Educational level, n (%) 0.445
    Primary 2 (4.76) 5 (12.50)
    Junior high school 21 (50.00) 18 (45.00)
    Senior high school 17 (40.48) 13 (32.50)
    College degree 2 (4.76) 4 (10.00)
Smoker, n (%) 17 (40.48) 21 (52.50) 0.275
Comorbidities, n (%)
    Hypertension 19 (45.24) 20 (50.00) 0.666
    CHD 5 (11.90) 1 (2.50) 0.102
    Diabetes 3 (7.14) 8 (20.00) 0.088
    Cerebral infarction 3 (7.14) 6 (15.00) 0.255
Baseline laboratory
    Leukocyte (10^9/L) 6.85 (5.53, 8.17) 6.40 (4.79, 8.82) 0.784
    Platelet (10^9/L) 238.33±64.34 231.68±58.33 0.626
    Hemoglobin (g/L) 127.52±13.58 124.75±13.78 0.361
    Creatinine (μmol/L) 58.90 (53.85, 68.75) 62.20 (53.00, 73.50) 0.525
    Albumin (g/L) 39.15 (34.73, 41.60) 37.80 (34.83, 40.48) 0.507
    Blood glucose (mmol/L) 5.28 (4.89, 6.00) 5.66 (4.88, 6.69) 0.349
    D-dimer (mg/L) 1.38 (0.51, 3.43) 2.18 (0.67, 8.05) 0.113
The categorical variables are expressed as n (%). Normally distributed data are given as mean ± SD, whereas non-normally dis-
tributed data are expressed as median (25th percentile, 75th percentile). ASA: American Society of Anesthesiologists; BMI: body 
mass index; CHD: coronary heart disease.



Effect of dexmedetomidine on postoperative cognitive dysfunction

2639 Am J Transl Res 2023;15(4):2634-2644

4). Compared with the control group, the intra-
operative use of DEX significantly increased the 
serum IL-10 level at T2 and T3 (P < 0.001, 
Figure 4A) but decreased the serum IL-17A 
level at T2 (P = 0.003, Figure 4B), as a result, 
the IL-17A/IL-10 ratio was decreased at T2 and 
T3 (P < 0.001, Figure 4C). 

The effects of DEX on BBB permeability

With increasing permeability of the BBB, inflam-
mation results in the development of POCD 
[20]. Because of the disruptive effect of MMP9 
on the BBB, we measured the serum MMP9 
level to determine the influence of DEX on BBB 
disruption. As expected, the level of serum 

effects of DEX on immune cells. In particular, 
we investigated the expression levels of RORγt 
and Foxp3, which are critical transcription fac-
tors involved in the immune response of Th17 
and Treg cells. In the control group, we found 
that the Foxp3 mRNA level was significantly 
decreased at T2 (P < 0.001) and T3 (P < 0.001, 
Figure 6A), whereas the level of RORγt mRNA 
was significantly increased at T2 (P < 0.001) 
and T3 (P < 0.001, Figure 6B). Importantly, DEX 
significantly elevated the level of Foxp3 mRNA 
at the T2 (P < 0.001, Figure 6A). When we com-
pared the ratio of RORγt/Foxp3 mRNA, we 
found that DEX significantly downregulated this 
ratio, indicating that DEX modulated the Th17/
Treg balance (P < 0.001, Figure 6C). 

Table 3. Perioperative characteristics
Variables Control group Dexmedetomidine group P value
Type of surgery, n (%) 0.462
    Unilateral hip replacement 23 (54.76) 22 (55.00)
    Unilateral knee replacement 16 (38.10) 12 (30.00)
    Bilateral knee replacement 3 (7.14) 6 (15.00)
Duration of anaesthesia (min) 230.38±60.97 244.63±82.65 0.376
Duration of surgery, min 143.07±57.16 148.65±65.10 0.681
Bleeding (ml) 40.00 (20.00, 70.00) 50.00 (30.00, 100.00) 0.146
Urine output, median (ml) 150.00 (87.50, 200.00) 200.00 (100.00, 300.00) 0.125
Intraoperative hypotension, n (%) 6 (14.29) 8 (20.00) 0.492
Intraoperative bradycardia, n (%) 3 (7.14) 7 (17.50) 0.152
Resting VAS at 24 h after surgery 3.00 (2.00, 4.00) 3.00 (2.00, 3.75) 0.303
Complications, n (%)
    Postoperative shivering 7 (16.67) 6 (15.00) 0.836
    PONV 5 (11.90) 3 (7.50) 0.502
Length of stay (days) 10.43±1.50 9.26±1.82 0.002*

The categorical variables are expressed as n (%). Normally distributed data are given as mean ± SD, whereas non-normal ly 
distributed data are expressed as median (25th percentile, 75th percentile). PONV: postoperative nausea and vomiting; VAS: 
visual analogue scale. Intraoperative hypotension defined as systolic BP < 30% of baseline, intraoperative bradycardia defined 
as HR < 25% of baseline. *P < 0.05 indicates a significant difference.

Table 4. Perioperative MAP and HR
Variables Control group Dexmedetomidine group P value
MAP (mmHg)
    T0 104.29±14.47 107.15±15.86 0.395
    T1 94.12±11.81 85.65±13.29 0.003*

    T2 93.38±9.85 89.23±12.16 0.092
HR (beat/minute)
    T0 86.86±12.53 86.98±9.05 0.961
    T1 80.24±10.56 73.20±8.48 0.001*

    T2 79.52±9.83 77.05±7.29 0.198
Normally distributed data are given as mean ± SD. MAP: mean arterial pres-
sure; HR: heart rate. *P < 0.05 indicates a significant difference.

MMP9 was significantly increased 
in the two groups at T2 and T3 (P < 
0.001, Figure 5), and this effect 
was markedly reduced by DEX (P < 
0.001, Figure 5).

The effects of DEX on Th17/Treg 
balance

The immune cells play a prominent 
role in the inflammatory response 
and BBB integrity [9]. In order to 
investigate how DEX mitigated in- 
flammatory response and BBB dis-
ruption, we further explored the 
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Discussion

In this study, we discovered that DEX signifi-
cantly improved the MMSE scores in elderly 
orthopedic patients at 24 and 72 hours after 
surgery and reduced the incidence of POCD. 
Our results also suggested a potential mecha-
nism underlying the effect of DEX on POCD 
which might involve the attenuation of inflam-
matory response and BBB disruption through 
modulating the Th17/Treg imbalance.

POCD, as a common postoperative complica-
tion, refers to the decline in nervous system 
function, which might eventually lead to perma-
nent brain damage [21]. With the increasing 
trend of the aging population, more geriatric 
patients are undergoing surgery. It is well 
known that geriatric patients are more vulne- 
rable to developing POCD, which severely im-
pairs their quality of life and leads to a heavy 
burden on families. In our study, the incidence 
of POCD in the elderly undergoing lower extre- 
mity joint arthroplasty was 38.10%, which is 
similar to the finding from another clinical study 
in which the incidence of POCD was 40.00% in 
geriatric patients undergoing total hip arthro-
plasty [22]. Although the perioperative mortali-
ty was greatly reduced by the improvement in 
medical technology, the prevalence of POCD 
was not markedly improved.

Multifactor synergy contributes to the occur-
rence of POCD, undoubtedly, anesthetic factors 
play a significant role in the occurrence of POCD 
[2]. Surgical and anesthetic trauma cause the 
systemic inflammatory response, which leads 
to neuronal damage and even neuronal death 
[23]. An animal study found that sevoflurane 
led to cognitive impairment by reducing recom-
binant glucose transporter 3 (GLUT3) expres-
sion in mice [24]. Additionally, general anes-
thetics can suppress the transmission of cho-
linergic neurons in patients, which is essential 
for cognitive function [25]. Thus, it is of great 
importance to select appropriate anesthetic 
drugs and explore the potential mechanisms  
to reduce the occurrence of POCD in geriatric 
patients. In this study, we found that periopera-
tive application of DEX could reduce the inci-
dence of POCD, which finding was similar to the 
result of previous studies [26, 27].

We also investigated the potential mechanisms 
involved in DEX activity. The dysregulated in- 
flammatory response has been reported to 
contribute to the occurrence of POCD [23, 26]. 
In our study, we observed that the serum IL-17A 
and IL-10 levels were increased at the end of 
the surgery and 24 h post-surgery. Although the 
serum IL-10 level was increased, the serum 
IL-17A level and the IL-17A/IL-10 ratio were sig-
nificantly decreased after DEX treatment. As 

Figure 2. Comparison of the MMSE scores between 
the two groups. Data are presented as mean ± stan-
dard deviation (SD). MMSE: mini-mental state exami-
nation. #P < 0.05; ##P < 0.01; ###P < 0.001 versus T0, 
&P < 0.05; &&P < 0.01; &&&P < 0.001 versus T3, *P < 
0.05; **P < 0.01; ***P < 0.001 versus control group. 
T0: before the surgery; T3: 24 hours after the surgery 
and T4: 72 hours after the surgery.

Figure 3. Comparison of the S-100β between the two 
groups. Data are presented as mean ± standard de-
viation (SD). S-100β: S100 calcium-binding protein 
B. #P < 0.05; ##P < 0.01; ###P < 0.001 versus T0, &P < 
0.05; &&P < 0.01; &&&P < 0.001 versus T2, *P < 0.05; 
**P < 0.01; ***P < 0.001 versus control group. T0: 
before the surgery; T2: at the end of the surgery; T3: 
24 hours after the surgery.
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we know, IL-17A is mainly secreted by Th17 cells 
and is associated with many neurodegenera-
tive diseases [28]. On the other hand, IL-10 is 

one of the important components of BBB, is 
degraded by MMPs. Hence, MMP-9 plays a piv-
otal role in the development of neurodegenera-
tive diseases like AD [31]. Significantly, in our 
study, we observed that DEX markedly sup-
pressed the activity of MMP-9, which was simi-
lar to result of the previous study [32].

Notably, we discovered that the immunomodu-
latory effects of DEX might be related to its 
neuroprotective effects in this paper. The dys-
regulated immune responses, which are closely 
associated with inflammatory response and 
the disruption of the BBB, are regarded as the 
main cause of the development of cognitive 
dysfunction [9, 33]. Previous studies have sh- 
own that DEX has immunomodulatory effects 
in both patients and healthy people [34, 35]. 
Treg cell can protect BBB integrity by maintain-
ing immune tolerance, counteracting over-acti-
vated immune responses, and regulating cere-
bral endothelial function. Importantly, Treg cell 
has been shown to play a neuroprotective role 
in stroke [36], which is related to the secretion 
of transforming growth factor β (TGF-β), inter-
leukin-10 (IL-10) and interleukin-35 (IL-35) [37]. 

Figure 4. Comparison of the level of IL-17A (A), IL-10 (B) and IL-17A/IL-10 (C) 
between the two groups. Data are presented as mean ± standard deviation 
(SD). IL-17A: interleukin-17A; IL-10: interleukin-10. #P < 0.05; ##P < 0.01; ###P 
< 0.001 versus T0, &P < 0.05; &&P < 0.01; &&&P < 0.001 versus T2, *P < 0.05; 
**P < 0.01; ***P < 0.001 versus control group. T0: before the surgery; T2: at 
the end of the surgery; T3: 24 hours after the surgery.

Figure 5. Comparison of the MMP9 between the two 
groups. Data are presented as mean ± standard de-
viation (SD). MMP9: matrix metalloproteinase 9. #P < 
0.05; ##P < 0.01; ###P < 0.001 versus T0, &P < 0.05; 
&&P < 0.01; &&&P < 0.001 versus T2, *P < 0.05; **P 
< 0.01; ***P < 0.001 versus control group. T0: be-
fore the surgery; T2: at the end of the surgery; T3: 24 
hours after the surgery.

an anti-inflammatory cytokine 
and may be a potential thera-
py for AD [29]. Therefore, the 
inflammatory response might 
exacerbate cognitive impair-
ment, and DEX might be a 
potential therapeutic agent  
for POCD by modulating the 
inflammatory response [20].

Furthermore, the damage of 
BBB by inflammatory response 
has been regarded as an 
essential process for the 
occurrence of POCD [30]. 
After the breakdown of the 
BBB, numerous inflammatory 
factors and immune cells 
enter the brain, thus forming  
a vicious circle that causes 
long-term brain damage and 
the disruption of neurological 
function [20]. The major com-
ponents of the BBB include 
astrocytes, pericytes, endo-
thelial cells, and the extra- 
cellular matrix (ECM), which 
offers functional and structur-
al support for the BBB. ECM, 
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However, the neuroprotective effect of Treg cell 
could be diminished by Th17 cell. In our study, 
we found that DEX alleviated the Th17/Treg 
imbalance by upregulating the transcription 
factor level of Treg while downregulating the 
transcription factor level of Th17. In accordance 
with our findings, a previous study showed that 
DEX alleviated cognitive impairment by modu-
lating Th1/Th2/Th17 polarization and reducing 
the disruption of BBB in a mouse model of sep-
sis [38]. It should be noted that one study 
reported that DEX shifted the Th17/Treg cyto-
kine balance toward Th17 after surgery and 
anesthetic stress [39]. The reasons for the 
opposite results might be related to the study 
population and the small sample size. Although 
findings from this study suggested that DEX 
played an important role in modulating immune 
responses to improve POCD, further investiga-
tion is needed to clarify the precise role and 
mechanism of DEX in the immune response. 

This study had several limitations. First, this 
study was a single-center clinical trial with a 
relatively small sample size, which might bias 
the conclusions. Second, since the cognitive 
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