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Summary 

Trillions of microbes that colonize adult intestine function collectively as a metabolic organ that 

communicates with, and complements the human metabolic apparatus. Manipulation of this gut 

microbiota can help in identifying novel strategies for treating diseases such as obesity, diabetes, 

cardiovascular disorder and hypertension. This review is an attempt to summarize various roles 

attributed to gut-microbiota in the physiology and metabolism of the human body. Emerging 

information in this area highlights the complex relationship of the endogenous gut microbes with 

body metabolism, immune surveillance and tolerance, and functions regulated by the central 

nervous system.   
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Introduction 

Mammals, including human beings, are colonized by a vast, complex and dynamic bacterial 

community. In humans, the number of microbes associated with mucosal surfaces exceeds total 

number of cells in the body by almost 10 times1. Collectively, the microbial genomes, constituted 

by more than 1000 species, are estimated to contain 100 times more genes than the human 

genome
2
. In the intestine microflora is in permanent contact and reciprocal interaction with host 

cells and nutrients and constituting an extremely complex and highly dynamic, but regulated 

ecosystem. The intestinal microbiota plays an important role in normal gut function and 

maintenance of host’s health. It is established immediately after birth and is now considered 

essential in priming the immune system
1
.  Until recently our understanding of the human 

intestinal microbiota has been limited due to reliance on conventional microbiological techniques 

(i.e., selective culturing) as a large fraction of the dominant gut microbes is still reported to be 

unculturable. As per latest estimates 80% of the phylotypes deriving from intestinal 

microorganisms have no culturable representatives
1
.  However, with the advent of methods like 

molecular fingerprinting and ecological statistical approaches, which do not require culturing, a 

much more thorough and reliable assessment of the gut microbiota is now possible. More 

recently, the metagenomic approaches have also been employed to address the collective 

genomes of the intestinal microbiota, also known as the microbiome3, 4. Indeed, a recent study 

using large-scale comparative analysis of 16S rDNA sequences of adherent mucosal and fecal 

microflora has shown 13,355 prokaryotic ribosomal RNA gene sequences5, greatly facilitating 

the identification and classification of gut bacteria. Simultaneously, complementary to 

metagenomics, approaches like meta-transcriptomics, meta-proteomics and meta-metabolomics 

have been initiated and such studies are expected to provide further insights into the in-situ 

activity and functions of the intestinal flora.  

A comparison of conventionally-raised rodents with germ-free counterparts has revealed a series 

of anatomical, biochemical and physiological phenotypes collectively termed as Microflora-

Associated Characteristics (MACS)
6
. Several factors contribute to the protective functions of gut 

microbiota such as: maintaining a physical barrier against colonization or invasion by pathogens, 

facilitating nutrient digestion and assimilation, and providing immunological surveillance signals 

at the gut mucosa-lumen interface6. The presence of a microflora has been reported to increase 

the turnover of intestinal epithelial cells. Commensal bacteria have been envisaged to directly 

influence the intestinal epithelium to limit immune activation6. Table 1 summarizes the various 

roles attributed to gut-microbiota in the human body. 

Table 1: Various roles played by gut microbiota 

Tissue/Stage Function/ Effect Reference 

Infant Role of Gut Microbiota in Early 

Infant Development 

R Wall et al., Clinical 

Medicine: Pediatrics 

2009:3 45–54. 

Brain Effects of gut microbiota on the 

brain: implications for psychiatry 

Foster et al., J 

Psychiatry Neurosci 

2009; 34(3):230-1. 
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Metabolism Mechanisms underlying the 

resistance to diet-induced obesity 

in germ free mice 

Backhed et al., PNAS. 

2007;104(3): 979-984 

Energy 

Homeostasis 

The gut microbiota as an 

environmental factor that 

regulates fat storage 

Backhed et al., PNAS. 

2004;101(44): 15718-

15723 

Obesity Gut-microflora and obesity 

 

Gut Microbiota and Its Possible 

Relationship With Obesity 

 

Changes in gut microbiota 

control metabolic endotoxemia-

induced inflammation in high-fat 

diet-induced obesity and diabetes 

in mice 

 

 

Changes in gut microbiota 

control inflammation in obese 

mice through a mechanism 

involving GLP-2-driven 

improvement of gut permeability 

 

Translational research into gut 

microbiota: new horizons in 

obesity treatment 

 

Ley et al, Nature. 2006. 

 

John K et al., Mayo 

Clin Proc. 

2008;83(4):460-469 

 

Patrice D. Cani et al., 

Diabètes 2008;  

 

P D Cani et al., Gut 

2009; 58:1091–1103.  

 

Daniela et al., 

Endocrinol Metab. 

2009; 53(2):139-144. 

 

Adult human gut microbiota 

The human gastrointestinal tract (GIT) is populated by complex communities of microorganisms, 

which out-number the eukaryotic host cells by one order of magnitude. Gut microbiota play an 

important role in extracting nutrients from the diet, regulating fat storage, stimulating intestinal 

epithelium renewal, and directing the maturation of the immune system. In turn it is itself 

affected by factors such as food consumption, kinships relationships and environment. The colon 

is colonized with approximately 10
12 

organisms/g of intestinal content and these distal gut 

microorganisms comprise of billions of bacteria and archaea
7
.  More than 90% of these bacterial 

populations are obligate anaerobes. Bacteroidetes and Firmicutes, which constitute more than 

90% of all phylogenetic types, are the two dominant bacterial divisions in the human and the 

mouse gut5. Other predominant species include Eubacterium, Bifidobacterium, Fusobacterium 

and Peptostreptococcus
6
.  Gut microbiota also contain a few potentially pathogenic bacteria 

besides the large number of health-promoting nonpathogenic bacteria
7
. The concentration and 

type of bacteria in the gastrointestinal tract are also influenced by the microhabitat variations 

such as those in pH, oxygen and nutrient availability throughout the length of tract
8,9

. 
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Establishment of gut microbiota 

The neonatal period is crucial for intestinal colonization.  The GIT of the fetus is largely sterile 

but becomes rapidly colonized within the first few days of life. Processes involved in the 

establishment of microbial population are complex and involve both microbial succession as well 

as interactions between the mucosa and the microbes in various regions of the infant gut7. 

Changes in the colonization pattern occur up to two years of age, when the microbiota stabilizes 

and resembles that of adulthood
10,12

. Predominant sources of microbes for the initial colonization 

of the GIT, following birth, are the maternal microbiota, especially during vaginal delivery and 

the infant’s diet (breast and formula feeding). Other sources include environment during birth, 

gestational age, hygiene measures and antibiotic treatment
12

.  Microbes have also been detected 

in the amniotic fluid and placenta from mothers and the umbilical cord blood of healthy 

neonates, which may also play a role in the first colonization of the GIT of the newborn
15

.  Mode 

of delivery has been identified as a key factor that shapes the developing infant’s microbiota
12,14

. 

The microbiota of infants born by caesarean section is characterized by lower numbers of strict 

anaerobes such as Bacteroides fragilis and Bifidobacteria compared to vaginally delivered 

infants
12, 16,18

. When compared with vaginally born infants, the median counts of B.fragilis group 

bacteria and C.difficile have been shown to be ~100-fold lower and ~100-fold higher, 

respectively, for infants born via caesarean section12. It is noteworthy that the balance between 

Bifidobacterium and Clostridium species is reported to affect immune-physiological 

development with a heightened risk for diseases associated with fewer Bifidobacteria and more 

Clostridia
19,22

. Moreover, use of pre- and/or pro-biotics further impact measures taken for 

disease prevention and management of specific conditions in infants by increasing the numbers 

of lactobacilli and Bifidobacteria in the intestine. This also suggests that influencing the 

composition of gut microbiota in early years may also influence the development of certain 

diseases in the adult life.  

Effect of gut microbiota on metabolism 

The distal human intestine has been compared to an anaerobic bioreactor containing trillions of 

bacteria and archaea, programmed to perform metabolic functions that human body has not been 

able to evolve on its own, including the ability to harvest the otherwise inaccessible nutrients 

from diet
23

.  Studies showing microbial contribution to nutrient metabolism have been done 

using the commensal Bacteroides thetaiotaomicron
6
.  B. thetaiotaomicron contains 172 glycosyl-

hydrolases that are predicted to cleave most glycosidic linkages encountered in components of 

most human diets
24

. The capacity of B. thetaiotaomicron to degrade a variety of host-derived 

glycoconjugates, such as chondroitin sulphate, has also been linked to genes, such as csuF, which 

encodes a potential receptor for these glycoconjugates, and chuR, which controls the expression 

of the genes involved in the utilization of glycans
25

. Other host molecules, such as mucins and 

glycosphingolipids, can also be degraded by bacteria-derived enzymes
26

. Using genetically-

modified bacteria, many genes have been identified such as those encoding SusC and SusF, outer 

membrane proteins, which also participate in gut carbohydrate metabolism. These genes are 

involved in the binding of starch to the bacterial surface allowing its digestion by α-amylases 

encoded by sus-A and sus-G genes24. This symbiotic relationship between host and bacteria also 

involves microbial fermentation processes. The predominant end-products of bacterial 

fermentation in the gut are short chain fatty acids (SCFAs), such as acetate, propionate and 
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butyrate. Acetate is taken up primarily by peripheral tissues and can also be utilized by 

adipocytes for lipogenesis
27

.  

Intestinal microflora is also known to contribute to amino-acid synthesis.  As early as 1976, 

Moreau et al. indicated the key role played by bacteria in nitrogen recycling in the gut as 

indicated by high concentration of urea in the colons of germ-free rats. Several recent studies 

using gnotobiotic mouse models, micro-arrays and laser capture micro-dissection have 

delineated gene expression changes ensuing gut colonization with each component of normal 

microbiota
6,28,30

. Mechanism based studies have revealed that the microbiota from a 

conventionally raised mice when colonized in a germ-free mice not only increased caloric 

harvest, from dietary plant polysaccharide with glycosidic linkages that the host is ill-equipped to 

cleave with their own complement of glycoside hydrolases, but also modulated host genes that 

affect energy deposition in adipocytes
31

. Transplantation of microbiota increases glucose uptake 

in the small intestine as well as fermentation of carbohydrates to SCFAs in the distal gut with 

subsequent stimulation of de novo synthesis of triglycerides in the liver
23

.  Microbiota also 

promotes the storage of triglycerides in adipocytes through suppression of intestinal expression 

of a circulating lipoprotein lipase (LPL) inhibitor: the fasting-induced adipocyte factor (FIAF)
32

.  

It also known that microflora deconjugate and dehydroxylate bile acids
33,34

, metabolize 

bilirubin35, reduce cholesterol36, and degrade mucus glycoproteins produced by the intestinal 

epithelium’s goblet cell lineage6. 

Gut microbiota and obesity 

Metabolic activities of the gut microbiota facilitate extraction of additional calories from 

ingested dietary substances and also help to store these calories in host adipose tissue for later 

use
24

. Indeed, it has been suggested that a person’s gut microbiota has a specific metabolic 

efficiency and that certain characteristics of the microbiota composition might predispose an 

individual to obesity
7
.  In a landmark study, Turnbaugh et al showed that the microbiota in the 

ob/ob mice contained genes encoding enzymes that break down otherwise indigestible dietary 

polysaccharides. They also found more end products of fermentation e.g., acetate and butyrate 

with fewer calories in the feces of obese mice.  Moreover, within two weeks of transfer of gut 

microbiota, of either ob/ob mice or lean mice to lean gnotobiotic mice, the recipients of the 

microbiota from ob/ob mice extracted more calories from food and showed a significantly 

greater fat gain as compared to the mice that received the microbiota from lean mice. These 

results further support the hypothesis of a specific role of microbial component in the 

pathogenesis of obesity
37

.  Ley et al have also studied the relative abundance of various types of 

gut bacteria in obese and lean mice.  Based on bacterial 16S rRNA gene sequences from the 

cecal microbiota of genetically obese (ob/ob) mice, their lean ob/+ and +/+ siblings, and their 

ob/+ mothers they reported 50% fewer Bacteroidetes and correspondingly more Firmicutes in 

ob/ob mice than their lean littermates
38

.  

Put together, these observations suggest that differences exist in the gut microbiota of obese vs 

lean mice, raising the possibility that the manipulation of gut microbiota could be a useful 

strategy for regulating energy balance in obese people39. Further extrapolating the observations 

from animal experiments to humans, Ley et al serially monitored the fecal microbiota in 12 

obese participants enrolled in a weight loss program for a year
40

. Both Bacteroidetes and 
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Firmicutes dominated the microbiota and after weight loss the relative proportion of 

Bacteroidetes increased, while Firmicutes decreased. The underlying mechanism for obese 

people having more Firmicutes is still unknown. The possible reason can be that the host gut 

may have uncharacterized properties that may select this bacterial phylum, which contains more 

than 250 genera with diverse metabolic capabilities and this diversity of Firmicutes may result in 

more efficient energy extraction from a variety of complex organic matter and lead to obesity.  

Studies on obese and diabetic mice also revealed enhanced intestinal permeability and metabolic 

endotoxaemia often seen as a comorbidity associated with metabolic disorders. Recent data 

support the idea that a selective increase of Bifidobacterium spp. reduces the impact of high-fat 

diet-induced metabolic endotoxaemia and inflammatory disorders. Clearly, additional work is 

needed to better understand the cause-and-effect relationship between obesity and gut 

microbiota.  

Gut microbiota and immune response 

Several hundred grams of bacteria living within the colonic lumen are known to affect the host 

homeostasis in more than one way. Some of these bacteria are potential pathogens and can be a 

source of infection and inflammation, while majority co-exist with the host and several health 

benefits are attributed to these. The enteric microbiota is a metabolically active partner in host 

defenses that influence the normal structural and functional development of the mucosal immune 

system.  Establishment of a normal microbiota provides the host with a substantial antigen 

challenge, with a strong stimulatory effect for maturation of the gut associated lymphoid tissue 

(GALT) and mucosal immunity
41,42

. The fact that approximately 80% of all immunologically 

active cells of the body are located in the GALT is an affirmation of the importance of microbe-

gut immune system interactions
43

.  Studies have indeed shown that germ-free mice have an 

under-developed sparse mucosal immune system, with small germinal centers and small T cell 

zones. Furthermore, their lamina propria contains essentially no immunoglobulin A (IgA), 

plasma cells or CD4 cells, and intraepithelial lymphocytes44, 45. However, reconstitution of germ-

free mice with intestinal microbiota leads to a rapid expansion of the immune system46. Intestinal 

bacteria are not uniform in their ability to drive mucosal inflammatory responses. Some species 

such as Bacteroides vulgatus are proinflammatory47 while other species such as bifidobacteria 

and lactobacilli lack inflammatory capacity
48, 49

. Thus, commensal bacteria such as bifidobacteria 

and lactobacilli exert protective effects by attenuating proinflammatory responses induced by 

different pathogens
49-51

. Other studies have demonstrated that recognition of commensal 

microflora by Toll-like receptors is required for intestinal homeostasis, explaining why 

disequilibrium in this signalling pathway can lead to the initiation of inflammatory bowel 

diseases
52

.  Kelly et al. proposed a mechanism by which commensal flora may regulate host 

inflammatory responses and maintain immune homeostasis, by promoting nuclear export of 

NFkB subunit relA, through a PPAR-γ-dependent pathway
51

. Recent evidence also indicates that 

certain enteric bacterial components can ameliorate radiation induced mucosal injury
52, 53

.  

Gut microbiota and Central �ervous System 

Emerging evidence support that gut microbiota influence central nervous system (CNS) 

functions and behavior
54

. Energy balance and food intake are centrally mediated processes even 

though the direct link between gut microbiota and central feeding circuits has not yet been 
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deciphered
55-57

. Studies involving intestinal microbiota indicate that events occurring in the gut 

also have an impact on the development and function of the CNS. It has been demonstrated that 

early life stress in a rodent leads to altered stress reactivity in later life, with a concomitant 

alteration in gut microbiota profile
58

. 

Almost 50 years ago, Gustafsson59-61 developed germ-free animal models as a scientific tool59-62. 

These models have no commensal intestinal microflora and, exhibit an undeveloped immune 

system
63-66

. Sudo et al have reported that when compared with specific pathogen-free mice, adult 

germ-free mice show an exaggerated stress response with increased plasma corticosterone and 

adreno-corticotrophic hormone levels in response to restraint stress
54

. An additional finding of 

this report was that colonization of the gut microbiota and the resultant constitution of the 

immune system at six weeks of age (adolescence) leads to normalization of the stress axis.  

However, when mice were colonized in early adulthood (8 weeks of age or later), the altered 

stress response persisted throughout adulthood
54

. All these observations support a direct 

influence of microbiota on stress reactivity and anxiety-like behavior impacting overall CNS 

development. Among psychiatric illness, mood disorders are the most common disorders and 

studies have shown that nearly 50% of patients with irritable bowel syndrome suffer from mood 

disorders. Whereas most clinical and preclinical studies have focused on top-down treatment 

options for intestinal disorders, emerging work involving germ-free mice suggest novel treatment 

options for psychiatric disorders potentially being targeted to systems outside of the CNS, 

including the GIT.  

Conclusion 

The human intestine is more densely populated with microorganisms than any other organ and 

manipulation of the gut microbiota may represent an alternate novel approach for treating human 

diseases right from the infancy to adulthood.  Mounting evidence that gut microbiota 

composition differs between obese and lean humans has led to the proposition that gut 

microbiota manipulation can ameliorate obesity. Different mechanisms have been proposed to 

explain the link between gut flora and obesity. The first assumption is based on the fact that gut 

microbiota increases energy extraction from indigestible dietary polysaccharides. The second 

assumption suggests a role of gut flora in modulating plasma LPS levels leading to chronic low-

grade inflammation seen in patients of obesity and diabetes.  The third mechanism proposes that 

gut microbiota may induce regulation of host genes that modulate how energy is expended and 

stored. It remains to be seen whether these small changes in energy extraction and food 

assimilation actually contribute to clinically meaningful differences in weight? How do genetic 

changes in the host, such as genetic mutation in leptin in the ob/ob mouse, result in differences in 

the composition of the gut microbiota? Do these differences persist overtime? Future studies are 

distinctly warranted to answer these queries and as yet un-understood mechanisms. Considering 

the importance of microbiota in combination with clinical work, examining the impact of 

antibiotics and probiotics on CNS development and function, will enlighten us about the 

importance of bottom-up control of brain function. The results from work undertaken in this 

emerging area may provide novel targets for intervention in psychiatric and metabolic illnesses. 

Thus, in conclusion, gut microbiota is truly emerging as a metabolic organ within the human 

body that holds an important regulatory place in the entire physiology of human body and a 

healthy microbiota is seemingly essential for the entire homeostasis of the organism. 



Pharmacologyonline 3: 548-559   (2010)                    Newsletter            Gurjar and Kapur 

 

 

555 

Conflict of interest: None 

References 

1. Macia L, Viltart O, Verwaerde C, Delacre M, Delanoye A, Grangette C., Genes 

involved in obesity: Adipocytes, brain and microflora. Genes & �utrition., 2006, 

1:3/4, 189-212. 

2. Savage DC. Microbial ecology of the gastrointestinal tract. Annual Review of 

Microbiology. 1977; 31:107-33. 

3. Egert M, de Graaf AA, Smidt H, de Vos, WM, Venema K. Beyond diversity: 

functional microbiomics of the human colon. Trends in Microbiology. 2006; 14: 86-

91. 

4. Zoetendal EG, Vaughan EE, de Vos WM. A microbial world within us. Molecular 

Microbiology. 2006; 59:1639-1650. 

5. Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent M,  et al. 

Diversity of the human intestinal microbial flora. Science. 2005; 308:1635-1638. 

6. Hooper LV, Midtvedt T, Gordon JI. How host-microbial interactions shape the nutrient 

environment of the mammalian intestine. Annual Review of �utrition. 2002; 22:283-

307. 

7. Wall R, Ross RP, Ryan CA, Hussey S, Murphy B, Fitzgerald GF ,et al. Role of Gut 

Microbiota in Early Infant Development. Clinical Medicine: Pediatrics. 2009; 3:45–

54. 

8. Holzapfel WH, Haberer P, Snel J. Overview of gut flora and probiotics. Int J Food 

Microbiol. 1998; 41:85–101. 

9. Dibaise JK, Zhang H, Crowell M, Krajmalnik Brown R, Decker GA , Rittmann BE. 

Gut microbiota and its possible relationship with obesity. Mayo Clin Proc. 2008; 

83(4):460-469. 

10. Wold AE, Adlerbeth I. Breast feeding and the intestinal microflora of the infant—

implications for protection against infectious diseases. Adv Exp Med Biol. 2000; 

478:77–93. 

11. Favier CF, Vaughan EE, De Vos WM. Molecular monitoring of succession of 

bacterial communities in human neonates. Appl Environ Microbiol. 2002; 68:219–

226. 

12. Penders J, Thijs C, Vink C. Factors influencing the composition of the intestinal 

microbiota in early infancy. Pediatrics. 2006; 118(2):511–521. 

13. Palmer C, Bik EM, DiGiulio DB. Development of the human infant intestinal 

microbiota. PLoS Biol. 2007; 5(7):1556–1573. 



Pharmacologyonline 3: 548-559   (2010)                    Newsletter            Gurjar and Kapur 

 

 

556 

14. Mitsou EK, Kirtzalidou E, Oikonomou I. Fecal microflora of Greek healthy neonates. 

Anaerobe.2008; 14(2):94–101.  

15. Pettker CM, Buhimschi IA, Magloire LK. Value of placental microbial evaluation in 

diagnosing intra-amniotic infection. Obstet Gynecol. 2007; 109(3):739–49. 

16. Bennet R, Nord CE. Development of the fecal anaerobic microflora after caesarean 

section and treatment with antibiotics in newborn infants. Infection. 1987; 15:332–

336. 

17. Grönlund MM, Lehtonen OP, Eerola E. Fecal microflora in healthy infants born by 

different methods of delivery: permanent changes in intestinal flora after caesarean 

delivery. J Pediatr Gastroenterol �utr.1999; 28:19–25. 

18. Torun MM, Baher H , Gur E. Anaerobic fecal flora in healthy breast-fed Turkish 

babies born by different methods. Anaerobe. 2002; 8:63–67. 

19. Kalliomäki M, Kirjavainen P, Eerola E. Distinct patterns of neonatal gut microflora in 

infants in whom atopy was and was not developing. J Allergy Clin Immunol. 2001; 

107:129–34. 

20. Salminen S, Gibson GR, McCarthy AL. Influence of mode of delivery on gut 

microbiota composition in seven year old children. Gut. 2004; 53:1388–1389. 

21. Barker DJ, Winter PD, Osmond C. Weight in infancy and death from ischemic heart 

disease. Lancet. 1989; 2(8663):577–580. 

22. Saavedra JM. Use of probiotics in pediatrics: rationale, mechanisms of action, and 

practical aspects. �utr Clin Pract. 2007; 22: 351–365. 

23. Backhed F, Manchester JK, Semenkovich CF, Gorden JI. Mechanisms underlying the 

resistance to diet-induced obesity in germ-free mice. P�AS. 2007; 104(3): 979-984. 

24. D’Elia JN, Salyer AA. Contribution of a neopullulanase, a pullulanase, and an alpha-

glucosidase to growth of Bacteroides thetaiotaomicron on starch. Journal of 

Bacteriology.1996; 178: 7173-7179. 

25. Cheng Q, Hwa V, Salyers AA. A locus that contributes to colonization of the 

intestinal tract by Bacteroides thetaiotaomicron contains a single regulatory gene 

(chuR) that links two polysaccharide utilization pathways.  Journal of Bacteriology. 

1992; 174: 7185-7193. 

26. Lowe ME, Kaplan MH, Jackson-Grusby L, Agostino D , Grusby MJ. Decreased 

neonatal dietary fat absorption and T cell cytotoxicity in pancreatic lipase-related 

protein 2-deficient mice. Journal of Biological Chemistry. 1998; 273: 31215-31221. 

27. Bergman EN. Energy contributions of volatile fatty acids from the gastrointestinal 

tract in various species. Physiological Reviews.1990; 70: 567-590. 



Pharmacologyonline 3: 548-559   (2010)                    Newsletter            Gurjar and Kapur 

 

 

557 

28. Hooper LV, Wong MH, Thelin A, Hansson L, Falk PG., Gordon JI. Molecular 

analysis of commensal host-microbial relationships in the intestine. Science. 2001; 

291: 881-884. 

29. Hooper LV, Xu J, Falk PG, Midtvedt T, Gordon JI. A molecular sensor that allows a 

gut commensal to control its nutrient foundation in a competitive ecosystem. Proc 

�atl Acad Sci USA .1999; 96: 9833-9838. 

30. Stappenbeck TS, Hooper LV, Manchester JK, Wong MH, Gordon JI. Laser capture 

micro dissection of mouse intestine: characterizing mRNA and protein expression, 

and profiling intermediary metabolism in specified cell populations. Methods in 

Enzymology. 2002; 356: 167-196. 

31. Backhed F, Ding H, Wang T, Hooper LV, Koh GY, Nagy A, et al. The gut microbiota 

as an environmental factor that regulates fat storage. Proc �atl Acad Sci USA.2004;  

101:15718-15723. 

32. Wolin M. Fermentation in the rumen and human large intestine. Science.1981; 213: 

1463-1468. 

33. Moser SA, Savage DC. Bile salt hydrolase activity and resistance to toxicity of 

conjugated bile salt are unrelated properties in lactobacilli.  Applied and 

Environmental Microbiology. 2001; 67:3476-3480. 

34. Jones ML, Chen H, Ouyang W, Metz T, Parkash S. Microencapsulated genetically 

engineered lactobacillus plantarum 80 (pCBH1) for bile acid deconjugation and its 

implication in lowering cholesterol. Journal of Biomedicine and Biotechnology.2004; 

1: 61-69. 

35. Saxerholt H, Midtved T. Intestinal deconjugation of bilirubin in germfree and 

conventional rats. Scandinavian Journal of Clinical and Laboratory Investigation. 

1986; 46: 341-344. 

36. Chiu CH, Lu TY, Tseng YY, Pan TM. The effects of Lactobacillus-fermented milk 

on lipid metabolism in hamsters fed on high-cholesterol diet. Applied Microbiology 

and Biotechnology. 2005; 71: 238-245. 

37. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An 

obesity-associated gut microbiome with increased capacity for energy harvest. 

�ature.2006; 444(7122):1027-1031. 

38. Ley RE, Bäckhed F, Turnbaugh PJ, Lozupone CA, Knight RD , Gordon JI. Obesity 

alters gut microbial ecology. Proc �atl Acad Sci USA. 2005; 102(31):11070-11075.  

39. Tsukumo DM, Carvalho BM, Carvalho-Filho MA, Saad MJ. A Translational research 

into gut microbiota: new horizons in obesity treatment. Endocrinol Metab. 2009; 

53/2. 



Pharmacologyonline 3: 548-559   (2010)                    Newsletter            Gurjar and Kapur 

 

 

558 

40. Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: human gut microbes 

associated with obesity. �ature. 2006; 444(7122):1022-1023 

41. Cebra JJ. Influences of microbiota on intestinal immune system development. Am J 

Clin �utr. 1999; 69:1046–1051. 

42. Grönlund MM, Arvilommi H, Kero P. Importance of intestinal colonization in the 

maturation of humoral immunity in early infancy: a prospective follow up study of 

healthy infants aged 0–6 months.  Arch Dis Child Fetal �eonatal Ed. 2000; 

83(3):F186–F192. 

43. Brandtzaeg P, Halstensen TS, Kett K. Immunobiology and immunopathology of 

human gut mucosa: humoral immunity and intraepithelial lymphocytes. 

Gastroenterology. 1989; 97(6):1562–1584. 

44. Falk PG, Hooper LV, Midtvedt T. Creating and maintaining the gastrointestinal 

ecosystem: what we know and need to know from gnotobiology. Microbiol Mol Biol 

Rev. 1998; 62:1157–1170. 

45. Butler JE, Sun J, Weber P. Antibody repertoire development in fetal and newborn 

piglets, III. Colonization of the gastrointestinal tract selectively diversifies the 

preimmune repertoire in mucosal lymphoid tissues. Immunology. 2000; 100:119–130. 

46. Umesaki Y, Okada Y ,Matsumoto S. Segmented filamentous bacteria are indigenous 

intestinal bacteria that activate intraepithelial lymphocytes and induce MHC class II 

molecules and fucosylasialo GM1 glycolipids on the small intestinal epithelial cells in 

the ex-germ-free mouse. Microbiol Immunol. 1995; 39(8):555–562. 

47. Sartor RB. The influence of normal microbial flora on the development of chronic 

mucosal inflammation. Res Immunol. 1997; 148:567–576. 

48. O’Hara AM, Shanahan F. The gut flora as a forgotten organ. EMBO rep. 2006 

7(7):688–693. 

49. Ma D, Forsythe P, Bienenstock J. Live Lactobacillus reuteri is essential for the 

inhibitory effect on tumor necrosis factor alpha-induced interleukin-8 expression. 

Infect Immun. 2004; 72(9):5308–5314. 

50. Cario E. Bacterial interactions with cells of the intestinal mucosa: Toll-like receptors 

and NOD2. Gut. 2005; 54:1182–1193. 

51. Kelly D, Campbell JI, King TP, Grant G, Jansson AE, Coutts AG, et al. Commensal 

anaerobic gut bacteria attenuate inflammation by regulating nuclear-cytoplasmic 

shuttling of PPAR-gamma and RelA. �ature Immunology. 2004; 5:104-112. 

52. Rakoff-Nahoum S, Paglino J, Eslami-Varzaneh F, Edberg S, Medzhitov R. 

Recognition of commensal microflora by toll-like receptors is required for intestinal 

homeostasis. Cell. 2004; 118:229-241. 



Pharmacologyonline 3: 548-559   (2010)                    Newsletter            Gurjar and Kapur 

 

 

559 

53. Neish AS, Gewirtz AT, Zeng H, Young AN, Hobert ME, Karmali V, et al. 

Prokaryotic regulation of epithelial responses by inhibition of IkappaB-alpha 

ubiquitination. Science. 2000; 289:1560-1563. 

54. Sudo N, Chida Y, Aiba Y. Postnatal microbial colonization programs the 

hypothalamic–pituitary–adrenal system for stress response in mice. J Physiol. 2004; 

558:263-75. 

55. Chu FF, Esworthy RS, Chu PG. Bacteria-induced intestinal cancer in mice with 

disrupted Gpx1 and Gpx2 genes. Cancer Res. 2004; 64:962-8. 

56. Pull SL, Doherty JM, Mills JC. Activated macrophages are an adaptive element of the 

colonic epithelial progenitor niche necessary for regenerative responses to injury. 

Proc �atl Acad Sci USA. 2005; 102:99-104. 

57. Turnbaugh PJ, Ley RE, Hamady M. The human microbiome project. �ature. 2007; 

449:804-10. 

58. O’Mahony SM, Marchesi JR, Scully P. Early life stress alters behavior, immunity, 

and microbiota in rats: implications for irritable bowel syndrome and psychiatric 

illnesses. Biol Psychiatry. 2009; 65:263-7. 

59. Gustafsson B, Kahlson G , Rosengren E. Biogenesis of histamine studied by its 

distribution and urinary excretion in germ free reared and not germ free rats fed a 

histamine free diet. Acta Physiol Scand. 1957; 41:217-28. 

60. Gustafsson BE. Lightweight stainless steel systems for rearing germfree animals. Ann 

� Y Acad Sci. 1959; 78:17-28. 

61. Gustafsson BE, Laurell CB. Gamma globulins in germ-free rats. J Exp Med. 1958; 

108:251-8 

62. Haavik J, Almas B, Flatmark T. Generation of reactive oxygen species by tyrosine 

hydroxylase: a possible contribution to the degeneration of dopaminergic neurons? J 

�eurochem. 1997; 68:328-32. 

63. Macpherson AJ, Harris NL. Interactions between commensal intestinal bacteria and 

the immune system. �at Rev Immunol.  2004; 4:478-85. 

64. Boman HG. Innate immunity and the normal microflora. Immunol Rev. 2000; 173:5-

16. 

65. Macpherson AJ, Uhr T. Induction of protective IgA by intestinal dendritic cells 

carrying commensal bacteria. Science. 2004; 303:1662-5. 

 66. Tlaskalova-Hogenova H, Tuckova L, Stepankova R. Involvement of innate immunity 

in the development of inflammatory and autoimmune diseases. Ann � Y Acad Sci. 

2005; 1051:787-98. 


