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Abstract

:

The role of the microbiome in health and disease helps to provide a scientific understanding of key concepts in Ayurveda. We now recognize that virtually every aspect of our physiology and health is influenced by the collection of microorganisms that live in various parts of our body, especially the gut microbiome. There are many external factors which influence the composition of the gut microbiome but one of the most important is diet and digestion. Ayurveda and other systems of traditional health have for thousands of years focused on diet and digestion. Recent research has helped us understand the connection between the microbiome and the many different prevention and therapeutic treatment approaches of Ayurveda.
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1. Introduction


DNA sequencing technology and bioinformatics have made it possible to evaluate the composition of the diverse community of bacteria, archaea, fungi, viruses, and other organisms that form the microbiome. A growing body of research has now correlated the microbiome with a wide variety of diseases [1,2,3,4]. The microbiome is present in many parts of the body but the largest collection of over 30 trillion bacteria is in the gut [5].



The gut microbiome participates in vital processes including digestion, energy homeostasis and metabolism, the synthesis of vitamins and other nutrients, and the development and regulation of immune function. It also contributes to the production of numerous compounds that enter the blood and affect various tissues and organs of the body [3,4].



An important consideration is the recognition of the enormous variation in the gut microbiota composition in each individual, as well as in each area of the digestive tract. Throughout the intestines there are specific niches that house individual microbial communities, which can be immunologically more active than others. A balanced and diverse microbiome is critical for maintaining health and immunological balance [6,7].



When the microbiome is in balance it contributes to many health benefits, but when out of balance, it can cause problems in the gut and other areas of the body. Dysbiosis arises when the delicate and elaborate ecology of microbial communities are disrupted by internal or external factors. A disrupted microbiome is characterized by the overgrowth of one or more of the different microbial colonies. A complex interaction between the microbiome and immune systems may result in an inflammatory state [8,9]. An imbalanced microbiome has been associated with a number of gastrointestinal diseases including irritable bowel syndrome (IBS) and inflammatory bowel disorder (IBD) [10,11,12]. Conditions such as asthma, atopy, childhood obesity, and autism spectrum have been correlated with excess antibiotic use and a resulting alteration in the microbiome in childhood [13,14,15,16]. Numerous other conditions such as obesity, autoimmune disorders, cardiovascular disease, cancer, and neurological disorders have also been linked with changes in the microbiome [1,2,3,4,17,18,19].



Diet can rapidly alter the composition of the microbiome [20,21,22,23]. A western diet high in meat products, providing nutrients such as choline and carnitine, can cause certain gut bacteria to produce trimethylamine (TMA). TMA is absorbed into the bloodstream and then oxidized in the liver to form trimethylamine-N-oxide (TMAO). High levels of TMAO have been suggested to contribute to cardiovascular disease by interfering with cholesterol metabolism and transportation, foam cell formation, and platelet aggregation [24,25,26,27,28,29,30,31,32,33,34].



Gut bacteria may also affect cardiovascular disease by a decrease in fiber intake. Dietary fiber is a rich source of food for gut bacteria and its reduction can lead to a decreased bacterial production of the short chain fatty acid butyrate. This change can lead to dysbiosis and local inflammation in the gut lining, resulting in impaired gut barrier function and the possible leakage of bacterial toxins, such as lipopolysaccharides, into the bloodstream [30,31,32,33,34].



There are other microorganism communities throughout the body which can contribute to health and disease. At one time, the lung was considered a sterile organ, but we now recognized that it has its own microbiome which extends into the lower lung. There is cross talk between the lung and gut microbiomes, which could be relevant to patients with COVID 19 that display gastrointestinal symptoms [35,36,37,38].



The gut microbiome also affects the brain and mental health. The basis for this interaction is the gut–brain axis, which consists of the brain, immune system, endocrine system, enteric nervous system (ENS), enteroendocrine system (EEC), and the gut bacteria. There is a bidirectional flow of information between the gut and brain. The most direct is through the vagus nerve, which is an important and long nerve in the body that regulates many internal functions. A less direct means of communication is through different chemical messengers, such as neurotransmitters, hormones, and peptides. The gut produces numerous peptides and neurotransmitters. Many of these are also found in the brain. The secretion of these gut-derived chemicals can be influenced by the composition of the gut microbiome. In addition, the gut microbiome can also produce its own unique array of chemical messengers, that go into the bloodstream and affect different parts of the body. There is also research showing that gut microbes can activate immune cells in the gut wall, which causes the release of proinflammatory cytokines and ultimately may affect the permeability of the blood–brain barrier [39,40,41]. Animal studies have shown that a disrupted microbiome can cause anxiety-like and depression-like behaviors [42,43]. A new field of psychobiotics has even emerged, which utilizes probiotics to affect moods and behavior in humans [44].



While the precise manner in which the microbiome participates in these many disease states is still not completely clear, there are currently a number of therapeutic approaches that are now being tested in clinical trials including diet, prebiotics, probiotics, antibiotics, and fecal microbiome transplantation (FMT) [45,46,47]. Recent studies, for example, have utilized personalized nutritional advice based on microbiome data and other factors [48,49,50]




2. Ayurveda


Hippocrates, the father of modern western medicine, is famous for his expression “All disease begins in the gut.” Ayurveda places great importance on proper diet and digestion, as well as on all aspects of lifestyle. Some researchers consider Ayurveda to be an ancient science of epigenetics [51]. The Ayurvedic practitioners might not have understood the precise nutrigenomic mechanics of how food can affects gene expression [52], but they did recognize that each individual has his or her own unique psychophysiological constitution, which is affected by diet, digestion, lifestyle, stress management, and environmental factors [53].



Ayurveda describes the functioning of our mind and body in terms of three main doshas—the governing principles of the physiology—Vata, Pitta, and Kapha [54]. In a previous paper, we have reviewed the research on the physiological, biochemical, and genetic correlates of each of the doshas. As we explain, the category of Vata dosha includes processes responsible for movement at all levels of the physiology, excretion of wastes, and also cognition. The primary location of Vata, according to Ayurveda, is in the colon, where most of the gut microbiome is located. Pitta dosha is responsible for such functions as digestion, metabolism, thermoregulation, and energy homeostasis and resides in the mid gut area. Kapha dosha governs the growth and maintenance of structure and its primary location is in the chest area. Genetic research shows a significant difference between each dosha type and gene expression. Genes related to cell cycles were upregulated in the Vata types whereas genes in the immune response pathways were upregulated in the Pitta type, and genes in the immune signaling pathways were upregulated in Kapha types. Each dosha type is suggested to display its own style of brain functioning [55,56]. In Ayurveda, one of the first stages of an assessment of a person’s health is to determine the distribution of the three doshas at birth, which is called Prakriti. In addition, an assessment is made of the state of balance of the doshas, which is called Vikriti. In fact, one can have a dominant Vata Prakrti at birth, but at the time of the diagnosis, the primary imbalance may be in Pitta due to some environmental factor.



In Figure 1, we illustrate that the microbiome is integral to both modern medicine and Ayurveda. We elaborate on this concept throughout the article.




3. Prakriti and Gut Bacteria


One study has examined the relationship between Prakriti and the composition of the microbiome. The researchers found that three main Prakriti types, Vata, Pitta, or Kapha, had a unique microbiome composition [57]. The population studied were from the same region and had similar dietary habits. The main bacteria of all the subjects were from the phyla Bacteroidetes and Firmicutes. There were distinct differences between the Vata, Pitta, or Kapha groups in less common bacteria. The extreme Pitta individuals, for example, had more butyrate producing microbes which might help protect them from inflammatory diseases. The extreme Kapha women had larger amounts of a type of bacteria called Prevotella copri, which has been associated with patients who have rheumatoid arthritis and insulin resistance. A more recent paper analyzes how the concept of Prakriti can be used as a stratifier of the gut microbiome [58].




4. Ayurveda Herbs and Spices and the Microbiome


Ayurveda considers food as medicine. It uses spices and herbs to help create and maintain balance in the physiology, and to treat specific disorders. Recent research shows that both ginger and a herbal preparation called Triphala can have beneficial effects on the microbiome. Triphala consists of three fruits: Emblica officinalis (Amalaki), Terminalia bellerica (Bibhitaki), and Terminalia chebula (Haritaki). It is a fundamental component of Ayurvedic gastrointestinal and rejuvenation treatment programs, particularly to help improve elimination. Studies have found that Triphala has different potential clinical applications which include appetite stimulation and a reduction in hyperacidity and constipation. It also has a number of inherent biological properties such as anti-inflammatory, immunomodulatory, antibacterial, antimutagenic, adaptogenic, hypoglycemic, antineoplastic, chemoprotective and radioprotective, and antioxidant activities. In the study, it was shown that the polyphenols in Triphala modulate the human gut microbiome and thereby promote the growth of beneficial Bifidobacteria and Lactobacillus while inhibiting the growth of undesirable gut microbes. The authors also suggest that the bioactivity of Triphala is elicited by gut microbiota that generate a variety of anti-inflammatory compounds [59].



Turmeric is another Ayurvedic preparation which has been found to affect digestion and the microbiome. Turmeric and its active ingredient curcumin have been the subject of thousands of peer-reviewed and published biomedical studies, with hundreds of potential preventive and therapeutic applications on such diseases as ulcerative colitis, stomach ulcers, osteoarthritis, heart disease, cancer, and neurodegenerative disorders [60,61]. Interestingly, the active ingredient of turmeric, curcumin, has been shown to be biological active but because of its poor bioavailability and inability to reach target tissues, it has not been found to be effective in clinical trials [62,63]. It may also be ineffective because we no longer have the synergic effects of the other ingredients. It is suggested that curcumin may restore dysbiosis of the gut microbiome and as a result have a neuroprotective effect, however, future research is needed to know how curcumin actually affects the microbiome in different individuals [64,65].



There are many other important Ayurveda herbs and preparations that need to be further studied. One of the most important categories are Rasayanas which are designed to lengthen the lifespan [66]. Once again, future research will be needed to examine the specific effects of Rasayana on the microbiome.




5. Ama and Leaky Gut Syndrome


Ayurveda explains that most diseases are caused by an accumulation of ama or undigested food. Ama literally means “uncooked food,” but it can be understood from a scientific perspective as endogenous toxins resulting from imbalanced or incomplete digestion. Ama can be formed as a result of reduced Agni, or digestive power. Agni has a number of different meanings and not only relates to digestive enzymes but also to the metabolic process in the different tissues or dhatus of the body [67]. Ama is initially formed in the digestive tract, but at a later stage of disease it can leak into the bodily tissues and turn into Amavisha, a reactive form of ama, that leads to tissue disruption and chronic inflammation and disease.



It has been suggested that compromised mucosal integrity, such as a disruption in the tight junctions, leads to dysbiosis, resulting in the formation of Ama [68]. Ama is also produced at other levels of the physiology, including the cellular level. Excessive formation of free radicals contributes to the formation of Ama. A variety of free radicals and reactive oxygen species (ROS) are produced during cellular metabolism. Excessive amounts of these reactive molecules can cause damage, starting the disease process. The ability to control their concentrations may be helpful for the prevention and treatment of many disorders.



Antioxidants “scavenge” free radicals and ROS and render them harmless. Antioxidants can be lipid- or water-soluble; some are produced in the body and others are obtained from food or dietary supplements. Natural antioxidants range from vitamins to enzymes to herbal mixtures. Powerful antioxidants are present in the bioflavonoids found in concentrated form in Rasayanas. The use of these Rasayanas, might be helpful in neutralizing the excessive free radical activity that contributes to Ama formation. However, it is not clear if accumulated Ama in the body can be removed by the use of Rasayanas and antioxidants alone. Other Ayurvedic methodologies may be required to eradicate accumulated Ama. Rasayanas are best administered after a detoxification treatment such as panchakarma and are utilized to neutralize ongoing damage to the physiology and regenerate the system [68].



It is interesting to interpret the meaning of Ama in terms of recent findings. Remarkable progress has been made in understanding the mechanisms of leaky gut syndrome in celiac patients. In celiac disease, the tight junctions that hold the cells of the gut wall together become loose, and as a result, undigested food and harmful substances “leak” through the gut wall and into the bloodstream, causing inflammation. The exact mechanism of this process involves a product of gluten called gliadin, which interacts with receptors on the surface of the cells in the small intestine, causing the production of zonulin. Zonulin then causes the proteins, which bind tight junctions, to relax and allow unwanted substances to enter the bloodstream. In celiac patients, this process is exaggerated and can ultimately result in a harmful autoimmune reaction [69,70]. A disruption in the gut microbiome has been associated with problems in the gut barrier. It is suggested that gut dysbiosis may cause the release of zonulin but the exact mechanisms are complex and still under investigation [71,72].




6. Biorhythms and Gut Bacteria


Ayurveda clearly identifies daily, seasonal, and lifetime rhythms. Each day, for example, consists of a sequence of periods, which are characterized by Vata, Pitta, or Kapha. The day starts with a Kapha period from 6 am to 10 am, then a Pitta period from 10 am to 2 pm, and then a Vata period from 2 pm to 6 pm. Next is another Kapha period from 6 pm to 10 pm, a Pitta from 10 pm to 2 am and finally a Vata from 2 am to 6 am. Each season is represented by either one dosha or a combination of doshas: late autumn and winter are cold and dry and correspond to the Vata dosha. Summer is hot and naturally corresponds to Pitta dosha. Spring is cold and wet and corresponds to Kapha dosha. The daily routine is called dinacharya and the seasonal routine is called ritucharya.



Modern medicine also recognizes the importance of daily rhythms to your health and the 2017 Nobel Prize in Physiology and Medicine was awarded for research on the genetic basis of biological rhythms. From bacteria to humans, almost all forms of life have an internal “biological clock,” which maintains an approximately 24 h rhythm. When external signals of light and dark are introduced unnaturally, the master clock becomes confused and this creates health problems. Shift workers, for instance, have been shown to have a higher incidence of cancer, cardiovascular disease, digestive disorders, and obesity, as well as psychiatric and neurodegenerative diseases [73].



One of the most important timing issues for the body, which has been seen in research on animals and humans, is when you eat. If you eat within 2 h before you normally go to sleep, it can desynchronize the circadian rhythms of certain cells in the intestine and liver from those in the rest of your body [74].



Gut bacteria also have biological rhythms. One study created jet lag in mice by forcing these normally nocturnal animals to stay awake during the day. When the researchers transferred the gut bacteria from jet-lagged mice into germ-free mice, the recipient mice developed both obesity and glucose intolerance [75]. A number of studies have shown that time-restricted feeding and eating frequency affects the composition of the microbiome [76]. Recent research on the gut bacteria reveals not only the presence of a daily rhythm, but also seasonal biorhythms [77,78]. The relationship between the circadian rhythms and gut microbiota appears to be bidirectional and may have important influences on health [79,80,81,82].



Ayurvedic recommendations of specific diets at specific times may relate to the seasonal rhythms of the microbiome. Over the winter, for example, Kapha and Ama are said to build up in the body. Early spring is described as the ideal time to rebalance Kapha and reduce Ama to prevent toxins and excess mucus from creating congestion and allergies. Foods that are primarily Kapha in nature—heavy, greasy, and mucus forming—tend to increase both Kapha and Ama. Ayurveda recommends reducing or eliminating Kapha foods during this time, which might help to heal the gut and reboot the microbiome [83].




7. Probiotic Enemas and Bastis


Probiotic enemas have been suggested to help cure certain neurological disorders [84]. Probiotics that are taken orally must pass through your stomach and the small intestine, which is not ideal because stomach acid and digestive enzymes destroy many of the valuable probiotic bacteria long before they reach the colon. A probiotic enema, however, provides an almost instantaneous route to the colon, where most of the gut bacteria live.



The Ayurvedic term for enema is basti, and bastis are a valuable part of the deep purification and detox treatment program known as panchakarma, which, as we mentioned, cleanses the body of impurities and promotes health and longevity. There are many types of bastis: some are for purification, others for elimination, others strengthen the tissues and provide valuable nutrients. Bastis use ingredients such as sesame oil, medicated ghee, buttermilk, lassi, many different combinations of herbs, and in special cases, bone broth. A search of Pub Med shows a number of published studies on different types of bastis that have been used for various clinical applications [85,86,87,88,89,90,91,92].



These studies, however, do not mention the use of bastis as a means to modify or reboot the gut bacteria. By studying how bastis affect gut bacteria composition we might gain a better scientific understanding of the mechanisms of their beneficial actions on specific health conditions. We already know that sesame oil has a positive effect on colon cells, and on certain beneficial bacteria [93,94].



In a more recent study, the metabolomic profile was taken after a 6-day panchakarma treatment. The experimental group consisted of healthy male and female subjects whose treatment program included herbs, vegetarian diet, meditation, yoga, and massage. The results showed that 12 plasma phosphatidylcholines decreased after treatment in the experimental group as compared to the control group of 54 subjects. There were changes in metabolites across many pathways such as phospholipid biosynthesis, choline metabolism, and lipoprotein metabolism, with statistically significant changes in the plasma levels of phosphatidylcholines, sphingomyelins and others in just 6 days. It is unclear whether the lipid metabolites were modulated by the gut microbiome or by the external agents such as herbs, vegetarian diet, meditation, yoga, and massage [95].



The study of panchakarma and other Ayurvedic purification treatments is an important area of future research. It would also be useful to compare the modern use of fecal transplant treatment with all the different types of basti treatments.




8. The Gut–Brain Axis and Ojas


The gut–brain axis, as we described earlier, consists of a number of major systems in the body, as well as the gut bacteria. The brain communicates to the gut through either nerves or through hormones and chemical messengers. The gut–brain axis includes the enteric nervous system (ENS), enteroendocrine system (EEC) and the gut bacteria, which all produce different chemicals. The ENS produces more than 30 neurotransmitters. Almost 90% of all the serotonin in the body is produced by cells in the gut, as well as 50% of the dopamine [39,40,41,96].



According to Ayurveda, the digestion and gut play leading roles in immunity. Ayurveda speaks about a substance or a process called Ojas, the finest product of healthy digestion, which strengthens the immune system and has many beneficial effects on the mind and body.



Can Ojas be identified by modern science? In Ayurveda there is a description of seven basic tissues or dhatus and three waste products or malas. The tissues roughly correspond to the tissues as discussed in modern physiology and the waste products include feces, urine, and sweat. The tissues are important because digestion includes the transformation of food into each of these tissues and ultimately to Ojas. It is unclear what this means in terms of modern science. It might correspond to a metabolic process that involves specific precursors which come from a well-functioning digestive system and a balance microbiome.



There are several possible candidates for Ojas. One is serotonin, a key regulator of mood, sleep, appetite, and other brain functions. As we mentioned, the gut produces most of the serotonin in the body, which circulates throughout your bloodstream and influences not only your immune system, but your heart rate, blood clotting, intestinal motility, pulmonary arteries, heart, brain, and mammary glands, as well as the cell growth of liver and bone cells [97]. One of the key precursors of serotonin is tryptophan, an essential amino acid, which is obtained through the normal digestion of certain foods.



Ojas is described as being beneficial to all parts of the body so we might ask if excess serotonin has any deleterious effects. An overabundance of serotonin due to drugs can lead to a number of damaging symptoms, including anxiety, sweating, sleep disturbance, appetite changes, headaches, confusion and lethargy, dilated pupils, rapid heart rate, etc. [98]. Additionally, individuals with social phobia have been shown to have excess serotonin [99].



Another interesting candidate is a chemical called butyric acid, which, as we mentioned, is a by-product of the gut bacteria and has numerous beneficial effects, including improvement of immunity [100].



Ojas is described in the Ayurvedic texts as having many properties, such as its ability to coordinate the junction between the mind and body. Some of these effects may not be covered by either serotonin or butyric acid. The exact nature of Ojas remains an ongoing research project.




9. Stress, Ayurveda, and Psychobiotics


Stress can have many deleterious effects. When the brain triggers the adrenal glands to release cortisol, it goes into the bloodstream and affects both the gut and the gut bacteria. Cortisol can increase the intestinal permeability, which results in a leaky gut. It can also shut down the activity of the gut immune system [71,101].



Ayurveda uses a wide variety of approaches to improve the mind or manas and to alleviate the effects of stress. One of these is meditation, which is an integral part of both Ayurveda and its sister discipline, yoga. The Transcendental Meditation (TM) program introduced by Maharishi Mahesh Yogi over fifty years ago has been shown to have many distinct physiological changes, including a reduction in cortisol, as well as beneficial effects on mental and physical health [102,103,104,105,106,107]. To date, we know of no studies which have examined the effect of meditation on the gut microbiome.



Ayurveda has long explained that disturbances in our mental state, which are usually associated with a Vata imbalance, can be traced to problems in the nervous system and the gut. It recommends specific herbs such as Ashwagandha and Brahmi, which may interact with the microbiome. It also has a long tradition of using natural probiotics such as lassi. Modern research on the microbiome validates this concept, showing that depression and anxiety may be linked to a disrupted microbiome and may be improved through the use of probiotics.



One brain imaging study showed that women react differently to stimuli depending on the type of bacteria they have in their gut. The same researchers had previously shown that diet could affect the brain. They gave subjects either a psychobiotic (a probiotic mixture that is used for mental health) or a placebo. They then showed the subjects images of frightened faces while measuring brain activity. The subjects taking the placebo showed a normal stress response with specific areas of the brain responsible for emotions being activated. Subjects receiving the psychobiotic showed a reduced stress response in these same areas of the brain [108,109].




10. The Future of Ayurveda and Modern Medicine


We are living in a transitional moment in medicine. New studies are emerging that will help us make better choices. The field of integrative medicine represents an important achievement since it combines the best of modern medicine with the best of traditional system of natural health, such as Ayurveda. Integrative medicine benefits greatly from research on the microbiome because it helps us better understand the ancient practices of Ayurveda in the light of modern science [110].
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Figure 1. Ayurvedic anatomy affected by the microbiome. 
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