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Abstract: Along with research going deep, a bidirectional microbial-gut-brain axis has been 

found between the brain and gut microbiota, it involves many biological networks such as 

neural network, neuroendocrine system, immune system and metabolic pathway. Stroke is a 

high incidence disease in the world, with a high mortality and disability rate. The injury 

mechanism of ischemic stroke is complex, including calcium overload in nerve cells, 

cytotoxic effect of excitatory amino acids, free radical and reperfusion injury, nerve cell 

apoptosis, etc. The current research hotspots have been in-depth into the molecular level, 

signaling pathway research and targeted therapy [1]. Further understanding of microbial-

gut-brain axis can provide more positive help for the prevention, treatment and prognosis of 

ischemic stroke. 

1. Introduction 

In the past, traditional intestinal microbiota research methods were limited by their low accuracy. 

With the development of science and technology, experimental research methods such as 

Quantitative Real-time PCR, High-throughput sequencing and Metagenomics have become more 

mature, develop sterile animal models can further analyze the relevant indicators after intervention 

of normal intestinal microbiota in germ-free mice [2]. At present, through a variety of studies, 

people have realized that the microbial-gut-brain axis, namely the brain-gut axis, exists in the 

occurrence and development of a variety of neurological diseases and participates in the deduction 

of related diseases [3]. 

2. Microbial-gut-brain axis pathway 

The bidirectional communication between the gut microbiota and the brain is mediated by a 

variety of direct and indirect mechanisms [4]. The most popular ones are :(1) the nervous system 

(including the enteric nervous system and the autonomic nervous system). The autonomic nervous 

system is a control system that plays an important role in regulating intestinal homeostasis and 

intestinal motility [5-6]; (2) The neuroendocrine system (mainly the hypothalamic-pituitary-adrenal 
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axis HPA). A systematic review has shown that increased cortisol after stroke is associated with 

morbidity and mortality, and activation of the hypothalamic-pituitary-adrenal axis usually leads to 

increased cortisol levels [7]. On the other hand, glucocorticoids released by HPA during the body's 

inflammatory response can regulate excessive immunity [8]; (3) Immune system: hypoxia-ischemia 

causes abnormal immune signal release and communication, which may lead to the imbalance of 

peripheral system homeostasis through the two-way feedback of brain-gut circulation, aggravating 

the outcome of cerebral infarction [9]; (4) Microbiota-derived neuroactive compounds, such as 

trimethylamine positive oxide (TMAO), short-chain fatty acids, lipopolysaccharide (LPS) and other 

complex pathways, undergo bacterial translocation [10]. Other scholars have found that after stroke 

caused by inflammatory response after the activation of the intestinal immune system will further 

lead to the body bacteria translocation, based on blood brain barrier damage will increase local 

brain tissue inflammation response, but at the same time some of the intestinal flora metabolites can 

inhibit inflammation after a stroke and promote restoration of the nerve function to alleviate 

ischemia-reperfusion injury [11]. At present, brain-gut axis is a hot research field in biology and 

medicine in recent years. Many recent studies have shown that gut microbiota is related to many 

diseases, including depression, autism, anxiety, schizophrenia and other psychiatric diseases, 

Alzheimer's disease, Parkinson's disease, irritable bowel syndrome and obesity [12].Some 

researchers have proposed that human intestinal microbiota may even play the role of "second 

brain", and the dysregulation of intestinal microbiota can lead to the increase of intestinal 

permeability and systemic inflammation, which may lead to the pathology of some diseases and the 

development of related symptoms through neural, immune, endocrine and metabolic pathways [13]. 

In the future, studying and understanding the underlying mechanisms of the microbial-gut-brain 

axis is still a hot topic for many researchers. 

3. Research status of brain-gut axis  

The brain-gut axis was first proposed in 1980 in a study report on the regulation of bombesin on 

cholecystokinin [14]. In 2016, Benakis C et al. found that intestinal microbiota imbalance leads to 

the destruction of immune homeostasis in the small intestine, which leads to the increase of 

regulatory T cells and the reduction of interleukin (IL) -17-positive γδT cells by altering dendritic 

cell activity, thereby inhibiting the transport of effector T cells from the intestine to the 

leptomeninges after stroke. Thus, the effect of gut microbiota on cerebral ischemic injury through 

the brain-gut axis was recognized [15]. In recent years, some scholars have confirmed through 

animal experiments that ischemic stroke may reduce the metabolic rate of equol in mice induced by 

middle cerebral artery occlusion (MCAO) in a time-dependent manner, and this study provides 

indirect support for the brain-gut axis hypothesis [16]. At present, the commonly used methods to 

study the gut microbiota-gut-brain axis include sterile animals and gnotobiotic animals models, 

antibiotic intervention, and microbiota transplantation. However, the specific qualitative definition 

of gut microbiota is still unclear, and there are differences in the expression of gut microbiota in 

individuals. Therefore, the specific definition of healthy gut microbiota and bacteria with potential 

diseases is a difficult problem to be solved urgently. 

4. Bidirectional effects of cerebral infarction and gut microbiota 

Some animal studies have shown differences in the microbiota composition between stroke 

models and controls. Microbiota effects on cerebral ischemia reflected in many aspects of 

metabolism and the immune, such as short chain fatty acid, acetate, butyrate and propionic acid salt 

related microbial metabolites by free fatty acid receptor affect the immune cells, and cerebral 

ischemia caused by inflammation intestinal flora caused by immune system steady state change, the 
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process is reversible [6] [17]. Brain-gut axis plays an important role in connecting gastrointestinal 

tract and neurogenic diseases [18]. Recent studies have confirmed that gut-brain interaction is 

bidirectional, and the signals from gut to brain are mediated by microbial derived metabolites, such 

as trimethylamine-positive oxide (TMAO), short-chain fatty acids (SCFA), lipopolysaccharide 

(LPS), and T cells exchange with bacteria in neural pathways through hormones and immunity; 

Ischemic stroke can affect intestinal microbial composition through nerve and hypothalamic-

pituitary-adrenal (HPA) pathways [10]. This bidirectional connection between intestinal flora and 

neural pathways has certain guiding significance for the prevention and prognosis of disease 

diagnosis and treatment. 

5. The positive significance of brain-gut axis as a therapeutic target for cerebral infarction 

Studies have shown that the immune system is closely involved in the process of ischemic 

cascade, and the digestive tract is the main organ of immune response, accounting for more than 

70% of the total immune system. More and more evidence shows that intestinal inflammation and 

immune response play an important role in the pathophysiology of stroke [19-20]. A next-

generation DNA sequencing experiment showed that acute cerebral ischemia induces a local 

neuroinflammatory response, which simultaneously causes changes in peripheral immune 

homeostasis, further leading to gut microbiota dysbiosis, identifying bidirectional communication 

along the brain-gut microbiota-immune axis, and showing that the gut microbiota is a central 

regulator of immune homeostasis. The findings suggest that the gut microbiota is a key regulator of 

the neuroinflammatory response to brain injury [21]. Recent experimental and clinical studies have 

shown that the gut microbiota can regulate metabolic, immune, and inflammatory responses through 

the gut-brain axis (GBA) to improve stroke treatment outcomes [22]. These findings reasonably 

support the gut microbiota as a potential therapeutic target for ischemic brain injury. 

Some experiments have shown that the change of gut microbiota homeostasis may predict the 

prognosis of stroke, which undoubtedly enricifies the prevention and treatment after stroke [19]. 

More and more studies have confirmed the gut microbiota as a potential therapeutic target for 

ischemic stroke [23-25]. Based on this observation, it may provide more theoretical support for the 

use of antibiotics or probiotic modulators in the clinical treatment of ischemic stroke [26]. In 

conclusion, the authors agree that further research on brain-gut axis is expected to provide more 

targets for the clinical treatment of cerebral infarction, and also provide more diagnosis and 

treatment ideas for the prevention and prognosis of cerebral infarction. 
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