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Abstract 
Recent advances in medicine have made it possible to successfully treat numerous disorders through 

surgical procedures, which frequently need the use of general anaesthetic. There is a rising interest in 

the CNS (central nervous system) issues related to anaesthetics, and concerns about the safety of 

general anaesthetic are on the rise as their usage becomes more commonplace. Recent years have seen 

a wealth of research pointing to the involvement of blood-brain-barrier (BBB) dysfunction and 

neurological inflammation in the emergence of CNS problems in the wake of anaesthesia. More 

research is needed to determine whether or not general anaesthesia causes BBB failure and 

neuroinflammation, and whether or not this interaction might be an option for treatment for CNS 

problems. 
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Introduction 

The development of anaesthetic methods and medications has been crucial to the steady 

improvement and fine-tuning of surgical practices over the past few decades. We feel the 

advancement of anaesthesia is one of medicine's greatest triumphs since it allows for long 

and difficult surgical procedures to be performed safely and reliably under general 

anaesthetic. By attaching to specific chemical receptors in the brain's nervous system (CNS), 

anaesthetics create a regulated, reversible loss of consciousness, creating the ideal 

environment for surgical procedures [1]. However, a rising body of research in recent years 

has called into question the safety of anaesthetics' widespread usage in clinical use. 

Numerous clinical and animal studies have suggested that certain anaesthetics may cause 

irreversible alterations in the structure and function of the central nervous system [2, 3, 4, 5]. 

The possible neurotoxicity of anaesthetic medications is becoming an increasing concern [6]. 

Recent years have seen an uptick in research on the correlation between neurocognitive 

impairment and neuroinflammation following general anaesthesia [7, 8, 9]. 

Inflammation is the body's normal protective response to harmful stimuli, but it may backfire 

if it's magnified above typical levels or gets out of hand. The brain, which is the organ of 

focus during general anaesthesia, may be more vulnerable to the systemic inflammatory 

response. As a natural immune defence system, neuroinflammation is crucial to keeping the 

brain's structure and functions normal, but it also plays a significant role in the development 

of neurodegenerative lesions and the death of neurons [10]. Inflammation in the brain and 

spinal cord has been identified as a hallmark of virtually every neurological illness [11, 12]. 

Inflammatory cytokines like interleukin-1 (IL-1) and cancer necrosis factor- (TNF-) have 

low basal expression levels in the CNS and are upregulated to varying degrees in response to 

infection, surgical excitement, or a stressful state [13]. 

A continuous layer of endothelial cells (ECs) linked by tight junctions, pericytes, the 

astrocytes microglia, and the surrounding basement membrane form a selective physical 

barrier called the blood-brain barrier (BBB) (Figure 1) that divides blood flow from the 

parenchyma of the brain and regulates the movement of substances between the central 

nervous system (CNS) and the periphery. Several neurological disorders, including 

Alzheimer's, Parkinson's, amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), and 

stroke, have been linked to BBB dysfunction [14]. 
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Fig 1: Schematic diagram of the blood–brain barrier 
 

In recent years, researchers' attention has been focused on 

the function of neuroinflammation in central nervous system 

(CNS) disorders related to anaesthesia. Targeted treatment 

of neuroinflammation is thought to reduce brain dysfunction 

following anaesthesia, although the mechanisms by which 

anaesthesia causes inflammation are still being studied. 

Numerous investigations [15, 16, 17, 18] have noted that 

anaesthetics used in clinical practice may compromise the 

BBB. Thus, it is clear that narcotic drug use is associated 

with neuroinflammation and BBB disruption, but the nature 

of the links between these two phenomena remains unclear. 

In this overview, we first provide a brief description of the 

BBB's function and structure, and then we investigate how 

inflammation impacts the BBB's key components. We then 

move on to talk about microglia, astrocytes, and their 

interactions, all of which have been linked to the emergence 

of neuroinflammation. Here, we review recent 

developments in our understanding of the 

neuroinflammation and BBB annihilation caused by 

frequently employed clinical anaesthetics, and we suggest 

future research directions and the possibility of improving 

CNS complications related to anesthetic-drug use through 

aimed suppression of neuroinflammation connected to BBB 

disorders. 

 

The Blood–Brain-Barrier (BBB) 

The Generation of BBB 

An important part of the creation and maintenance of the 

CNS is played by the relationships among neuroectodermal 

endodermal cell precursors and their linked signal systems 
[19]. Embryonically formed blood vessels have endothelial 

tight junctions (TJs), nutrient carriers, a large number of 

transcellular vesicles, and high levels of leukocyte adhesion 

molecules; however, TJs grow more robust and intricate, 

transporters for efflux increase, and leukocyte attachment 

factors decrease only when close interaction has been 

established with cells and pericytes, which achieving both 

structural and functional maturation of the BBB [20, 21], Since 

the extracellular matrix is a dynamic component of the BBB 

that controls the structure and operation of the BBB by 

affecting cell-cell and cell-matrix interactions [13, 23], it 

increases endothelial-pericyte interactions and further 

increases pericyte binding on ECs, which are 

esophagolysosomal cells that secrete vesicles that transport 

vesicles across the BBB. BBB function and integrity rely on 

the combined efforts of endothelial cells (ECs), pericytes 

(PCs), astrocytes (astrocytes), and the basement membrane 

(BM) that separates them all [26]. 

 

2.2 Endothelial Cells 

The ECs are mesodermally derived altered squamous 

epithelial cells that assist create the vascular wall by 

adhering to the basement membrane [27]. Polarity in BBB 

ECs affects the directional transport of ions, chemicals, and 

immune cells form the bloodstream to the CNS [28], 

illustrating how the form and purpose of ECs on the BBB 

vary from those found in other tissues (Fig. 2). Also, 

compared to ECs from peripheral organs, BBB ECs have 

more mitochondria [29]. Paracellular transport is inhibited by 

the BBB's unique barrier property - the existence of TJs 

between ECs-while transcellular transport is hindered by the 

removal of fenestrations and lower transcytosis [30, 31]. 

Furthermore, BBB ECs have specialised transporters on the 

inside (such as the transporter for glucose protein 1) and the 

outside (such as P-gp (P-glycoprotein)) [14]. Several key 

adhesion molecules, including PECAM-1, triggered 

leukocyte cell adhesion molecule, ICAM-1, ICAM-2, 

CD99, and CD99-L2, were expressed and were involved in 

the migration of leukocytes on BBB ECs [32], while 

significant reduction of leukocyte adhesion molecule 

production in BBB ECs restricted the entry of immune cells 

into the CNS [33]. 

 

 
 

Fig 2: Structure and function of the main components of BBB 
 

Moreover, vascular vascular calcium adhesin resides 

between ECs (Fig 2), where it regulates the shape, polarity, 

and the interior formation of ECs, plays a role in the upkeep 

of vascular integrity and permeability via intracellular 

indicate pathways and transcription variables, and protects 

ECs from apoptosis [34, 35]. 

https://www.anesthesiologyjournal.in/


International Journal of Anesthesiology Research https://www.anesthesiologyjournal.in/ 

~ 15 ~ 

2.3. Tight Junctions (TJs) 

The BBB's distinctive barrier attribute is the presence of TJs 

between ECs [36]. TJs generate an asymmetry between the 

apical and basolateral membranes of ECs, which helps 

regulate paracellular permeability across the BBB [37]. 

Claudins, occludins, and junctional adhesive molecules 

(JAMs) are only a few examples of the many 

transmembrane proteins that make up TJs (Figure 2) [38]. 

Claudin-1, -3, -5, -11, and -12 are highly expressed in the 

central nervous system (CNS), while claudin-3, -5, and -12 

are also found in brain ECs, where they contribute to the 

upkeep of BBB function [39]. The extracellular loop of 

occludins interacts with the band of ZO protein to create 

tight TJs, while the intracellular loop connects with the band 

of occludins [26]. The major JAMs expressed on TJs in the 

human BBB are JAM-A and JAM-C [40, 41], both of which 

are members of the CD2 group of the Ig superfamily. 

Leukocyte movement across the BBB may include BBB 

JAMs due to their ability to interact with integrin molecules 

found on the surface of different leukocytes, including T 

cells [42]. ZO protein, a multi-domain scaffold protein, links 

TJ proteins to the cytoskeleton [43]. Three PSD-

95/discharge/Zonula occludens-1 (PDZ) domains, a src-

homology-3 domain, and a guanylate kinase homology 

region are found at the N termini of ZO proteins [44]. PDZ-1 

mediates the contact between ZO-1 and the C-terminus of 

claudins, while PDZ-2 and PDZ-3 mediate the interaction 

between ZO-1 and occludin and JAMs [45, 46]. 

 

2.4. A Brief History of the Pericytes 

Capillary stability, diameter, brain blood flow, and extrinsic 

membrane protein release are all regulated by Pericytes, 

which are mesoderm-derived and line the central nervous 

system [13, 47]. TGF- is important in the regulation of the 

maintenance of BBB characteristics, and both the BBB ECs 

and their accompanying pericytes make TGF- and have 

functional TGF- receptors [48, 49]. Although the TGF- signal 

increases the synthesis of laminin and other extracellular 

matrix molecules in pericytes, it induces calbindin-2 (also 

known as N-calbindin) in BBB ECs to facilitate pericyte 

adherence (Figure 2) [50]. Detachment of the pericytes with 

the CNS vasculature, as well as an increase in BBB 

permeability and haemorrhage, might result from a faulty 

TGF- signal. Previous research suggested that the intimate 

relationship between BBB ECs and pericytes has a role in 

homeostasis maintenance and the control of trans-

endothelial migration of leukocytes. 

 

2.5. Astrocytes 

Originating from radial glial cells, astrocytes are a 

prominent cell type in the central nervous system (CNS) that 

regulates BBB permeability by creating tight connections 

with the surface of CNS arteries via transmembrane 

anchoring proteins such -myotonic dystrophy protein and 

the aquaporin 4. Figure 2: Astrocytes are involved in the 

development and maintenance of the BBB barrier and 

immunological function via autocrine signals. Secreted 

glycoprotein Shh participates in CNS-related morphogenesis 

in response to smoothing molecule-induced signals [22] by 

binding to the Patched-1 receptor on the surface of BBB 

ECs. claudin-5 expression is controlled by the secretion of 

Sox-18 in the BBB. A. c. The netrin-1 signal is produced to 

suppress CAM expression and control TJ molecule 

expression. d. The released Ang-1 stimulates angiogenesis, 

upregulates TJ molecules, and keeps the BBB stable by 

binding to the receptor tyrosine kinase Tie-2 on the surface 

of ECs. The secretion of lipoprotein particles containing 

apolipoprotein E (ApoE) contributes to the preservation of 

the BBB. 

 

BBB and Inflammation 

The BBB keeps a close eye on the surroundings and 

controls what can and can't enter the central nervous system 

(CNS), including inflammatory agents, cells, and other 

substances. BBB homeostasis is maintained by the epithelial 

and non-cellular elements performing their individual roles 

in conjunction with one another. Breakdown of the BBB can 

result from inflammation's effect on any of these factors. 

Increasing the openness of ECs and altering the ZO-1 cell-

cell boundary are two primary ways in which BBB structure 

can be compromised by the production of pro-inflammatory 

cytokines or heightened pro-inflammatory responses. 

Recent investigations have shown that peripheral 

inflammatory factors can trigger the onset of 

neuroinflammation by entering the CNS following BBB 

breakdown. Since neuroinflammation is strongly linked to 

BBB instability, we will now examine the potential roles 

performed by the BBB's various components in the 

initiation and progression of neuroinflammation. 

 

3.1 Neuroinflammation Often Occurs Due to Endothelial 

Cell Damage  

Certain receptors and transporter on the surface of ECs 

allow for the direct transit of pro-inflammatory cytokines 

over the BBB and into the periventricular region of the 

BBB. Gram-negative bacteria's lipopolysaccharide (LPS) is 

employed as a model for systemic inflammation because of 

its immunogenic properties. Cell damage to the membrane, 

endoplasmic reticulum stress, and damage to mitochondria 

in BBB ECs, followed by apoptosis, were found to result 

from LPS's direct toxic effects. P-gp activity was found to 

be repressed, and matrix metalloproteinases were secreted in 

response to LPS. However, the inflammatory cytokine IL-1 

may compromise the BBB by preventing ECs from properly 

adhering to their extracellular matrix and forming tight 

junctions. Activation and malfunction of BBB ECs in 

reaction to stimuli that are inflammatory are presently 

thought to be first steps in the onset of neuroinflammation, 

and we showed that inflamed can have especially severe 

impacts on ECs via various pathways. Since BBB failure is 

linked to neuroinflammation, EC disruption may be a 

crucial component in this chain. 
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Fig 3: Schematic representation of BBB destruction due to inflammatory factors 

 

3.2 Inflammation Disrupts the Components of TJs 

Inflammatory factors including as IL-1, IL-6, IL-9, IL-17, 

IFN-, TNF-, and CCL2 have been linked to TJ degradation 

(Figure 3). Inflammation has been shown to cause claudin-5 

degradation, reduction of claudin-5 expression, and uneven 

distribution across the plasma membrane of ECs, all of 

which further disrupt the BBB. In LPS-induced systemic 

inflammation, the occludin is degraded together with 

claudin-5, and a more recent research demonstrates that 

peripheral inflammatory cytokines decrease ZO-1 

expression. According to the results of these investigations, 

an inflammatory condition has a significant impact on the 

BBB TJs and disrupts the BBB, resulting in dysfunction. 

3.3 Increased Inflammation Due to Pericytes 

In cocaine-mediated neuroinflammation, pericytes have 

been identified as a major source. Inflammatory mediators 

produced by pericytes have a function in maintaining the 

state of local inflammation. These mediators can increase 

the inflammatory response and control the movement of 

immune cells into the central nervous system. There is 

mounting evidence that pericytes contribute to BBB 

breakdown by increasing inflammatory responses (Figure 

3). Therefore, we know that pericytes can further enhance 

neuroinflammation and lead to BBB breakdown when they 

detect inflammatory stimuli. In conclusion, inflammation 

may destroy the BBB by directly acting on its many 

https://www.anesthesiologyjournal.in/


International Journal of Anesthesiology Research https://www.anesthesiologyjournal.in/ 

~ 17 ~ 

components, and it may also cause more neuroinflammation 

by impacting on the BBB itself. Pericytes primarily play a 

role in amplifying inflammation, while ECs are the primary 

targets of inflammation, which disrupts EC homeostasis and 

ultimately triggers apoptosis, then disrupts the relationships 

among ECs by halting the extracellular matrix and degraded 

the TJ proteins that lead to higher permeability of BBB. We 

shall explain why astrocytes (an essential part of the BBB) 

are left out of this discussion in the "Glial Cells and 

Neuroinflammation" section. The astrocytes and microglia 

will be discussed next. 

 

4. Glia Cells and Neuroinflammation 

Prolonged glial cell activation has been linked to synaptic 

depressive disorder and cognitive problems, 

neuroinflammation, and, in the end, neurodegeneration in 

the central nervous system. This activation is mediated 

primarily by astrocytes and microglia. 

 

4.1 Astrocytes as Mediators between Peripheral 

Inflammation and Neuroinflammation 

Astrocytes are the most numerous kind of glial cell in the 

central nervous system (CNS), and they play a crucial role 

in homeostasis maintenance and associated processes 

including immunological control via autocrine and paracrine 

signals. During the immunological trigger or inflammatory 

phase, astrocytes have been demonstrated to affect BBB 

permeability and the infiltration of peripheral immune cells. 

Proliferation, activation, and end-foot structural changes in 

astrocytes as well as other relevant gene expression 

variations can all be triggered by endotoxin-induced 

peripheral inflammation and contribute to BBB breakdown. 

By increasing VEGF-A secretion by astrocytes, activating 

the eNOS signal in ECs, and lowering expression of the 

tight junction proteins occludin and claudin-5, inflammatory 

substances can gain access to the CNS and set off 

neuroinflammation (Fig 3). The widely distributed 

astrocytic proteins S100 calcium-binding protein (S100) has 

been shown to play a neurotrophic or supportive role at low 

expression, but at high expression it has been shown to 

directly damage neurons, activate microglia and astrocytes, 

and induce receptive oxygen species (ROS) in microglia. 

The aforementioned research demonstrates that 

inflammatory substances generated by peripheral tissues 

may also promote the growth of neuroinflammation via 

having detrimental effects on ECs and TJs via astrocytes, in 

addition to disrupting the BBB directly. The astrocyte 

protein S100 is probably a biomarker for the occurrence of 

neuroinflammation, and astrocytes could have a role in 

amplifying inflammation and acting as a centre of gravity 

for peripheral and neuroinflammation. 

 

4.2 M1-Type Microglia Can Facilitate the Development 

of Neuroinflammation and Can also Disrupt the BBB 

The brain's primary phagocytes, microglia, are responsible 

for eliminating infections and necrotic cells, cleaning up the 

environment, and preserving homeostasis. Toll-like receptor 

4 (TLR-4) and other inflammatory signal receptors are 

upregulated in microglia in response to inflammation, which 

activates microglia and promotes the growth of CNS 

neuroinflammation, particularly in hippocampal tissue. 

Traditionally triggered M1 microglia and selectively 

activated M2 microglia have opposite effects on the brain, 

causing cell death in the former and protecting neurons in 

the latter. 

Inflammatory cytokines, inducible nitric oxide synthase, 

nitric oxide, tumour necrosis factor alpha, reactive oxygen 

species, and interleukin (IL)-6 are only some of the pro-

inflammatory chemicals that M1 microglia may create. 

Some research indicates that microglia that have been 

activated by inflammation can damage the BBB. Massive 

discharge of inflammatory cytokines exacerbates BBB 

damage and destruction through relationships with the BBB 

(Figure 3). These interactions include disruption of TJs 

activity, a rise in paracellular permeability, advancement of 

leukocyte migration, and stimulation of adsorptive 

endocytosis. Claudin-5 and occludin levels in the brain's 

microvasculature are lowered by IL-6. Production of nitric 

oxide and the subsequent generation of peroxynitrite by 

nitric oxide synthase reduces ZO-1 expression and heightens 

BBB leakage. The alternative is that reactive oxygen species 

(ROS) cause irreversible damage to cellular lipids, proteins, 

and DNA, leading to cell death and serving as a common 

trigger process for many subsequent processes that 

specifically target and damage the BBB, such as oxidative 

damage, strict junction modifications, and matrix 

metalloproteinase activation, thus disrupting BBB 

homeostasis. 

However, M2 microglia phagocytose cellular debris and 

suppress the formation of inflammatory responses, aiding in 

the repair and lessening of BBB damage. Evidence suggests 

that M2 microglia can reduce BBB inflammation by 

producing anti-inflammatory cytokines such IL-10, IL-4, 

and IL-13. To prevent ROS from forming in ECs, IL-10 

either downregulates enzymes that produce ROS or 

upregulates antioxidant pathways [109]. Both IL-4 and IL-

13 limit the release of pro-inflammatory mediators such as 

IL-6, IL-1, TNF-, and ROS, while simultaneously 

promoting the phenotypic polarisation of M2 microglia. 

Since M1-type microglia predominate during microglial 

activation, neuroinflammation is facilitated, and BBB 

homeostasis is disrupted; conversely, M2-type microglia 

predominate during microglial activation, protecting the 

central nervous system. 

 

4.3 Crosstalk between Microglia and Astrocytes 
The interaction between astrocytes and microglia is highly 

crucial, and it is interesting to note that neither astrocytes 

nor microglia function alone in the formation of 

neuroinflammation (Figure 3). Blocking CCR2 expression 

can reduce responses to inflammation in microglia and 

reverse the detrimental effects of neuroinflammation on 

cognitive performance. Astrocytes indirectly stimulate 

microglia by triggering microglial CCR2 overexpression via 

the CCL2-CCR2 signal pathway. However, microglia play a 

crucial role in astrocyte activation. Neurotoxic astrocytes 

can be produced from activated microglia via a chain of 

complements (C5, C3, and C1q). Microglia, according to 

recent research, can stimulate astrocytes as well. 

Hippocampal astrocyte activation produced by etomidate is 

attenuated over the long run if early microglia activation is 

eliminated. Microglia triggered by endothelial cells have 

been shown to have a distinct phenotype from microglia 

stimulated by astrocytes. 

This data suggests that microglia and astrocytes 

communicate with one another, and that a "switch" mediates 

the trade-off amongst neurological inflammation and 

functional homeostasis in the brain. 
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5. Anaesthetics 

In the past, it was believed that general anaesthetic was fully 

reversible and that although anaesthesia might produce 

substantial alterations in awareness, it did not leave 

persistent effects. Growing data suggests, however, that 

general anaesthesia is more than just a "immediate 

reversible condition" that has no lasting consequences on 

the central nervous system (CNS). Understanding the causes 

of central nervous system (CNS) issues associated with 

anaesthesia would allow for more precise therapy. Multiple 

investigations have shown that anaesthetics cause 

neuroinflammation and adverse CNS consequences by 

modulating microglia activation in a time-sensitive and 

dose-dependent manner. However, more investigations 

targeting the neurotoxicity of anaesthetics are required to 

elucidate the precise mechanism of neuroinflammation 

caused by general anaesthesia. We will then detail the ways 

in which specific clinical anaesthetics contribute to 

neuroinflammation and BBB malfunction. 

 

5.1. Propofol 

By binding to GABA-A receptors, the ultrashort-acting 

intravenous anaesthetic propofol increases Cl inward flow 

and hyperpolarizes neurons, rendering patients unresponsive 

to external stimuli. While a single dose of propofol has been 

shown to interfere with microglia operate and cause 

paradoxical behavioural. Manifestations in depressed mice, 

other studies have shown that propofol acts on glial cells, 

tampering with brain homeostasis and neuroinflammation 

and being linked to decreased neurocognitive function. 

Recent research has also linked propofol's severe 

neurotoxicity to the breakdown of the BBB as a result of 

inflammation and damage to ECs. Proteomic research 

results reveal that propofol can disrupt oxygen metabolism, 

damage to DNA detection, and stress response, all of which 

have implications for blood-brain barrier function. Propofol 

also causes an increase in BBB permeability [15] due to 

changes in resistance and permeability in exposed ECs. 

Long-term repercussions in adults from propofol's alteration 

of BBB permeability in the growing brain have also been 

hypothesised. 

Although these studies have helped us gain a general 

understanding, the exact mechanisms and connections 

between propofol application and neuroinflammation and 

BBB disruption are still unclear, and further research into 

this topic is expected to help encourage perioperative brain 

function homeostasis. 

 

5.2 Inhalation Anaesthesia 

Inhaled anaesthetic medicines have been hypothesised to 

protect the brain by preventing BBB breakdown in earlier 

research. Recent research, however, has reached a different 

result. Brain homeostasis and neuronal function were 

disturbed in rats subjected to the inhaled anaesthetic 

sevoflurane because ECs had considerably flattened luminal 

surfaces, displayed age-related BBB degradation, and had 

impaired or disrupted BBB-associated tight junctions. 

Sevoflurane exposure, enhanced the BBB damage caused by 

surgical stimulation-induced reduction in occludin 

expression and rise in matrix metalloproteinase protein 

expression. In addition, high concentrations of isoflurane 

cause reversible concentration- and dependent on time 

morphological damage to the BBB ultrastructure, leading to 

an increase in BBB permeability. This occurs because the 

isoflurane causes a substantial reduction in tight junction 

protein occlusion protein expression and a rapid rise in 

membrane fluidity in various membrane systems. 

Sevoflurane inhalation anaesthesia has been linked to 

neuroinflammation in studies conducted during the past two 

years. It was discovered that sevoflurane caused 

neuroinflammation by preventing PI3K/Akt/mTOR pathway 

signal, and that neuroinflammation was suppressed and 

anaesthesia- and surgery-induced cognitive dysfunction 

were improved by infusing NAD-dependent deacetylase 

protein Sirtuin 3 into the hippocampus using a viral vector. 

Cognitive impairment following inhalation of sevoflurane is 

directly linked to neuroinflammation in the hippocampus, 

according to these results. 

Overall, we found a strong correlation between inhaled 

anaesthetics and both BBB degradation and 

neuroinflammation; however, to far, no research have 

directly linked inhaled anesthetic-mediated BBB destruction 

to neuroinflammation. Is there a connection between these 

two, or do they mutually cause and amplify each other's 

effects? We think this is an intriguing subject, and further 

research is needed to fully understand the mechanisms at 

play. 

 

5.3. Opioids 

Opioids are frequently utilised in clinical anaesthesia 

because of their analgesic effects, which they do primarily 

via acting on the central nervous system. Since microglia 

include opioid receptors, it was shown that morphine causes 

a dose-dependent reduction in the survival of BV-2 

microglia and mouse primary microglia via opioid 

receptors, leading to neuronal death. Furthermore, it was 

discovered in vitro that microglia's production of 

inflammatory cytokines was increased by LPS in the 

presence of morphine. TLR4-related myeloid differentiation 

factor-2 (MD2) is an innate immune receptor that opioids 

can bind to and alter microglia function. Adolescent rats 

treated to morphine showed a dramatic rise in microglial 

Toll-like receptor 4 (TLR4) mRNA and protein expression, 

which was strongly correlated with neuroinflammation. 

Female rats showed a higher sensitivity to morphine than 

male rats did when it came to morphine-mediated microglia 

TLR4 activation. Morphine causes inflammation and the 

release of inflammatory vesicles and NOD-like receptor 

protein 3 (NLRP3) in BV-2 microglia in vitro. Peter et al. 

also used pharmacological and genetic methods to 

determine that morphine causes the production of IL-1 and 

NLRP3 inflammatory vesicles in the spinal cord, both of 

which contribute to the development of chronic pain. 

Morphine keeps NLRP3 inflammatory vesicles activated in 

a positive feedback way by sustaining the release of 

damage-related molecular pattern. Furthermore, it has been 

established that opioids raise ROS concentrations, limit 

astrocyte formation, and result in cellular hypertrophy. It 

has been established that opiates like morphine can change 

tight junction expression of proteins, which in turn can 

cause BBB disruption. Opioid usage during clinical 

anaesthesia is closely linked to neuroinflammation, as has 

long been suspected. While microglial activation is 

responsible for this impact, it remains unclear whether 

opioid-derived neurological inflammation is linked to BBB 

breakdown. 
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5.4 Different α2-Agonists 

α2-agonists are widely utilised in clinical anaesthesia 

because of their sedative, analgesic, bradycardic, 

hypotensive, and hypothermic actions. They do this by 

acting on widely expressed 2-adrenergic receptor in the 

central nervous system. In the central nervous system 

(CNS), 2-agonists have an anti-inflammatory and 

neuroprotective action, making them unique among 

anaesthetics. Dexmedetomidine (DEX), a common 2-

agonist, impeded the generation and release of inflammatory 

mediators and cytokines in cultured microglia activated by 

LPS in a dose-dependent manner, including iNOS or NO, 

IL-1, and TNF, while also preventing microglia activation 

and improving microglia phagocytosis. In addition, miRNA-

mediated anti-inflammatory and neuroprotective properties 

of DEX have been shown in a number of different tests. 

Apoptosis of hippocampal neurons, DNA injury, 

neuroinflammation, and reduced cognitive impairment have 

all been linked to DEX-induced upregulation of miRNA-

381 and inhibition of the Egr1/p53 pathway in mice under 

sevoflurane anaesthesia. These effects are antagonistic in 

various pathological models of neuroinflammation, 

ischemia-reperfusion injury, and anesthetic-induced 

neurotoxicity. Negatively regulating the BBB, miR-155 is 

essential in BBB-associated neuroinflammation. Time-

dependent increase of miRNA-155 expression in the 

hippocampus, brain, and plasma was seen during LPS-

induced neuroinflammation and was greatly decreased by 

DEX therapy. 

Evidence from the literature suggests that beta 2-agonists 

have neuroprotective benefits via many pathways, and we 

point out that these effects may be linked to the BBB's 

ability to dampen down neuroinflammation. However, no 

appropriate research have been conducted to verify this link. 

To further investigate these possibilities and add to 

perioperative brain homeostasis, further research is needed 

in the future. 

 

6. Conclusions and future directions 

In the "Anaesthesia" section, we reviewed the effects on 

neuroinflammation and BBB function of certain regularly 

used perioperative anaesthetic medications, including 

propofol, inhaled anaesthetics, opioids, and 2-agonists. 

Several anaesthetics were shown to have a strong 

correlation with the emergence of neuroinflammation and 

BBB disruption, with the exception of 2 agonists, which had 

a beneficial impact. We reviewed only a few of the most 

widely used anaesthetics and restrict us to the consequences 

of a single medication, despite the fact that in clinical 

practise, numerous types of anaesthetics are typically 

employed in a precise order. Animal and cell studies, in 

which the simultaneous administration of various medicines 

might have varying results, were the other primary sources 

we considered. Additional research on the impact of various 

anaesthetics on neurological inflammation and BBB 

function in medical settings is required. 

In animal and cellular investigations, a single injection of 

propofol, inhalation anaesthetics, and opioids can cause 

neuroinflammation and BBB disruption. The interaction 

between neuroinflammation and BBB failure was 

previously described. However, no research have yet shown 

whether or how BBB impairment and neuroinflammation 

induced by anaesthetic medications interact with one 

another. The novelty of this article is that it bridges the gap 

between neuroinflammation and BBB malfunction, which in 

turn gives fresh insights into the essential role of 

anaesthetics and opens up interesting new discoveries and 

opportunities for investigating CNS problems linked with 

general anaesthesia. 
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