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[bookmark: _Hlk65181019][bookmark: _Hlk65180923]Microbiology has had a boon over the recent decades in the department of microbiome research. There have been further developments that have been made on the front of the connection between the large microbiome in the GI tract and the brain. This brain-gut axis is conciliated through, neurotransmitters, cytokines, hormones, and bioactive metabolites. If this connection is functioning poorly, say through something like dysbiosis, then this can lead to metal health issues such as, anxiety and depression or even more extreme neurodegenerative disorders like Alzheimer's disease. Recent research has shown promising results in the direction of microbiota-based treatments for such neurological diseases.  based on gut microbiome to assist those struggling with neurological disorders such as Alzheimer's disease. These developments shown that using metabolites, such as Curcumin, have a positive effect on mental health but also in rebalancing GI flora.
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Introduction

Over the last twenty years research over the human microbiome has been flourishing.4 A productive discovery is the observation the body's normal flora can synthesize metabolites that can moderate a multitude of functions in the body, therefore the state of dysbiosis, the imbalance of a microbiota, can also create a negative impact upon the body.8 Discovered connections between the Gastrointestinal Microbiota and the brain in particular have given are also include within that impact.1
 Roughly thirteen percent of the global population suffer from mental disability and disorder.7 This supports the acknowledgment of mental health in health polices across the globe and its appearance in the United Nations' Sustainable Development agenda. This global spotlight upon metal health has been a great motivator for scientist in their efforts to unravel the capacities in which the gut plays into the creation of neurological disorders.1
The gut-brain axis, or the system of communication the gut microbiota has with the mind or state of being10, has been shown to be used by gut microbes in sustaining homeostasis.5 It has been shown to be a bidirectional connection between the central nervous system and the enteric nervous system.2 This connection has many highways and service roads that connect with cognition, memory and emotion hubs within the brain.2 This communication involves the hormone producing centers of the brain, the hypothalamus and the pituitary gland, as well as the chemokines and cytokine using immune system  and the neurotransmitters crucial to the communication in the autonomous nervous system as depicted in Figure 1.2 
[image: ]
 Fig 1. This is a depiction of the three major pathways of the Microbiota-Gut-Brian Axis.10
Problems in any one of these pathways can negatively impact homeostasis.2 Changes in homeostasis in GI tact can lead to changes in the levels of gut microbial metabolites, and research shows a correlation to these effected levels and neurological afflictions like chronic anxiety disorders, depressive disorders and Alzheimer's.3,6,12 The relationship between balances and imbalanced interactions or the Microbiota – Gut -Brian Axis is shown on Figure 2.
[image: Fig. 2]
Fig 2. This is a depiction of the Microbiota-Gut-Brain Axis in relation to a balanced and imbalanced microbiota. Shown are potential disorders compared to a healthy mental state and lists of some common causes for dysbiosis and some common therapeutic interventions that would be implemented to attempt to correct the imbalance.10

Recent Progress

In a recent study, the "Bidirectional Interactions Between Curcumin and Gut Microbiota in Transgenic Mice with Alzheimer's Disease" headed by Ph.D. Zhen-Zhen Sun, where mice with Alzheimer's Disease (AD). Where three levels of a substance called curcumin, which is a natural polyphenolic compound derived from turmeric. This was given to the mice in a control dosage (no curcumin), a low dosage of curcumin, and a high dosage of curcumin. Both the influences that curcumin had on the microbiota and the how the microbiota were observed.
On various metrics it was found the curcumin led to improved cognitive and memory ability as well as a reduction of amyloid plaque in the hippocampus (a common marker of neurodegenerative disorders).9 The gut microbiota held more diversity when exposed to the curcumin and the metabolite analysis suggests that curcumin when metabolized bio-transformed into substances that been reported to have neuroprotective properties.9 

Discussion

Theses findings show a very positive out look for the potential of metal health treatments through the microbiota. Another study involving AD prone tree shrews having their brains injected with the neuroprotective agent Ginsenoside Rg1 shows similar positive results in same categories as the curcumin study.11 They both showed an improvement terms of behavioral displays of improved cognition and memory retention.9,11 
These result were both shown in the same Morris water maze test, in which a rodent is place in water a directed to swim towards the same hidden platform over and over again.9,11 The shrews when their hippocampus was examined also had less amyloid plaque when given Rg1.11 This further indicates that the metabolites made from the curcumin within the mice GI tract had similar neuroprotective properties to the direct neuroprotective substance Rg1. 
The general microbiota balancing improvements took place in both studies9,11, really shows that the remarkable levels in which the brain and the gut microbiota communicate. This sort of research brings forth a great opportunity for other scientist interested in studying these and other potentially neuroprotective and dysbiosis healing substances to increase their bioavailability. Further research in this field may give way to a break though to create more accessible and effective treatments for mental disorders ranging from anxiety and depression all the way to Alzheimer's disease.
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