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Periodontitis, & Dental Caries
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Fig. 1: Positive e�ects of host-microbiome symbiosis.4
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BACKGROUND

Many of the dental diseases have been linked to oral microflora. The oral microbiome contains 
over 700 bacterial species as well as fungi, viruses, archaea, and protozoa.  The alterations 
increase processes such as the acidification of saliva, the decrease in oxygen which leads to the 
development of anaerobic bacteria. The oral colonization progress in line with the gut microbiota 
which constitutes the great biological organ communicating with the other microbiota via 
cross-talking axes such as oral/lung, gut/lung, gut/brain, gut/skin, gut/liver, and bladder/gut.1

The increase in pathogenic bacteria and a corresponding decrease in beneficial bacteria have led 
to extensive research focused on interventions to restore microbial health and balance in the oral 
microbiome, including prebiotics, probiotics, and antimicrobial agents, as potential therapeutic 
approaches for treating and preventing oral dysbiosis and its associated diseases.2

Role of Oral Microbiota in Oral Health:3

The oral cavity is a warm, moist, and nutrient-rich environment that provides a suitable niche for 
the colonization of microbiota. Early colonization is exhibited by Gram-positive bacteria, such as 
Streptococci (S. sanguinis, S. mutans, S. sobrinus, S. gordonii, and S. oralis), as well as 
Actinomyces, through adhesion to various surfaces, including gingival surfaces and teeth covered 
by pellicles.

The oral microbiota strives to retain a healthy dynamic state and a symbiotic relationship in the 
complex oral ecosystem, which is referred to as eubiosis. Positive effects of host-microbiome 
symbiosis can be seen in (Fig. 1). In addition, these bacteria can self-aggregate and co-aggregate 
with other bacterial species, including some Gram-negative bacteria, through various bacterial 
glycoproteins and polysaccharides. This process serves as the basis for biofilm formation. 
However, this state of eubiosis can be interrupted and transformed into a state of dysbiosis. 
Dysbiosis is characterized by the involvement of bacterial metabolites in periodontal disease, as 
well as a marked difference in the metabolic profiles of the oral microbiota when compared with 
healthy conditions.
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PATHOPHYSIOLOGY OF ORAL
DYSBIOSIS

1

Oral Dysbiosis

An imbalance between the microbiota and the host 
caused by certain factors can lead to diversity in the 
microbial community. This can cause oral and dental 
diseases in which beneficial bacteria are destroyed, 
and pathogens proliferate. Under these conditions, 
the immune system is unable to fight the pathogens, 
exposing the host to tissue and dental damage such 
as dental caries, periodontal disease.5

Dysbiosis: 

Oral dysbiosis refers to an imbalance or disruption in 
this community, which can arise from various factors 
such as disease, poor oral hygiene, medication use, 
and diet. Dysbiosis of the oral microbiome can 
contribute to the development of numerous oral and 
systemic diseases, including dental caries, 
periodontitis, oral and other cancers, cardiovascular 
disease, and diabetes.6

Hajishengallis and Lamont proposed a model 
whereby periodontitis is initiated by a dysbiotic and 
synergistic microbiota, as opposed to a conventional 
infectious disease.5

1

Fig. 2: Alternative models of plaque biofilm 
development in health and disease.5
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PATIENT INFORMATION
LEAFLET (FAQS)

Sporlac-DG is a novel oro-dental tablet that offers 
heat-killed probiotic based strategy for managing 
gum diseases, promoting overall oral health, and 
averting its evolution into advanced gum and 
dental diseases. It contains Lactobacillus paracasei 
GMNL–33, a type of good bacteria which is 
beneficial for your dental health.

How does Sporlac-DG work in oral cavity?

Each tablet of Sporlac-DG contains NLT 1 billion 
cells of heat-killed Lactobacillus paracasei 
GMNL-33 and 50mg of Chichorium intybus root 
powder. 

Sporlac-DG corrects the imbalances in oral 
microbiota.  It shifts oral bacterial composition 
towards a healthier state, suggesting its potential 
use in various periodontal diseases.

Heat-killed probiotics are described as inactivated 
probiotics with an intact cell component and 
structure. 

Place the tablet on the tongue until it dissolves. Do 
not chew or swallow. Follow the instructions on 
the pack label.

No, Sporlac-DG is not a replacement for regular 
dental care like brushing, flossing, and rinsing. It 
should be used along with your routine dental care 
to keep your oral cavity infection free and healthy.

/lactating 

As per the available scientific evidences, no known 
side effects have been documented.

The general recommendation is to take 1 tablet 
daily post meal.

Store in a cool and dry place. Keep the tablets out 
of reach of children.

Yes, Sporlac-DG is gluten free and sugar-free.

What are heat-killed probiotics?
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Biofilm formation and development
in the oral cavity:7

Formation of acquired pellicle:

The specific plaque hypothesis (SPH) emerged 
which attributed dental caries to specific bacteria in 
the dental plaque biofilm, mainly Streptococcus 
mutans, S. sobrinus, and lactobacilli.
The shifting of the microbiome from a symbiotic one 
to a biofilm characterized by dysbiosis induced and 
aggravated by low abundant ‘keystone pathogens’. 
For example, P. gingivalis elicits an 
intense/destructive host immune response.

Colonization of organisms within the dental biofilm 
should be preceded by the presence of a condensed 
layer of macromolecules at the base of the biofilm 
known as the acquired pellicle (Fig. 3).

Adhesion of bacteria:

Planktonic bacteria in the oral cavity attach to 
specific pellicle-associated binding sites such as 
acidic proline-rich proteins and-amylase for 
attachment of early colonizers (Fig. 3). In addition to 
the biofilm matrix, attachment of bacteria within the 
biofilm is mediated by specialized appendages called 
fimbriae or pili that are composed of subunits called 
fimbrillins, possessing adhesins that selectively 
adhere to pellicle-coated teeth or to other bacteria. 
Fimbriae are common among many, bacterial species 
including Streptococci, Actinomyces and P. gingivalis.

Maturation of biofilm and coaggregation

of bacteria:

Maturation of the dental plaque biofilm (Fig. 3) 
starts with the recognition by late colonizers 
including F. nucleatum, Treponema denticola, T. 
forsythia, P. gingivalis, P. intermedia, and A. 
actinomycetemcomitans of polysaccharide or 
protein-binding sites on the cell surface of primary 
colonizers. 

Dispersion of bacteria:

In general, dispersion of bacteria occurs by three 
mechanisms: erosion, sloughing, and seeding. While 
erosion and sloughing may be active or passive, 
seeding is an active process limited to hollow 
cavities within the biofilm from which large numbers 
of solitary cells or bacterial masses are rapidly 
detached (Fig. 3.)

Fig. 3: Biofilm formation and development in the   
oral cavity. a. acquired pellicle formation; b. initial 
attachment of early colonizers; c. maturation of 
biofilm and coaggregation of bacteria; D. dispersion 
of bacteria.

Factors Influencing Oral Microbiota

The oral microbiome is a complex ecosystem that 
contribute to oral health. Various factors, such as 
diet, smoking, alcohol consumption, lifestyle choices, 
and medical conditions, can a�ect the balance of the 
oral microbiome and lead to dysbiosis, which can 
result in oral health issues like dental caries, 
gingivitis, periodontitis, oral candidiasis, and 
halitosis. Novel associations between the oral 
microbiome and systemic diseases have also been 
explored in literature including gastrointestinal, 
cardiovascular, endocrinal, and neurological 
conditions, autoimmune diseases, and cancer.8

Fig. 4: Illustration of a shift in the homeostatic 
balance that favors dysbiosis in favor of disease. 
Influences on the right side that favor disease can 
include; physical, chemical, or biological influences 
that can disrupt the balance. Factors such as 
iatrogenic dentistry, nutrition (excess carbohydrates; 
type of diet), lack of salivary flow, changes in local 
pH, defects in enamel mineralization, inadequate 
immune responsiveness, leukocyte adhesion defects, 
etc. all can have a profound influence on dental 
disease at the local level.9
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Disease-associated, in flux microflora  
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 Lack of oral care  

Poor diet  
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Excessive plaque biofilm  

Minimal saliva flow

Dental plaque is an initiating factor that first causes 
gingivitis if accumulated, resulting in the loss of 
collagen locally. Destructive periodontitis will occur 
gradually if the inflammation is not well controlled, 
which has been associated with dysbiosis where the 
diversity, richness, and relative proportions of 
species in the subgingival microbiota are altered.

Homeostasis and health Dysbiosis and disease

Summary

2. Heat-killed L.paracasei GMNL-33 showed 
significant improvement in number of patients 
with periodontal probing depth <5mm.

Conclusion: Heat-killed L.paracasei GMNL-33 
tablets significantly improves periodontal health 
of patients by decreasing count of periodontal 
pathogens.
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Heat-killed L.paracasei GMNL-33 showed 
significant reduction in number of patients with 
positive periodontal pathogens.

However, due to antibiotic resistance and lack 
of targeted therapy, desired effects are not 
being achieved.

Recently, therapeutic options like prebiotics,
probiotics, and heat-killed probiotics are 
being evaluated.

Placebo     Heat-killed L.paracasei GMNL-33

Results:

Heat-killed probiotics have following 
advantages over pre and probiotics:

Stable and effective under various conditions
(heat, pH)

Inhibits caries causing bacteria 

Reduces dental plaque formation

Reduces gingival inflammation

Lactobacillus paracasei GMNL-33, a heat-killed 
probiotic emerges as a promising probiotic in 
dentistry.

The key features of Lactobacillus paracasei 
GMNL-33 are:

Lactobacillus paracasei GMNL-33 inhibits harmful 
bacteria like Streptococcus Mutans and 
periodontal pathogens while promoting oral 
health.

Clinical studies show it is efficacious and safe 
across age groups for oral health.
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1. Significantly more reduction in plaque index in 
both fluoride and xylitol-probiotic toothpaste as 
compared to xylitol toothpaste.

2. Significant decrease in gingival index in 
xylitol-probiotic group as compared to fluoride 
and xylitol toothpaste.

Conclusion:  Xylitol-Probiotic toothpaste 
containing heat-killed L.paracasei GMNL-33 is 
an all-round dentrifice that produced a 
significant reduction in both gingivitis and 
plaque.

Clinical Study 6:40

Aim: To compare the antimicrobial effect of 
toothpaste containing fluoride, xylitol or 
xylitol-probiotic against Streptococcus 
mutans and Lactobacillus in children

Study design: Prospective randomized study

Study duration: 6 weeks

Number of patients: N = 60 patients

Age: 13-15 years
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Conclusion: The use of heat-killed L.paracasei 
GMNL-33 ensured the balance between 
bacterial flora in the oral cavity.

Results:

Reduction in salivary S.mutans count in xylitol 
probiotic group is more markedly than fluoride and 
xylitol toothpaste.

Clinical Study 7:41

Aim: To evaluate the inhibitory effect of orally 
administered heat-killed L. paracasei GMNL-33 
on the growth of periodontal pathogens

Study design: Randomized, double-blind, 
placebo-controlled study

Study duration: 8 weeks

Number of patients: N = 40 patients with                   
periodontitis
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Results:
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Oral Microbiome and Oral 
Diseases:10

The oral microbiome plays a pivotal role in the 
development and progression of periodontal 
diseases.

Dental Caries:

Dental caries driven by bacterial pathogens and 
characterized by progressive dental hard tissue 
deterioration. The caries biofilm, a complex and 
highly active ecosystem, initiates the accumulation 
of dental plaque on the tooth’s surface. Within this 
environment, various microorganisms colonize, with 
S. mitis and S. mutans being among the initial 
colonizers. The formation of the biofilm begins when 
a salivary glycoprotein film (dental pellicle) coats a 
tooth surface.

Gingivitis:

Gingivitis is describe as inflammation of the gums, 
typically caused by the accumulation of microbial 
plaque, or bacteria, on the surface of the teeth due 
to ine�ective tooth brushing. Thus, the importance 
of e�ective tooth brushing cannot be overstated, as 
it is essential for removing food debris and 
preventing the further growth of plaque. Bacteria 
present in accumulated plaque on the tooth surface 
can penetrate the gingival tissue, particularly the 
gingival sulcus, making the marginal area prone to 
microbial infection. 

Common microbial species associated with gingivitis 
include P. gingivalis, A. actinomycetemcomitans, 
Streptococcus sp., Fusobacterium sp., Actinomyces 
sp., Veillonella sp., Treponema denticola, and 
Prevotella intermedia. If untreated, gingivitis has the 
potential to advance to periodontitis, a condition 
that can lead to irreversible damage not only to the 
gums but also to the surrounding bone that 
supports the teeth.

Periodontitis:

Dental plaque bacteria emerge as the principal 
culprits in the onset of periodontal disease. Plaque 
exists in both supragingival and subgingival areas, 
fostering microbial biofilms that thrive on tooth 
surfaces. The crevicular epithelium and gingival 
crevice act as pivotal habitats for microbial initiation, 
supported by gingival crevicular fluid and a 
favorable anerobic environment.

The red complex bacteria—P. gingivalis, Treponema 
denticola, and Tannerella forsythia—emerge as  
keystone  pathogens,  triggering  an 

imbalance in host–bacterial interactions and 
resulting in bone loss. Furthermore, recent 
investigations highlight the systemic implications 
of periodontal diseases. Periodontitis not only 
poses local health risks but also acts as a 
potential risk factor for systemic conditions like 
CVD, diabetes, and cancer.

However, S. mutans, one of the main pathogens 
of caries, was negatively correlated with several 
main pathogens of periodontitis.

Halitosis:11

Halitosis, commonly referred to as oral malodor 
or bad breath, is a frequent oral condition 
marked by an unpleasing or disagreeable odor 
that originates within an individual’s mouth. 
Gram-negative bacteria, including Prevotella 
(Bacteroides) melaninogenica, Treponema denticola, 
Porphyromonas gingivalis, Porphyromonas 
endodontalis, and others like Enterobacteriaceae, 
Tannerella forsythia, Eikenella corrodens, and various 
Fusobacterium species, are implicated as likely 
contributors to oral malodor.

Clinical Signs and Symptoms of Oral
Dysbiosis12

The most common signs include persistent bad 
breath, bleeding gums, cavities, gum disease 
(gingivitis and periodontitis), dry mouth, sores 
and wounds in the mouth, as well as increased 
tooth sensitivity.

Dental caries (cavities)

In general, investigation of the oral 
microbiota composition in caries revealed that the 
bacterial population in caries is less diverse than in 
the healthy state. Although, the genera Streptococcus 
spp.  and  Lactobacillus  spp.,  have been  studied as the 
most common causative agents of dental caries, 
Moreover, Actinomyces spp., Fusobacterium spp., 
Porphyromonas spp., Rothia spp., Granulicatella spp., 
Gemella spp., Selenomonas spp., Bifidobacteria spp., 
Scardovia spp., Corynebacterium spp., Granulicatella spp., 
Propionibacterium spp., Bifidobacterium spp., and 
Scardovia spp. are strongly related to caries development. 
These microbiotas interact with each other in a dynamic 
polymicrobial biofilm and induce the progression of 
caries from early-onset (primary demineralization) to 
deeper damage with dentin exposure. 
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Fig. 5: Country-wise cumulative prevalence of top 
five leading causes (dental caries [both deciduous 
and permanent teeth], severe periodontal disease, 
edentulism  and  cancer  of lip  and  oral  cavity as

Periodontal diseases (gingivitis

and periodontitis)

Chronic inflammation caused by oral microbiota can 
damage the structures that support the teeth, 
leading to gingivitis and periodontal disease. 
Gingivitis is a reversible stage that begins at the 
bottom of the apical gingival border and modifies 
the supra and subgingival sulci.

EPIDEMIOLOGY AND GLOBAL
PREVALENCE OF ORAL
DISEASES13

The WHO Global Oral Health Status Report (2022) 
estimated that oral diseases a�ect close to 3.5 billion 
people worldwide, with 3 out of 4 people a�ected 
living in middle-income countries. Globally, an 
estimated 2 billion people su�er from caries of 
permanent teeth and 514 million children su�er from 
caries of primary teeth.  

Periodontal disease a�ects the tissues that both 
surround and support the teeth. The disease is 
characterized by bleeding or swollen gums 
(gingivitis), pain and sometimes bad breath. In its 
more severe form, the gum can come away from the 
tooth and supporting bone, causing teeth to become 
loose and sometimes fall out. Severe periodontal 
diseases are estimated to a�ect around 19% of the 
global adult population, representing more than 1 
billion cases worldwide. 

The estimated global average prevalence of 
complete tooth loss is almost 7% among people 
aged 20 years or older. For people aged 60 years or 
older, a much higher global prevalence of 23% has 
been estimated.

Periodontal diseases, which include gingivitis and 
periodontitis, are chronic inflammatory diseases, 
a�ecting the teeth supporting tissues.15 Their 
prevalence is estimated at 45–50% of individuals 
globally, with 11.2% of individuals diagnosed with 
severe periodontitis.15 Periodontal diseases are usually 
induced by dental plaque (microbial biofilm) and are 
associated with multiple species of bacteria that 
increase in numbers due to a dysbiosis of the plaque.15 
Chronic inflammation might promote the formation of 
periodontal pockets, which alter the redox and 
nutritional environment and boost the species 
richness and variety of biofilms leading to dysbiosis.15 
Gingivitis occurs due to the persistent accumulation 
of microbial biofilms, sometimes exacerbated by local 
risk factors such as calculus formation, teeth 
crowding, iatrogenic restoration, all of which are 
believed to be the main causes for the initiation and 
progression of gingivitis.15 If left untreated, gingivitis 
may then progress into periodontitis: an inflammation 
characterized by alveolar bone loss, formation of 
periodontal pockets and ultimately tooth loss. It has 
been observed that an alteration within the oral and 
gut microbiome occurs in periodontal diseases 
patients.15

This widespread condition impacts a significant 
portion of the worldwide population, ranging from 
15% to 60%, and is characterized by the emission of 
an o�ensive odor from the mouth, nasal passages, 
and throat regions.11

Under healthy conditions, the oral microbiome thrives 
in a favorable commensal association with its 
environment, much like other body regions, including 
the skin, gut, or vagina. However, it is important to 
acknowledge that under certain circumstances, 
certain opportunistic microorganisms within the oral 
microbiome can undergo a shift, becoming harmful 
pathogens. This transformation can have implications 
for the development of various oral and systemic 
diseases. Major oral diseases such as dental caries 
and periodontal diseases are both caused by and 

CLINICAL IMPACT OF ORAL
DYSBIOSIS ON OVERALL
HEALTH11

the leading causes of oral disease burden) of oral 
diseases (global burden of disease; 2019). India and 
China had the highest caseloads (632 million and 599 
million, respectively) whilst Nauru and Tuvalu had the 
lowest caseloads (5181 and 4382, respectively). Data 
accessed from Institute of Health Metrics and 
Evaluation Global Burden of Disease.14

Heat killed L. paracasei GMNL -33

1

Aim: To analyze the extent of plaque regrowth upon 
the usage of a probiotic toothpaste containing L. 
paracasei by measuring the optical density using a 
spectrophotometer

Cinical Study 4:38

Conclusion: A 2-week period of medication via 
oral administration route may be needed for 
Heat Killed L. paracasei GMNL-33 to be effective 
in the probiotic action.

Evaluation time points: 15 min, 45 min, 
90 min, and 4 h, respectively

Study design: Pilot study

Age: Mean age of the children was 10.2 
years

Number of patients: N = 5 healthy 
children

Dose: 0.75gm toothpaste containing 
heat-killed  L. paracasei GMNL-33

Evaluation parameters: Optical density 
of plaque samples
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Aim: To evaluate the clinical effects of 
toothpaste containing fluoride, xylitol or 
xylitol-probiotic on the decrease of dental 
plaque and gingival inflammation

Study design: Prospective, randomized, 
double-blind placebo-controlled clinical trial

Study duration: 6 weeks

Number of patients: N = 48 children 
(adolescents)

Age: 13-15 years

Groups:  

Group A: Fluoride toothpaste

Group B: Xylitol-probiotic toothpaste 
(Probiotic –  

Group C: Xylitol toothpaste

Dose: Brushing twice daily

Evaluation parameters: Gingival index and 
Plaque index.

Evaluation time points: Day 0 (Baseline) and 
Week 6 (Day 42)
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The most common treatment, outside of the 
dentist’s o�ce, to alleviate dental plaque is 
chlorhexidine mouth rinses. Although its e�cacy has 
been assessed toward di�erent microorganisms, 
especially S. mutans, it has a few disadvantages, 
such as teeth staining, loss of salivary flow, and the 
elimination of all microbiota, which eventually 
worsens the dysbiotic state.16

Another important disadvantage in the current 
treatment of oral caries and periodontitis is the use 
of antibiotics, particularly broad-spectrum 
antibiotics. The use of these drugs may not be 
e�ective due to the bacterial resistance in the 
biofilm structure, and their use may also aggravate 
the resistance to antibiotics while disrupting the 
oralome and causing a deeper state of dysbiosis.16

contribute to disruptions in the oral microbiota 
balance, known as dysbiosis. This dysbiosis can 
extend its e�ects to various chronic systemic 
diseases, leading to the initiation or worsening of 
conditions such as metabolic diseases, CVD, 
respiratory diseases, rheumatoid arthritis (RA), 
adverse pregnancy outcomes, IBD, AD, autism 
spectrum disorders, and oral mucosal diseases.

Oral diseases are now considered to be the 
consequence of a deleterious change in the balance 
of the oral microbiota, making oral microbiota 
identification and management a major research axis.

MANAGEMENT OPTIONS

Fig. 7: The oral microbiota is a biomarker, diagnostic 
tool, and target for systemic disease diagnosis and 
treatment.16

Conventional treatment for oral diseases, the most 
frequent guideline is to pay regular visits to the 
dentist, where the focus should be the removal of 
dental plaque and the implementation of antibiotics 
where an infection has occurred.16

The physical removal of dental plaque, either by 
brushing the teeth or with professional utensils, such 
as a scaler, is one of the best traditional strategies to 
prevent the aggravation of plaque and, 
consequently, the emergence of caries and gingivitis. 
However, brushing the teeth is not always e�ective, 
and it is not feasible to depend solely on 
professional actions to prevent oral diseases.16

Therapeutic tools

Probiotics/Prebiotics

Factor of Dysbiosis
Lifestyle, Stress, Poor nutrition, Drugs, Genetics

Anti-microbial 
peptides/
Vaccines

Drugs

Oral Healthcare
treatments

Preventive approach

Diagnostic tools

Bacterial culture

Taxonomic
analysis

Metabolomic
analysis

Biological analysis

Diagnostic approach

Systemic Diseases

Oral Cavity

Oral dysbiosis

Microbial translocation

Neurological
diseases
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diseases
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Cancer

Autoimmune
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route Enteral route
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P. gingivalis,

P. endodontalis,
T. denticola,
T. forsythia,
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Eubacterium brachy,

Eubacterium saphenum,
Campylobacter rectus,

A. actinomycetemcomitans

P. gingivalis,
T. forsythia,
T. denticola

P. gingivalis,
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Oral Thrush C. albicans

Gingivitis
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Halitosis

P. gingivalis,
T. denticola,
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P. gingivalis,
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Treponema denticola
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Low gastric juices
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IL-9CD4+
T cell

Immune
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activation
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barrier function

Fig.  6:  Oral-Gut pathways to IBD  and systemic 
diseases: Oral microbes such as Porphyromonas 
gingivalis can take two distinct routes to enter the 
body. The first is the hematogenous route (shown 
on the left), often associated with dental problems 
like tooth decay, periodontitis, gingivitis, oral 
thrush, and halitosis, which can further lead to 
systemic conditions such as CVD, neurological 
disorders, autoimmune diseases, diabetes, IBD, and 
cancer.   On  the  other  hand,  the  enteral  route 
(shown on the right) allows these oral microbes to 
travel from the stomach to the intestines. 
P. gingivalis, which possesses resistance to 
antibiotics and can survive stomach acid, moves 
from the stomach into the gut. Changes in gastric 
acidity can alter the gut microbiota, making it 
resemble the oral microbiome. Upon entering the 
gastrointestinal tract, P. gingivalis disrupts the 
intestinal barrier, compromising gut integrity. This 
disruption, along with changes in the microbiome, 
initiates inflammation, typically occurring in the 
ileum. Within this inflammatory response, specific 
immune cells known as IL9+ CD4+ lamina propria T 
cells become active and produce IL-9, a cytokine 
that fuels immune responses and inflammation. 
While inflammation serves as a defense against 
invaders, excessive or chronic inflammation can 
lead to conditions like IBD. Abbreviations: IL-9: 
Interleukin-9; IL9+ CD4+ lamina propria T cells: 
Immune Cells Producing IL-9; IBD: Inflammatory 
Bowel Disease.11

Evaluation time:  Before toothbrush (M0), 
after 1 month (T1)

Conclusion: Heat-killed L.paracasei GMNL-33 
toothpaste decreases the oral pathogen count 
and dental plaque formation.

Results:
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Clinical Study 3:37

Aim: To evaluate the efficacy of the heat-killed 

L.paracasei GMNL-33  for reducing 

caries-associated salivary microbial counts in 

healthy adults

Study design: Randomized, double-blind, 

placebo-controlled study with two parallel 

groups

Study duration: 2 weeks intervention and 2 

weeks post intervention (4 weeks)

Age: 20-40 years

Number of patients: N = 78 patients

Heat-killed Probiotic Group: 11% xylitol + 4% 

exact of L. paracasei GMNL-33 bacteria 3×108 

cells/tablet (n=42)

Control Group: 11% xylitol/tablet (n=36)

Dose: 1 tablet thrice daily for 2 weeks

Evaluation parameters: Bacterial counts of 
salivary S. mutans

Evaluation time points: Baseline (T1), at the 
completion (T2) of medication and 2 weeks 
after medication (T3)
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Group:

Results:

Heat-killed L.paracasei GMNL-33  showed significant 
reduction in the salivary S. mutants count.

Evaluation parameters:

1. Heat-killed L.paracasei GMNL-33 toothpaste 
decreases the expression of oral pathogens:

2. Heat-killed L.paracasei GMNL-33 toothpaste 
decreases the dental plaque formation.

Placebo (N=9)  Heat-killed L.paracasei
GMNL-33 (N=9)

 Heat-killed L.paracasei
GMNL-33 (N=6)

Heat-killed L.paracasei
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CLINICAL STUDIES

Clinical Study 1:35

Aim: Analysis of the effect of mouthwash 
containing probiotic heat-killed 
L.paracasei GMNL-33 on oral microbiota

Groups: Control group: Kids Mouthwash 
0.01% Heat-killed L.paracasei GMNL-33 
group: Kids mouthwash+0.01% Heat-killed 
L.paracasei GMNL-33 

Evaluation parameter: Real time PCR 
(Cotton swab sampling between gum 
and teeth)

Evaluation time:  Before mouthwash 
rinsing (T0), after 0.5 hour (T1), after 1.5 
hours (T2), and after 3.5 hours (T3)

Results:
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Conclusion: Heat-killed L.paracasei GMNL-33 
inhibits the growth of oral pathogens in children.

d. A. actinomycetemcomitans
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Aim: To evaluate the efficacy of heat-killed 
L.paracasei  GMNL-33 in oral health

Groups: Control group: Toothpaste without 
any anti-bacterial agent 
Heat-killed L.paracasei GMNL-33 group: 
Toothpaste containing 0.7% heat-killed 
L.paracasei GMNL-33

Clinical Study 2:36

1. Inhibitory effect of heat-killed L.paracasei 
GMNL-33 mouthwash on oral pathogens:

Regarding periodontitis, the conventional treatment 
is based on the physical removal of infra-gingival 
plaque with a technique called scaling and root 
planning. Despite being e�ective in the removal of 
plaque and lowering the levels of microorganisms in 
the sulcus, periodontopathogens can re-colonize the 
subgingival pockets and rapidly enter a dysbiotic 
state again.16

Fig. 8: Oral diseases, current treatments, and 
preventive strategies.16

Biofilm Complexity: Dental plaque is a 
structured biofilm that resists antibiotic 
penetration, requiring alternative approaches to 
disrupt its formation.

Recurrent Infections: Conventional treatments 
often fail to prevent recurrence, as they do not 
enhance the natural defense mechanisms of the 
oral cavity.

Antibiotic Resistance: The overuse of antibiotics 
in dental care contributes to the global rise in 
antimicrobial resistance (AMR), reducing their 
long-term e�ectiveness.

Short-Term Effects: Antibiotics often provide 
temporary relief from bacterial infections without 
addressing the root cause, such as biofilm 
formation or inflammation.

Side Effects: Conventional antibiotics can cause 
adverse e�ects such as gastrointestinal 
disturbances, allergic reactions, or opportunistic 
infections (e.g., candidiasis).

Challenges in Maintaining Balanced Oral 
Microflora:19

Oral Dysbiosis: Factors such as poor oral 
hygiene, diet, and antibiotic use disrupt the 
natural balance of oral microbiota, promoting the 
growth of pathogenic bacteria.

2

NEED GAP OF THERAPY

1
Limitations of Conventional 
Antibiotics in Dentistry:17-18

Non-Specific Action: Antibiotics target a 
broad range of bacteria, including beneficial 
oral microbiota, leading to dysbiosis and 
imbalance in the oral microflora.

Oral dysbiosis culminates in oral diseases if the 
balance is not restored. Interestingly, even though
it is one of the most prevalent infectious diseases 
worldwide, they are still considered a “challenge to 
modern dentistry.”

NOVEL STRATEGIES FOR THE
PREVENTION OF ORAL
DYSBIOSIS20

One of the most important strategies that must be 
implemented to prevent oral dysbiosis is controlling 
biofilm formation. For this reason, novel strategies 
should focus on the removal of mature biofilms in 
order to maintain oral homeostasis, especially since
it has been proven that oral dysbiosis is the leading 
cause of the emergence of a pathogenic environment. 
Another important factor is that the microorganisms 
associated with the emergence of oral diseases and 
oral dysbiosis are mostly endogenous species and 
not pathogens brought from another environment. 
Consequently, the treatment and prevention 
strategies should focus on controlling the growth 
of these microorganisms rather than their 
complete removal.

One aspect where current strategies have been 
failing in the prevention of oral diseases is the 
maintenance of oral homeostasis or keeping the 
dysbiotic rate low. This rate is defined as the 
relationship between the pathobiont species present 
in the oral environment and the species that are 
mostly associated with oral health. One approach 
that should be considered is the use of probiotics, 
prebiotics, and heat-killed probiotics to control the 
oral cavity, especially since they can modulate the 
oral microbiome and influence the dysbiotic rate by 
controlling the growth of disease-related 
microorganisms.

Prebiotic is “a substrate that is selectively utilized by 
host microorganisms conferring a health benefit”.

Probiotic as “live microorganisms that, when 
administered in adequate amounts, confer a health 
benefit on the host”.

Heat-killed probiotics are described as inactivated 
probiotics with an intact cell components and 
structure. 

Oral dysbiosis

Current treatment Preventive strategies
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Key characteristics:42-46

1

Targeted Action: 
Heat-killed L.paracasei GMNL-33 specifically 
inhibits caries-causing bacteria (e.g., 
Streptococcus mutans) without harming 
beneficial microbiota, supporting oral 
microbial balance.

Biofilm Disruption: 
Heat-killed L.paracasei GMNL-33 effectively 
reduces dental plaque formation by 
disrupting biofilm integrity, a significant 
challenge for antibiotics.

Anti-Inflammatory Benefits:
Heat-killed L.paracasei GMNL-33 reduces 
gingival inflammation by modulating 
immune responses, providing dual benefits 
of antimicrobial and anti-inflammatory 
effects.

1
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5

Advantages of L.paracasei GMNL-33:42-46

While antibiotics are reactive, heat-killed probiotics 
like L. paracasei GMNL-33 focus on preventing 
infections by strengthening the oral ecosystem.

Safety Profile: Heat-killed L.paracasei GMNL-33 
are naturally derived and exhibit excellent safety 
and tolerability, even with prolonged use.

Holistic Benefits: In addition to addressing oral 
infections, heat-killed L.paracasei GMNL-33 
contribute to overall systemic health through 
their positive effects on inflammation and 
immunity.

1

2

In short, heat-killed probiotic like L. paracasei 
GMNL-33 fills a critical need gap in dentistry by 
offering a targeted, sustainable, and safe 
approach to managing oral infections and 
maintaining microbial balance, areas where 
conventional antibiotics fall short. Its potential as 
a non-invasive, adjunctive therapy can 
revolutionize dental care by reducing reliance on 
antibiotics and improving long-term oral health 
outcomes.

Key Features of L.paracasei GMNL-33

Inhibits caries-causing bacteria streptococcus 
mutans, periodontal pathogens (Porphyromonas 
gingivalis, Prevotella intermedia and 
Actinobacillus actinomycetemcomitans)

Reduces dental plaque formation

Reduces gingival inflammation

1

2

3

No Risk of Resistance:

Unlike antibiotics, Heat-killed L.paracasei 
GMNL-33 do not contribute to antimicrobial 
resistance, making them a sustainable 
alternative.

Enhanced Oral Health:

By promoting a balanced oral microbiome, 
heat-killed L.paracasei GMNL-33 help in 
long-term maintenance of oral health, reducing 
the likelihood of recurrent infections.

Heat-killed L.paracasei GMNL-33

Heat-killed L.paracasei GMNL-33
restores oral microflora

Coaggregate to oral pathogens including
S. mutans, P. gingivalis, Fusobacterium
nucleatum and Actinobacillus
actinomycetemcomitans for its removal.

Immunomodulatory activity: 

34

35

36

Heat-killed L.paracasei GMNL-33
also inhibits growth of dental caries
pathogen S. mutans

Heat-killed L.paracasei GMNL-33 inhibits
adhesion of S. mutans to gingival cavity, 
also significantly inhibit the biofilm formation
of S. mutans.

Heat-killed L. paracasei increases salivary 
 IgA levels.

Porphyromonas gingivalis,
Prevotella intermedia,Centipeda periodont

1

Lactobacillus paracasei GMNL-33 -
Role in Oral Health33

The Lactobacillus paracasei species includes 
non-motile, non-spore-forming, rod shaped, 
facultative anaerobic lactic acid bacteria (LAB) that 
populate several niches, from fermented foodstu�s 
to host-associated microenvironments. The cell wall 
of lactobacilli is made up of peptidoglycan, a type of 
carbohydrate protein complex that helps to give the 
cell its shape. The cell wall also contains lactic acid, 
which helps to protect the bacterium from acidic 
environments. The cytoplasm of lactobacilli is clear 
and contains a small amount of DNA. In addition to 
the cell wall and cytoplasm, lactobacilli also have a 
thin layer of slime that covers their surface. This 
slime layer helps the bacteria to attach to surfaces 
and protects them from dehydration. The strain 
stains Gram-positive.

Fig. 10: Lactobacillus casei cell structure33

Lactobacillus paracasei GMNL–33, which is e�ective
in reducing dental plaque and gingival formation by 
inhibiting associated oral pathogens such as 
Streptococcus mutans, Porphyromonas gingivalis,
and Prevotella intermedia. 

Mechanism of action of L. paracasei 
GMNL-3334 

Lipoteichoic acid and Peptidoglycan are active 
constituents of L. paracasei GMNL-33 present in the 
cell wall.

Biofilm is an 
assemblage of surface- 
associated microbial 
cells that is enclosed in 
an extracellular 
polymeric substance 
matrix.
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Fig. 9: Mechanisms of action for probiotics and 
heat-killed probiotics.20 

Probiotics and Heat-killed probiotics

Probiotics culture 
broth

Heat-killed probiotics

Mechanisms of action

Heat-killed probioticsBoth

Probiotics

Antimicrobial e�ect

Promotion of homeostasis

Competition for nutrients 
and binding sites

Modulation of the 
immune response

Improvement of 
   in�ammatory response

-0.45 µm �lter

Centrifuge

1

2

Limitations of Prebiotics and Probiotics

Heat-killed probiotics:

can cause bacteremia in immunocompromised 
individuals.24 

No dependency on live bacteria or existing
microbiota.25-26

Stable and effective under various external and
internal conditions (Heat, PH, Enzymes, etc.)

*

* *
**
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