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Abstract

Background: Neuroinflammation is increasingly recognized as an important contributor
to Parkinson’s disease (PD), yet perioperative immune responses in this population re-
main incompletely characterized. This study investigated perioperative cytokine dynam-
ics in patients with PD compared with healthy controls (HCs) undergoing orthopedic sur-
gery under general anesthesia. Methods: In this prospective pilot observational study, 50
patients scheduled for lower limb orthopedic surgery were enrolled (25 PD patients, 25
HCs). Serum cytokines (IL-6, IL-8, VEGF, MCP-1, HMGB1, 5100B, and PARKY?) were
measured immediately after anesthesia induction (PRE) and 24 h postoperatively (POST).
Between-group comparisons were performed using independent f-tests, and within-
group perioperative changes were assessed using paired t-tests. Absolute (A = POST -
PRE) and relative perioperative changes were analyzed. Results: IL-6 increased signifi-
cantly after surgery in both groups, with no significant differences in absolute or relative
perioperative changes between the PD and HC group. IL-8 concentrations were numeri-
cally higher in PD patients at both time points, but perioperative changes did not differ
significantly between groups. VEGF decreased modestly within the PD group, whereas
no significant change was observed in HCs; however, between-group differences in peri-
operative VEGF changes were not significant. S100B and PARK? increased postopera-
tively in HCs but not in PD patients, while MCP-1 and HMGB1 showed no significant
perioperative changes. Conclusions: In this pilot study, perioperative cytokine responses
in patients with PD were largely comparable to those in HCs. Despite evidence of chronic
low-grade inflammation in the PD group, no disease-specific amplification of acute peri-
operative inflammatory responses was observed. These findings suggest that periopera-
tive immune activation in PD may be selective rather than global.

Keywords: Parkinson’s disease; neuroinflammation; cytokines; perioperative period;
IL-6; IL-8; VEGF

1. Introduction

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder
and the most rapidly increasing in incidence, affecting approximately 1% of individuals
over the age of 65 worldwide [1-3]. Clinically, PD is characterized by motor symptoms
such as resting tremor and dyskinesia, as well as a wide range of non-motor manifesta-
tions, including gastrointestinal dysfunction, cognitive decline, depression, and pain.
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Pathologically, PD is defined by the progressive degeneration of dopaminergic neurons
in the substantia nigra and the accumulation of intraneuronal Lewy bodies [3].

Despite extensive research, the precise mechanisms underlying PD pathogenesis re-
main incompletely understood. Growing evidence highlights neuroinflammation as a
central contributor to PD progression [1,4-6]. Microglial activation and peripheral-central
immune crosstalk are increasingly recognized as key mechanisms linking systemic in-
flammation to neuronal vulnerability [1,7]. These immune processes are reflected in meas-
urable changes in circulating and cerebrospinal fluid biomarkers. In particular, proinflam-
matory cytokines such as interleukin (IL)-6, IL-8, tumor necrosis factor-a (TNF-av), inter-
feron-y (IFN-v), and monocyte chemoattractant protein-1 (MCP-1) have been implicated
in neurodegenerative cascades, while molecules including vascular endothelial growth
factor (VEGF), high-mobility group box 1 (HMGB1), S100 calcium-binding protein B
(S100B), and Parkinson disease protein 7 (PARK7/D]J-1) have been proposed as indicators
of neuroinflammation, oxidative stress, or compensatory neuroprotective mechanisms
[6,8-12].

Surgical stress and general anesthesia represent clinically relevant triggers of sys-
temic immune activation. Aseptic tissue injury provokes cytokine release and may disrupt
the integrity of the blood-brain barrier, thereby amplifying neuroinflammatory responses
[13-15]. Such perioperative immune alterations are of particular concern in PD, where
patients may be predisposed to exaggerated inflammatory responses and are clinically
vulnerable to postoperative neurocognitive disorders [7,16].

Although numerous studies have explored cytokine alterations in PD and in the con-
text of perioperative neuroinflammation separately, little is known about how cytokine
dynamics differ perioperatively between patients with PD and otherwise healthy individ-
uals. Therefore, the present study was designed to investigate perioperative changes in
circulating cytokines and related biomarkers in patients with PD compared with age- and
sex-matched healthy controls undergoing orthopedic surgery under general anesthesia.

2. Materials and Methods
2.1. Study Population and Ethical Approval

Written and verbal informed consent was obtained from all participants prior to en-
rollment. This prospective observational study enrolled patients with PD (PD group) aged
40-80 years who were undergoing lower limb orthopedic surgery under general anesthe-
sia, together with age- and sex-matched healthy controls (HC group) who were scheduled
for the same procedures, between January 2023 and August 2025. Exclusion criteria were
as follows: a history of myocardial infarction or coronary artery disease (other than hy-
pertension-related or diabetic heart disease), chronic pulmonary conditions such as
asthma or chronic obstructive pulmonary disease (COPD), abnormal liver function, de-
fined as elevated AST or ALT above the normal range, and any history of hypersensitivity
to inhalational anesthetics or propofol.

2.2. Anesthetic Management

All patients fasted from food and fluids for at least 8 h before surgery. Upon arrival
in the operating room, standard monitoring was applied, including electrocardiography
(ECG), non-invasive blood pressure (NIBP), pulse oximetry, and bispectral index (BIS).
General anesthesia was induced with intravenous propofol (1-2 mg/kg) and rocuronium
(0.6-1 mg/kg), followed by tracheal intubation after 1-2 min. Anesthesia was maintained
with sevoflurane (1-2 vol%), remifentanil (0.01-0.2 ug/kg/min), and a mixture of oxygen
and air (FiO2 0.4). The depth of anesthesia was adjusted to maintain a BIS between 40 and
60, and hemodynamic parameters (blood pressure and heart rate) were controlled within
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+20% of baseline values. The first blood sample (PRE) was collected immediately after
induction of anesthesia. At the end of surgery, anesthetic agents were discontinued, and
sugammadex was administered to reverse neuromuscular blockade. Extubation was per-
formed once adequate spontaneous ventilation was confirmed, and patients were trans-
ferred to the recovery room. A second blood sample (POST) was obtained 24 h after sur-
gery from peripheral venous access.

2.3. Cytokine Analysis

Peripheral venous blood was collected from each participant into serum separator
tubes and centrifuged at 1000 rpm for 10 min at room temperature. The supernatant serum
was then aliquoted into sterile 1.5 mL microcentrifuge tubes (500 L per tube) and stored
at —80 °C until analysis. Circulating cytokine concentrations were quantified using com-
mercially available sandwich enzyme-linked immunosorbent assay (ELISA) kits, follow-
ing the manufacturers’ instructions. The following analytes were assessed: IL-6, IL-8,
MCP-1, TNF-a, IFN-y, VEGF, 5100B, and PARK? (all from R&D Systems, Minneapolis,
MN, USA), as well as HMGBI (Invitrogen, Carlsbad, CA, USA).

2.4. Data Collection and Statistical Analysis

Since this prospective observational study was designed as an exploratory pilot in-
vestigation, no formal a priori sample size or power calculation was performed. Analyses
were conducted using SPSS Statistics (version 29, IBM Corp., Armonk, NY, USA). Demo-
graphic data were compared using the x2 test and t-test as appropriate. Continuous vari-
ables are presented as mean * standard deviation (SD). Between-group comparisons (PD
group vs. HC group) at each time point were conducted using independent two-sample
t-tests. Within-group perioperative changes (PRE vs. POST) were assessed using paired ¢-
tests. Absolute perioperative changes (A = POST - PRE) and relative changes ((POST -
PRE)/PRE x 100) were calculated and compared between groups using independent ¢-
tests. Given the exploratory nature of this prospective pilot study, no formal correction
for multiple comparisons was applied. A two-sided p-value < 0.05 was considered statis-
tically significant.

3. Results

A total of 50 patients (25 in each group) were enrolled. Three were excluded from the
final analysis due to loss to follow-up (two in the PD group and one in the HC group)
(Figure 1). Demographic and perioperative clinical data are summarized in Table 1. TNF-
a and IFN-y were detectable in fewer than 20% of samples; therefore, statistical analysis
was not performed for these cytokines. Substantial inter-individual variability was ob-
served across cytokines, and no relative perioperative changes differed significantly be-
tween patients with PD and the HCs (Figure 2).
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PD:n=25 HC:n=25

PD: n = 2 (sampling failure) HC:n =1 (sampling failure)

PD:n=23 HC:n=24

ELISA: IL-6, IL-8, TNF-a, IFN-y, MCP-1, HMGBBI, S100B, VEGF, PARK7

Figure 1. Study flow diagram. PD: patients with Parkinson’s disease; HC: healthy control; IL: inter-
leukin; TNF: tumor necrosis factor; IFN: interferon; MCP: monocyte chemoattractant protein;
HMGB: high-mobility group box 1; S100B: S100 calcium-binding protein B; VEGF: vascular endo-
thelial growth factor; PARK: Parkinson disease protein.
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Figure 2. Relative perioperative cytokine changes. Relative changes were calculated as [(Postopera-
tive — Preoperative)/Preoperative x 100] and are expressed as percentages. Data are presented as
mean + standard deviation (SD). Groups were compared using independent t-tests (PD, n =23; HC,
n = 24). No statistically significant differences in relative changes were observed between the two
groups. PD: patients with Parkinson’s disease; HC: healthy control; IL: interleukin; MCP: monocyte
chemoattractant protein; HMGB: high-mobility group box 1; S100B: S100 calcium-binding protein
B; VEGF: vascular endothelial growth factor; PARK: Parkinson disease protein.
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Table 1. Patient and clinical data.

PD Group (n =23) HC Group (n =24) p-Value
Age (yr) 67.5+8.7 66.5+ 6.6 0.654
Gender (F/M) 9/14 11/13 0.865
Height (cm) 160.4 +10.0 161.7+7.9 0.619
Weight (kg) 65.2+13.3 64.5+9.8 0.823
Duration of surgery (min) 113.5+45.5 101.7 +47.4 0.597
Duration of anesthesia (min) 141.7 +53.3 134.4 +47.6 0.757
Fluid administered (mL) 394.8 +93.8 336.7+98.4 0.778
Blood loss (mL) 140.2 + 86.4 168.3 +85.4 0.531
Propofol administered (mg) 101.3 £23.6 111.7 £22.2 0.129
Remifentanil administered (mL) 05+0.3 05+0.2 0.768
PD yrs (PD group only) 99+6.5
PD: patients with Parkinson’s disease; HC: healthy control.
For IL-6, PRE concentrations were numerically higher in PD patients compared with
HCs, although this difference did not reach statistical significance (p = 0.091). POST IL-6
was significantly elevated in both groups (PD: p = 0.041; HC: p <0.001). Although the ab-
solute perioperative increase (A) was greater in PD patients than in HCs (29.9 + 62.9 vs.
8.6 £ 9.1 pg/mL), this between-group difference did not reach statistical significance (p =
0.139). Relative changes were also comparable between groups (p = 0.732) (Table 2, Figure
2).
Table 2. Perioperative cytokine changes.
Delta p-Value p-Value p(;;/;lt:e
Group PRE POST (PRE vs. (PRE, PD !
(PRE - POST) POST) vs. HC PD vs
HC)
IL-6 PD 19.8+7.5 50.6 £15.6 299+129 0.041 0,091 0.139
(pg/mL) HC 6.4+119 15.1+19.0 8.6+9.1 <0.001
IL-8 PD 17.5+18.0 14.1+10.7 -3.4+11.1 0.156
(pg/mL) HC 9.4+72 8.8+6.1 -0.6+2.8 0.290 00560255
MCP-1 PD 454.2 + 659.2 429.8 +471.7 -24.4 +264.1 0.662 0186 0.414
(pg/mL) HC 265.8 £ 66.3 259.9 +107.2 24.2+98.6 0.242 ] '
HMGB1 PD 3055.5 +2084.6 3222.0 £ 2502.3 166.5 + 2883.0 0.784 0.192 0.910
(pg/mL) HC 4227.2 +3714.7 4310.7 + 3601.1 83.5 +2028.0 0.842
S100B PD 07+3.3 9.5+33.0 8.8+33.0 0.216 0.625 0132
(pg/mL) HC 15+75 28.7+45.6 27.2+435 0.006
VEGF PD 116.3 £113.9 90.7 £108.9 —-25.7£54.3 0.034 0.393 0.108
(pg/mL) HC 92.3+71.6 87.2 £ 66.4 -5.1+34.8 0.483 ’ '
PARK7 PD 20.9+51.8 91+72 -11.8 +51.6 0.256 0.155 0.151
(ng/mL) HC 50+2.7 9.3+5.9 43+55 <0.001

PD: patients with Parkinson’s disease; HC: healthy control; IL: interleukin; MCP: monocyte chemo-
attractant protein; HMGB: high-mobility group box 1; S100B: 5100 calcium-binding protein B; VEGE:
vascular endothelial growth factor; PARK: Parkinson disease protein; PRE: immediately after anes-

thesia induction; POST: 24 h after surgery.

While the increase in PRE IL-8 did not reach statistical significance (p = 0.056), a nu-
merical trend toward higher levels in the PD group was observed. POST IL-8 concentra-
tions remained elevated compared with HCs. However, neither absolute nor relative peri-
operative changes (A) showed significant between-group differences (Table 2, Figure 2).
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For VEGF, both groups exhibited modest perioperative decreases. A significant re-
duction was observed within the PD group (p = 0.034), whereas no significant change was
detected in the HC group. However, neither the absolute perioperative change (A) nor the
relative perioperative change differed significantly between groups (Table 2, Figure 2).

5100B and PARKY showed significant postoperative increases within the HC group.
However, absolute and relative perioperative changes (A) were not significantly different
between the PD and HC group (Table 2, Figure 2). MCP-1 and HMGB1 did not show sig-
nificant perioperative differences within or between groups (Table 2).

4. Discussion

Although the precise mechanisms underlying PD pathogenesis remain unclear, in-
creasing evidence suggests that neuroinflammation plays a pivotal role in the pathogene-
sis and progression of PD [1,4-7,16,17]. Microglial activation and peripheral-central im-
mune crosstalk are increasingly recognized as key mechanisms contributing to neuronal
vulnerability in the substantia nigra and beyond [1,7]. These immunological processes are
reflected in measurable changes in circulating and cerebrospinal fluid biomarkers, partic-
ularly proinflammatory cytokines such as IL-6, IL-1p, TNF-a, and IL-8, which have been
associated with PD severity and progression in previous studies [6,8-12]. Importantly,
recent reviews highlight that targeting neuroinflammatory pathways, including cytokine
signaling, may represent a promising strategy for disease modification in PD [7,16]. To-
gether, these findings support the concept that neuroinflammation, mediated in part by
cytokine dysregulation, is a critical contributor to PD pathophysiology and a potential
avenue for therapeutic intervention.

In this prospective observational study, we investigated perioperative cytokine dy-
namics in PD patients compared with age- and sex-matched healthy controls undergoing
orthopedic surgery under general anesthesia. Our principal findings were as follows: (1)
IL-6 showed significant perioperative increases in both groups, with numerically greater
absolute changes in PD patients, although between-group differences were not statisti-
cally significant; (2) IL-8 was consistently higher in PD patients both at baseline and post-
operatively, but perioperative fluctuations did not differ significantly between groups; (3)
VEGEF decreased significantly within the PD group but not in controls, yet between-group
comparisons of perioperative change did not reach significance; and (4) S100B and PARK?7
increased significantly postoperatively in healthy controls, although no significant differ-
ences in A values were observed between the PD and HC group. MCP-1 and HMGB1
demonstrated no perioperative alterations.

IL-6 is a multifunctional cytokine that is secreted mainly by neurons and glial cells,
which plays a crucial role in the development and differentiation of neurons [18]. In the
present study, although the absolute perioperative increase in IL-6 was numerically
greater in the PD group, the between-group difference in A values did not reach statistical
significance. Relative perioperative changes were also comparable between groups. This
pattern supports IL-6 as a sensitive marker of systemic inflammatory responses to surgical
stress and anesthesia rather than a PD-specific effect [13-15]. Elevated IL-6 has also been
frequently reported in PD and linked to both motor and non-motor symptom severity
[4,5,8,10,11,17], although not all studies have shown consistent results [6,19]. Importantly,
baseline IL-6 measurements in the present study were obtained immediately after anes-
thesia induction and did not differ significantly between groups; therefore, the present
data do not support the presence of a definitive pre-existing inflammatory state that is
attributable to PD. General anesthesia itself is known to modulate immune signaling, in-
cluding cytokine release, even during the early induction phase. Consequently, the ob-
served PRE cytokine profiles likely reflect a combination of disease-related susceptibility
and peri-anesthetic immune modulation. Moreover, the absence of significant between-
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group differences in perioperative IL-6 changes precludes clinical inference regarding dis-
ease-specific vulnerability to perioperative neurological complications. Larger, outcome-
linked studies incorporating true pre-anesthetic baseline measurements will be required
to determine whether PD confers a distinct perioperative IL-6 response.

IL-8 is a chemokine, which is produced by macrophages in response to proinflam-
matory mediators [20]. In the present study, IL-8 exhibited a distinct pattern compared
with other cytokines. PRE IL-8 concentrations showed a trend toward higher values in
patients with PD compared with the HCs, and POST levels remained numerically ele-
vated; however, perioperative changes did not differ significantly between groups. These
findings suggest that IL-8 may reflect a chronic low-grade immune activation associated
with PD rather than an acute response to surgical stress. Nevertheless, these findings
should be interpreted cautiously given the modest sample size and marked inter-individ-
ual variability, and no definitive conclusions regarding PD-specific perioperative IL-8 dy-
namics can be drawn. Previous studies have demonstrated increased IL-8 secretion from
peripheral immune cells in prodromal PD [6], and serum elevations have been associated
with disease severity [11], although meta-analyses have yielded inconsistent findings,
with some studies reporting elevated IL-8 in PD and others showing no significant differ-
ences [10,21]. Our data supports the hypothesis that IL-8 may be more relevant as a marker
of sustained neuroimmune dysregulation than as a perioperative biomarker of acute
stress responses. Further longitudinal studies are warranted to determine whether IL-8
contributes more to chronic neuroinflammation than to acute perioperative immune acti-
vation.

Although PD has been associated with chronic low-grade inflammation [4,7,17], the
present data do not demonstrate a disease-specific amplification of acute perioperative
inflammatory responses. In particular, perioperative changes in IL-6 and IL-8 were not
significantly different between patients with PD and HCs. These findings indicate that a
chronic inflammatory state in PD does not necessarily result in an exaggerated systemic
immune response to surgical stress.

VEGF demonstrated a modest postoperative decrease in patients with PD, whereas
no significant change was observed in HCs. However, neither absolute nor relative peri-
operative VEGF changes differed significantly between groups. Although experimental
studies have shown that exogenous VEGF exerts neuroprotective effects in PD models by
promoting angiogenesis and dopaminergic neuron survival [22-25], the present findings
do not provide evidence of a PD-specific perioperative VEGF response. The absence of a
perioperative increase in VEGF among patients with PD should therefore be interpreted
cautiously and may reflect nonspecific effects of surgical or anesthetic stress rather than
impaired neurovascular resilience that is unique to the disease. In addition, discrepancies
with prior reports of increased cerebrospinal fluid VEGF in PD [23] may be attributable to
fundamental differences between serum and cerebrospinal fluid measurements, as circu-
lating VEGF levels may not accurately represent central nervous system-specific signal-
ing. Consequently, the clinical and mechanistic implications of perioperative VEGF dy-
namics remain uncertain and warrant further investigation in larger studies incorporating
cerebrospinal fluid biomarkers and clinical outcome measures.

5100B and PARK? increased significantly in HCs but not in patients with PD. Rather
than indicating reduced perioperative vulnerability in PD, this pattern may reflect differ-
ences in baseline regulation or dynamic responsiveness of glial and oxidative stress-re-
lated pathways [12,26,27]. In HCs, postoperative increases in S100B and PARK? may rep-
resent an intact, inducible response to surgical stress, whereas in PD patients, these path-
ways may already be chronically altered, resulting in attenuated or non-detectable peri-
operative changes. These findings challenge the assumption that patients with Parkin-
son’s disease uniformly exhibit exaggerated perioperative neuroinflammatory responses.
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MCP-1 and HMGB1 showed no significant perioperative changes. Prior studies have as-
sociated MCP-1 with PD progression [28,29] and HMGB1 with postoperative cognitive
dysfunction and cognitive decline in PD [30,31]. The absence of perioperative alterations
in our study may be attributable to methodological factors, including small sample size,
limited sampling time points, and the use of serum rather than CSF.

These negative results are clinically informative, as they challenge the assumption
that patients with Parkinson’s disease uniformly exhibit exaggerated perioperative neu-
roinflammatory responses. The lack of differential perioperative responses in these bi-
omarkers suggests that perioperative immune activation in Parkinson’s disease may be
selective rather than global. While certain cytokines such as IL-6, IL-8, and VEGF demon-
strated distinct patterns, others remained comparable to healthy controls, underscoring
the heterogeneity of immune dysregulation in Parkinson’s disease.

This study has several limitations. First, the modest sample size may have limited the
statistical power, and cytokine levels were only measured at two perioperative time
points, potentially missing transient or delayed responses. Consequently, the absence of
statistically significant A differences for key cytokines such as IL-6 and VEGF precludes
definitive conclusions regarding PD-specific perioperative inflammatory responses. Sec-
ond, cytokine measurements were restricted to serum samples. PD is fundamentally a
central nervous system disorder, and peripheral cytokine levels may not accurately reflect
neuroinflammatory processes occurring within the brain. Although peripheral inflamma-
tory markers may provide indirect insight into systemic immune activation and periph-
eral-central immune crosstalk, they cannot be considered definitive surrogates of central
neuroinflammation [7,15,23]. Third, perioperative neurological and cognitive outcomes
and correlations between cytokine levels and clinical disease characteristics were not as-
sessed; therefore, the clinical significance of the observed perioperative cytokine patterns
cannot be directly determined. Lastly, the statistical approach used in the present study
warrants cautious interpretation. Multiple cytokines were examined without adjustment
for multiple comparisons, increasing the possibility of type I error. In addition, substantial
non-normal distributions may also increase the risk of type Il error, particularly in a mod-
estly sized cohort. Despite these limitations, this study has important strengths. To our
knowledge, it is the first investigation to directly compare perioperative cytokine re-
sponses between patients with PD and HCs undergoing surgery under general anesthesia.
As an exploratory pilot study, the present study intended to provide preliminary effect
size estimates to inform the power calculations of future, larger-scale prospective trials. It
demonstrates feasibility and provides an initial characterization of perioperative immune
dynamics in this population. Importantly, the presence of both positive and negative find-
ings suggests that perioperative immune alterations in PD may be selective rather than
global. These results provide a need for larger, longitudinal studies incorporating cere-
brospinal fluid biomarkers and standardized clinical outcome assessments to clarify the
perioperative neuroinflammatory response in PD.

5. Conclusions

In conclusion, this prospective pilot study provides the first direct comparison of
perioperative cytokine responses between patients with PD and HCs undergoing ortho-
pedic surgery under general anesthesia. Despite evidence of chronic low-grade inflamma-
tion in Parkinson’s disease, perioperative changes in key cytokines, including IL-6 and IL-
8, were not significantly different between groups, and no disease-specific amplification
of acute inflammatory responses was observed. These findings suggest that perioperative
immune activation in Parkinson’s disease may be selective rather than global. Larger stud-
ies incorporating central biomarkers and clinical outcome measures are needed to clarify
the clinical relevance of perioperative inflammatory responses in this population.
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Abbreviations

The following abbreviations are used in this manuscript:

PD Parkinson’s disease

IL Interleukin

TNF-a  Tumor necrosis factor-a

IFN-y  Interferon-y

MCP-1 Monocyte chemoattractant protein-1
VEGF  Vascular endothelial growth factor
HMGB1 High-mobility group box 1

S100B  S100 calcium-binding protein B
PARK? Parkinson disease protein 7

HC Healthy control

PRE Immediately after anesthesia induction
POST 24 h after surgery
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