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“They” were always there. Or at least, “they” were there since antiquity; since the time that foraging for food in the wild invariably meant consuming “them” laced on the food. In the hollow organs and on the surface, “they” live peacefully, in harmony. “They”: The “Microbiome.” Trillions of “them”! (Sonnenburg et al., 2004; Bäckhed et al., 2005; Pluznick, 2014; Lanza et al., 2015; McNally and Brown, 2015; Mermel, 2015; Woolhouse et al., 2015) When the balance gets tipped off, at least in some organs, clinical signs are manifested. For example, Gardnerella, a common constituent of vaginal micro-organisms, colonize and smear the epitheliocyte producing the so-called “clue cells,” and manifest a local secretory phenome, along with odorous volatile substances production, the “whiff,” so commonly detected during presentations of bacterial vaginosis (BV) in the STI clinic (Machado and Cerca, 2015). “They” love the lack of oxygen.

The greatest fermentor in the human body is the post-esophageal gut; the anaerobic environment is capable of producing an environment where gases may be formed, both in the foregut, through the small intestines, and in the hindgut, with the gradient of bioreactor activity increasing in that order. We are all so accustomed with the “wind.” Though the precise biological significance of these luminal gas productions is not known (Azpiroz, 2005), in the surgical ward, especially after abdominal laparotomy, the history of the passed “wind” is a tale of relief, a sure sign that the dreaded risk for the development of ileus has passed (Cosyns et al., 2015).

In the foregut, especially in the stomach, casual clinical correlation has been demonstrated between the presence of Helicobacter pylori and development of gastric ulcers (Marshall and Warren, 1984). Though the organism has been isolated form the stomach, direct evidence that their colonization is the first event in development of gastric ulcers has never been provided (Beasley et al., 2015). Furthermore, recent evidence show that Helicobacter has co-evolved in the human stomach for several million years and may actually play symbiotic roles (Blaser, 2012; Sitaraman, 2015). In fact, urease producing organisms have been recently demonstrated even in the small intestines, where the pH is relatively higher (near the alkaline range), and thus there may be special chemical roles, yet undefined, of urease producing organisms in the alkaline intestinal luminal environment (Shen et al., 2015).

My reason for this prelude is to generate discussion regarding some recent reports that have attempted to propose causative link between microbiome populations and their cohort changes as mechanistic basis for hypertension, continuing the recent trend of linking microbiome organizations or alterations to chronic diseases. One of this is a recent well-performed study that endeavors to establish a relation between altered cecal populations of microbes in Dahl salt sensitive rats as the basis for their hypertension (Mell et al., 2015). I present an alternate viewpoint that the microbiome changes reported in this manuscript may not necessarily be causative. Previous studies have proposed the role of gut microbiota and metabolite sensing by G coupled receptors in kidney (Pluznick et al., 2013). Oral administration of Lactobacillus-fermented milk reduce blood pressure in spontaneously-hypertensive rats (SHR) and humans, and it has been suggested that this may be mediated by short peptide sequences from bacterial metabolites (Yamamoto et al., 1994; Nakamura et al., 1995; Seppo et al., 2003; Sekirov et al., 2010; Khalesi et al., 2014). Other studies have shown that the gut microbes metabolize phospholipid to TMAO, and this may predispose to cardiovascular disease (Wang et al., 2011). However, TMAO can be well-metabolized (Barrett and Kwan, 1985) and how this suggested metabolite predispose to cardiovascular stress is not well established.

In this recent report (Mell et al., 2015), 16S rRNA gene sequencing obtained from fecal samples of Dahl salt-sensitive (S) and Dahl salt resistant (R) rats demonstrated that the phylum Bacteriodetes (family S24-7) and Firmicutes (family Vellionellaceae) were higher in the S rats compared with the R rats. Both strains were subjected to the following protocols: (i) maintained on a high-salt diet (ii) antibiotics treatment for ablation of microbiota and (iii) transplanted with S or R rat cecal contents. Blood pressure (BP) monitoring was performed under the pre-described circumstances.

Surprisingly, antibiotic ablation of gut microbiota of S rats did not cause significant decrease of blood pressure in comparison to R rats (Mell et al., 2015). This may support the inference that colonic microbiota and/or its metabolites may not play fundamental role in blood pressure elevation in S rats. Alternatively, we also do not know whether the microbiota resulted in overgrowth of another intraluminal non-targeted species. The systolic BP of the R rats remained unchanged when S rat cecal content was transplanted by trans-gastric gavage. Reciprocally, when S rats were administered a single bolus of cecal content from R rats, the systolic BP did not decrease but showed sustained hypertension during their entire lifespan (Mell et al., 2015). The temporal profile of the development of high BP after transplantation of the R contents to S rats was almost similar to the native (untreated) S strain. These observations indicate that this may have resulted from the existing pathology in S rats rather than induced by microbiota transplant. R rats resist development of high blood pressure even when fed a high salt (8% NaCl) diet. The authors suggest that the R cecal transplant induced accelerated hypertension (Mell et al., 2015). If such is truly the case, then the toxic components of the R ceca merits to be identified in future studies. Contrary to the thesis that the authors outline in their report (Mell et al., 2015), these key observations suggest that (i) the cecal microbiota and metabolites of S strain do not contribute to the development of hypertension and (ii) the R strain cecal microbiota/metabolites potentially restrict development of hypertension. Rather, the polygenic deregulation of smooth muscles functions contributing to arteriolar resistance and other humoral factors that regulate electrolyte homeostasis and maintenance of normal blood pressure are the potential contributing factors to development of hypertension in the salt-sensitive S strain of rats and resistance to development of hypertension in the salt-resistant R stain of rats (Rapp, 2000; Zicha et al., 2012).

We shall look forward to validatory studies for the preliminary observations made in the report. After transplantation of R contents in S rats, the demise of the rats occurred earlier than regular S rats (Mell et al., 2015). Necropsy findings, especially of gross heart morphology, may provide important data regarding the cause of accelerated mortality (for example, if development of heart failure due to aggravated hypertension). The Rcecal to S transplanted group demonstrated increased plasma acetate and heptanoate but lower levels of fecal Vellionellaceae (unlike the native S rats; Mell et al., 2015). Veillonella ferments lactate to acetate via methylmalonyl-CoA pathway:
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How acetate remained elevated despite decrease of Veillonella and the contribution of other organisms, especially the short-chain fatty acid (butyrate) producing biomass (Duncan et al., 2004), merits systemic examination in future studies.

Metabonomic studies have provided understanding of gut metabolism of drugs like simvastatin, one the most commonly prescribed statins (Aura et al., 2011). Simvastatin is an inhibitor of the rate-limiting cholesterol synthetic enzyme, 3-hydroxy-3-methylglutaryl coenzyme A. Simvastatin is degraded in the gut by hydrolytic cleavage of methylbutanoic acid from the backbone structure. Metabolism involves sequential microbial processes of demethylation of dimethylbutanoic acid and subsequent hydroxylation/dehydroxylation and β-oxidation, resulting in the production of short chain organic acids like 2-hydroxyisovaleric acid (3-methyl-2-hydroxybutanoic acid), 3-hydroxybutanoic acid and lactic acid (2-hydroxypropanoic acid), and finally re-cyclization of heptanoic acid to produce cyclohexanecarboxylic acid. These metabolites may have positive impact on vascular health. The increased circulating heptanoic acid in S animals transplanted with R cecal contents (Mell et al., 2015) may actually be a beneficial metabolite which may contribute to improved vascular function, rather than contributing to hypertension. This important aspect merits clarification in future studies. These aspects are also of importance in HIV infected patients who are on chronic ARTs. Some classes of HAART agents like protease inhibitors and non-nucleoside reverse transcriptase inhibitors (NNRTIs) predispose to hypercholesterolemia, hypertension and other dysmetabolic features (da Cunha et al., 2015). Administration of statins merits careful selection, for example, pravastatin over other class representatives (in order to prevent statin-induced myositis and other complications like rhabdomyolysis; Martínez et al., 2004). How the gut microbes influences such luminal drug metabolism are important areas of systemic investigations.

The metabolic role of the luminal microorganisms are complex, and how they contribute to salt regulation should be an important area of ongoing studies. Absorption of sodium chloride from the intestine is complex, and occurs as a biphasic phenomenon: (a) from the small intestine and (b) during the entire colonic transit, including in the cecum. This is further dependent on ileocecal delivery rates, colonic transit time and state of luminal electrolyte composition and viscous state of the luminal mass. In this aspect, studying the mucin metabolizing organism Akkermansia muciniphila may also hold important implications (Dao et al., 2015). In the animal kingdom, not all species have the cecum, for example, the sloth and the hippopotamus. The sloth is remarkable that it is a foregut fermentor (Gilmore et al., 2001), like some bird species like hoatzins and some other animals with complex stomach compartments belonging to the family Artiodactyla (suborder Ruminantia, about 150 species; Munn et al., 2008; Godoy-Vitorino et al., 2012). Other animals that have mechanism of foregut fermentation include macropods (kangaroos, tree-kangaroos, wallabies and pademelons) and potoroids (bettongs, potoroos and rat-kangaroos; Smith, 2009), which demonstrate a form of rumination called merycism. Folivorous black-tailed tree rat (Thallomys migricauda) surviving on acacia tree also shows foregut microorganisms. The foregut microbiota may play complex roles, including thermoregulation in mousebirds, providing luminal lysozyme to kill pathogenic bacteria acquired during foraging or simply toxin regulation, for example contributing to oxalate metabolism. These organisms also play major role in nutrient extraction (Ali Shah et al., 2014). It has also been examined that there is an inverse relationship between the volume of stomach, especially in foregut fermentors, and volume of cecum in the hindgut (Langer and Snipes, 1991). These animal species may provide important control conditions to evaluate the role of cecal organisms and their changes in hypertension, and whether foregut fermentation may provide beneficial effects for blood pressure regulation. A provocative hypothesis could be that the foregut organisms may play major role in carbon balance and the production of gases (CO2 + CH4, carbon dioxide and methane, respectively) may be nature's way to prevent absorption of excess carbon units and thus maintain body mass balance. The critical role of methanogenic bacteria in such context acquires importance.

There may be complex relationships contributing to the transit of colonic contents, salt absorption, volume expansion and contribution to regulation of BP. In my opinion, the most significant observation in the present study (Mell et al., 2015) is the change of microbiota composition of the untreated S rats: the increase in Firmicutes (“tough skin”) and Bacteriodetes. A previous study reported changes in bacterial super kingdom level in a mouse obesity model (Ley et al., 2005). Because obesity potentially may elevate blood pressure, these reverse changes (increased Firmicutes in comparison to Bacteroidetes in obesity gut microbiome) from the observations of (Mell et al., 2015) should be reconciled in future studies. There are other recent studies that suggest a role of gut microbiome in sleep apnea induced hypertension (Durgan et al., 2016); however, diet is an important variable that do not support the role of the microbiome exclusively to produce the phenotypic effects (OSA-related hypertension). Detailed metabolic examination of these two bacterial families may help to understand the gut luminal environmental contribution to salt balance. The study by Mell et al. (2015) is a timely stimulus for active investigation in the field: the role of different diets (carnivorous, herbivorous, omnivorous and low-salt) and effects on blood pressure regulation. The findings of the present study may find future merit in biotechnological innovations. For example, luminal halophiles that cause morbid infections like Vibrios may be managed with a probiotic designed on the cecal composition of R strain of rats (presuming these organisms have the ability to scavenge sodium). We need more studies that progress beyond mere cataloging of the microbiome changes to important chronic medical conditions like obesity, hypertension and post-infectious irritable bowel syndrome (IBS). An important control to incorporate during these studies is the responses of the proposed microbiome using gnotobiotic and germ-free animals (Shroff and Cebra, 1995; Cebra et al., 1998). These future investigations shall provide insights regarding the homeostatic role of the microbiome in health and mechanistic contribution(s) of their alterations in disease pathophysiology.

The microorganisms have co-stayed with human host for millions of years. During disease processes, the Nash equilibrium between the microbiome and the human host may be reset, possibly resulting in alterations of specific forms (Cho and Blaser, 2012). The most pressing issue remains how to ask the relevant reductionist questions, and how these questions may be turned to relevant pharmacobiotic products. Similar repertoire of microbiome changes have been demonstrated in other models of hypertension. For example, increase in fecal Firmicutes/Bacteriodetes ratios have been recently demonstrated in spontaneously hypertensive rats and pharmacologically induced hypertension (Yang et al., 2015). Interestingly, these same changes were also demonstrated in stool samples of a very small series of human hypertensive subjects, and the trend reversed by anti-hypertensive drugs (Yang et al., 2015). Gut metabolism of catecholamines may have a biological impact on blood pressure (Honour, 2015) and during use of antihypertensives. These aspects should guide future studies. Deep sequencing of human stool samples of known-cause and essential human hypertension subjects is a logical and significant next set of studies. Correlation of clinical conditions like small intestinal bacterial overgrowth (SIBO) in irritable bowel syndrome (IBS) and liver diseases, cystic fibrosis, diabetes mellitus-associated hypertension, ESRD patients, nosocomial infections, milk intolerance, early-life antibiotic exposure, antibiotic-associated diarrhea and aging, microbiome/metabolite changes and possible effects on blood pressure regulation may be clinically investigated. The translational avenue that merits logical expansion of these pilot observations are the benefits from all these research that may be brought upfront to the clinic. Systemic clinical studies may test the role of probiotics like Saccharomyces boulardii or Lactobacillus or a fiber-rich diet in alleviating hypertension. Several cultures around the world favor fermented milk or organic acid-based drinks, from the inner plains of Mongolia through rest of the world: in the form of kefir, dahi, various forms of cheese, yogurt, Evolus, Calpis milk or kombucha. Basic studies shall help distinguish whether the reported microbiome changes in hypertension (Mell et al., 2015; Yang et al., 2015) are simply a bystander effect and response of microbiome to microenvironmental changes, or a deeper role as a precedent event to the development of hypertension. Preliminary studies have suggested that the fetus-in-delivery acquires maternal Lactobacillus johnsonii in preparation for digestion of maternal milk (Aagaard et al., 2012). Future shall tell us whether old therapies like fecal enemas (Eiseman et al., 1958) shall come of age as significant adjunct pharmacotherapy(s) for management of hypertension, the major cause of all-cause morbidity with advancing age. These studies (Mell et al., 2015; Yang et al., 2015) are providing incipient evidence that Paleolithic habits, such as those followed by Hadza tribes (Schnorr et al., 2014), may enhance longevity by delaying cardiovascular morbidity. Simple sharing of Metachnikoff's advice of the beneficial effects of milk and yogurt (Metchnikoff, 1910) shall be additive to the pharmacomanagement of subjects seeking continued care for essential hypertension and may provide basis for reducing the challenges of polypharmacy.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and approved it for publication.

ACKNOWLEDGMENTS

The author wishes to thank the reviewers and editors of journals where this manuscript was earlier submitted for comments and suggestions, which have substantially helped to improve the manuscript.

REFERENCES

 Aagaard, K., Riehle, K., Ma, J., Segata, N., Mistretta, T. A., Coarfa, C., et al. (2012). A metagenomic approach to characterization of the vaginal microbiome signature in pregnancy. PLoS ONE 7:e36466. doi: 10.1371/journal.pone.0036466

 Ali Shah, F., Mahmood, Q., Maroof Shah, M., Pervez, A., and Ahmad Asad, S. (2014). Microbial ecology of anaerobic digesters: the key players of anaerobiosis. ScientificWorldJournal 2014, 183752. doi: 10.1155/2014/183752

 Aura, A. M., Mattila, I., Hyotylainen, T., Gopalacharyulu, P., Bounsaythip, C., Oresic, M., et al. (2011). Drug metabolome of the Simvastatin formed by human intestinal microbiota in vitro. Mol. Biosyst. 7, 437–446. doi: 10.1039/C0MB00023J

 Azpiroz, F. (2005). Intestinal gas dynamics: mechanisms and clinical relevance. Gut 54, 893–895. doi: 10.1136/gut.2004.048868

 Bäckhed, F., Ley, R. E., Sonnenburg, J. L., Peterson, D. A., and Gordon, J. I. (2005). Host-bacterial mutualism in the human intestine. Science 307, 1915–1920. doi: 10.1126/science.1104816

 Barrett, E. L., and Kwan, H. S. (1985). Bacterial reduction of trimethylamine oxide. Annu. Rev. Microbiol. 39, 131–149. doi: 10.1146/annurev.mi.39.100185.001023

 Beasley, D. E., Koltz, A. M., Lambert, J. E., Fierer, N., and Dunn, R. R. (2015). The evolution of stomach acidity and its relevance to the human microbiome. PLoS ONE 10:e0134116. doi: 10.1371/journal.pone.0134116

 Blaser, M. J. (2012). Heterogeneity of Helicobacter pylori. Eur. J. Gastroenterol. Hepatol. 9(Suppl. 1), S3–S6. discussion: S6–S7.

 Cebra, J. J., Periwal, S. B., Lee, G., Lee, F., and Shroff, K. E. (1998). Development and maintenance of the gut-associated lymphoid tissue (GALT): the roles of enteric bacteria and viruses. Dev. Immunol. 6, 13–18. doi: 10.1155/1998/68382

 Cho, I., and Blaser, M. J. (2012). The human microbiome: at the interface of health and disease. Nat. Rev. Genet. 13, 260–270. doi: 10.1038/nrg3182

 Cosyns, S. M., Shiva, S., and Lefebvre, R. A. (2015). Protective effect of exogenous nitrite in postoperative ileus. Br. J. Pharmacol. 172, 4864–4874. doi: 10.1111/bph.13255

 da Cunha, J., Maselli, L. M., Stern, A. C., Spada, C., and Bydlowski, S. P. (2015). Impact of antiretroviral therapy on lipid metabolism of human immunodeficiency virus-infected patients: Old and new drugs. World J. Virol. 4, 56–77. doi: 10.5501/wjv.v4.i2.56

 Dao, M. C., Everard, A., Aron-Wisnewsky, J., Sokolovska, N., Prifti, E., Verger, E. O., et al. (2015). Akkermansia muciniphila and improved metabolic health during a dietary intervention in obesity: relationship with gut microbiome richness and ecology. Gut. 65, 426–436. doi: 10.1136/gutjnl-2014-308778

 Duncan, S. H., Holtrop, G., Lobley, G. E., Calder, A. G., Stewart, C. S., and Flint, H. J. (2004). Contribution of acetate to butyrate formation by human faecal bacteria. Br. J. Nutr. 91, 915–923. doi: 10.1079/BJN20041150

 Durgan, D. J., Ganesh, B. P., Cope, J. L., Ajami, N. J., Phillips, S. C., Petrosino, J. F., et al. (2016). Role of the gut microbiome in obstructive sleep apnea-induced hypertension. Hypertension 67, 469–474. doi: 10.1161/HYPERTENSIONAHA.115.06672

 Eiseman, B., Silen, W., Bascom, G. S., and Kauvar, A. J. (1958). Fecal enema as an adjunct in the treatment of pseudomembranous enterocolitis. Surgery 44, 854–859.

 Gilmore, D. P., Da Costa, C. P., and Duarte, D. P. (2001). Sloth biology: an update on their physiological ecology, behavior and role as vectors of arthropods and arboviruses. Braz. J. Med. Biol. Res. 34, 9–25. doi: 10.1590/S0100-879X2001000100002

 Godoy-Vitorino, F., Goldfarb, K. C., Karaoz, U., Leal, S., Garcia-Amado, M. A., Hugenholtz, P., et al. (2012). Comparative analyses of foregut and hindgut bacterial communities in hoatzins and cows. ISME J. 6, 531–541. doi: 10.1038/ismej.2011.131

 Honour, J. W. (2015). Historical perspective: gut dysbiosis and hypertension. Physiol. Genomics 47, 443–446. doi: 10.1152/physiolgenomics.00063.2015

 Khalesi, S., Sun, J., Buys, N., and Jayasinghe, R. (2014). Effect of probiotics on blood pressure: a systematic review and meta-analysis of randomized, controlled trials. Hypertension 64, 897–903. doi: 10.1161/HYPERTENSIONAHA.114.03469

 Langer, P., and Snipes, R. L. (1991). “Adaptations of gut structure to function in herbivores,” in Physiological Aspects of Digestion and Metabolism in Ruminants, Proceedings of the Seventh International Symposium on Ruminant Physiology, eds T. Tsuda, Y. Sasaki, R. Kawashima (Sendai: Academic Press), 349–378. doi: 10.1016/b978-0-12-702290-1.50023-0

 Lanza, V. F., Tedim, A. P., Martínez, J. L., Baquero, F., and Coque, T. M. (2015). The plasmidome of firmicutes: impact on the emergence and the spread of resistance to antimicrobials. Microbiol. Spectr. 3. doi: 10.1128/microbiolspec.plas-0039-2014

 Ley, R. E., Bäckhed, F., Turnbaugh, P., Lozupone, C. A., Knight, R. D., and Gordon, J. I. (2005). Obesity alters gut microbial ecology. Proc. Natl. Acad. Sci. U.S.A. 102, 11070–11075. doi: 10.1073/pnas.0504978102

 Machado, A., and Cerca, N. (2015). Influence of biofilm formation by Gardnerella vaginalis and other anaerobes on bacterial vaginosis. J. Infect. Dis. 212, 1856–1861. doi: 10.1093/infdis/jiv338

 Marshall, B. J., and Warren, J. R. (1984). Unidentified curved bacilli in the stomach of patients with gastritis and peptic ulceration. Lancet 1, 1311–1315. doi: 10.1016/S0140-6736(84)91816-6

 Martínez, E., Tuset, M., Milinkovic, A., Miró, J. M., and Gatell, J. M. (2004). Management of dyslipidaemia in HIV-infected patients receiving antiretroviral therapy. Antivir. Ther. 9, 649–663.

 McNally, L., and Brown, S. P. (2015). Building the microbiome in health and disease: niche construction and social conflict in bacteria. Phil. Trans. R. Soc. B 370:20140298. doi: 10.1098/rstb.2014.0298

 Mell, B., Jala, V. R., Mathew, A. V., Byun, J., Waghulde, H., Zhang, Y., et al. (2015). Evidence for a link between gut microbiota and hypertension in the Dahl rat. Physiol. Genomics 47, 187–197. doi: 10.1152/physiolgenomics.00136.2014

 Mermel, L. A. (2015). The human-microbe metaorganism, evolution and extraterrestrial colonization. Future Microbiol. 10, 1269–1270. doi: 10.2217/FMB.15.49

 Metchnikoff, E. (1910). “The Prolongation of Life. Optimistic Studies,” in Should We Try to Prolong Human Life? ed P. C. Mitchell (New York, NY: G P Putnam's Sons), 96.

 Munn, A. J., Streich, W. J., Hummel, J., and Clauss, M. (2008). Modelling digestive constraints in non-ruminant and ruminant foregut-fermenting mammals. Comp. Biochem. Physiol. A Mol. Integr. Physiol. 151, 78–84. doi: 10.1016/j.cbpa.2008.06.001

 Nakamura, Y., Yamamoto, N., Sakai, K., and Takano, T. (1995). Antihypertensive effect of sour milk and peptides isolated from it that are inhibitors to angiotensin I-converting enzyme. J. Dairy Sci. 78, 1253–1257. doi: 10.3168/jds.S0022-0302(95)76745-5

 Pluznick, J. L. (2014). Gut microbes and host physiology: what happens when you host billions of guests? Front. Endocrinol. (Lausanne). 5:91. doi: 10.3389/fendo.2014.00091

 Pluznick, J. L., Protzko, R. J., Gevorgyan, H., Peterlin, Z., Sipos, A., Han, J., et al. (2013). Olfactory receptor responding to gut microbiota-derived signals plays a role in renin secretion and blood pressure regulation. Proc. Natl. Acad. Sci. U.S.A. 110, 4410–4415. doi: 10.1073/pnas.1215927110

 Rapp, J. P. (2000). Genetic analysis of inherited hypertension in the rat. Physiol. Rev. 80, 135–172.

 Schnorr, S. L., Candela, M., Rampelli, S., Centanni, M., Consolandi, C., Basaglia, G., et al. (2014). Gut microbiome of the Hadza hunter-gatherers. Nat. Commun. 5:3654. doi: 10.1038/ncomms4654

 Sekirov, I., Russell, S. L., Antunes, L. C., and Finlay, B. B. (2010). Gut microbiota in health and disease. Physiol. Rev. 90, 859–904. doi: 10.1152/physrev.00045.2009

 Seppo, L., Jauhiainen, T., Poussa, T., and Korpela, R. (2003). A fermented milk high in bioactive peptides has a blood pressure-lowering effect in hypertensive subjects. Am. J. Clin. Nutr. 77, 326–330.

 Shen, T. C., Albenberg, L., Bittinger, K., Chehoud, C., Chen, Y. Y., Judge, C. A., et al. (2015). Engineering the gut microbiota to treat hyperammonemia. J. Clin. Invest. 125, 2841–2850. doi: 10.1172/JCI79214

 Shroff, K. E., and Cebra, J. J. (1995). Development of mucosal humoral immune responses in germ-free (GF) mice. Adv. Exp. Med. Biol. 371A, 441–446. doi: 10.1007/978-1-4615-1941-6_92

 Sitaraman, R. (2015). Allergies, Helicobacter pylori and the continental enigmas. Front. Microbiol. 6:578. doi: 10.3389/fmicb.2015.00578

 Smith, J. A. (2009). Macropod nutrition. Vet. Clin. North Am. Exot. Anim. Pract. 12, 197–208. doi: 10.1016/j.cvex.2009.01.010

 Sonnenburg, J. L., Angenent, L. T., and Gordon, J. I. (2004). Getting a grip on things: how do communities of bacterial symbionts become established in our intestine? Nat. Immunol. 5, 569–573. doi: 10.1038/ni1079

 Wang, Z., Klipfell, E., Bennett, B. J., Koeth, R., Levison, B. S., Dugar, B., et al. (2011). Gut flora metabolism of phosphatidylcholine promotes cardiovascular disease. Nature 472, 57–63. doi: 10.1038/nature09922

 Woolhouse, M., Ward, M., van Bunnik, B., and Farrar, J. (2015). Antimicrobial resistance in humans, livestock and the wider environment. Phil. Trans. R. Soc. B 370, 20140083. doi: 10.1098/rstb.2014.0083

 Yamamoto, N., Akino, A., and Takano, T. (1994). Antihypertensive effect of the peptides derived from casein by an extracellular proteinase from Lactobacillus helveticus CP790. J. Dairy Sci. 77, 917–922. doi: 10.3168/jds.S0022-0302(94)77026-0

 Yang, T., Santisteban, M. M., Rodriguez, V., Li, E., Ahmari, N., Carvajal, J. M., et al. (2015). Gut dysbiosis is linked to hypertension. Hypertension 65, 1331–1340. doi: 10.1161/HYPERTENSIONAHA.115.05315

 Zicha, J., Dobešová, Z., Vokurková, M., Rauchová, H., Hojná, S., Kadlecová, M., et al. (2012). Age-dependent salt hypertension in Dahl rats: fifty years of research. Physiol. Res. 61(Suppl. 1), S35–S87.

Conflict of Interest Statement: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2016 Chaudhury. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
, frontiers
in Physiology

Raised Cecal Veillonella
(Firmicutes)/S24-7 (Bacteriodetes)
May Not Cause Salt-Sensitive
Hypertension









OPS/images/crossmark.jpg
®

o fark





OPS/images/logo.jpg
, frontiers
in Physiology





OPS/images/math_1.gif
Lactate — acetate + 2propionate + CO, +H,0





