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Dentalcidin LS (Liposomal Oral Care Solution with Biocidin®) —
Scientific Validation of Botanical Ingredients

Liposomal Technology

Liposomal technology involves a specific drug delivery system that has been extensively used in
cosmetic and pharmaceutical industries.12 Liposomes as drug carriers have been researched since the
1970s for improving the delivery of therapeutic agents to specific sites within the body.?

Liposomes are spherical, microscopic phospholipid vesicles, consisting of an aqueous core entrapped
by one or more natural (or synthetic) phospholipid bilayers.? Liposomes can be made from cholesterol,
non-toxic surfactants, sphingolipids, glycolipids, long chain fatty acids and membrane proteins.?
Predominantly, the lipid components of liposomes are phosphatidylcholine derived from egg or soybean
lecithin.# Liposomes have been studied extensively as a carrier system for therapeutically active
compounds due to their unique characteristics.* These characteristics include the ability to incorporate
hydrophilic, lipophilic and amphiphilic compounds, high biocompatibility, low toxicity, lack of immune
system activation, and targeted delivery of bioactive compounds to the site of action.*®

Liposomes can be classified on the basis of structure (size and number of lipid layers), method of
preparation, composition and application.? According to size, liposomes can be composed of unilamellar
vesicles which consist of a single bilayer with a size range of 50-250 nanometres (nm), or multilamellar
vesicles comprised of two or more lipid bilayers with a size ranging between 500-5000 nm.*
Classification can also be based upon conventional or speciality liposome technology. Examples of
conventional liposomes include; 1) stabilized natural lecithin (phosphatidyl choline) mixtures, 2)
synthetic identical, chain phospholipids, and 3) glycolipids containing liposome. Examples of speciality
liposomes include; 1) bipolar fatty acid, 2) antibody directed liposome, 3) methyl/methylene x- linked
liposome, 4) lipoprotein coated liposome, 5) carbohydrate coated liposome, and 6) multiple
encapsulated liposome.® Because liposomes form a barrier around their contents, they provide
protection against oxidation and degradation within the body. Encased in their protective barrier,
medicinal actives are impervious to digestive enzymes in the mouth and stomach, alkaline secretions
from the pancreas, bile acids, intestinal flora, and free radicals.?

Given liposomes are non-toxic, flexible, biocompatible, biodegradable, non-immunogenic, and suitable
for systemic and non-systemic administration, they offer a number of distinct advantages including?:
Increased efficacy and therapeutic index of drugs or medications

Increased stability (via encapsulation technology)

Reduced toxicity of the encapsulated agent

Reduced exposure of sensitive tissues to toxic drugs

Flexibility to bind with site-specific ligands for active targeting

Although herbal medicine has been used since ancient times and studied extensively in present
days, its application can present with certain limitations. These may include instability in a highly
acidic pH environment, pre-systemic metabolism in the liver, as well as solubility and absorption
problems. Such challenges can lead to lower therapeutic concentrations of botanicals in plasma,
resulting in a reduction or absence of therapeutic effects.® Furthermore, the majority of plant actives
are polar molecules, which are poorly absorbed due to their large molecular size, which limits their
absorption via passive diffusion and their ability to cross the lipid-rich biological membranes. These
factors can lead to reduced bioavailability and low therapeutic index of phytochemicals.®
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Incorporation of liposomal drug delivery system and herbal medicine can improve stability,
bioavailability, and minimize the pre-systemic metabolism and degradation of phytochemicals in the
gastrointestinal tract. It can also lessen the distribution and accumulation of phytochemicals in the non-
targeted tissues and organs, thereby reducing toxicity and possible side effects as well as improving
therapeutic efficacy and patient compliance.

Dentalcidin™ LS utilizes advanced Etheric Delivery™ phospholipid encapsulation technology, which
provides unilamellar vesicles of 100 nm or smaller particle size, for enhanced therapeutic application.
Because these liposomes are smaller and more stable, the vesicles are able to be absorbed as soon
as they enter the oral cavity for maximum bioavailability. Delivery of Dentalcidin™ LS in liposomal
format enables the botanicals to cross the blood-brain barrier, be delivered intracellularly, and also
improve lymphatic circulation of the actives. Given phospholipids represent the basic building blocks of
all cellular membranes, their inclusion in Biocidin LSF helps nourish and enhance cell membrane
function, which in turn supports nutrient absorption and enhances the excretion of toxins and cellular
waste products.

Dental caries and periodontal diseases, including gingivitis and periodontitis, are the most prevalent
dental diseases.” Numerous pharmaceutical agents such as mouth rinses and dentifrices have been
developed for the prevention and local therapy of dental ailments. The disadvantage of conventional
methods includes short retention time in the oral cavity due to salivation (secretion of an average of 620
ml/day), the intermittent swallowing, food and beverage intake as well as abrasion by soft tissue
movements. The use of liposomes as a dental agent to overcome these issues is a new strategy with
promising research.”® Liposomes can be designed to be bioadhesive so that they are retained on
enamel surfaces, thereby increasing contact time and extending retention time within the oral cavity. In
addition to its encapsulating ability of therapeutic agents to combat cariogenic microorganisms,
liposomes may also protect the enamel against deterioration by covering the enamel surfaces, which
in turn prevents the adsorption of bacteria to dental enamel.”

The use of Dentalcidin™ Liposomal Oral Care Solution for four weeks has been evaluated in a
periodontal pilot study by Dr John Rothchild. His research demonstrated a marked reduction of oral
pathogens from an average of 35 species down to 3 species, with many of the remaining species being
considered as normal oral bacteria.®0

Bilberry (Vaccinium myrtillus)

Medicinal Actions:
Antibiofilm,1! antiinflammatory, antimicrobial,’? antioxidant.13-15

Scientific Evidence:

Traditionally bilberry as a herbal medicine has been used externally for inflammation of the mouth and
mucous membranes as they possess significant astringent activity.'® Bilberry is rich in phenolic
compounds which possess strong bacteriostatic and antimicrobial properties.? This herb is renowned
for its exceptionally high levels of anthocyanins, which are responsible for bilberry’'s diverse antioxidant
effects.1”18 As natural antiinflammatory agents, bilberry polyphenols help reduce lipopolysaccharide
(LPS)-induced nuclear factor kappa-beta (NF-KB) activation.1®

Based on in vitro experiments, bilberry may affect the coaggregation capabilities of oral pathogens,
which is an interspecies adhesion process essential for the development of dental plaque. Polyphenol
constituents in the high molecular size fractions of bilberry have been shown to exhibit antiaggregation
(inhibit and reverse coaggregation) activity against the pairs of common bacteria causing dental biofilm
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accumulation including Streptococcus mutans with Fusobacterium nucleatum or Actinomyces
naeslundii.’t

Phenolic compounds found in berries provides bioactive molecules for the prevention and/or treatment
of inflammatory diseases, including gingival inflammation.2® Consumption of bilberry has been shown
to demonstrate ameliorating effect on markers of gingival inflammation by reducing interleukin (IL)-1B,
IL-6 and vascular endothelial growth factor (VEGF) and therefore reducing gingivitis to a similar extent
compared to standard of care.2°

Safety Summary:
Considered safe at the recommended dose.'® No adverse effects expected during pregnancy and
breastfeeding.'*

Noni (Morinda citrifolia)

Medicinal Actions:
Antibacterial,?! antiinflammatory, antimicrobial, antioxidant,'522 immunomodulatory.??

Scientific Evidence:

Noni fruit has been used throughout Southeast Asia and Polynesia for more than 2000 years as an
important food source, as well as a medicinal plant.’21 To date, over 160 different phytochemical
compounds have been identified in the noni plant. The major secondary metabolites include phenolic
compounds, organic acids and alkaloids which give rise to noni’s potent antioxidant, antiinflammatory
and immune enhancing properties.21.22

Based on in vitro research, aqueous extract of noni fruits are capable of inhibiting the growth of dental
caries-causing oral pathogens including Streptococcus mutans and Streptococcus mitis.?2! Noni has
demonstrated antifungl activity against Candida albicans in a dose-dependent manner.2®> Aqueous
extracts of noni may also help protect against the conversion of cellular Candida albicans into the
hyphenated or filamentous form of the yeast. Germ tube formation or hyphenation from blastoconidia
by Candida species is thought to be a virulence factor in their pathogenesis.?*

Safety Summary:
No known warnings, precautions or contraindications at the dose recommended.?>25 No adverse effects
expected during pregnancy and breastfeeding.1526

Milk Thistle (Silybum marianum)

Medicinal Actions:
Antimicrobial, antioxidant.13.14

Scientific Evidence:

Milk thistle, also known as St. Mary’s thistle, has been used as a traditional herbal medicine since
ancient times.'® Milk thistle is rich in flavanolignans which comprise of silybin A and silybin B
(diastereoisomers), silydianin, silychristin and diastereoisomers isosilybin A and isosilybin B. These
polyphenolic molecules are collectively referred to as silymarin.13

Research has shown that the flavanolignans from milk thistle possess potent antibacterial activity
against Gram-positive bacteria, but no antimicrobial activity against Gram-negative bacteria or fungi.
Silybin affects the growth of Gram-positive organisms by inhibiting ribonucleic acid (RNA) and protein

AUTHORS: Corene Humphreys, ND, BHSc, Dip Med Herb, Dip Hom, QTA (Microbiology). | Anita Kasa, BNat, Dip Herb Med,
Dip Nutr, Dip Yoga.

NUTRITIONALMEDICINENZ.COM / BIOCIDIN.NZ.
PHONE: NZ: 09 425 4250 / 021 941 556. AUST: 001169 425 4250 /00116 21 941 556.

Page |3



®
Q
Q

L)
.:. ‘,z, NutritionalMedicine NZ Biocidin
Q \ Botanicals

synthesis (as opposed to attacking the bacterial membrane).?” Silibinin has also demonstrated
antioxidant and antiinflammatory properties on LPS-stimulated human monocytes through an inhibitory
effect on hydrogen peroxide release and TNF-a production.?®

Based on in vitro research, the combination of silymarin and resveratrol has demonstrated
antiinflammatory effects by decreasing IL-6 and IL-8 secretion by lipopolysaccharide-induced
inflammatory responses in human gingival fibroblasts (which are one of the key cell lines involved in
gingival inflammatory processes and periodontal diseases).2°

Safety Summary:
Contraindicated in persons allergic to plants from the Compositae family.3° No other known warnings,
precautions or contraindications.® No adverse effects expected during pregnancy and breastfeeding.3°

Echinacea (Echinacea purpurea & Echinacea angustifolia)

Medicinal Actions:
Antiinflammatory, antimicrobial, depurative, immune enhancing, immune modulating, lymphatic.141530

Scientific Evidence:

Echinacea has been used as herbal medicine by Native American Indians for centuries.'® Echinacea
possesses both antiinflammatory and immunostimulating properties.3! Alkylamides, one of the active
constituents of echinacea are thought to be responsible for the herb’s antiiflammatory activity. Emerging
research suggests that bacterial lipoproteins and lipopolysaccharides within echinacea (endophytes)
represent the major source of immune enhancing properties of this herb.32:33 Human cells of the innate
immune system detect Braun-type lipoproteins and LPS through Toll-like receptor 2 and 4 pathways,
macrophage activation and upregulation of natural killer cell activity in the body.3435

Echinacea has demonstrated antimicrobial activity against a number of respiratory pathogens including
Streptococcus pyogenes, Staphylococcus aureus, Haemophilus influenzae, Klebsiella pneumonia,
Pseudomonas aeruginosa, Legionella pneumophila and Candida albicans.3637 Based on in vitro
research, echinacea has both antiinflammatory and direct killing activity against Streptococcus
pyogenes, Haemophilus influenzae and Legionella pneumophila. Echinacea has been shown to inhibit
the production of the following cytokines: IL-4, IL-6, IL-8, monocyte chemoattractant protein (MCP)-1,
VEGF, and growth-regulated protein alpha (GROa).38

Based on salivary incubation bioassays, echinacea may inhibit oral malodor production, also known as
halitosis. Using an in vitro model for oral malodor production, echinacea has demonstrated antibacterial
activity against Gram-positive streptococci and significant antimalodorous activity.3°

In clinical research, herbal-based toothpaste composed of sodium bicarbonate and herbal extracts
including chamomile, echinacea, sage, myrrh, rhatany and peppermint oil have been shown to be as
effective as the conventionally formulated dentifrice for the control of plaque and gingivitis.*° Echinacea
purpurea in combination with Centella asiatica and Sambucus nigra applied as a topical gingival patch
and mouth rinse has been shown to reduce and stabilize gingival recession, without the need for
surgery.*! In a pilot study, a mouth rinse that contained Echinacea purpurea, Centella asiatica and
Sambucus nigra reduced gingival inflammation in an experimental gingivitis model.*? Topical application
of the transmucosal herbal periodontal patch containing plant extracts derived from Echinacea purpurea,
Centella asiatica and Sambucus nigra have also been shown to reduce gingival inflammation.*3

Safety Summary:
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Contraindicated in persons allergic to plants from the Compositae family.1* No other known warnings,
precautions or contraindications.** No adverse effects expected during pregnancy or breastfeeding.43°

Golden Seal (Hydrastis canadensis)

Medicinal Actions:
Antihistamine, antiinflammatory, antimicrobial,*> mucous membrane trophorestorative.13:15.30.46.47

Scientific Evidence:

The root and rhizomes of goldenseal has been wused traditionally by Native
American Indians for mouth inflammation and general ulceration.1® Goldenseal root contains a number
of alkaloids, of which the most abundant is berberine. Both in vitro and in vivo studies have revealed
that berberine possesses antimicrobial activity against bacteria and fungi.**® Goldenseal leaves are
rich in flavonoids (specifically sideroxylin, 8 desmethyl-sideroxylin and 6 desmethyl-sideroxylin).*® While
the flavonoids from golden seal have no inherent bactericidal properties, they enhance the antimicrobial
activity of berberine by acting as efflux pump inhibitors.*® It should be noted that one of the major
mechanisms by which bacteria become resistant to antibiotics is by over expression of efflux pumps.>°
One of the key mechanisms by which golden seal inhibits microbial growth is through quenching of the
agr quorum sensing (QS) system.*%51 QS is a bacterial cell-to-cell communication that controls genes
and influences a number of processes including bioluminesence, sporulation, competence, antibiotic
production, biofilm formation and virulence factor secretion.5?

Based on in vitro experiments, berberine possesses antimicrobial activity against the oral pathogens
Streptococcus mutans and Fusobacterium nucleatum.*® Berberine in combination with C-methyl
flavonoids exhibited an additive antimicrobial effect when tested against Streptococcus mutans.*> When
compared with sterile saline irrigation, berberine was found to be more effective at eradicating the
endodontic pathogens in a biofilm tooth model using Fusobacterium nucleatum, Enterococcus faecalis
and Prevotella intermedia. 53

Safety Summary:
No known warnings, precautions or contraindications at the dose recommended.* Contraindicated
during pregnancy in therapeutic doses.®> Discouraged during breastfeeding in therapeutic doses.®

Shiitake Mushroom (Lentinula edodes)

Medicinal Actions:
Antibacterial, antifungal, antioxidant, immune modulating.155*

Scientific Evidence:

Shiitaki mushrooms have long been used as a traditional medicine and health food in East Asian
countries.%® Active constituents of shiitake mushroom include the polysaccharide lentinan, shiitake
mushroom mycelium, culture media extracts (LEM, LAP and KS-2) and eritadenine, all of which have
demonstrated antimicrobial, antiviral and antitumour activity.5>% As an antimicrobial agent, lentinan
works by activating macrophages and the cytokines tumor necrosis factor (TNF)-a and interferon (IFN)-
y with resultant stimulation of T lymphocytes and enhanced immunity.5°

Shiitake may be effective against oral pathogens associated with dental caries and dental plaque
accumulation.57-%9 |n clinical research, low molecular mass fraction of a shiitake extract formulated in a
mouth rinse has been shown to be effective in reducing dental plaque deposition.>® Low molecular

AUTHORS: Corene Humphreys, ND, BHSc, Dip Med Herb, Dip Hom, QTA (Microbiology). | Anita Kasa, BNat, Dip Herb Med,
Dip Nutr, Dip Yoga.

NUTRITIONALMEDICINENZ.COM / BIOCIDIN.NZ.
PHONE: NZ: 09 425 4250 / 021 941 556. AUST: 001169 425 4250 /00116 21 941 556.

Page |5



(2
Q
Q

W
()

S %@ NutritionalMedicine NZ Biocidin
Q) U Botanicals

weight fraction of shiitake extract applied as a mouth rinse has been shown to possess caries-
preventive properties by reducing the metabolic activity of the dental plaque.5®

In vitro studies have demonstrated antigingivitis and anticaries activities of Shiitake against the following
oral pathogens: Streptococcus sanguinis, Streptococcus mutans, Fusobacterium nucleatum, Prevotella
intermedia, Veillonella dispar, Neisseria subflava, Actinomyces naeslundii and Lactobacillus casei.5” 6%
62 Shiitake protects against gingivitis and caries through a number of mechanisms including inhibition
of cell division, prevention of coaggregation and biofilm formation as well as disruption of preexisting
biofilms.57:60 These effects are explained in part by Shiitake’s alpha-glucan content. Shiitake mushroom
is rich in alpha-gluconase, an enzyme that has been shown to inhibit sucrose-induced formation of oral
biofilms from Streptococcus mutans and Streptococcus sobrinus species.5364

Safety Summary:
Considered safe and well tolerated at doses of up to 2.5 mg per day for 6 weeks.%> No adverse effects
expected during pregnancy and breastfeeding at the dose recommended.®

White Willow Bark (Salix alba)

Medicinal Actions:
Analgesic, antiinflammatory.13

Scientific Evidence:

Willow bark has been used traditionally as an antiinflammatory and analgesic agent since ancient
times.16 The key active constituents of white willow bark comprise of phenolic glyosides including the
salicylates salicortin and salicin.1® Other important medicinal actives include the flavonoids naringenin
and isosalipurpuroside (also known as eriodictyol) and condensed tannins.57-69

In vitro studies assessing LPS activated monocytes show that Salix alba is able to block nitric oxide
release and reduce IL-6 and TNF-a production.®870 While the underlying mechanisms have not been
fully elucidated, white willow bark appears to induce monocyte apoptosis and block transcription factor
NF-KB activation.®86% This multifactorial effect is thought to be an innate protective mechanism to control
local and systemic inflammatory responses in the body.8

Safety Summary:

Contraindicated in people with salicylate sensitivity.’> No other known warnings, precautions or
contraindications at the dose recommended.'®> No adverse effects expected during pregnancy and
breastfeeding.1®

Garlic (Allium sativum)

Medicinal Actions:
Antiinflammatory, antimicrobial, antioxidant.?

Scientific Evidence:

Garlic has been used as both a food and a medicine for thousands of years throughout the world.
Traditionally garlic has been used as a warming and blood-cleansing herb to prevent and treat colds,
flu, coughs and to fight infections as well as to expel worms and other parasites.'® The main active
antimicrobial constituent of garlic is allicin (allyl 2-propene thiosulfinate), which is formed when the herb
is crushed and alliinase (an enzyme from the bundle sheath cells) combines with the substrate allin.
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Crushed garlic contains a number of QS compounds such as ajoene and other organosulfides that are
produced as degradation products of allicin.”.72

In clinical research garlic has been shown to be effective in the treatment of denture stomatitis, the most
common form of chronic oral candidiasis.”® Based on in vivo experiments, a garlic mouthwash solution
has demonstrated significant antibacterial activity against Streptococcus mutans, with a maintenance
of reduced salivary levels of microorganisms during the study period.”*75

Garlic has demonstrated antibacterial activity against several oral microbes associated with dental
plague and caries including Streptococcus mutans, Streptococcus sanguis, Streptococcus salivarius,
Pseudomonas aeruginosa, and Lactobacillus spp.677 Other periodontal pathogens for which garlic has
demonstrated antimicrobial activity include Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans. Garlic appears to inhibit the growth of these organisms through antiproteolytic
activity and by inhibiting total protease activity.”87°

Other in vitro experiments using crude garlic extract show that it possesses greater antibacterial activity
against Streptococcus mutans, than chlorhexidine.8 Garlic extract has also demonstrated inhibitory
activity on multidrug-resistant strains of Streptococcus mutans isolated from human carious teeth,
suggesting that toothpastes or mouthwashes containing garlic extract may be used for prevention of
dental caries.®!

Garlic allicin has been shown to inhibit Gram-positive oral bacteria including Streptococcus mutans,
Streptococcus sobrinus, and Actinomyces oris. Allicin was also bactericidal to Streptococcus mutans
grown in mature biofilms (in vitro research).82

Safety Summary:
No known warnings, precautions or contraindications at the dose recommended.®® No adverse effects
expected during pregnancy and breastfeeding.3°

Grape Seed (Vitis vinifera)

Medicinal Actions:
Antibacterial 8384 antibiofilm, antiinflammatory, antioxidant.'®

Scientific Evidence:

Grape has been used medicinally to treat a variety of ailments, including skin and eye irritation since
the time of Ancient Greece. Oligomeric proanthocyanidin complexes extracted from grapeseed extract
are considered a superior source.*® Grape seed contains over 95% flavonols, which are predominately
comprised of oligomeric proanthocyanins (~82%) and active monomeric proanthocyanins (~12%).85

The proathocyanidins found in grape seed have also demonstrated a protective effect against
endotoxin-induced experimental periodontitis (animal research).8 Based on in vitro research, grape
seed has demonstrated antiplaque and antibiofilm activity against oral microbes associated with
periodontitis and other acute periodontal diseases. The antimicrobial activity of grape seed has been
documented for the following organisms: Porphyromonas gingivalis, Fusobacterium nucleatum,
Streptococcus mutans, Streptococcus sobrinus, Lactobacillus rhamnosus and Actinomyces viscosus.8
Other in vitro studies indicate grape seed extract supports healthy remineralization of teeth and may be
more effective than oral fluoride or calcium glycerophosphate.87:88

In an oral bacteria biofilm model, gape seed extract rich in flavan-3-ols demonstrated strong
antimicrobial activity against Actinomyces oris, Fusobacterium nucleatum and Streptococcus oralis, and
resulted in a decrease in cell viability of the whole biofilm.8
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Safety Summary:

No known warnings, precautions or contraindications at the dose recommended.*® Exercise caution
during pregnancy and breastfeeding as safety has not been scientifically established during these
times.15

Black Walnut (Juglans nigra)

Medicinal Actions:
Antimicrobial .13

Scientific Evidence:

Traditionally the bark of black walnut has been used as a toothbrush.8 The main active constituents of
black walnut include naphthoquinones (juglone and plumbagin), tannins (ellagic acid) and
flavanoids.13:3%90 Tannins comprise approximately 45% of the medicinal actives and exert an astringent
effect on mucosal tissue by dehydrating mucosal secretions and protecting the outer layer of mucosal
cells.”t

Antimicrobial, antifungal and antiviral actions have also been attributed to the plumbagin and juglone
content of black walnut. In vitro studies suggest these quinones exert their cytotoxic effects on
microorganisms through redox cycling and the oxidation of glutathione.%?

Based on in vitro research, black walnut extract exerts a broad spectrum antimicrobial activity by
inhibiting the growth of several species of pathogenic micro-organisms including Gram-positive bacteria
(Staphylococcus aureus and Streptococcus mutans), Gram-negative bacteria (Escherichia coli and
Pseudomonas aeruginosa) and pathogenic yeast (Candida albicans), which under certain
circumstances are thought to play an important role in the etiology of oral and dental diseases.8®

Safety Summary:
No known warnings, precautions or contraindications at the dose recommended.3® Contraindicated
during pregnancy and breastfeeding in therapeutic doses.%

Raspberry (Rubus idaeus)

Medicinal Actions:
Antiinflammatory, antimicrobial, antioxidant.1315

Scientific Evidence:

Traditionally raspberry has been used as an astringent herb to treat inflammations of the mucous
membranes of the mouth and throat.’® Raspberry is rich in anthocyanins (mainly cyanidin-3-
sophoroside) and phenolic compounds (primarily ellagitannins and ellagic acid). Raspberry also
contains quercetin and kaempherol-based flavanols.®*% Research shows that the antioxidant
properties of raspberry speak to the polyphenolic compounds (specifically ellagitannins) which are
highly effective free radical scavengers.®*% Results of an in vitro study indicate that raspberry’s phenolic
compounds are able to protect deoxyribonucleic acid (DNA) and decrease lipid peroxidation of
lymphocytes in a concentration-dependent manner.®* Phenolic compounds also possess antimicrobial
properties. The mechanism by which phenolic compounds affect the growth of different bacterial
species include destabilization of the cytoplasmic membrane, permeabilization of plasma membranes
and inhibition of extracellular microbial enzymes. Phenolic compounds also have direct actions on
microbial metabolism by depriving bacterial cells of the substrates necessary for growth.®” Adherence
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of bacteria to epithelial surfaces is a prerequisite for colonization of many pathogens, therefore the
antimicrobial activity of raspberry may be related in part to the antiadherence activity.1?

Assay studies reveal that raspberry is effective against oral pathogens associated with dental caries
and gingivitis. Raspberry has demonstrated antigingivitis and anticaries activities against Streptococcus
sanguinis, Streptococcus mutans, Fusobacterium nucleatum, Prevotella intermedia, Veillonella dispar,
Neisseria subflava, Actinomyces naeslundii and Lactobacillus casei.®?62 Mechanisms by which
raspberry protects against oral pathogens include: preventing bacterial coaggregation and biofilm
formation, disruption of preexisting biofilms and reducing the expression of genes involved in gingival
cellular proliferation and differentiation.52

Safety Summary:
No known warnings, precautions or contraindications at the dose recommended. No adverse effects
expected during pregnancy and breastfeeding.3°

Fumitory (Fumaria officinalis)

Medicinal Actions:
Antimicrobial, antioxidant.%8

Scientific Evidence:

Fumitory is a well-known traditional herbal medicine rich in biochemically active compounds. It has been
used since the Middle-Ages as a tonic and a blood cleanser agent and to treat digestive and kidney
diseases.?® The active constituents of fumitory include alkaloids, flavonoids and organic acids.® The
biological activities of this herb are mainly associated with the isoquinoline alkaloids, in particular
protopine.100.101

To date the scientific evaluation of fumitory as an antimicrobial agent is somewhat limited. Results of
an in vitro study assessing a methanol extract of fumitory have demonstrated significant antimicrobial
activity against the following respiratory-associated microorganisms: Pseudomonas aeruginosa,
Staphylococcus aureus and Cladosporium herbarum.® The isoquinoline alkaloids from fumitory have
also demonstrated significant antifungal activity against Candida albicans.102

Safety Summary:

No known warnings, precautions or contraindications at the dose recommended.1% Exercise caution
during pregnancy and breastfeeding as safety has not been scientifically established during these
times.104

Gentian (Gentiana lutea)

Medicinal Actions:
Antiinflammatory, antimicrobial, antioxidant.1315105

Scientific Evidence:

Gentian has been used in European and Eastern herbal medicine for more than 3000 years due to its
bitter properties. Externally it has been used to heal wounds, and internally as a bitter tonic, to treat a
sore throat, for arthritic inflammation and jaundice.1% Gentian contains a number of secoiridoid bitter
compounds including; gentiopicrin, amarogentin, gentianine, gentianadine, swerosid and swertiamarin.
The medicinal constituents also include a group of xanthones (isovitexin and isogentisin) as well as
phenolic acids and phytosterol flavanoids.13195.107.108 These active constituents give rise to the herb’s
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potent antioxidant, antiinflammatory and antibacterial properties.1951% The antioxidant and
cytoprotective action of gentian is due to the herb’s ability to scavenging reactive oxygen species such
as hydroxyl radicals, thereby reducing free radical injury to cells.107-109

Based on in vitro ftrials, the antiinflammatory activity arises from gentian’s ability to inhibit
myeloperoxidase enzymes which are released during degranulation of neutrophils and monocytes.
Myeloperoxidase upregulation is known to contribute to the development of inflammatory and immune-
mediated conditions.%5

The bitter compounds in gentian include gentiopicrin and xanthone isogentisin. These substances
possess antimicrobial properties and have been shown to inhibit the growth of a number of respiratory-
associated pathogens including Streptococcus pyogenes, Staphylococcus aureus, Pseudomonas
aeruginosa, Sarcina lutea, Micrococcus flavus, Micrococcus luteus and Candida albicans.110.111

Safety Summary:
No known warnings, precautions or contraindications at the dose recommended.'* No adverse effects
expected during pregnancy and breastfeeding.3°

Tea Tree (Melaleuca alternifolia) Essential Oil

Medicinal Actions:
Antiinflammatory, antimicrobial, antiseptic.112.113

Scientific Evidence:

Tea tree has been used in traditional Aborigines medicine for hundreds of years to treat burns, cuts and
insect bites. In Western Herbal Medicine it has been used for wound healing and for skin infections.6
Tea tree oil is composed of a complex mixture of compounds, mainly monoterpene and sesquiterpene
hydrocarbons and their associated alcohols such as pinene, sabinene, a-terpinene, limonene; p-
cymene, 1,8-cineole, y-terpinene, terpinolene, terpinen-4-ol, a-terpineol, aromadendrene, ledene, 6-
cadinene, globulol and viridiforol.114-117 The diverse active constituents give rise to tea tree’s
antimicrobial activity against a broad range of Gram-positive and Gram-negative bacteria and
fungi.115118 Mechanisms of antimicrobial and antiinflammatory action of tea tree oil can also be attributed
to its hydrocarbon structure and lipophilicity.112

Research shows tea tree oil is capable of killing oral pathogens. In a clinical setting, topical application
of tea tree oil containing gel has demonstrated antiinflammatory properties when applied to inflamed
gingival tissue in subjects with severe chronic gingivitis.13 Topical application of tea tree oil in a gel
format has also demonstrated efficacy in controlling microbial biofilms associated with salivary
Streptococcus mutans in orthodontic patients.''® Antibacterial effects of mouthwash-containing tea tree
oil have demonstrated significant antibacterial activity against Streptococcus mutans and other oral
microorganisms. Reduced levels of microorganisms were maintained throughout the five week study
period.”

Based on in vitro research, tea tree oil has demonstrated growth-inhibiting and bactericidal effects as
well as adhesion-inhibiting effects against a number of oral organisms including Porphyromonas
gingivalis, Actinobacillus actinomycetemcomitans, Fusobacterium nucleatum, Streptococcus mutans,
and Streptococcus sobrinus.'?° Tea tree oil has also demonstrated inhibitory activity against the Gram-
positive bacillus Solobacterium moorei, an oral microbe associated with halitosis.’® In vitro
susceptibility experiments have shown that a wide range of oral bacteria are susceptible to, and rapidly
killed by tea tree oil.121
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Safety Summary:

Considered safe and well tolerated at the dose recommended. Tea tree oil is generally regarded as
non-toxic, and non-irritating.11” Exercise caution during pregnancy and breastfeeding as safety has not
been scientifically established during these times.1??

Galbanum (Ferula galbaniflua) Essential Oil

Medicinal Actions:
Antiinflammatory, antimicrobial, antiseptic.117.123

Scientific Evidence:

Galbanum oil has been used for many centuries in the east Mediterranean and central Asia.?3
Traditional applications include inflammatory and skin disorders, wound healing and for ailments of the
respiratory, digestive and nervous systems.117.123 The oil is mainly composed of monoterpene and
sesquiterpene hydrocarons and their associated alcohols including tricyclene, a-pinene, camphene, B-
pinene, myrcene, §-3-carene, limonene, cis-ocimene, trans-ocimene and terpinolene.17.124 |t is the high
concentrations of monoterpenes and sesquiterpenes that give rise to galbanum’s antiinflammatory,
antimicrobial and antiseptic properties.17123

To date, few scientific studies have been conducted with galbanum oil. Based on experimental reserach,
terpenes have been shown to be active against bacteria, fungi and viruses. The mechanism by which
terpenes exert their antimicrobial properties involves disruption of the lipophilic compounds of the
cellular membranes of pathogens.125

Safety Summary:

Galbanum oil is generally regarded non-toxic, non-irritating and non-sensitizing.}” Exercise caution
during pregnancy and breastfeeding as safety has not been scientifically established during these
times.126

Lavender (Lavandula officinalis) Essential Oil

Medicinal Actions:
Antibacterial, 12 antifungal, antiinflammatory, antimicrobial.117.127-130

Scientific Evidence:

Essential oils of lavender have a long-standing history of traditional use for a wide range of conditions.
Lavender was used as an antiseptic in ancient Arabian, Greek and Roman medicines, as a bath additive
as well as an antiseptic and antibacterial agent.’® Lavender oil contains a complex mixture of aromatic
compounds including terpenes and sesquiterpenes (which include linalyl acetate), linalool,
caryophyllene, terpinen-4-ol, 2-myrcene, trans-ocimenel, borneol, 1,8-cineole, camphor and
Iimonene.117'129v131

Based on in vitro research, lavender essential oil can inhibit the growth of Gram-negative oral bacteria
associated with periodontal disease including: Porphyromonas gingivalis, Actinobacillus
actinomycetemcomitans, and Fusobacterium nucleatum. Although lavender oil did not demonstrate
bactericidal activity, minimum inhibitory concentration values showed that lavender oil works as a
natural bacteriostatic agent.1?°

In other in vitro experiments, lavender demonstrated protection against LPS-induced inflammation from
Gram-negative bacteria. Exposure to LPS in tissues induces an inflammatory reaction which triggers
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the release of proinflammatory cytokines and subsequent free radical pathology. Research by Huang
et al. verified lavender oil was able to inhibit LPS-dependent superoxide anion generation, NF-Kp
activation and IL-1B production.t?”

Lavender oil has also demonstrated both fungistatic and fungicidal activity against Candida albicans,
including oropharyngeal strains. In the study by D’Auria et al., lavender oil inhibited both germ tube
formation and hyphal elongation of Candida albicans.'?8

Safety Summary:
Lavender oil is generally regarded as non-toxic, non-irritant and non-sensitizing.*'” No adverse effects
are expected during pregnancy and breastfeeding at the dose recommended.32

Oregano (Origanum vulgare) Essential Qil

Medicinal Actions:
Antibacterial, antifungal, antiinflammatory.133-135

Scientific Evidence:

The use of oregano in traditional medicine dates back to the ancient Greek and Roman times. It has
been to treat skin sores, to relieve aching muscles as well as an antiseptic agent. Oregano also has
been used in traditional medicines for asthma, cramping, diarrhea, indigestion and general health.136
Active constituents of oregano oil include phenolic monoterpenes and sesqueterpenes such as carvacol,
thymol, p-cymene, cis-ocimene, caryophyllene and linalool.''” Research shows that antimicrobial
activity of oregano oil is predominantly attributed to carvacrol and thymol.137.138 The bacteriostatic and
bactericidal properties of oregano oil are thought to be due to its effects on cell membrane and
membrane components of microorganisms. Based on in vitro trials, oregano oil and its constituents
impair cell membrane integrity and damage intracellular nucleic acids by stimulating potassium and
phosphate ion leakage and changes to the internal pH of the cell.133

In vitro experiments show that oregano oil is highly active against Streptococcus mutans and Candida
albicans and also demonstrated moderate activity against Lactobacillus acidophilus.135 Oregano oil has
also demonstrated antibacterial activity against the following respiratory pathogens: Staphylococcus
aureus (including methicillin-resistant strains), Klebsiella pneumonia, Pseudomonas aeruginosa,
Mycoplasma mycoides subsp. carpi, Micrococcus flavus and Mycobacterium terrae.133.138-142

The broad antimicrobial effects of oregano oil also extend to other Candida species and fungal
organisms.134143 |n the study by Pozzatti et al., oregano inhibited the growth and hyphenation of both
Candida albicans and Candida dubliniensis.’** The main mechanism of the antifungal activity is
associated with the lipophilicity of oregano oil and consequent interaction with the microbial cell
membrane. The lipophilic nature of the oil results in changes and losses of enzymatic and structural
components of fungal cells such as adenosine triphosphatase, 1,3-B-D-glucan synthases, chitin and
mannans, which are also components involved in germ tube formation.1#4 Oregano oil may also exert
its antifungal effects through the inhibition of chain respiration through interactions with mitochondrial
membranes with resultant decreased energy production and inhibition of germ tube formation and/or
cell growth.143-145 Antifungal activity has been documented for the following species: Candida tropicalis,
Candida krusei, Candida guillermondii, Candida parapsilosis, Cryptococcus neoformans, Trichophyton
mentagrophytes, Trichophyton rubrum, Microsporum canis, Epidermophyton floccosum, Aspergillus
niger, Aspergillus fumigatus and Aspergillus flavus.146

Safety Summary:
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Generally considered safe and well tolerated at the dose recommended. Active phenolic compounds
such as thymol and cavacrol in oregano oil may in some sensitive individuals cause skin and mucus
membrane irritation.1” Exercise caution during pregnancy and breastfeeding as safety has not been
scientifically established during these times.147

Quercetin

Medicinal Actions:
Antioxidant, antihistamine, antiinflammatory, antimicrobial, immune modulating.16:148.149

Scientific Evidence:

Quercetin is a flavanol which belongs to a group of polyphenolic substances known as flavonoids or
bioflavonoids.18 It can be found in a wide variety of fruits and vegetables such as apples, berries, grapes,
citrus fruit, onions, broccoli and other green leafy vegetables.148 Quercetin is also naturally present in
black and green tea, red wine as well as many seeds and nuts, flowers, barks and leaves.16:150

A systematic review established that quercetin exhibits beneficial effects in oral health via its broad
pharmacological properties as a preventive and therapeutic agent in dental caries with anti-
inflammatory effects against oral pathogens.*%! In clinical research, topical application of quercetin has
demonstrated accelerated healing properties to minor aphthous ulcers when compared to topical
benzydamine hydrochloride mouthwash.5? Toothpaste containing quercetin has been shown to
significantly inhibit plaque formation by reducing the accumulation of microorganisms and by preventing
the bacterial adhesion on the tooth surface.153.154

In vitro experiments show that quercetin possesses antimicrobial activity against Actinobacillus
actinomycetemcomitans and Porphyromonas gingivalis bacteria which are associated with early onset,
progressive and refractory periodontal disease.*® In another study gquercetin has demonstrated
antibacterial activity by inhibiting the growth of periodontal disease-causing bacteria including
Actinobacillus  actinomycetemcomitans, Actinomyces viscosus, Porphyromonas gingivalis,
Fusobacterium nucleatum and Actinomyces naeslundii.1>® Quercetin has also been shown to reduce
the biofilm formation of Streptococcus mutans by inhibiting the expression of the related genes, while
exhibiting no cytotoxicity for human dental pulp cells, indicating a potential use of quercetin in oral
health.1¢ Quercetin also demonstrated antibacterial properties against Streptococcus mitis, by
inhibiting adhesion, biofilm formation and maturation.*>”

The antiinflammatory properties of quercetin have also been evaluated through in vitro research using
human gingival fibroblasts and human mesenchymal stem cells.158:159 Quercetin decreased the release
of the inflammatory mediator prostaglandin E2,'58 downregulated IL-6 messenger RNA levels, reduced
the expression of profibrotic markers during wound healing and decreased reactive oxygen species
levels.15®

Safety Summary:

Quercetin is considered safe and well tolerated with no interactions expected at the recommended
dose.160 Safety of quercetin has been established in numerous clinical trials.161-174 Contraindicated in
persons with a known hypersensitivity to quercetin. Adverse effects are rare and may include nausea,
dyspnoea, headache and mild tingling of the extremities.%175> Not recommended during pregnancy and
breastfeeding as safety has not been scientifically established during these times.61

Coenzyme Q10 (Ubiquinone)
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Medicinal Actions:
Antiinflammatory, antioxidant, immune stimulating, immune modulating, tissue protection.16.176

Scientific Evidence:

CoQ10 is a fat soluble antioxidant vitamin used in every cell of the body. It is necessary for cellular
integrity and intracellular energy productionl® and serves as an essential co-factor in mitochondrial
electron transport chain reactions.1”” CoQ10 is required as a key component for adenosine triphosphate
(ATP) production and cellular respiration.t’” It also acts as a powerful antioxidant in the inner
mitochondrial membrane.1® At the mitochondrial level, CoQ10 is essential for the optimal function of the
immune system.1”® Metabolically active cells such as heart, immune system, gingiva and gastric
mucosa are susceptible to CoQ10 deficiency due to their greater requirements for normal cellular
function.17617® A deficiency of CoQ10 has been found in the gingiva of individuals with periodontal
disease.176.180 Peqgple with gum disease have also been found to have lower circulating levels of CoQ10
when compared with those without the disease.!®!

In clinical research CoQ10 has been used both topically and internally for the treatment of periodontal
disease.®2184 As a sole treatment, topical application of CoQ10 to the periodontal pocket has been
shown to significantly reduce gingival crevicular fluid flow, probing depth and attachment loss, and
improve the gingival index, bleeding on probing and peptidase activity of periodontopathic
microorganisms.182 Topical application of CoQ10 gel alone and as adjunct with mechanical debridement
has been shown to improve periodontal parameters including the plaque index and gingival index,
bleeding on probing, probing pocket depth and clinical attachment level.185-187

Oral administration of CoQ10 has been shown to increase the concentration of CoQ10 in the diseased
gingiva and effectively suppress advanced periodontal inflammation.1”®¢ Supplementation of CoQ10 in
patients with periodontal disease has also demonstrated faster tissue repair and healing of the gums
when compared with placebo.183

Safety Summary:

Supplementation with CoQ10 is considered safe and well tolerated.® Adverse effects such as dizziness,
nausea, epigastric discomfort, anorexia, diarrhoea, photophobia, irritability and skin rash may occur
with higher doses (> 200 mg per day).1618 Considered safe in pregnancy during the final trimester.16
Doses of 200 mg per day of CoQ10 have been safely used for five months during pregnancy (from
weeks 16 to 20) in women at risk of developing preeclampsia.’®® Avoid using during breastfeeding due
to a lack of safety data.1*

Myrrh Resin

Medicinal Actions:
Antiinflammatory,'® antimicrobial, astringent, vulnerary.191.192

Scientific Evidence:

Myrrh resin is a sticky, water-insoluble substance extracted from the bark of the Commiphora plant.
Traditionally it has been considered an important herbal medicine throughout the Middle East, China
and India since biblical times.'® The use of myrrh in traditional Western herbal medicine includes mouth
ulcers, inflammations of the gums and oral mucosa (including gingivitis and stomatitis), as well as
pharyngitis, laryngitis and respiratory infections.'°%1%2 The three main active compounds of myrrh
include the resin, the gum, and the volatile 0il.1%%1%2 Myrrh resin has strong antimicrobial,
antiinflammatory, vulnerary and astringent properties and has a soothing effect on inflamed tissues in
the mouth and throat.19%.192
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Myrrh is often used as a component of gargles, mouthwashes, toothpastes or paints for prevention and
treatment of dental ailments.'® In clinical research, herbal-based toothpaste composed of sodium
bicarbonate and herbal extracts including chamomile, echinacea, sage, myrrh, rhatany and peppermint
oil have been shown to be as effective as the conventionally formulated dentifrice in the control of
plaque and gingivitis.*° In another study using the 4-day plaque regrowth model, the use of mouth rinse
made up of eugenol, thymol, chamomile, myrrh, and rhatany demonstrated significant plaque inhibitory
effects.1%

In vitro research shows that the sesquiterpene fractions extracted from myrrh resin possess
antibacterial and antifungal activity by inhibiting the growth of standard pathogenic strains of Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans.1%4

Safety Summary:

Considered safe at the recommended dosage.* Contraindicated in persons with known hypersensitivity
to myrrh.1%? Side effects may include a burning sensation on the skin or mucous membranes.
Contraindicated during pregnancy and breastfeeding.4

Clove (Syzygium aromaticum) Essential Oil

Medicinal Actions:
Analgesic, antiinflammatory, antimicrobial,195-1°7 antioxidant,1% antiseptic.11”

Scientific Evidence:

Clove essential oil has been used traditionally as an anaesthetic for toothache, skin infections, digestive
upsets, parasite eradication, as well as a natural flavouring agent. Due to its eugenol and other
polyphenolic components clove oil exerts potent antimicrobial, antiinflammatory and antioxidant
properties.198

Based on in vitro research, clove essential oil may be a potential natural antibacterial agent against
cariogenic bacteria and a natural agent for the prevention of periodontitis. The eugenol extracted from
clove has been shown to exhibit antibacterial activity against Porphyromonas gingivalis (in vitro
research). Other therapeutic effects of eugenol include its ability to damage to the cell membrane and
destroy the integrity of plasmatic membranes of bacteria. In addition, eugenol has been shown to
supress biofilm formation, reduce preformed biofilms and down-regulate the expression of virulence
factor genes related to the biofilm of Porphyromonas gingivalis.’®> Clove essential oil and its main
compounds have demonstrated antibacterial activity in vitro against the following oral pathogens:
Streptococcus mutans, Streptococcus sanguinis, Streptococcus sobrinus, Streptococcus ratti,
Streptococcus  criceti, Streptococcus anginosus, Streptococcus  gordonii,  Actinobacillus
actinomycetemcomitans, Fusobacterium nucleatum, Prevotella intermedia, and Porphylomonas
gingivalis either alone or in combination with the antibiotic ampicillin.196.199

Based on further in vitro experiments, clove essential oil may also exhibit antimicrobial properties
against bacteria involved in dental caries such as Gram-positive Streptococcus salivarius, Lactobacillus
sp., Bacillus sp., Micrococcus sp., Staphylococcus aureus and Gram-negative Halobacterium sp.,
Veilonella sp. and Pseudomonas sp. including Pseudomonas aeruginosa.t®’

Safety Summary:

Clove essential oil is considered safe at the dose recommended. In sensitive individuals, the oil may
cause dermal irritation.2% Exercise caution during pregnancy and breastfeeding as safety has not been
scientifically established during these times, avoid using in amounts greater than those typically found
in food.20t
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Peppermint (Mentha x piperita) Essential Oil

Medicinal Actions:
Anticariogenic,2°2 antimicrobial,2%% antiseptic.11”

Scientific Evidence:

Peppermint oil has been extensively used in food favoring, toothpastes and mouthwashes, soaps,
detergents and perfumes.l’ Its main active chemical composition is predominantly composed of
menthol, menthone, 1.8-cineole, methyl acetate, methofuran, isomethone, limonene, a-pinene and 3-
pinene.1t’

In clinical research, herbal-based toothpaste composed of sodium bicarbonate and herbal extracts
including chamomile, echinacea, sage, myrrh, rhatany and peppermint oil has been shown to be as
effective as the conventionally formulated dentifrice in the control of plaque and gingivitis.*® Peppermint
essential oil has also demonstrated antimicrobial activity against cariogenic oral pathogens by inhibiting
the growth of Streptococcus mutans and Lactobacillus casei (in vitro research).292

Based on other in vitro experiments, peppermint essential oil may be considered a safe natural agent
in the prevention of dental biofilm formation.2°32%4 |t has been shown to exert significant antimicrobial
effects against Streptococcus mutans and Streptococcus pyogenes.293204 \When compared with
chlorhexidine, peppermint essential oil significantly decreased bacterial adhesion and reduced bacterial
viability in biofilms.203.204 |n vivo research shows that peppermint essential oil blended toothpaste is
significantly more effective at reducing the formation of biofilms when compared to chlorhexidine.204

Safety Summary:

Peppermint essential oil is considered safe, nontoxic and nonirritating.''” It may occasionally be
sensitizing and should not be used on the face of infants and small children.''” No adverse effects are
expected during pregnancy and breastfeeding at the dose recommended.4
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