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Abstract 
Currently available preclinical evidence strongly suggests that extracts and several known bioactive metabolites of plants used for prevention of aging associated psychosomatic disorders in Ayurvedic system of medicine and health care can prolong healthy lifespan. Many common pharmacological targets identified for several of them are the same as those of aspirin and metformin. However, the questions concerning their doses, dosing regimen, and combinations necessary for obtaining effective and safe therapeutic benefits from them still remain speculative only. Observations made during studies comparing activity profiles of some of edible plant metabolites and their extracts in stressed rodent bioassays with those of metformin and aspirin had revealed that several of them are more potent than metformin or aspirin in preventing stress triggered hyperthermia, bodyweight changes, and exaggerated states of anxiety and depression. Results of those and some more recent studies conducted to identify enzymatic biomarkers of stress resistance promoting effects of Withania somnifera extracts will be summarized and critically analyzed in this review in light of or current knowledge on quantitative systems pharmacology of metformin. Potential uses of the experimental strategies and bioassays use in those studies for resolving reproducibility and replicability problems in biomedical translational research, or for increasing the possibility of success in discovering and developing drugs useful for prevention of aging associated chronic diseases and their comorbidities, will be suggested also.     
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INTRODUCTION
Ayurveda is a personalized system of health care and medicine widely practiced in India and many other Asiatic countries for prolonging healthy lifespan and prevention of aging associated physical and mental problems. It has evolved from the philosophy and knowledge of the healers of the Vedic period (Ca. 1500 - Ca. 500BCE) of the history of Indian subcontinent. During the course of its long history, its practitioners have continued to identify numerous edible and other plants and formulate products derived from them for retarding the progress of aging related physical and mental health problems. According to therapeutic principles of Ayurveda, ability or inability of individuals to digest food dictate their physical and mental health status 
 ADDIN EN.CITE 
[1-3]
. A fundamental concept of Ayurvedic pharmacology is that amongst all characteristics of substances consumed with food or medicines the most important one dictating their beneficial or adverse effects is their taste 
 ADDIN EN.CITE 
[4, 5]
.
According to Ayurvedic therapeutic principles, optimal health or therapeutic benefits from plants and other natural products can be obtained only when appropriate combinations of appropriate amounts of substances with different tastes are consumed 
 ADDIN EN.CITE 
[4, 6]
. It is believed that choices of their combinations necessary for prolonging healthy lifespan depend not only on the age, time of the day, season of the year, but also on the personality of individuals and environmental conditions under which he/she is born, brought up, and has to live. These and many other therapeutic concepts of Ayurveda are based on the principle that inappropriate taste preferences in the adulthood shortens lifespan and that inappropriate nutrition and lifestyle from childhood onwards is the root causes of all aging associated physical and mental health problems and complexities of chronic diseases. For prevention of diseases, or for enhancing healthy aging, numerous plants and other natural products derive substances and their formulations mentioned in classical Ayurvedic texts are still used in Ayurvedic medical practices as tonics or rejuvenators. 
During more cent years considerable efforts have been made to verify their life span prolonging and brain function improving effects in experimental animal and other bioassays 
 ADDIN EN.CITE 
[7-9]
. Chyawanprash is one of the several traditionally known Ayurvedic formulations containing mixtures of several plants derived products with such activities. It is now manufactured in large scale and commercialized in India and exported to USA and many other countries as health promoting tonic 
 ADDIN EN.CITE 
[10, 11]
. Diverse modifications of the original formulation and with substation and additions of other substances numerous other polyherbal and herbomineral formulations are now also commercialized with different trade names as Ayurvedic nutritional aids or as tonics. The name Chyawanprash is mentioned in many classical Ayurvedic text for a jam or a fermented polyherbal formulation prepared according to traditional Ayurvedic recipe and synergistic blending of ca. 50 herbs and spices 
 ADDIN EN.CITE 
[12, 13]
. Geriforte® is one of the more complex Chyawanprash containing herbomineral formulation a report on stress resistance promoting or adaptogenic effects of which had appeared in 1978 [14]. Together with the concentrate of Chyawanprash, this herbomineral formulation also contained extracts and powders of 22 other plants currently listed in Ayurvedic pharmacopeia of India [15].
During the end of the past century a more detailed report pointing out the problems associated in evaluation of therapeutic potentials of herbal adaptogens and necessity of integrating the concept of adaptogen in Ayurvedic pharmacology had appeared [16]. In that study nonspecific immunomodulatory effects of six used plants (Asparagus racemosus, Emblica officinalis, Piper longum, Terminalia chebula, Tinospora cordifolia, and Withania somnifera) more often used in many traditionally known Ayurvedic formulations were compared. Since then, numerous reports on preclinical studies and clinical observations revealing and reaffirming beneficial effects of diverse types of extracts and Ayurvedic formulations prepared from those and many other Ayurvedic pharmacopeial plants for treatments of diabetes and other metabolic disorders associated comorbidities continued to appear. However, the questions concerning their bioactive constituents involved in their traditionally known medicinal uses and their doses and dosing regimen necessary for obtaining reliable and safe therapeutic benefits from them still remain open or speculative only. Analogous is also the current situations for all herbal adaptogens used in other traditionally known systems of medicine and more extensively studied since the concept of adaptogens was first proposed by the Russian pharmacologist Lazarev during late 1940s 
 ADDIN EN.CITE 
[17, 18]
.     
Aim of this short review is to summarize the results of some methodological studies conducted to standardize stressed rodent bioassays for better understanding of quantitative systems pharmacology of Ayurvedic adaptogen, and to verify their usefulness for identifying bioactive constituents and biomarkers of Withania somnifera involved in their systemic effects. Potential uses of the experimental strategy and bioassays used in those studies for resolving reproducibility and replicability problem in drug research or biomedical translational research will be suggested also.  
REPRODUCIBILITY PROBLEMS IN TRANSLATIONAL PHYTOPHARMACOLOGY AND CLINICAL STUDIES 
Most of our current knowledge on medicinal phytochemistry and phytopharmacology has evolved only after chemists had been able to isolate and elucidate the structures of metabolites of plants often used for medicinal purposes. Many of those isolated by them before and since the advent of the 20th century are still often used as therapy relevant biomarkers of the plant for standardizing or characterizing their extracts for research or commercial purposes or as experimental tools by physiologists and pharmacologists. However, as yet only very limited success has been achieved in developing drugs from them. This is often due to lack of replicability of preclinical observations in clinical trial and neglect of the facts that their metabolites could also be involved in their modes of actions and that their systemic effects observed in rodent models could as well be due to their anti-stress or adaptogenic activities. Curcumin, quercetin, and other flavonoids and plant phenolics are examples of more extensively studied plant metabolites often identified as bioactive constituents of many plants derived products commonly consumed with food and phyto-pharmaceuticals 
 ADDIN EN.CITE 
[19-22]
. It is now well recognized though that most, if not all of them are extensively metabolized inside the digestive tract and that some of their metabolites also have bactericidal, antiviral and diverse other therapeutically interesting bioactivities [23, 24]
It cannot be overemphasized that translation of exiting knowledge on bioactivities of any substance, plants derived or not, for obtaining reliable therapeutic or health benefits from them it is necessary to ascertain the reproducibility and replicability of observations made in preclinical or clinical studies 
 ADDIN EN.CITE 
[25-27]
. Soon after the discovery of the active principle of digitalis (foxglove) in the early 20th century, pharmacologists and medical practitioners had well recognized that for obtaining reliable and safe therapeutic benefits from extracts of the plant it will be necessary to standardize them in bioassays [28]. Although many rodent bioassays for detecting therapeutically interesting bioactivities of herbal extracts and products derived from them have been standardized and widely used by drug discoverers, reproducibility, replicability and predictive validity of reported observations made in preclinical studied using them have often been controversially discussed 
 ADDIN EN.CITE 
[29, 30]
. It is now well recognized though, that herbal extracts and many of their known constituents enhance human brain function [31] and that their bioactivity profiles observed after their single doses are not very predictive of the therapeutic befits obtainable after their regular intake 
 ADDIN EN.CITE 
[32-34]
. Neglect of these facts often leads not only to underestimation of the therapeutic potential of drug leads, but also is one of the major reasons behind failures in more time and cost intensive clinical trials. Moreover, during planning preclinical or clinical studies it is often neglected that beneficial or adverse effects of drugs and test agents are seldom identical in diseased patients and healthy volunteers. Metformin is just one example of a potential anti-aging drug with little or negligible effects on blood glucose levels in non-diabetic patients and animals, but highly effective in normalizing blood glucose levels in patients suffering from type-2 diabetes.

Many therapeutically interesting bioactivities of metformin are like those of salicylic acid, curcumin, and many flavonoids and other plant phenolics. All of them have been reported to have bactericidal and anti-inflammatory activities and there is now considerable evidence suggesting that they could be complementary or alternative tools for treatments of aging-related diseases, including type-2 diabetes 
 ADDIN EN.CITE 
[35, 36]
. Except for salicylic acid, oral bio-availability (as judged by their blood levels after oral intake) of most others are very low or negligible. Such is also the case for phloroglucinol (1, 3, 5-trihydroxybenzene), which has been identified as a metabolically unstable metabolite of quercetin and other flavonoids as well 
 ADDIN EN.CITE 
[37, 38]
 Like for quercetin 
 ADDIN EN.CITE 
[39-41]
, reports on therapeutic potential of phloroglucinol for treatments of diabetes and other metabolic disorders have appeared during more recent years 
 ADDIN EN.CITE 
[42-45]
. Together with its trimethyl ether, it has since long been used in several European and other countries for treatments of pain and other symptoms associated with inflammatory bowel diseases 
 ADDIN EN.CITE 
[46-48]
. Although oral bioavailability of phloroglucinol itself is also very low, it has been reported that only 3 mg/kg daily oral doses of phloroglucinol have protective effects against alcohol induced gastric mucosal damages and an ulcer in rats 
 ADDIN EN.CITE 
[49]
. Dose finding and other studies conducted in our groups has revealed also that its very low daily oral doses effectively protect rodents against foot shock stress induced hyperthermic responses and that its minimally effective daily oral dose for protecting the animals against stress triggered exaggerated state of anxiety, depression, and gastric ulcers is 1 mg/kg/day or lower. Results of that study had revealed also that bioactivity profile of seven daily very low doses of phloroglucinol is qualitatively very similar to that of a commercially available Panax ginseng extract [50].  Although many herbal extracts are now often standardized on their total flavonoids contents, their bioactivity profiles are seldom explainable by their contents in flavonoids only. Extracts of Ginkgo biloba and Hypericum perforatum are the examples of two more extensively studied herbal extracts enriched in flavonoids and commercialized as phototherapeutics or nutraceuticals. 

Piperin is yet another example of an amide alkaloid first isolated from the edible fruits of Piper nigrum and Piper longum in the 19th century and now regularly used as their biomarker for standardizing their extracts commercialized as phototherapeutics or nutraceuticals. However, its contents in their extracts vary considerably in their different types of extracts, which is seldom more than 2-3% in their crude extracts [51]. Although chemist have continued to identify many other structurally analogous alkyl amides and numerous other substances from them, they are seldom quantified or tested for their roles in traditionally known or more recently identified bioactivities of their extracts. Since it is now well recognized that bioactivity and safety profile of herbal extracts do not depend on a single or a few of their known constituents they are now often standardized or characterized by their chromatographic fingerprints as well. However, diverse polymeric or oligomeric substances and very low molecular weight substances and their salts present in herbal extracts are often not easily detectable and quantifiable in chromatograms used for quantifying their known bioactive constituents in them. Their qualities and quantities in a plant derived product used for therapeutic purposes depend not only on the processing, extractions, and formulation procedures used to prepare them, but also on the parts of the plant and the environmental conditions under which they grow and harvested. Since importance of these facts in dictating beneficial and adverse effects of herbal remedies has been well recognized by herbal researcher [52], diverse suggestions and recommendations for ascertaining reproducibility and replicability of phototherapeutics and nutraceuticals have often been made during more recent years 
 ADDIN EN.CITE 
[53-56]
. Therefore, a major goal of our efforts was to standardize rodent bioassays that could be used for resolving these problems necessary for more rational, or experimental evidence based, uses of the knowledge and knowhow of scholars and practitioners of Ayurveda therapeutic potentials of plants derived products and their formulations.
TRANSLATIONAL PHARMACOLOGY LESSONS LEARNED FROM FUMARIA INDICA, PIPER LONGUM, AND EDIBLE PHYTOCHEMICALS  
Fumaria indica (synonym: Fumaria parviflora) is a wildly growing plant of the Papaver family used in Ayurvedic and other traditionally known systems of medicine practiced in India and elsewhere for various therapeutic purposes. Like many other plants of the family, numerous alkaloids, phenolic acids, and fumarates have been isolated and identified as their bioactive metabolites involved in anti-inflammatory, antioxidative, hepatic disorders, gastro-protective, antidepressant, anxiolytic, and diverse other therapeutically interesting bioactivities of its extracts [57, 58]. Psychopharmacological screening of a hydro-alcoholic extracts of the plant conducted to identify bioactivities of the plant involved in its in its brain function regulating effects had revealed that repeated daily treatments with the extract has diazepam like anxiolytic, but not conventionally known antidepressants like, activities in a battery of rodent models commonly used for identifying such activities of test agents [57, 59]. Several studies conducted thereafter had indicated that fumaric acid and its esters are some the major bioactive constituents of crude extracts of the plant involved in its anti-aggressive [60], anxiolytic [61], memory enhancing or anti-amnesic [62], anti-stress or adaptogenic 
 ADDIN EN.CITE 
[63]
, anti-inflammatory and centrally acting analgesics like [64] activities observed after their repeated daily oral doses. Quantitatively though, their anti-stress and other bioactivities could not be explained by their contents in fumarates only. 
In more detailed studies conducted to compare anti-inflammatory, anxiolytics, and analgesic effects of single and repeated daily oral doses of fumaric acid its mono- and di-methyl esters with a methanol extract of the plant it was observed that their effectiveness continue to increase with increasing numbers of treatment days. Although very high single oral dose of all three fumarates tested had no observable effects in behavioral and other models often used for detecting anti-inflammatory and brain function modulating effects of test agents, their effective daily oral dose ranges in all rodent models estimated after ten daily oral treatments were between 1 and 10 mg/kg/day only [65, 66]. Estimated effective daily oral dose range of the tested extract after similar treatment days in all tests used in that study was between 60 and 240 mg/kg/day, indicating that constituents of the extract other than fumarates antagonizes their systemic effects observed after their lower daily oral doses. Thus, it is apparent that analytical standardization of Fumaria indica extracts on their contents in fumarates is not very useful for estimating their therapeutically interesting dose ranges and dosing regimen necessary for obtaining desired therapeutic benefits with negligible side effects. 
Usefulness of fumaric acid for treatment of psoriasis was first reported in 1995 by the German biochemist Walter Schweckendiek, who had developed the theory that fumaric acid deficiency could be a key factor in the pathogenesis of psoriasis and other inflammatory skin diseases 
 ADDIN EN.CITE 
[67, 68]
. Although this hypothesis has never been experimentally verified, numerous preclinical and clinical studies conducted with its esters during more recent years have continued to reveal and reaffirm their therapeutic potentials for treatments of psoriasis, multiple sclerosis and diverse other chronic inflammatory diseases [69]. Fairly high oral doses (1-2 g/day) of dimethyl ester (DMF) of the acid have more recently been approved in several European countries and USA for treatments of psoriasis and multiple sclerosis [70]. Since di-esters of fumaric acid are quickly metabolized inside the digestive tract to its monoester and fumaric acid, and after oral intake of fumaric acid esters plasma levels of fumaric acid are not altered [71], most efforts dealing with therapeutic potentials of fumarates for treatments of chronic inflammatory diseases concentrate mainly on the esters of the acid only 
 ADDIN EN.CITE 
[72, 73]
. However, due to its bactericidal activity, low acidity, and broad safety range, fumaric acid has since long been used as a food additive and also as a feed for promoting bodyweight of farm animals. It has also been identified as one of the hepatoprotective constituent of the edible plant Capsella bursa-pastoris 
 ADDIN EN.CITE 
[74, 75]
 as well as of Sida cordifolia i.e., another plant often used in several Ayurvedic formulations reported to have adaptogenic, antioxidative and immune function regulating activities 
 ADDIN EN.CITE 
[76-78]
. Dose dependent protective effects of 25 daily oral doses of fumaric between 1.25 and 5.0 mg/kg against cadmium induced hepatotoxicity, diverse biomarkers of liver function and oxidative stress and bodyweight losses in rats have recently been reported also [79]. 

During efforts to standardize rodent bioassays and experimental procedures for identifying bioactive metabolites of plants used in Ayurvedic medicine [80] it was observed that mice subjected to hot plate tests or unpredictable foot shock stress for less than one minute continue to lose body weight [81]. Their core temperatures also continue to increase after they are occasional subjected again to the same or similar painful experimental conditions. Results of several studies conducted during those efforts for verifying reproducibility and replicability of observations had reaffirmed the role of gut microbiota in stress response promoting or adaptogenic effects of several other phytochemicals and herbal extracts also. Amongst them, piperlongumine and a commercially available extract of Piper longum fruits were two of the most potent ones in promoting stress resistant. Piperlongumine is yet another amide alkaloid found the roots of Piper longum and several other plants of the Piper family traditionally known for their diverse therapeutic potential 
 ADDIN EN.CITE 
[82, 83]
. Since piperlongumine is often not detectable in fruit extracts of the plant it is not quantified in their extracts often used in numerous currently commercialized Ayurvedic formulation and other products as commercialized as food additive or nutraceuticals. According to Ayurvedic pharmacopeia Piper longum fruits are useful for treatments of pain associated with abdominal diseases and diverse other chronic inflammatory diseases and parasitic infections. The stems and roots of the plant are used in Ayurvedic medicine for treatments of flatulence, phantom tumor, ascites, and abdominal enlargement. Most pharmacological studies conducted with Piper longum extracts have dealt with their anti-bacterial, anthelmintic, anti-oxidative, and neuro-protective effects 
 ADDIN EN.CITE 
[84]
. A vast majority of them were conducted only after the report on the adaptogenic activity of this and five other Ayurvedic medicinal had been reported during 1999 [16].

Dose finding and other studies conducted in one of the two studies to compare the stress anti-stress and other activities of piperlongumine and fruit extracts of the plant had revealed that daily or doses as low as 1 mg/kg were high enough not only for almost complete suppression of stress triggered bodyweight losses and hyperthermic responses, but also central hypersensitivity to pain induced by repeated exposures of test animal to hot plate test [85]. Similar was also the activity profile of the antibiotic doxycycline tested parallely in that and the other study. In the other study, like for the antibiotic, all quantified stress responses were completely absent in animals for more than 10 days after they were treated with the 5 mg/kg daily doses of the extract or piperlongumine for 10 consecutive days [86]. Thus, it is apparent that their low dose protective effects against maladaptive stress responses last very long even after regular daily intake of their very low doses. Although further studies will be necessary for estimating the durations of such preconditioning effects, it can safely be said that such effects of their daily oral doses are due to their regulating effects on food intake, physiological functions of gut microbiota and digestive processes inside the gastrointestinal tract. 

Some other very potent stress response suppressing food phytochemicals identified during those studies were nicotinic, fumaric, and sinapic acids, quercetin and curcumin. Their estimated minimally effective daily oral doses after 10 daily oral treatments suppressing stress triggered bodyweight losses and hyperthermic responses were less also less than 2 to 3 mg/kg. Since oral bioavailability after such low doses is almost negligible, it seems reasonable to suggest that they are also useful tools for better understanding of the role of gut microbiota and digestive processes in regulating physical and mental health or stress responses. Amongst them fumaric acid is readily available and the cheapest one often used also as an acidulant or feed additive for growth and health promotion of farm animals. Therefore, it seems reasonable to suggest that enrichment of rodent meals with this acid is economically better suited for avoiding reproducibility problems in rodent models often used pharmacological studies arising from neglects of stress responses of animals to diverse environmental and experimental conditions and procedures used for such studies [87].
 Although considerable efforts have made to verify the role of the of fumaric acid in systemic effects of clinically used high doses of di- and mono-methyl esters, no very specific biological targets of the acid have yet been detected. It is well known though, that fumaric acid is an intermediate of the citric acid cycle, and like lactic and other small molecular weight organic acids it is also biosynthesized by bacterial and many terrestrial plants for their own survival, growth, and reproduction 
 ADDIN EN.CITE 
[88, 89]
. Observed stress resistance promoting, anti-inflammatory, and growth promoting effects of the acid in stressed rodents after its low daily doses is agreement with the proposal that fumaric acid deficiency is the key factor in pathogenesis of psoriasis and other skin diseases. They suggest also that modulation of the digestive processes regulating fumaric acid homeostasis by appropriate choices food items could be a feasible means for prevention of, or for retarding progression in severity and complexity of, diverse spectrum of stress disorders.  

It is now well established that decline in digestive functions and alterations in the composition of gut microbiota play important roles in etiology, pathogenesis and progression of aging associated diseases and illnesses 
 ADDIN EN.CITE 
[90-93]
 and that alterations in physiological functions of microbiota-gut brain axis triggered by stress influences mental and digestive functions as well 
 ADDIN EN.CITE 
[94-98]
. Amongst all aging associated chronic disease, type-2 diabetes is the most prevalent one, comorbidities of which become more severe with increasing age. Metformin is till now the only drug often recommended for its prevention, and its combinations with aspirin and psychoactive drugs are widely used for treatments of diabetes and other metabolic disorders associated cardiovascular and mental health problems. It is now considered to be one of the more promising drugs leads useful for prolonging healthy lifespan and treatments of age-related chronic diseases, including cancer 
 ADDIN EN.CITE 
[99]
. Results of several preclinical studies suggest also that daily metformin doses lower than those often used in most preclinical and clinical studies could be useful for prevention and cure of diabetes associated depression and anxiety 
 ADDIN EN.CITE 
[100-103]
. 
However, concerns that metformin may be associated with deleterious effects on memory functions, behavior, and other adverse effects has also been raised 
 ADDIN EN.CITE 
[104-108]
. Such adverse effects of the drug are most probably due to high doses of metformin often prescribed for treatments of diabetes. Results of toxicological and other preclinical studies have revealed indeed that 100 mg/kg is toxic and can shorten lifespan of mice 
 ADDIN EN.CITE 
[109-113]
. Although numerous anti-hyperglycemic drugs have been developed since the discovery of metformin, prevention and cure of diabetes and other malnutrition triggered metabolic disorders associated comorbidities still continue to be a major challenge for all systems of medicine and healthcare. Observations made during efforts to identify stress resistance promoting bioactive metabolites of Withania somnifera and biomarkers of their systemic effects strongly suggest that several of them are more potent and safer therapeutic option than metformin for prevention of diabetes or for facilitating healthy aging. Observations suggesting and reaffirming such possibilities will be summarized in the following. 
BIOACTIVE METABOLITES OF WITHANIA SOMNIFERA AND BIOMARKERS OF THEIR SYSTEMIC EFFECTS 
Withania somnifera is a plant of the Solanaceae family more often used in numerous Ayurvedic herbal and herbomineral formulations used for prevention of malnutrition associated physical and mental health problem of individuals of different ages [114, 115]. Since the very first reports on stress resistance promoting or adaptogenic effects of root extracts of the plant had appeared during 1970s, numerous preclinical studies and clinical observations have continued to reveal and reaffirm therapeutic potentials of extracts and several metabolites of the plant for treatments mental health problems as well 
 ADDIN EN.CITE 
[116-120]
. Phytochemical studies conducted before and since then have also identified numerous edible and other phytochemicals from diverse types of extracts of different parts and cultivars of the plant [121]. However, except for some of the steroidal lactones known as withanolides, as yet only a very few reports on the quantities and bioactivities of more than 200 other chromatographically detectable substances present in them have appeared. 
Almost as a rule, extracts of the plant used in most preclinical and clinical studies, or commercialized as nutraceuticals, are standardize on, or characterized by, their contents in withanolides, total contents of which in extracts obtained from different parts and cultivars of the plant using different processing and extractions procedures vary enormously [122]. Moreover, total contents of withanolides even in some patented ones enriched in them are always much lower than those of others present in them. It has often been pointed out though, that substance other than withanolides can also contribute to adaptogenic and other therapeutically interesting bioactivities of Withania somnifera extracts 
 ADDIN EN.CITE 
[73, 123-126]
. One of the recently identified water soluble substances isolated from leaf extracts of the plant is triethylene glycol, which has been reported to have Withania somnifera extracts like sleep inducing effects 
 ADDIN EN.CITE 
[72, 127-129]
.  However, as yet presence of this glycol in extracts of this or any other plant has been reported. Quercetin and fumaric acid are two other substances with triethylene glycol like bactericidal and anti-viral activities encountered in extracts of Withania somnifera and many other plants. Dose finding experiments conducted with them in the bioassay system standardized for identifying therapeutically interesting bioactive metabolites of Withania somnifera and other adaptogenic plants had revealed that their minimally effective daily oral dose for suppressing stress triggered body weight losses and hyperthermic responses is lower than 1 mg/kg/day. Although unlike for quercetin, no anxiolytics like activity of 5 mg/kg daily oral doses of triethylene glycol was detected in that study, that dose of both of them were almost equiactive in a mice behavioral model often used for identifying antidepressants like effects of test [130] agents.
Minimally effective daily oral doses of currently commercialized Withania somnifera root extract mice for its stress resistance promoting and anxiolytics like activities estimated in the bioassay used in that study was 10 mg/kg/day [131]. Despite several attempts, presence of triethylene glycol or fumaric acid could not been detected in that extract, the total contents of withanolides in which was 2.7% (w/w) only. Although quercetin and other plant phenolics could be detected in that extracts their total contents in it were lower than those of the withanolides. Results of a study comparing the activity profiles of Withania somnifera leaf, stems, and root extracts with metformin and some other drugs currently often used for treatments of diabetes and metabolic disorders associated comorbidities had suggested also that withanolides are not the only or the major extractable bioactive metabolites of the plant involved in their stress resistance promoting effects. Activity profiles of three extracts tested in that study were qualitatively very similar to those of metformin, aspirin, and nicotinic acid, but not to those of the centrally acting psychoactive drugs diazepam and imipramine [132]. Unlike the two psychoactive drugs, all other substances tested in that study in an earlier study [133] had protective effects against stress- triggered bodyweight losses. However, like for diazepam and imipramine, centrally acting analgesics like effects the tested extracts as well as metformin, aspirin and nicotinic acid in hot plate test were also observed in that study. 

Body weight losses caused by anorexia and central hypersensitivity to pain are common symptoms of almost all aging-related chronic diseases. Numerous preclinical and clinical studies conducted with withanolides and diverse types of Withania somnifera extracts during the past two decades have continued to reaffirm their therapeutic potentials for treatments of diabetes and other chronic diseases associated cognitive dysfunctions as well 
 ADDIN EN.CITE 
[117, 134-137]
. Like for metformin and aspirin, there is now considerable evidence also that numerous edible and other phytochemicals biosynthesized and stored by many terrestrial plants including Withania somnifera are modulators of the composition and physiological functions of gut microbiota 
 ADDIN EN.CITE 
[138-141]
. Moreover, due to similarities in modes of actions of metformin, aspirin, and other potential anti-aging drug leads with many metabolites of Withania somnifera and other plants, several of them are now also considered to be starting materials for discovering and developing drugs for promoting healthy aging 
 ADDIN EN.CITE 
[142-144]
.
Results of a study using the same bioassay procedure activity, activity profiles of a combined chromatographic sub-fraction of the Withania somnifera root extract completely devoid of withanolides (and other substances detectable in chromatograms of the extract used for quantifying withanolides in extracts) was comparable to that of a higher daily dose (10 mg/kg) of triethylene glycol. Minimally effective daily oral dose of the sub-fraction estimated in one of those studies was less 3.3 mg/kg/day, and its activity profile observed was qualitatively and quantitatively quite similar to that of tested dose of triethylene glycol [145]. Stress resistance promoting, anxiolytic, antidepressants like effects of only 10 mg/kg daily doses of the sub-fraction and the parent extract in diabetic rats were qualitatively and quantitatively very similar to that of the 50 mg/kg/day metformin in three further studies [146]. Although further studies will be necessary for identifying the bioactive metabolites of the sub-fraction tested, the results of those studies strongly suggest that all triethylene glycol or metformin mimetic substances of tested rood root extract are present in this sub-fraction (which was only 10 % by weight of the parent extract). 

A major goal of those studies was to identify circulating biomarkers that could be used in clinical studies for verifying predictive validity of preclinical observations made with extracts of Withania somnifera and other plants with metformin like stress resistance promoting and anti-hyperglycemic activities. Amongst many circulating biomarkers of stress responses or allostatic load, activities of the choline ester hydrolyzing enzymes (acetyl- and butyryl-cholinesterases) were the most sensitive and specific ones of stress resistance promoting or adaptogenic effects of metformin and the tested extract and its sub-fraction in diabetic animals. Yet another interesting observation made during those studies was that unlike acetyl-cholinesterase activity, that of butyryl-cholinesterase is not altered in stressed non-diabetic animals. Elevated butyryl-cholinesterase activity is a fairly specific prognostic marker of dyslipidemia associated with type-2 diabetes 
 ADDIN EN.CITE 
[147-151]
. Therefore, it seems to be a more specific biomarker of metabolic stress than of mental stress. However, both acetyl- and butyryl-cholinesterases has been well recognized to be biomarkers of parasympathetic dysfunction and systemic inflammation triggered diseases [152].
Like for the Withania somnifera extract, complete protections against elevated blood levels of both acetyl- and butyryl- cholinesterases were also observed in the sub-fraction of Withania somnifera extract treated animals after its daily five times lower oral dose than that of metformin. Therefore, efforts to identify its bioactive substances present in this fraction could eventually lead to a more effective and safer drug than metformin for prevention of diabetes and other metabolic disorders accompanying or caused by maladaptive stress induces parasympathetic dysfunction and central hypersensitivity. For such purposes, activity guides fractionation procedure using the experimental strategy and bioassay procedure standardized for better understanding of systems pharmacology of herbal remedies [81] could be a more realistic and time saving possibility than many other strategies and rodent bioassays currently often used for such purpose. 
RETROSPECTIVE ANALYSIS AND PERSPECTIVES FOR FUTURE RESEARCH
Numerous stressed rodent models are now available and often used for identifying bioactives of herbal adaptogens [153, 154], or for identifying promising drug leads useful for treatments of post-traumatic stress disorders 
 ADDIN EN.CITE 
[155-157]
. However, during efforts to identify them using such models it is often neglected that their metabolites generated inside the digestive tract could also be involved in their systemic effects. Some other facts often neglected during psychopharmacological and other studies with them is that microbiota-gut-brain-axis plays a pivotal role in regulating physical and mental health and that stress triggered alterations in gut microbiota and physiological functions of the gastrointestinal tract and central nervous system as well 
 ADDIN EN.CITE 
[95, 158-160]
. It is now apparent that preferences and choices of food items and eating habits of individuals depend on their gut microbiota profiles 
 ADDIN EN.CITE 
[161-163]
 and that the composition and physiological functions of gut microbiota depend largely on how much and which edible substances are used to prepare and consume meals and drinks 
 ADDIN EN.CITE 
[164-166]
. 
Considerable efforts have made during more recent years to identify bacteria that can be used for prolonging healthy lifespan or for prevention and cure of aging associated diseases and their comorbidities or for diagnosis of diseases 
 ADDIN EN.CITE 
[167-171]
. Altered intestinal microbiota composition has also been identified as a key player in obesity, diabetes and other eating disorders associated physical and mental health problems. However, the majority of nutritional or drug research has been focused mainly on obesity and inflammatory bowel disease 
 ADDIN EN.CITE 
[172-175]
. There is now considerable evidence suggesting that gut microbiota-derived metabolites are key regulators of host appetite and inflammation associated insulin resistance 
 ADDIN EN.CITE 
[176-179]
. Many of them, including short chain fatty acids, attenuate the physiological functions of the gut hormones, including that of the growth, appetite, and hunger regulating ghrelin 
 ADDIN EN.CITE 
[175, 180-183]
.  It is a biomarker of stress, the endocrine effects of which depend on the circulating levels of ghrelin and des-acylated ghrelin 
 ADDIN EN.CITE 
[184-188]
. Des-acylated ghrelin have been reported to have suppressive effects on ghrelin-induced neuronal and other activities of ghrelin 
 ADDIN EN.CITE 
[189-192]
.
Butyrylcholinesterase has recently been identified one of esterolytic enzyme regulating the circulating and brain levels of acylated and des-acylated form of ghrelin [193]. During more recent year considerable efforts have also been made to better understand the physiological functions of the enzyme which has since long been known to be a biomarker of stress responses 
 ADDIN EN.CITE 
[194-197]
. Elevated serum butyrylcholinesterase has been identified as an independent biomarker of increased risk of type-2 diabetes [198]. This enzyme has also been considered as a useful biomarker for the diagnosis and monitoring of malnutrition and in general as a prognostic indicator in the elderly [199]. Recently, it has been suggested also that elevated levels of acetyl- and butyryl-cholinesterase can predict the development of type-2 diabetes and Alzheimer’s disease 
 ADDIN EN.CITE 
[200, 201]
. Psychogenic stress triggered low grade inflammation is a common pathogenic factor involved in etiology, pathogenesis and progression of most major age-related diseases, including those of diabetes, Alzheimer’s disease and cancer 
 ADDIN EN.CITE 
[202-206]
. 
Numerous studies have reaffirmed that regular intake of low dose aspirin is effective in prevention of these diseases 
 ADDIN EN.CITE 
[207-211]
. However, gastric bleeding and other adverse effects of low dose aspirin have also been observed in most of those studies 
 ADDIN EN.CITE 
[212]
. Results of one of the very first study conducted to verify the role of fumaric acid in the anti-inflammatory and analgesic activities of Fumaria indica had revealed that its daily oral dose as low as 1,25 mg/kg in all bioassays often used for identifying aspirin like bioactive metabolites of test agents [64]. The most unexpected observation made in that and in further studies was that such low daily doses of the acid as its mono- and di-methyl esters are also effective in two bioassays (tail flick and hot-plate tests) often used for centrally acting analgesics [65]. Minimally effective daily oral doses for such and stress resistance promoting effects of aspirin and all three mono-hydroxybenzoic acids was ca 20 folds higher than fumaric acid and its tested extracts 
 ADDIN EN.CITE 
[213, 214]
.  Although daily oral doses of fumaric acid as high as 100 mg/kg had no effects on bodyweight of non-stressed animals, its 5 mg/kg daily dose for 5 or more days completely suppresses stress triggered bodyweight losses and hyperthermic responses. Although no specific pharmacological target of this food additive is known, a recent report suggests that its antagonistic effect against toll like receptor TLR-4 mitigated pathways in dendritic cells is involved in its anti-inflammatory effects [215]. Therefore, it seems reasonable to assume that anti-inflammatory, growth stimulating and other systemic effects of daily oral low doses of fumaric acid in stressed rodents is due to its protective effects against maladaptive stress triggered alterations in the physiological functions of gastric dendritic cells.

Like for fumaric acid, protective effects of nicotinic acid and piperlongumine on body weight losses and hyperthermic responses triggered by maladaptive stress responses were also observed after daily treatments with their lowest tested daily doses (1 mg/kg/day). All three of them and many other edible substances consumed with edible and other plants derived products used in Ayurvedic and other traditionally known systems of medicine are well known for their bactericidal and antiviral effects [216, 217]. Stress resistance promoting, anti-inflammatory, analgesic, antidepressant and other therapeutically interesting activities of most, if  not all of them, have often been reported also [218]. However, such reports deal mainly with their single and often much higher doses than those necessary for prevention of maladaptive stress induces alterations in cognitive functions and abnormal changes in bodyweight and temperature. It has since long been well recognized though, that it is not only their doses, but also the numbers or treatments and time elapsed after their intakes that dictate their ultimate health benefits or adverse effects. Results of the studies summarized in this short review encourage us suggest that the experimental strategies and stressed rodent bioassays used in those studies could be useful not only for identifying bioactive plant metabolites and better understanding of their dose pharmacology, but also for deciphering the role of gut microbiota on the physiological functions of dendritic cells of the gastric mucosa in etiology pathogenesis and progression of aging and systemic low-grade inflammation associated chronic diseases.
CONCLUDING COMMENTS 
Studies conducted to identify biomarkers of Withania somnifera root extract and its subtraction reaffirm that presence of withanolides in extracts of the plant is not essential for obtain metformin like health benefits from them. They suggest also that individuals with below average bodyweights or suffering from or at risk to anorexia will profit the most from them. Results of one of those studies had revealed also that although the lowest tested doses (3.3 and 10mg/kg/day) of the sub-fraction was effective in protecting against maladaptive stress induced bodyweight losses and sustained hyperthermia even its 3 times higher had no significant effects in a behavioral test for centrally acting drugs often used for treatments of obsessive-compulsive disorders [145]. Those and all other subsequent observations made with the subtraction reaffirm also that this sub-fraction is highly enriched in appetite stimulating or orexigenic substances extractable from the plant. 
Since the activity profiles of both quercetin and triethylene glycol in similar bioassays are similar to those of the sub-fraction, they can also be considered as promising drug leads useful for prevention of anorexia or taste anomalies associated bodyweight losses and other comorbidities. That such could indeed the case has also been reaffirmed in several studies comparing their activity profiles in stressed mice. Both of them have been reported to have cancer growth retarding, sleep inducing, and microbicidal activities. Their estimated minimally effective daily oral dose for prevention of stress triggered bodyweight losses was also very low (less than 5 mg/kg/day). Loss in appetite, bodyweight, and sensitivity to external stimuli are some the more reliable diagnostic criterion for estimating health status or frailty of patients and also for judging effectiveness of therapeutic measures. Frailty is a state of increased vulnerability of adverse health outcome [219, 220], and usefulness of frailty index for assessing health care needs of critically ill or elderly patients is now well recognized 
 ADDIN EN.CITE 
[221-223]
. Availability of reliable, reproducible, and validated animal models is essential for better understanding of not only ultimate health effects of drugs, environmental stress, and aging, but also for better understanding of pharmacological principles behind traditionally known medicinal uses of plants now often pharmacologically classified as adaptogenic herbs. 
Attempts are now being made in several laboratories to identify and validate bioassays and experimental models for assessing frailty index in mice 
 ADDIN EN.CITE 
[224-226]
. A report pointing out usefulness of one such model for quantifying the effects of dietary and pharmaceutical interventions has appeared also 
 ADDIN EN.CITE 
[227]
. However, most such models proposed to date are not particularly suited for quantification of possible health benefits (or adverse effects) of treatments in patients suffering from eating disorders, depression, pain, other mental health problems. Such comorbidities are common in patients of all ages suffering from or at risk to metabolic disorders and other chronic diseases including cancer 
 ADDIN EN.CITE 
[228, 229]
. Moreover, despite availability of numerous drugs and other health care measures, proper management of mental health problems have continued to be one of the biggest challenges for all systems medicine and health care systems.
 Results of the recently completed studies (manuscripts for publications under preparation) reaffirm that the bioassay procedures used in the studies conducted to identify bioactive metabolites of Withania somnifera is well suited for translational research dealing with pharmacology of antiaging drugs and drug leads and preventive medicine. Translationally most relevant observations made during those studies was that elevated blood level of butyrylcholinesterase activity is very specific biomarker of stress resistance promoting effects of metformin like bioactive metabolites of the tested Withania somnifera extract and its sub-fraction devoid of withanolides. It has often been that metformin does not and inhibitor of butyrylcholinesterase and that it is a very weak inhibitor of acetyl cholinesterase 
 ADDIN EN.CITE 
[230-232]
. The doses of metformin used in those in vitro studies were much higher than those observed after the therapeutically interesting lower ones (50 mg/kg/day) used in those and many others revealing its lifespan pronging effects. Somewhat analogous is also the case for Withania somnifera extracts and withanolides, cholinesterase inhibitory effects of fairly high concentrations of which has often been reported 
 ADDIN EN.CITE 
[233-235]
. 
Observed cholinesterase activities normalizing effects of their low daily oral doses strongly suggest that either inhibition of their biosynthesis, or enhancing the circulating levels of other substance inhibiting their activities, are involved in their observed effects. Efforts to identify them is necessary not only for better understanding of biological processes involved regulation blood levels of their activities, but also for gaining more precise knowledge on modes of actions of metformin and other metformin like stress resistance promoting substances. Knowledge and knowhow evolving from such efforts will certainly useful for more rational uses of our current knowledge on bioactive metabolites and biomarkers of Withania somnifera like herbal adaptogens and other substance with stress resistance promoting and other health benefits. In any case, it can safely be said that the stressed rodent model used for identifying biomarkers of Withania somnifera is well suited for generating experimental evidence base necessary justifying traditionally known uses of adaptogens for prevention of diseases and prolonging healthy lifespan. 
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