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ABSTRACT 
The term probiotics derived from the Latin prefix pro which means for and the Greek noun βίος (bios) 
which means “life”. Probiotics have been defined as “live microorganisms which, when administrated in 
adequate amounts, confer a health benefit on the host”. Probiotics are commonly consumed as part of 
fermented foods with specially added active live cultures; such as in yogurt, soy yogurt, or as dietary 
supplements which causes numerous positive effects to host organisms. The pathogenesis of diabetes 
mellitus is complex and some of the factors implemented in it are oxidative stress and inflammation. 
Some probiotics have been reported to decrease the oxidative stress and to suppress the effector functions 
of CD4+ T cells, accompanied by reducing the pro-inflammatory molecules [1], thus having antioxidant, 
immune-modulatory effects and antidiabetic effects. In addition probiotics may be able to improve the 
lipid profile, which is the main risk factor for cardiovascular diseases (CVD) and can improve insulin 
sensitivity by attenuating systemic inflammation. 
The current review summarizes findings in the scientific literature suggesting that yogurt is a functional 
food that may exert antidiabetic and antioxidant properties. Interest in human microflora has only 
recently been emerged and it has been shown that human microflora probably has a major role in 
maintaining the homeostasis of human metabolism and application of probiotics is an useful approach for 
modulation of human microbiota. 
In conclusion probiotics have a lot of beneficial effects in health and disease, reducing extrinsic 
nuisances, modulating the immune system and improving the body antioxidant defense.  
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INTRODUCTION 
The term probiotics derived from the Latin 
prefix pro which means for and the Greek 
noun βίος (bios) which means “life” [2]. 
According to the currently adopted definition 
by FAO/WHO, probiotics are: "Live 
microorganisms which when administered in 
adequate amounts confer a health benefit on 
the host" [3-5]. Lactic acid bacteria (LAB) 
from the genera Lactobacillus, Streptococcus, 
Enterococcus, the genus Bifidobacterium some 
yeasts and non-pathogenic strains Escherichia 
coli are the most common types of microbes 
proved to be probiotics [6]. Probiotics are 
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commonly consumed as part of fermented 
foods with specially added active live cultures; 
such as in yogurt, soy yogurt, or as dietary 
supplements which causes numerous positive 
effects to host organisms.  
 
Gut flora consists of microorganisms that live 
in the digestive tracts of animals and is the 
largest reservoir of human flora with 
concentration of 1014 cells/ml and approximate 
weight of 1.5 kg. In this context, gut is 
synonymous with intestinal tract, and flora 
with microbiota and microflora. The human 
body, consisting of about 10 trillion cells, 
carries about ten times (100.109) as many 
microorganisms from 300 to 1000 different 
species in the intestines [7]. In result our gut 
microflora (gut microbiom) carries more than 3 
million genes, which provides a broad range of 
functions and abilities for dynamical changes 
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according to the factors of the environment [8]. 
The metabolic activities performed by these 
microorganisms resemble those of an organ, 
leading some to liken gut bacteria to a 
"forgotten" organ [9]. It is estimated that these 
gut flora have around 100 times as many genes 
in aggregate as there are in the human genome, 
which leads to establishment of new term 
among the scientific community and it is called 
metagenome. The metagenome includes 
genomes of all microorganisms which humans 
are hosts for, as they can live in various organs 
such as skin, lungs, vagina, mouth and 
intestinal tract [10].  
 
Main part of the gut flora consists of Bacteria 
which make up to 60% of the dry mass of 
feces. However, it is probable that 99% of the 
bacteria come from about 30 or 40 species. 
Fungi and Protozoa also make up a part of the 
gut flora, but little is known about their 
activities. 
 
It is shown that the Gram-negative 
Bacteroidetes and the Gram-positive 
Firmicutes account for more than 90% of all 
phylotypes of gut Bacteria [11]. Other phyla 
that are found as part of the gut microbes 
include the Gram-negative Proteobacteria and 
Verrucomicrobia as well as the Gram-positive 
Actinobacteria [6]. More than 90% of the 
bacterial population are obligate anaerobes 
(Bacteroides, Eubacterium, Bifidobacterium, 
Fusobacterium, Peptostreptococcu) [11].  
 
The gut microflora has its importance in 
controlling and regulating of different 
physiological processes. Once it is set, the gut 
microflora can be influenced by various 
internal or external factors, which can modify 
its ecological structure.  Such factors are 
antibiotics, prebiotics and probiotics and thus 
variety of processes in human body can be 
altered. Considering this, the gut microbiota is 
a key organ in nutritional metabolism and 
possibly its imbalance contributes to the 
development of obesity [12] and diabetes [13, 
14]. These morbidnesses are associated with 
considerable changes in the constitution and 
the metabolic functions of the gut microbiom 
[6]. It has been proved that oral administration 
of probiotics which contains Lactobacillus 
acidophilus and Lactobacillus casei 
significantly delayed the progression of high 
fructose-induced glucose intolerance and 
especially L. casei decreases the plasma 
glucose levels [14]. At the same time the 

increased number of Bifidobacterium species 
correlates with improved glucose tolerance and 
insulin secretion [15]. 
 
It is interesting to note that gaining body 
weight is associated with increase number of 
bacteria from phyla Firmicutes and 
Bacteroidetes [13] and antibiotics treatment of 
obese mice modify the gut microflora which 
leads to decrease of body weight and improves 
glucose tolerance [16]. These observations 
draw attention to gut microflora as a potential 
target for treatment of metabolic diseases [6, 
8]. 
 
Obesity and diabetes are metabolic disorders 
with epidemiological distribution in USA and 
Europe [17]. Diabetes and impaired glucose 
tolerance are connected with obesity, which is 
widely discussed elsewhere [18, 19]. 
Nowadays about 190 millions people 
worldwide are with diabetes and until 2025 
this number is expected to reach 300 millions. 
It is thought that in Bulgaria abou 2.5-3% of 
the population suffers from diabetes [20]. Type 
2 diabetes mellitus (T2D) formerly non 
insulin-dependent diabetes mellitus (NIDDM) 
or adult onset diabetes is a metabolic disorder 
that is characterized by high blood glucose in 
the context of insulin resistance and relative 
insulin deficiency. T2D is due to insufficient 
insulin production from β-cells or in the setting 
of insulin resistance. Insulin resistance, which 
is the inability of cells to respond adequately to 
normal levels of insulin, occurs primarily 
within the muscles, liver and fat tissue. In the 
liver, insulin normally suppresses glucose 
release. However in the setting of insulin 
resistance, the liver inappropriately releases 
glucose into the blood. The proportion of 
insulin resistance versus β-cell dysfunction 
differs among individuals with some having 
primarily insulin resistance and only a minor 
defect in insulin secretion and others with 
slight insulin resistance and primarily a lack of 
insulin secretion. 
 
Other potentially important mechanisms 
associated with T2D and insulin resistance 
include: increased breakdown of lipids within 
adipose cells, resistance to and lack of insulin, 
high glucagon levels in the blood, increased 
retention of salt and water by the kidneys, and 
inappropriate regulation of metabolism by the 
central nervous system. However not all 
people with insulin resistance develop 
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diabetes, since an impairment of insulin 
secretion by pancreatic β-cells is also required. 
 
The pathogenesis of diabetes mellitus is 
complex and one of the factors implemented is  
the oxidative stress. Probiotic-containing foods 
have been reported to suppress oxidative 
stress. L. acidophillus and L. casei also 
attenuate oxidative stress and have antidiabetic 
effects. It was shown that L.casei decreased the 
oxidative stress [21] and suppressed the 
effector functions of CD4+ T cells, 
accompanied by reducing the proinflammatory 
molecules [1], thus having antioxidant, 
immune-modulatory effects and antidiabetic 
effects.  
 
Basic risk factors for development of T2D are 
age above 40 years, overweight, family 
predisposition, etc. Chronic stress, lack of 
muscle activity and inappropriate diet are 
considered to be the main triggering causes of 
T2D [22]. Recent studies have shown that 
genetic factors are implemented in 
development of only 10-20% of cases of 
diabetes, whereas the way of alimentation and 
social behavior predominate [8].  
 
PROBIOTICS AND DIABETES 
MELLITUS 
Three major groups of probiotics’ positive 
effects can be distinguished: 1. Modulation of 
the innate as well as the acquired immune 
system of the host, implemented in the 
prevention and therapy of infectious diseases 
but also for the treatment of chronic 
inflammation of the digestive tract. It is 
thought that this probiotic activity could 
support the host immune system in dealing 
with neoplastic host cells. 2. Regulation and 
restoration of the microbial equilibrium in the 
gut, interacting with other microorganisms, 
commensal and/or pathogenic ones. This has 
its importance for the prevention and therapy 
of infections. 3. Inactivation of toxins and 
detoxification of toxins, xenobiotics, microbial 
products, endogenous products (e.g. bile salts) 
and food ingredients in the gut. As a matter of 
fact probiotics are involved in infection 
defense, prevention of cancer and in 
maintaining the physiological balance within 
the intestinal microbiota. It is important to note 
that there is no such probiotic microorganism 
capable to provide all three effects at once, so 
it depends on the metabolic properties, the kind 
of surface molecules expressed and 

components to be secreted from a certain 
probiotic strain. [23]. 
 
Host defenses in the gut is stimulated by the 
interaction between colonizing the 
gastrointestinal mucosa bacteria and the 
underlying epithelial and mucosal lymphoid 
elements [24, 25], which is so-called bacterial-
epithelial cross talk at the cellular level which 
notion is supported from a variety of microbial 
molecular patterns identified as ligands of 
Toll-Like Receptors (TLRs) [26]. This 
interaction with mesenteric lymph nodes can 
result in an up-regulation of IgA against 
intestinal pathogens and food antigens [27]. It 
was shown that the probiotic fungus 
Saccharomyces boulardii, enhances the 
specific IgG and IgA antibody response to 
Clostridium difficile toxin A [28]. 
Lactobacillus rhamnosus strain GG given to 
infants with rotaviral gastroenteritis appeared 
to increase IgA response to the virus [29]. The 
same strain invigorates also the immune 
response to typhoid vaccination, leading to 
significantly higher levels of antityphoid 
antibodies [30]. Lactobacillus strains are 
known as a probiotics which could stimulate 
up-regulation of mucous genes in intestinal 
goblet cells [31, 32]. 
 
The use of probiotics has also been effective in 
enhancing the mucosal barrier to pathogens 
and antigen presentation. Furthermore, the 
effect of these probiotics on the activation and 
secretion of mucus in the intestine was directly 
correlated with the inhibition of pathogenic 
Escherichia coli attachment and of damage to 
the intestinal tract. Different probiotics can 
function differently in the development of 
intestinal host defenses, as an adjuvant of 
immune responses or to strengthen the mucosal 
barrier [25]. 
 
It was studied that ype 2 diabetes is associated 
with compositional changes in the intestinal 
microbiota with significantly lower relative 
abundance of Firmicutes whereas the 
proportion of Bacteroidetes and 
Proteobacteria is higher in diabetic patients 
compared to healthy controls [13]. It was 
shown a significant positive correlation 
between the ratios of Bacteroidetes to 
Firmicutesand reduced glucose tolerance as 
well as the reverse tendency was observed 
between the ratios of bacteria and body mass 
index (BMI) [13]. These results suggest that 
overweight and diabetes are associated with 
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different groups of the intestinal microbiota. 
Non-diabetic microbiom includes bacterial 
groups from Bacteroides and Prevotella group 
whereas in diabetic persons the ratios of class 
Clostridia (C. coccoides) and class Escherichia 
(E. rectale) are significantly higher. Other 
studies have previously confirmed that 
reduction in Bacteroides and Prevotella is 
associated with noticable decrease of 
metabolic endotoxemia and inflammation in 
type 2 diabetes mice [33]. It is interesting to 
note that in human studies the weight loss 
leads to a significant reduction in Clostridium 
ssp, C. coccoides and an increase in the 
Bacteroides-Prevotella group [34, 35]. Recent 
studies have shown that in diabetic and obese 
patients, confirmed with mice models, the 
levels of Bacilli and the Lactobacillus are 
significantly higher [33, 35, 36]. Reduced 
bacterial diversity is observed in obese 
individuals and diabetic patients, which can be 
explained with differences in diet, lifestyle or 
other factors [19, 37]. Cani and co-workers 
hypothesized [38] that the presence of Gram-
negative bacteria in the gut is connected with 
metabolic diseases, which is offering a likely 
explanation of the differences between the 
diabetic and nondiabetic microbiomes. Gram-
negative bacteria, belonging to the phyla 
Bacteroidetes and Proteobacteria prevalence is 
observed in the intestinal microbiota of 
patients with type 2 diabetes. The 
lipopolysaccharides (LPS), main compounds 
of outer membranes in gram-negative bacteria 
are known as potent stimulators of 
inflammation and inflammatory response, 
which can exhibit endotoxaemia [39] and play 
a role in the development of diabetes.  
 
Several recent studies have proved that lactic 
acid bacteria and probiotics have prominent 
positive effect in humans or animals with type 
1 and 2 diabetes. In animal models of T2D it 
was investigated and confirmed the ability of 
Lactobacilli to reduce the risk of its 
development [14]. As a probiotic supplements 
Lactobacillus plantarum DSM 15313 and L 
gasseri BNR17 are studied in mice model of 
induced by high lipid diet obesity and diabetes, 
representing anti-diabetes effect by decreasing 
blood glucose level and improves glucose 
tolerance without influence of lipid and insulin 
levels [14, 40]. Analogical results are observed 
in rats on high fructose diet supplemented with 
degreased milk and dahi: the fermented dairy 
product containing Lactobacillus acidophilus 
and L. casei, significantly delayed the 

progression of hyperglycemia, 
hyperinsulinemia, dyslipidemia and oxidative 
stress in rats, which was associated with low 
levels of glycated hemoglobin, total 
cholesterol, LDL, VLDL, triglycerides and free 
fatty acids comparing to animals without 
supplementation [41, 42]. Matsuzaki (1997) 
have shown that oral administration of L. casei 
in KK-Ay mice significantly decreased plasma 
glucose levels and inhibited the production of 
β-cells specific CD4 T-cells and cytokines that 
are the biding factors for induction of 
autoimmune diabetes [43]. Another positive 
effect of probiotic administration in diabetes is 
the suppression of the inflammation process, 
which is accompanying process of the 
development and progression of the disease 
[32]. It is reported that in experimentally 
induced diabetes with streptozotocin in rats, 
the strain L. casei Shirota significantly 
decreased the blood levels of pro-inflammatory 
cytokine IL-6 and acute-phase protein CRP, 
lowered the concentration of neutrophils and 
the risk of diabetic complications [44]. 
Tabuchi (2003) reported that feeding with L. 
rhamnosus GG improved glucose tolerance in 
rats with streptozotocin-induced diabetes [45].  
 
Probiotics may be able to improve the lipid 
profile, which is the main risk factor for 
cardio-vascular diseases (CVD). Probiotic 
bacteria improve insulin sensitivity by 
attenuating systemic inflammation. The 
chronic low-grade inflammation with 
persistently elevated levels of circulation pro-
inflammatory cytokines is considered a 
principal pathogenetic component of insulin 
resistance and T2D. Probiotics has immune-
modulatory effects. Probiotic supplementation 
improves high-fat diet-induced insulin 
resistance and hepatic steatosis. 
 
A number of reports confirmed experimentally 
and clinically that oxidative stress is involved 
in the pathogenesis and progression of diabetes 
mellitus as well as the subsequent 
complications [46]. Generation of oxygen free 
radicals due to non-enzymatic protein 
glycosylation, auto-oxidation of glucose and 
impaired antioxidant defense enzymes are the 
most common consequences in diabetes [47]. 
This impaired balance of oxidants/antioxidants 
may lead to cellular damages, development of 
insulin resistance and dysfunction in a variety 
of enzymes, occurrence of inflammation 
process and lipid peroxidation [46, 48]. 
Probiotic foods have been reported to repress 
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the oxidative stress. L. acidophillus and L. 
casei attenuate oxidative stress and have 
antidiabetic effects. The antioxidative 
mechanisms of probiotics could be assigned to 
reactive oxygen species scavenging, metal ion 
chelation, pro-oxidant enzyme inhibition and 
the reduction activity and inhibition of 
ascorbate oxidation [49].  
 
Probiotic strain Bifidobacterium animalis 
subsp. lactis could significantly improve the 
metabolic changes by counter acting the 
adverse effects of a high-fat diet [50]. The 
increase in number of Bifidobacterium spp. 
was significantly and positively correlated with 
improved glucose-tolerance, glucose-induced 
insulin secretion and normalized low-grade 
inflammation. In another study it was proved 
that strains L. acidophilus La5 и B. lactis Bb12 
noticeably reduce blood glucose levels, 
glycated hemoglobin and remarkably improve 
antioxidant status and total serum antioxidant 
capacity with elevation of erythrocyte SOD 
(superoxide dismutase)  and GPX (glutathione 
peroxidase) levels in patients with T2D [51]. 
 
CONCLUSIONS 
Speaking by and large for microbiota and its 
implication in development and progression of 
diabetes, obesity and other metabolic diseases 
in humans it has to be considered the levels of 
glucose tolerance or severity of the metabolic 
disorder. As these conditions might be 
associated with different bacterial populations 
it is especially important to develop the 
strategies to modify the gut microbiota [13]. 
 
Literature data assumed that intestinal 
microflora is a factor influencing metabolic 
diseases such as obesity [12] and diabetes [13]. 
These diseases are associated with significant 
changes in the composition and metabolic 
functions of gut microbiota [6]. It has been 
shown that the increase of body weight is 
associated with more Firmicutes bacteria type 
and less Bacteroidetes [13], and the use of 
antibiotics influencing the intestinal microflora 
in obese mice reduces weight and improves 
glucose tolerance [16]. This proves that the 
intestinal microflora may be an important new 
target for treatment of metabolic diseases [6, 
8]. 
 
These findings suggest that yogurt containing 
different probiotics is a functional food that 
may exert antidiabetic and antioxidant 
properties. The interest in human microflora 

has only recently been developed, and it has 
been suggested that it probably has a major 
role in maintaining the homeostasis of human 
metabolism. However the underlying 
mechanisms are still not fully clarified.. 
 
In conclusion, probiotics have a large variety 
of beneficial actions in health and disease, 
reducing extrinsic nuisances, inhibiting of 
inflammation and having antioxidant capacity 
via reducing and preventing the formation of 
reactive free radicals with improvement of 
antioxidant defense in diabetic patients.  
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