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Abstract

Introduction: This study assessed the role of gut bacteria in the development
of type 2 Diabetes Mellitus. Methodology: Using bacteria cultural method,
microbial species were isolated from feacal materials, identified and quanti-
tated through application of genomic spectrophotometric systems with a
quantitation of some marker biochemical parameters for Diabetes. Result:
We observed a concentration of firmicutes, bacteriodetes, protecbacteria and
bifidobacterium with Escherichia coli population predominating. Biochemi-
cal parameters reveal a 3-fold raised value for some bromakers in type 2 di-
abetes. At a confidence interval of 95% paired sample test results gave signif-
icant differences for all tested pairs. Conclusion: Result suggests that micro-
biomes have the potential to alter the gut environment and cause changes
that promote the development of type 2 diabetes.

Keywords

Assessment, Link, Microbiota, Microbiomes, Type 2 Diabetes

1. Introduction

Our current understanding of the complications of Diabetes mellitus and the

apparent difficulties in providing a cure has elicited great concern.

The few drugs currently used in management of the disease have not proved

effective enough when viewed along the complications associated with it such as
retinopathy, neuropathy, kidney dysfunction, reduced libido, foot ulcer and
other metabolic derangements. To expand the vista of research to unearth this

quagmire has become compelling considering the rate of morbidity and mortal-
ity.

In recent times, research endeavours in microbial biotechnology are beaming
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focus on studying individual genomes to studying microbial communities and
their interactions in different ecosystems and ecological niche [1] [2].

Microbiome research has become extremely relevant as a result of system level
approaches that encapsulate a high-throughput sequencing and a gamut of ge-
nomic, proteomics and bioinformatics technologies to elucidate the direction to
follow.

Recently, it has been discovered that several human microbes have great im-
plication for human health due to the fact that a great number of diseases can be
linked to the gut microbiome by virtue of the enormous amount of genes they
possess.

There is now a gleam of understanding that identifying the hub microbiota
would target organisms responsible for microbes interactions and enhance target
interventions as an innovation. Over the years, there has been rapid increase in
type 2 Diabetes Mellitus constituting a widespread metabolic disorder. It is now
known that our microflora is linked to obesity related type 2 Diabetes mellitus
[3] [4]. Intestinal microbiota are known to be involved in the process of energy
harvesting which accounts for the development of obesity and host immune de-
velopment. Of particular importance is the role microbiota is known to play in
the progress of prediabetes in which insulin resistance is involved.

Previous research [5] [6] have documented the fact that people with insulin
resistance and altered composition of intestinal microbiota in obesity may
change the intestinal permeability and thus increase metalbolic endotoxin secre-
tion that can result in inflammation which are the precursors to the develop-
ment of type 2 Diabetes. Bacteria species including bacteriodetes and eschericia
coli are known to exert influence on the intestinal mucus and the glycocalyx
layer inhibiting permeability. Moreover, changes in the gut of microbiota de-
pendent bacteria cause changes in the gut-junction protein, endocannabinoid
system and intestinal alkaline phosphatase [7]. It is now known that some pro-
biotics can prevent the onset of diabetes by their action as interleukin (IL) IFN-y
or even modulating anti inflammatory IL-10 production as elucidated in some
studies [8]. Furthermore, other studies have revealed the suppression of serum
glucose, insulin, leptin, c-peptide, glycated hemoglobin, GLP-level, inflammato-
ry IL-6 and TNF-a in adepose tissue, PPAR-yand Glut4 gene expression in high
fructose-fed rats [9].

Studies have also shown that some probiotics such as yoghurt may also reduce
hs-CRP concentration and improve HOMA-R score in gestation [10]. Moreover,
assessment of lipid profile following probiotic use has resulted in reduction of
serum total cholesterol, low density Lipoprotein both of which are incriminating
factors in type 2 Diabetes mellitus. Of interest is the fact that microbiota and
type 2 diabetes mellitus have been widely studied in diabetes retinopathy, arthe-
rosclerosis, cystic fibrosis, diabetic foot ulcer and alzheimer’s disease [11] [12]. It
is known that chronic calorie restriction or deprivation and intermittent fasting

represent non-pharmacological strategies for prevention and treatment of dis-

DOI: 10.4236/ajmb.2021.113006

64 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2021.113006

G. G. Simeon et al.

eases such as aging, obesity and diabetes.

Accumulating evidence from previous studies points to the fact that gut mi-
crobiota contribute significantly to unique biological functions such as energy
metabolism, regulation of integrity of the gut, and metabolic signaling [13] [14].

A distinguishing example of an endogenous metabolite which has been con-
verted to a beneficial secondary metabolite by microbiome is the production of
secondary bile acids. Produced in the liver, they are highly hydrophobic and
have the potential to cause colitis; however, intestinal bacteria are known to
convert them to more hydrophilic, less toxic, secondary products of bile acids

which inhibit nuclear receptors with a great physiologic function [15].

2. Materials and Methods

At the Federal Medical Centre and Niger Delta University Teaching Hospital
Yenagoa, one hundred (n = 100) feacal and fasting blood samples were collected
from known type 2 diabetes patients aged between 35 years to 45 years after ob-
taining their consent and having glucose concentration >15.0 mmol/L.

Another set of samples were collected from sixty patients (n = 60) who were
non-diabetics based on their fasting blood glucose ranging from 3.5 - 6.0
mmol/L.

Glucose concentration was determined biochemically by the glucose oxidase
method (Randox kit, London), glycated haemoglobin (HbAIC) was quantitated
by ion-exchange high performance liquid chromatography (HpLc-Esi/ms) ap-
proach utilizing uv detection. To determine the concentration of insulin CX9
Automated machine (Beckman) was used with Beckman Assay reagent for the
automated analysis. The bound and free ligand were then separated using double
antibody precipitation.

Inflammatory characteristics such as erythrocyte sedimentation Rate (ESR),
white blood count (WBC) and C-Reactive Protein (CRP) were determined by
Westergreen method, Naubear counting chamber and ELISA respectively.

To extract the bacterial DNA, approximately 3 ml of the feacal sample was
used by following standard protocol for ZR feacal DNA miniprep™ D6010 (Zymo
Research, USA). Using UV-Visible spectropholometer (Nano-Drop, model 13,300,
Thermo fisher scientific, USA), the concentration of the extracted DNA was de-
termined. Samples with DNA concentration >300 ug/ul or the equivalent of 60 -
100 ng were considered suitable and were further analyzed using bacterial 16s
primers probe and cloned plasmid as standard [16] [17]. Pearson chi-square test
was used to compare quantitative parameters and two-way analysis of variance
was used to identify changes in bacterial abundance with each group using bac-

terial specie and concentration count as factor.

3. Result

This study characterized some gut microbiota of 160 individuals who met the

inclusion criteria for the study. Investigation was based on the taxonomic com-
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position of the feacal microbiomes base on phyum, class, order, genus, and spe-
cies level. We identified firmicutes, bacteriodetes, protecbacteria and bifidobac-
tenum. Our findings in the various subgroups are shown in Table 1 and Table 2.

Comparison of biochemical parameters of the type 2 diabetes and non-diabetes
were made using characteristics considered as biomarkers of inflammation and
diabetes progression such as Glucose concentration, insulin level, Glycated
Haemoglobin HBAIc, ESR, C-Reactive Protein and white Blood count (Table
3).

Table 1. Species variables of selected microbiota in the study and their concentration.

Diabetics Non-Diabetics
Firmicutes

Staphylococcus 2.8 2.3
Enterococcus 3.4 3.0
Streptococcus 2.2 1.7
Feacal bacterium 3.0 2.4

Bacteriodetes
Bacteriodes 1.8 1.5
Parabacteriodes 2.0 1.3
Prevotella 1.9 14

Protecbacteria
Helicobacter 1.7 1.5
Enterobacter 2.0 2.1
Klebsiella 2.8 1.8
Haemophilus 2.6 2.0

Measured values represent 10°/ml.

Table 2. Demonstrating relationship of optical density of standards to numerical equiva-
lent of some of the various bacteria estimated by means of spectrophmetric method.

Descriptive Statistics

N Mean Std. Deviation
OPTICAL DENSITY 10 5.5000 3.02765
Staphylococus auerus 10 2.0400 1.14232
Streph pyrogen 10 1.6800 1.14581
Enterococcus 10 4.5000 1.79134
Escherichia coli 10 5.0900 1.42318
Salmonella 10 3.6700 1.08120
Klebsiellia 10 3.0400 0.91676
Helico bacter 10 1.5200 1.19889
Valid N (listwise) 10
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Table 3. Characteristic glycemic and inflammatory parameters assessed for diabetics and
non-diabetics.

Diabetics Non-Diabetics
Glucose (mmol/L) 15.3 £2.02 4.5+ 1.20
Insulin (pU/ml) 1.3+ 0.50 43+222
HbAIc (mmol/L) 13.5+3.21 6.41 + 1.80
Triglyceride (mmol/L) 2.34%0.70 1.52 £ 0.50
Total cholesterol (mmol/L) 6.2 +0.42 52 +0.81
Low density Lipoprotein LDL (mmol/L) 43+0.25 2.20 £ 0.61
C-RP (mg/L) 10.9 +2.60 6.20 £ 0.9
ESR (mm/hr) 68.3 +4.00 7.2 +2.40
WBC (x10° cells/L) 13.3 £6.30 5.3 +2.140

Values are mean + SEM of triplicate measurements.

Statistical evaluation of biochemical parameters by comparison among di-
abetic and non-diabetes gave the following results. Glucose 0.8617 + 0.49777,
Insulin 0.05774 + 0.3333, HbAic 0.36638 + 0.21153, CRP 0.8663 + 0.5000, ESR
2.04206 + 1.17898, WBC 1.37961 + 0.79652 standard deviation and standard er-
ror of mean respectively all significant at P < 0.05.

We observed significant differences in the concentration of parameters be-
tween cases and controls. Compared to control, cases had unfavourably high li-
pid, glycemic profile, glucose, with raised values for c-reactive protein, ESR and
WBC.

4. Discussion

The understanding that microbiomes and microbiota population have a role to
play in type 2 diabetes mellitus is a recent and emerging awareness. Diagnosis of
diabetes has been on fasting, random, 2 hours post-prandial glucose values, gly-
cated haemoglobin, insulin sensitivity test and clinical observations of polydip-
sia, polyphagia and polyuria. However, the complication of diabetes with con-
current effects on major organs of the body such as kidney, nephron, sex organs,
neurons and high mortality and morbidity rate and associated co-morbidities
dictates the need to expand the battery of investigation.

Medications for treatment of diabetes still remain a conjecture with several
management options to ameliorate the dilapidating condition. This study sought
to identify the hub microbiota to reveal target intervention as an innovation es-
pecially as in situ microbiome engineering is becoming a novel research frontier.

Observable changes in the microbiome, the microbial metabolome and their
interaction with the body system are now known to be correlated with several
illnesses. We identified such as those in the phyla firmicutes, bacteriodetes, pro-
tecbacteria and bifidobacterium. It is known that modified foods contributes to
the variation in microbiomes [18] [19]. Using cultural methods, we isolated the

bacteria and determined their concentration using spectrophometric methods
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(Table 1 and Figure 1) by measuring their turbidity coefficients.

The factor of diet as a motivating factor in lifestyle change has been studied
[20]. Vegetable-rich food is known to possess a significantly high concentration
of fibre degrading bacteria responsible for the synthesis of short-chain fatty acids
(SCFA) and other metabolites beneficial to the human body [21]. It also sup-
ports the generation of host factors that modulate the response and expression of
toll-like receptors, (TLR) Lectin Regenerating Islet derived protein Gamma (Re-
glll-)) and several interleukins such as IL-8, IL-22 and IL-23. These immune
boosters are said to prevent and alleviate the risk of acquiring a disease [22]. On
the contrary, imported or westernized diets rich in animal protein, high fats ab-
undance of harmful microbial metabolites such as indole derivatives, phenolic
acid and Trimethylamine N-oxide (TMAO) which have the potential to change
the environmental milieu of the gut and have caused increased inflammatory
bowel disease (IBD) notably ulcerative colitis and Crohn’s disease.

Over the years there has been consistent consumption of probiotics which
have been quantitated to be greater than or equal to 10° cfu or organism per day.
These comes in forms of medication prepared as chewing gums, lozenges, tab-
lets, capsules or even as powders most of which have probiotics as their primary
active ingredient or component. Studies have elucidated the fact that staphylo-
coccus aureus produces superantigens that are capable of inhibiting the inflam-
matory process. This function is however negated by the fact that the production
of biofilms affects the robust activation of immune system [23]. Signalling path-
ways that have been identified for Staphylococcus aureus includes Target of
RNA III activating protein (TRAP), Nuclear Kappa Beta (NF-kp), Extracellular
Signal Regulated Kinase (ERK) [24] [25] TLR-2, 3-Kinase/AKT, NF/KB, ERK
and phosphotidylinositol [26]. Some other cohort studies have also identified the
fact that Staphylococcus facilitates the production of ATP and has been incrimi-
nated in some superficial and deep skin infections notably cellutitis, erysipelas
and impetigo and these are enhanced by its signaling pathway which is N.F.
KB65 [27].
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Figure 1. Graph showing concentration vs different bacterial species investigated. Values
are representative of 10/ml, CFU colony forming units.
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The gut microbiota role in regulating metabolic process is also seen in its as-
sociated role in increased plasma Lipopolysaccharides, accumulation of triglyce-
ride in the liver and inflammatory reaction. Raised level of triglyceride in this
study is in tandem with some other previous works. Additionally, there was
marked variation in the characteristics of parameters tested for the type 2 Di-
abetes and controls.

Some earlier research studies have also shown how gut microbiota play signif-
icant role in progression of prediabetes condition which is related to insulin re-
sistance.

Clinical studies have suggested that obese people with insulin resistance had
altered composition of gut microbiota with attendant raised firmicutes/bacteri-
odetes ratio when compared with normal people [28]. The alteration in micro-
biota in obesity has been attributed to be responsible for the modulation of in-
testinal permeability, and elevated metabolic endotoxin secretion that enhances
insulin resistance prompting the onset of type 2 diabetes Mellitus [29]. It has
been reported [30] that Escherichia Coli and Bacteriodetes exhibited divergent
behavior on the intestinal mucus and glycocalyx layer, a factor that can affect
permeability.

Support for this has been given credence based on confirmation that some
probiotics species have the capacity to regulate blood glucose homeostasis and
improve type 2 diabetes mellitus by their action of down-regulating inflamma-
tory IFN-Y, IL-2 and IL-IB and prompting IL-10 synthesis which plays an-
ti-inflammatory role.

Some probiotic strains exhibit conducive autoxidative effect which favours the
alleviation of pancreatic oxidative stress a possible cause of inflammation and
apoptosis of the pancreatic B-cells [31].

Understanding how microbiomes are driving diseases states, leveraging on
beneficial therapeutic bacterial microbiomes and development of biomarkers for
disease diagnosis, patient stratification and personalized intervention were driv-
ing force for this research. The alignment of individual strain of bacteria with a
particular functional activity, diseases pathway or mechanism will improve

treatment outcome.
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