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Abstract: Glial fibrillary acidic protein (GFAP) is a marker associated with astrocyte activation and plays a role in 
various pathologic processes, including traumatic brain injury, stroke, and neurodegenerative diseases. Interacting 
boson approximation (Iba-1) is a marker protein for microglia, which are important in neuroinflammatory responses. 
This meta-analysis aimed to investigate the impact of general anesthetics on the expression of GFAP and Iba-1 in 
animal models. A meta-analysis was conducted using databases such as PubMed, EMBASE, Springer, and Web of 
Science. The quality of the selected publications was estimated using the SYRCLE guidelines to ensure credibility 
and consistency of the research. Continuous variables were measured using mean difference or standardized mean 
difference (SMD), with a 95% confidence interval (CI) calculated. Ten randomized controlled animal experiments 
were included in this analysis, utilizing different general anesthetics such as sevoflurane and propofol compared to 
untreated control groups. The results consistently demonstrated a significant increase in GFAP (SMD = 0.41, 95% 
CI: 0.09, 0.72, P = 0.01) and Iba-1 (SMD = 0.43, 95% CI: 0.04, 0.83, P = 0.03) expression in the general anesthetic-
treated groups, suggesting a neuroinflammatory response induced by these agents. Assessment of publication bias 
revealed no significant bias in the included studies. This meta-analysis highlights the impact of general anesthet-
ics on GFAP expression in animal models, emphasizing the importance of understanding the neuroinflammatory 
response associated with anesthesia administration. Further research is warranted to elucidate the underlying 
molecular pathways and explore possible therapeutic interventions to mitigate adverse effects associated with 
anesthesia administration.
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Introduction

General anesthetics are used to induce uncon-
sciousness and loss of sensation for surgical 
procedures [1]. They can have various effects 
on the central nervous system (CNS), including 
altering neuronal excitability, influencing synap-
tic transmission, and affecting glial cell func-
tion [2]. Studies have suggested that general 
anesthetics can modulate glial fibrillary acidic 
protein (GFAP)/interacting boson approxima-
tion (Iba-1) expression in microglia [3]. Recent 
research has shown that exposure of astro-
cytes to anesthetics such as isoflurane, sevo-
flurane, and propofol can lead to changes in 
GFAP expression levels [4, 5]. These alterations 
in GFAP expression may be linked to changes  
in astrocyte morphology, function, and signal-

ing pathways [6]. Another study found that 
sevoflurane, a commonly used volatile anes-
thetic, increased the expression of GFAP in 
astrocytes isolated from rat cerebral cortex [7]. 
This increase in GFAP/Iba-1 expression was 
associated with changes in the glial cell cyto-
skeleton and altered cell morphology, suggest-
ing that anesthetics can affect glial cell struc-
ture and function [8]. However, some research 
indicated that exposure to volatile anesthetics 
did not change the expression of GFAP in pri-
mary cultured rat astrocytes [9]. Therefore, the 
effects of general anesthetics on GFAP expres-
sion remain uncertain.

GFAP is an intermediate filament protein that is 
specifically expressed in the non-neuronal cells 
of the CNS, including astrocytes, ependymal 
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cells, and oligodendrocytes [10]. It is a major 
component of the glial intermediate filament 
network and plays an essential role in main-
taining the structural integrity and mechanical 
strength of the glial cell cytoskeleton [11]. Iba-1 
is a marker protein of microglia, which are 
important for the neuroinflammatory response 
[12]. Upon activation, microglia release cyto-
kines and other substances that can cause 
neuroinflammation [13]. Therefore, GFAP and 
Iba-1 play crucial roles in macroglial and microg-
lial cells, respectively.

To investigate the role of general anesthetics in 
the expression of GFAP/Iba-1, this study con-
ducted a meta-analysis of experimental publi-
cations in English. The findings of this study 
may provide a theoretical foundation for re- 
solving the contradictory results regarding the 
effects of general anesthetics on GFAP/Iba-1 
expression.

Methods

This study followed the PRISMA (Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses) and conformed to SYRCLE 
(Systematic Review Center for Laboratory ani-
mal Experimentation) guidelines. The meta-
analysis was registered at INPLASY (Inter- 
national Platform of Registered Systematic 
Review and Meta-analysis Protocols, 2024- 
40002).

Selection criteria

The inclusion criteria were defined in accord 
with the PICO tenets. Publication design: 
Experimental studies published in English. 
Participants (P): All animals. Intervention (I): 
The experimental group was administrated with 
general anesthetic drugs. Comparison (C): The 
control group served as a negative control  
without any intervention. Outcome (O): The 
main outcome indicators in the tissues were 
the expression levels of GFAP and Iba-1. 
Immunohistochemistry, western blot, and 
RT-qPCR were used to determine the expres-
sion of GFAP and Iba-1.

We excluded articles that met the following cri-
teria: 1) lack of outcome indicators (as men-
tioned above); 2) duplicate articles; 3) case 
report, conference literature, review articles; 4) 
absence of a control group; and 5) lack of 
exploitable information.

Retrieval strategy

The search was conducted on PubMed, 
EMBASE, Springer, and Web of Science (publi-
cations until Feb 29th, 2024). The key words 
used included: general anesthetics, anesthe-
sia, sevoflurane, propofol, isoflurane, Xeon, 
N2O, etomidate, dexmedetomidine, fentanyl, 
desflurane, barbiturates, GFAP and Iba-1.

Publication screening and data extraction

Two researchers rigorously screened the li- 
terature based on the predetermined inclusion 
and exclusion criteria, using EndNote X9 for  
literature management. Disagreements were 
resolved through discussion or consultation 
with a third investigator. After initially reading 
the titles and excluding obviously irrelevant lit-
erature, abstracts and full texts were further 
examined to determine inclusion. The extracted 
data included the first author, animals, groups, 
detection methods, baseline information for all 
groups, and outcome indicators (GFAP and 
Iba-1 expression levels).

Quality assessment

A quality assessment was conducted to exclude 
studies with low quality or potential bias to min-
imize their impact on the overall results and 
conclusions. The SYRCLE was used to evaluate 
the quality of 10 articles identified in this meta-
analysis. SYRCLE is a set of guidelines and 
tools specifically designed for meta-analyses in 
animal research. Its bias analysis tool helps 
assess potential biases, as well as the credibil-
ity and consistency of research. This assess-
ment aimed to ensure methodological quality 
and reduce bias across the included studies.

Data analysis

Review Manager 5.4 software was used for 
meta-analysis of the included literature.

We measured continuous variables using mean 
difference or Standardized Mean Difference 
(SMD) as the effect size and calculated 95% 
Confidence Intervals (CI) for these measure-
ments. During our comprehensive analysis of 
the literature, we performed a heterogeneity 
test to assess the variability between studies. 
Based on our findings, a fixed-effects model 
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was chosen to manage possible variability 
among the studies to ensure the reliability of 
our analysis. To further validate the results, we 
conducted sensitivity analyses by systemati-
cally excluding individual studies. Consistent 
results before and after removing studies would 
indicate the robustness of our findings, while 
inconsistent results would suggest instability 
that should be interpreted with caution. To 
investigate publication bias, we created a fun-
nel plot and employed Egger’s test in Stata 
12.0 software. 

Results

Study retrieval results

A total of 513 related articles were obtained 
from the databases. After removing duplicates, 
147 publications remained. Upon reading the 
titles and abstracts, 22 publications on the 
effects of general anesthetics on the expres-
sion of GFAP/Iba-1 in animal models were 

Quality assessment

The methodological quality of the 10 included 
articles was assessed, with the risk of bias 
assessment results exhibited in Figure 2. The 
majority of publications demonstrated high 
methodological quality.

Meta-analysis of general anesthetics and GFAP

All the 10 included studies described the effect 
of general anesthetics on GFAP expression. 
GFAP expression was enhanced in the general 
anesthetic administered groups compared to 
that of the control groups (SMD = 0.41, 95% CI: 
0.09, 0.72, P = 0.01) (Figure 3). Furthermore, 2 
articles used western blot to evaluate the effect 
of general anesthetics on the protein expres-
sion of GFAP. Their results showed that the pro-
tein expression of GFAP in the general anes-
thetic groups was significantly enhanced com-
pared to that of the controls (SMD = 0.68, 95% 
CI: 0.10, 1.25, P = 0.02) (Figure 4).

Figure 1. Flow chart of screening 
and including publications.

obtained. After reading the full 
text, 12 articles were exclud-
ed, leaving 10 articles that 
met inclusion and exclusion 
criteria, as shown in Figure 1.

Basic characteristics of the in-
cluded studies

A total of 10 randomized con-
trolled animal experiments 
were included. The effects of 
general anesthetics on the 
expression of GFAP/Iba-1 we- 
re assessed. The animals in 
the experimental groups we- 
re administered with various 
general anesthetics. The con-
trol groups were blank control 
animals without any treat-
ment. The experimental ani-
mals included SD rats (7 stud-
ies), Wistar rats (2 studies), 
and SD neonatal pups (1 
study). Eight studies included 
male animals, 2 studies in- 
cluded both male and female 
animals. The 10 papers did 
not demonstrate adverse ani-
mal reactions. The basic char-
acteristics of included studies 
are exhibited in Table 1.
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Table 1. Characteristics of the included studies
Reference Animals Groups Method Indicators
Sun et al. [25] Adult male SD rats Control group (n = 18)

Model group (n = 18)
Propofol + Dex group (n = 18)

Immunohistochemistry GFAP/Iba-1

Feng et al. [26] Adult male SD rats Control group
Propofol group
Lidocaine + Etomidate group

Immunohistochemistry/
Western Blot

GFAP

Morax et al. [27] Adult male Wistar rats Sham-propofol (n = 11)
Sham-sevoflurane (n = 11)
SAH-propofol (n = 16)
SAH-sevoflurane (n = 13)

Immunohistochemistry GFAP

Jiang et al. [28] Adult male Fischer 344 rats Control group (n = 15)
Propofol group (n = 15)
Model group (n = 18)

Immunohistochemistry GFAP/Iba-1

Yang et al. [29] Adult male SD rats Control group (n = 13) 
Propofol 50, 75, 100, 150 mg/kg (n = 13 for each)

Immunohistochemistry GFAP

Wang et al. [30] Adult male SD rats Saline treatment model group 
Propofol treatment model group 
Saline treatment sham-operation group
Propofol treatment sham-operation group

Immunohistochemistry GFAP

Zhu et al. [31] Adult SD rats Control (Con), 2% Sev, 5% Sev Immunohistochemistry GFAP

Liao et al. [32] Adult male SD rats Control, Sev, DM, DM + Sev, DM + Sev + Cel Immunohistochemistry GFAP/Iba-1

Li et al. [11] Adult male Wistar rats Control (Con), 2% Sev, 3.5% Sev Western Blot GFAP

Tian et al. [33] Adult male SD rats NS + O2, NS + sev, Aβ + O2, and Aβ + sev Immunohistochemistry/
Western Blot

GFAP/Iba-1

SD: Sprague-Dawley; PND: perioperative neurocognitive disorders; HCN: hyperpolarization-activated cyclic nucleotide-gated; DM: diabetes mellitus; Sev: sevoflurane; NS: 
normal saline; Aβ: amyloid-β.

Figure 2. Risk of bias diagram.

Meta-analysis of general anesthetics and Iba-1

Four included studies described the effect  
of general anesthetics on Iba-1 expression. 
Results indicated a significant increase in Iba-1 
in the groups administered general anesthetics 
compared to the controls (SMD = 0.43, 95% CI: 
0.04, 0.83, P = 0.03) (Figure 5).

Publication bias

The funnel plot analysis showed a uniform scat-
ter of results, suggesting no publication bias. 

Egger’s test implied no indication of publication 
bias about GFAP expression (t = -1.85, P = 
0.316), GFAP protein expression (t = -1.46, P = 
0.513), or Iba-1 expression (t = -2.25, P = 
0.058) (Figure 6).

Sensitivity analysis 

The sensitivity analysis was carried out for 
GFAP. The data of all the 10 publications were 
scattered consistently from the center line and 
no marked deviation was found. Consequently, 
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there appears to be no individual publication 
influencing the combined results. Furthermore, 
sensitivity analysis was also performed for  
Iba-1. The data from 4 publications consistent-
ly scattered around the center line, indicating 
no significant deviation. Similarly, it was shown 
that no single publication has a significant  
influence on the combined results.

Discussion

This meta-analysis provides valuable insight 
into the proposed neuroinflammatory effects of 
general anesthetics on the brain. The findings, 
which are based on 10 relevant studies pub-
lished between 2018 and 2023, suggest that 
these anesthetics may trigger a neuroinflam-

matory response within the brain. This response 
is characterized by an amplified expression of 
two key biomarkers, GFAP and Iba-1, in the 
brain cells of animals treated with general 
anesthetics. GFAP and Iba-1 are markers of 
glial cell activation, with GFAP being predomi-
nantly expressed in astrocytes and Iba-1 in 
microglia. Astrocytes and microglia are the  
primary immune cells of the CNS and play a  
crucial role in maintaining CNS homeostasis 
[14, 15]. Under normal conditions, these cells 
respond to tissue damage or infection by acti-
vating and producing pro-inflammatory cyto-
kines and chemokines to initiate repair and 
defense mechanisms [16, 17]. However, chron-
ic or excessive activation of these cells can 
lead to neuroinflammation, which is a key pro-

Figure 3. Forest plot reveals the effect of general anesthetics on GFAP expression in experimental and control 
groups.

Figure 4. Forest plot demonstrates the effect of general anesthetics on the protein expression of GFAP in experi-
mental and control groups.

Figure 5. Forest plot demonstrates the effect of general anesthetics on Iba-1 expression in experimental and control 
groups.
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cess in the pathophysiology of neurodegenera-
tive diseases such as Alzheimer’s disease, 
Parkinson’s disease, and multiple sclerosis 
[18].

The expression of GFAP and Iba-1 was observed 
to be augmented in the groups treated with 
general anesthetics, indicating that these 
drugs may trigger a neuroinflammatory res- 
ponse in the brain. This finding is significant as 
it suggests that general anesthetics not only 
induce unconsciousness and immobility, but 
also have the potential to impact the brain’s 
immune response and cellular integrity. The 
mechanisms by which general anesthetics may 
cause neuroinflammation and neuronal dam-
age are complex. One possibility is a direct toxic 
effect of the anesthetics on neurons and glial 
cells. Anesthetics have been found to disrupt 
neurotransmitter balance, alter membrane in- 
tegrity, and interfere with mitochondrial func-
tion, all of which can result in cellular damage 
[19]. The upregulation of GFAP and Iba-1 
observed in the studies can be interpreted in 
two main ways. First, it may represent a cellular 
stress response to the insult caused by the 
anesthetics. Glial cells, especially astrocytes 
and microglia, become activated in response  
to injury or insult, leading to an increase in 

GFAP and Iba-1 expression as part of a protec-
tive or repair mechanism. This upregulation 
may help to protect the CNS from further dam-
age and promote tissue recovery [20].

The neuroinflammatory effects of general anes-
thetics may also be attributed to the immune 
response and oxidative stress induced by anes-
thesia. It has been shown that anesthetics dis-
rupt the balance of neurotransmitters, alter 
membrane integrity, and interfere with mito-
chondrial function, which can lead to cellular 
damage [21]. Additionally, anesthetics can 
induce immune response within the CNS, 
resulting in the release of pro-inflammatory 
cytokines and chemokines, which can exacer-
bate inflammation [22]. The increased expres-
sion of GFAP and Iba-1 may reflect the brain’s 
attempt to repair itself. After anesthetic-
induced neuroinflammation, the CNS may 
mount a response aimed at restoring normalcy 
[23]. This could involve the recruitment of glial 
cells and immune cells to the site of injury to 
remove debris and promote the formation of 
new neural connections [24]. It is also possible 
that the upregulation of these biomarkers is an 
adaptive response to the chronic neuroinflam-
matory environment that persists following 
anesthesia. This could have long-term implica-

Figure 6. Funnel plots. A. GFAP expression; B. 
GFAP protein expression; C. Iba-1 expression.
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tions for brain health. Therefore, understanding 
the mechanisms by which general anesthetics 
affect GFAP and Iba-1 expression, and how they 
contribute to neuroinflammation, is crucial  
for improving patient outcomes. This is particu-
larly important for individuals at risk for or 
already affected by neurodegenerative diseas-
es. Further research is needed to elucidate 
these mechanisms and develop strategies to 
mitigate potential harms of general anesthesia 
on brain health. 

The meta-analysis of this study does have 
some limitations. First, the number of publica-
tions included in this meta-analysis was rela-
tively small. This limited number of included 
studies is a common limitation in meta-analy-
ses. It can impact the overall reliability and gen-
eralizability of the findings and increase the risk 
of chance findings. Therefore, these results 
should be interpreted with caution. Additionally, 
the limited number of studies also limits the 
ability to draw strong conclusions from the find-
ings. Overall, while this meta-analysis provides 
valuable insight into the relationship between 
general anesthesia, biomarkers, and neuroin-
flammation, further research is needed to vali-
date and expand upon these findings.

In conclusion, the findings of this meta-analysis 
underscore the ability of general anesthetics  
to induce neuroinflammatory response in the 
brain, with implications for neuronal damage 
and long-term outcomes. Further research is 
needed to clarify the mechanisms by which 
anesthetics affect the CNS and to develop 
strategies to mitigate these adverse effects. 
Ensuring patient safety and optimizing out-
comes in the context of anesthesia requires a 
deep appreciation of the complex interplay 
between anesthetics, the brain, and the 
immune system.
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