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Exploring the Relationship between Bowel Microbiota and 

Impaired Glucose Tolerance 

 

 

Abstract  

Background and aim: Because of the large number of genes found in the gut microbiome, it has 

recently been determined that numerous human microorganisms have significant implications for human 

health. Aim: The significance of gut bacteria in the development of type 2 diabetes mellitus was 

investigated in this study.  

Materials and methods: Microbial species were extracted from fecal materials using the bacteria 

cultural method, identified and quantified using genomic spectrophotometric equipment, and certain 

marker biochemical parameters for Diabetes were quantified. 

Result: We observed a concentration of firmicutes, Bacteroides and proteobacteria, with the Escherichia 

coli population predominating. Biochemical parameters reveal a several fold raised value for some 

biomarkers in type 2 diabetes. At a paired sample test results gave significant differences for all tested 

pairs.  

Conclusion: Microbiomes can affect the gut environment and trigger alterations that embolden the 

development of type 2 diabetes, according to the findings. 
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Introduction:  

In both industrialized and emerging countries, type 2 diabetes mellitus (T2DM) has become one 

of the most rapidly expanding public health issues [1]. Understanding the mechanisms responsible for 

the development of T2DM and thus ways to prevent it requires a more comprehensive understanding of 

the dynamic development processes of glucose intolerance [2]. Emerging evidence of the function of the 

gut microbiota as a potential novel component to this epidemic exemplifies the growing evidence that 

numerous environmental factors contribute to their genesis [3]. The human microbiome comprises 3.3 

million non-redundant genes, with over 99 % of them being of bacterial origin, according to 

metagenomics sequencing [4].  

Recently, it was discovered that some human bacteria have significant implications for human 

health, owing to the large number of diseases that can be related to the gut microbiome due to a large 

number of genes it contains [5]. There is now a spark of hope that identifying the hub microbiota may 

help researchers target species responsible for microbe interactions and improve target therapies. Type 2 

Diabetes Mellitus has been increasingly common throughout the years, resulting in a widespread 

metabolic condition. Our microbiota has now been connected to obesity-related type 2 diabetes mellitus 

[6]. The process of energy harvesting, which accounts for the development of obesity and host immune 
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development, is known to involve intestinal flora. The involvement of the microbiota in the progression 

of prediabetes, which includes insulin resistance, is particularly important [7]. 

        Bacteriodetes and Escherichia coli are known to impact the intestinal mucus and glycocalyx layer, 

reducing permeability [8]. Furthermore, alterations in the gut-junction protein, endocannabinoid system, 

and intestinal alkaline phosphatase are caused by changes in microbiota-dependent bacteria. . Some 

probiotics have been shown to reduce the onset of diabetes by acting as interleukin (IL), IFN or even 

influencing anti-inflammatory IL-10 production, according to research [9]. Other research has found that 

high fructose-fed rats have lower levels of serum glucose, insulin, leptin, c-peptide, and glycated 

hemoglobin, GLP, inflammatory IL-6, and TNF in adipose tissue, and PPAR- and Glut4 gene expression 

[10]. 

         Furthermore, testing of lipid profiles after probiotic usage revealed a decrease in serum total 

cholesterol and low-density lipoprotein, both of which are implicated with type 2 diabetes mellitus [11]. 

Microbiota and type 2 diabetes mellitus have been extensively investigated in diabetes retinopathy, 

atherosclerosis, cystic fibrosis, diabetic foot ulcer, and Alzheimer's disease. The gut microbiota 

contributes considerably to unique biological activities such as energy metabolism, gut integrity 

management, and metabolic signaling, according to accumulating evidence from earlier investigations 

[12]. 

        The generation of secondary bile acids is a notable example of an endogenous metabolite that has 

been transformed into a beneficial secondary metabolite by the microbiome. They are very hydrophobic 

and have the potential to induce colitis when produced in the liver; nevertheless, intestinal bacteria have 

been shown to convert them to more hydrophilic, less toxic secondary bile acids that block nuclear 

receptors with important physiologic functions [13]. Therefore, the significance of gut bacteria in the 

development of type 2 diabetes mellitus was investigated in this study.  

Materials and methods  

      After obtaining their consent and having glucose concentrations >190 mg/dl, eighty patients (n = 80) 

fecal and fasting blood samples were taken from known type 2 diabetes patients aged 39 to 55 years at 

the Benha General Hospital, Benha University, Benha, Egypt. Another group of samples was taken from 

thirty non-diabetic participants (n = 30) with fasting blood glucose levels ranging from 88 to 105 mg/dl. 

 

Determination of biochemical tests  

       The glucose test (Spinreact, Spain) was used to assess glucose concentration, and glycated 

hemoglobin (HbAIC) was quantified using a chemistry analyzer (Biomed, Egypt). For the automated 
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analysis, an Automated Machine (Beckman) was utilized with Beckman Assay reagent to measure the 

levels of insulin. 

      The Westergreen technique, Naubear counting chamber, and ELISA were used to measure 

inflammatory features such as erythrocyte sedimentation rate (ESR), white blood count (WBC), and C - 

reactive protein (CRP). 

Determination of faecal bacterial DNA 

       Approximately 3 ml of fecal sample was used to extract bacterial DNA using the standard 

methodology for ZR fecal DNA miniprepTM D6010 (Halty Research, USA). The concentration of 

extracted DNA was measured using a UV-Visible spectrophotometer (Nano-Drop, model 13,300, 

Thermo Fisher Scientific, USA). Samples having a DNA content of >300 g/L, or the equivalent of 60 - 

100 ng, were deemed eligible for further analysis and were probed with bacterial 16s primers and cloned 

plasmid as a reference [14]. To compare quantitative data, the Pearson chi-square test was employed, 

and two-way analysis of variance was utilized to find changes in bacterial abundance with each group 

utilizing bacterial species and concentration count as factors. 

Results  

         This study characterized the gut microbiota of 110 people who satisfied the study's inclusion 

criteria. The taxonomic diversity of fecal microbiomes was studied at the phylum, class, order, genus, 

and species levels. Firmicutes, Bacteroides, and proteobacteria were found. Table (1) and Table (2) 

demonstrate our findings in the various subgroups.  

         Characteristics thought to be indicators of inflammation and diabetes development, such as glucose 

concentration, insulin level, glycated hemoglobin HbAIC, ESR, C - reactive protein, and white blood 

count, were used to compare biochemical parameters of type 2 diabetes with non-diabetes as revealed in 

Table 3. 

        The following are the findings of a statistical comparison of biochemical parameters between 

diabetics and control groups. Mean and standard error of the mean for glucose 202.5± 6.59, insulin 1.6± 

0.89, HbAIC 10.2± 2.31, CRP 6.9± 2.21, ESR 22.5± 3.68, and WBC 11.2± 2.34 were all significant at P 

0.05. The concentrations of parameters in the patients and controls were found to be significantly 

different between all parameters. 
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Table (1): The study's species variables and concentrations of chosen microbiota. 

Types Control group Diabetic group 

Staphylococcus 

Enterococcus 

Streptococcus 

Bacteroides 

Prevotella 

Helicobacter 

Enterobacter 

Klebsiella 

  

2.6 

2.4 

1.9 

1.6 

1.1 

1.9 

1.7 

2.1 

3.2 

3.9 

2.6 

2.2 

1.5 

2.1 

1.9 

3.3 

10
9
/ml is the unit of measurement. 

Table (2): Link between the optical density of standards and numerical equivalents of some of the major 

microorganisms. 

Types Number Median+ SD 

Staphylococcus aureus 

Streptococcus pyogen 

Enterococcus 

E. coli 

Klebsiella 

H.pylori 

Optical density  

10 

10 

10 

10 

10 

10 

10 

2.1± 0.42 

1.4± 0.35 

1.3± 0.39 

1.5± 0.29 

1.8± 0.98 

1.4± 0.78 

3.5± 2.23 

 

Table (3): Diabetics and non-diabetics were tested on a variety of glycaemic and inflammatory markers. 

Parameters Control group Diabetic group P-value 

FBS (mg/dl) 

Insulin Level (uU/ml) 

HbA1C  

TG (mg/dl) 

TC (mg/dl) 

LDL (mg/dl) 

CRP (mg/l) 

ESR (mm/hr) 

WBC (×10
3
 cells) 

89.5± 5.42 

5.5± 1.35 

5.6± 1.41 

102.5± 4.56 

118.5± 6.53 

82.5± 3.89 

2.5± 0.89 

5.5± 2.56 

4.9± 1.39 

202.5± 6.59 

1.6± 0.89 

10.2± 2.31 

158.5± 8.56 

189.5± 7.56 

135.5± 4.56 

6.9± 2.21 

22.5± 3.68 

11.2± 2.34 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 
Data are expressed by mean±SEM; Abbreviations: FBS: Fasting blood sugar; Hba1C: Glycated hemoglobin; TG: 

triglycerides; TC: total cholesterol; LDL: Low-density lipoproteins; CRP: c-reactive proteins; ESR: Erythrocyte 

sedimentation rates; WBC: white blood cells. 
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Discussion  

         The recognition that microbiomes and the microbiota population have a role in type 2 diabetes 

mellitus is a new and developing understanding [15]. Fasting, random, 2 hours post-prandial glucose 

levels, glycated hemoglobin, insulin sensitivity test, and clinical findings of polydipsia, polyphagia, and 

polyuria have all been used to diagnose  diabetes [16]. The complication of diabetes, which has 

concurrent effects on key organs of the body such as the kidney, nephron, sex organs, and neurons, as 

well as a high mortality and morbidity rate and related co-morbidities, necessitates an expansion of the 

battery of investigations [17]. 

         Diabetes medications are still a mystery, with a variety of management alternatives available to 

alleviate the deteriorating condition [18]. The goal of this work was to identify the pivot microbiota to 

highlight target intervention as a potential research area, especially because in situ microbiome 

engineering is becoming a crucial topic. 

         Changes in the microbiome, microbial metabolome, and their interaction with the biological 

system have now been linked to several diseases [19]. We found bacteria in the Firmicutes, Bacteroides, 

and proteobacteria phyla. Modified diets are known to play a role in microbiome diversity. We isolated 

the bacteria using culture procedures and used spectrophotometric methods to assess their concentration 

by measuring their turbidity coefficients. Fiber-degrading bacteria responsible for the production of 

short-chain fatty acids (SCFA) and other metabolites favorable to the human body are known to be 

abundant in vegetable-rich foods [20]. Imported or westernized diets, on the other hand, are high in 

animal protein, high fats, and a plethora of harmful microbial metabolites such as indole derivatives, 

phenolic acid, and Trimethylamine N-oxide (TMAO), all of which have the potential to alter the gut's 

environment and have been linked to an increase in inflammatory bowel disease (IBD), particularly 

ulcerative colitis and Crohn's disease [21].  

        The target of RNA III activating protein (TRAP), Nuclear Kappa Beta (NF-k), and Extracellular 

Signal Regulated Kinase are some of the signaling pathways discovered in Staphylococcus aureus 

(ERK). Another cohort study has discovered that Staphylococcus enhances the synthesis of ATP and has 

been implicated in a variety of superficial and deep skin infections, including cellulitis, erysipelas, and 

impetigo, all of which is aided by the N.F. KB65 signaling pathway [22].  

         Increased plasma Lipopolysaccharides, triglyceride buildup in the liver, and inflammatory 

response are all linked to the gut microbiota's involvement in regulating metabolic processes [23]. This 

study's increased triglyceride level is consistent with prior findings. Furthermore, the features of the 

measures assessed for type 2 diabetes and controls differed significantly. When compared to normal 

persons, clinical research has revealed that obese people with insulin resistance have a different gut 

microbiota composition, with a higher Firmicutes/Bacteroides ratio. Obesity-related changes in the 
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microbiota have been linked to increased metabolic endotoxin production, which increases insulin 

resistance and leads to type 2 diabetic Mellitus [24].  

         On the intestinal mucus and glycocalyx layer, Escherichia Coli and Bacteriodetes have been found 

to behave differently, which can alter permeability [25]. Some probiotic strains have an antioxidative 

action that helps to reduce pancreatic oxidative stress, which can lead to inflammation and B-cell death 

[26].  

Conclusion 

     Understanding how microbiome influences disease states, utilizing therapeutic bacterial 

microbiomes, and developing biomarkers for illness diagnosis, patient stratification, and individualized 

intervention were the driving forces behind this study. Individual bacterial strains that are aligned with a 

certain functional activity, illness route, or mechanism will improve therapy outcomes. 

 

Data and materials availability 

The article contains all of the data related to this investigation. 

COMPETING INTERESTS DISCLAIMER: 

 

Authors have declared that no competing interests exist. The products used for this research are 

commonly and predominantly use products in our area of research and country. There is absolutely no 

conflict of interest between the authors and producers of the products because we do not intend to use 

these products as an avenue for any litigation but for the advancement of knowledge. Also, the research 

was not funded by the producing company rather it was funded by personal efforts of the authors. 

References  

[1] L. Chen, D. J. Magliano, and P. Z. Zimmet, “The worldwide epidemiology of type 2 diabetes 

mellitus—present and future perspectives,” Nat. Rev. Endocrinol., vol. 8, no. 4, pp. 228–236, 

2012. 

[2] X. Zhang et al., “Human gut microbiota changes reveal the progression of glucose intolerance,” 

PLoS One, vol. 8, no. 8, p. e71108, 2013. 

[3] D. J. Morrison and T. Preston, “Formation of short chain fatty acids by the gut microbiota and 

their impact on human metabolism,” Gut Microbes, vol. 7, no. 3, pp. 189–200, 2016. 

[4] J. Qin et al., “A human gut microbial gene catalogue established by metagenomic sequencing,” 

Nature, vol. 464, no. 7285, pp. 59–65, 2010. 

[5] F. Cardona, C. Andrés-Lacueva, S. Tulipani, F. J. Tinahones, and M. I. Queipo-Ortuño, “Benefits 

of polyphenols on gut microbiota and implications in human health,” J. Nutr. Biochem., vol. 24, 



 

7 
 

no. 8, pp. 1415–1422, 2013. 

[6] P. De Groot et al., “Faecal microbiota transplantation halts progression of human new-onset type 

1 diabetes in a randomised controlled trial,” Gut, vol. 70, no. 1, pp. 92–105, 2021. 

[7] H. Tilg, “Obesity, metabolic syndrome, and microbiota: multiple interactions,” J. Clin. 

Gastroenterol., vol. 44, pp. S16–S18, 2010. 

[8] M. Camilleri, “What is the leaky gut? Clinical considerations in humans,” Curr. Opin. Clin. Nutr. 

Metab. Care, vol. 24, no. 5, pp. 473–482, 2021. 

[9] G. G. Simeon, A. Ibemologi, and D. G. Cameron, “Assessment of Possible Link of Intestinal 

Microbiota and Type 2 Diabetes Mellitus,” Am. J. Mol. Biol., vol. 11, no. 3, pp. 63–72, 2021. 

[10] F.-C. Hsieh, C.-L. Lee, C.-Y. Chai, W.-T. Chen, Y.-C. Lu, and C.-S. Wu, “Oral administration of 

Lactobacillus reuteri GMNL-263 improves insulin resistance and ameliorates hepatic steatosis in 

high fructose-fed rats,” Nutr. Metab. (Lond)., vol. 10, no. 1, pp. 1–14, 2013. 

[11] C. Moroti, L. F. Souza Magri, M. de Rezende Costa, D. C. U. Cavallini, and K. Sivieri, “Effect of 

the consumption of a new symbiotic shake on glycemia and cholesterol levels in elderly people 

with type 2 diabetes mellitus,” Lipids Health Dis., vol. 11, no. 1, pp. 1–8, 2012. 

[12] S. Khogta, V. Addepalli, H. S. Buttar, and G. Kaur, “Potentials of Phytopharmaceuticals for 

Treating Microbiological and Oxidative Stress-Induced Type 2 Diabetes,” Oxidative Stress 

Microb. Dis., pp. 489–509, 2019. 

[13] K. Wegner et al., “Rapid analysis of bile acids in different biological matrices using LC-ESI-

MS/MS for the investigation of bile acid transformation by mammalian gut bacteria,” Anal. 

Bioanal. Chem., vol. 409, no. 5, pp. 1231–1245, 2017. 

[14] A. L. McOrist, M. Jackson, and A. R. Bird, “A comparison of five methods for extraction of 

bacterial DNA from human faecal samples,” J. Microbiol. Methods, vol. 50, no. 2, pp. 131–139, 

2002. 

[15] I. Moreno-Indias, F. Cardona, F. J. Tinahones, and M. I. Queipo-Ortuño, “Impact of the gut 

microbiota on the development of obesity and type 2 diabetes mellitus,” Front. Microbiol., vol. 5, 

p. 190, 2014. 

[16] G. Derosa, “Dysglycaemia, diagnosis and treatment,” Int. J. Nutraceuticals, Funct. Foods Nov. 

Foods, 2017. 

[17] D. S. H. Bell, “Heart failure: the frequent, forgotten, and often fatal complication of diabetes,” 

Diabetes Care, vol. 26, no. 8, pp. 2433–2441, 2003. 

[18] I. Ceauşu, “Gestational Diabetes Mellitus–is still a ‘mysterious disease’ in 2016?,” Acta 

Endocrinol., vol. 12, no. 4, p. 500, 2016. 

[19] M. Palau-Rodriguez, S. Tulipani, M. Isabel Queipo-Ortuno, M. Urpi-Sarda, F. J. Tinahones, and 

C. Andres-Lacueva, “Metabolomic insights into the intricate gut microbial–host interaction in the 

development of obesity and type 2 diabetes,” Front. Microbiol., vol. 6, p. 1151, 2015. 

[20] M. De Angelis et al., “Diet influences the functions of the human intestinal microbiome,” Sci. 

Rep., vol. 10, no. 1, pp. 1–15, 2020. 

[21] J. D. Bishai and N. W. Palm, “Small Molecule Metabolites at the Host–Microbiota Interface,” J. 

Immunol., vol. 207, no. 7, pp. 1725–1733, 2021. 

[22] R. Brown, E. Priest, J. R. Naglik, and J. P. Richardson, “Fungal toxins and host immune 

responses,” Front. Microbiol., vol. 12, p. 697, 2021. 

[23] A. Abu-Shanab and E. M. M. Quigley, “The role of the gut microbiota in nonalcoholic fatty liver 



 

8 
 

disease,” Nat. Rev. Gastroenterol. Hepatol., vol. 7, no. 12, pp. 691–701, 2010. 

[24] F. F. Anhê et al., “A polyphenol-rich cranberry extract protects from diet-induced obesity, insulin 

resistance and intestinal inflammation in association with increased Akkermansia spp. population 

in the gut microbiota of mice,” Gut, vol. 64, no. 6, pp. 872–883, 2015. 

[25] J.-F. Sicard, G. Le Bihan, P. Vogeleer, M. Jacques, and J. Harel, “Interactions of intestinal 

bacteria with components of the intestinal mucus,” Front. Cell. Infect. Microbiol., vol. 7, p. 387, 

2017. 

[26] Y. Wang et al., “Antioxidant properties of probiotic bacteria,” Nutrients, vol. 9, no. 5, p. 521, 

2017. 

 

 

 


