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ABSTRACT

This narrative review summarises “alternative” or “natural” over-the-counter (OTC)
mouthwashes not covered elsewhere in this supplement and newly emerging products, as
potential mouthwashes of the future. The “natural” mouthwashes reviewed include salt-
water, baking soda, coconut oil, charcoal, propolis, seaweeds, and probiotics. Other than
essential oils, it is apparent that their clinical effectiveness is still under debate, but there
is some evidence to suggest that propolis reduces plaque and gingivitis. This review also
covers the host immune response, via novel anti-inmmunomodulant mouthwashes, such
as erythropoietin to reduce inflammation with oral mucositis (OM) after radiotherapy. The
emerging concept of nanoparticle-containing mouthwashes, such as iron oxide, is further
discussed for OM, this agent having the potential for more targeted delivery of chemical
antimicrobials. Unfortunately, there are impacts on the environment of widening mouth-
wash use with more new products, including increased use of packaging, antimicrobial
resistance, and possible detrimental effects on marine life. Further, there are roadblocks,
relating to regularly approvals and side effects, that still need to be overcome for any OTC
deivered immunomodulant or nanoformulation mouthwashes. Despite these caveats,
there are many new mouthwashes under development, which could help manage major
oral diseases such as caries, gingivitis, and periodontal disease.
© 2023 Published by Elsevier Inc. on behalf of FDI World Dental Federation. This is an open
access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

products that are so emerging, include immunomodulant
mouthwashes that may alter the immune response to oral

Contemporary mouthwashes come in a variety of forms,
shapes and sizes. Much like the well-known antimicrobial
mouthwashes, there are also “alternative” or “natural” mouth-
washes that are prferred by some and gaining popularity, with
millions using them to self-manage oral disease. Hence, it is
important for dental clinicians to be aware of the evidence for
the antimicrobial basis and the clinical effectiveness of all
mouthwashes that are available to their patients. New
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microbes as well as nanoparticles mouthwashes that may
offer better targeted antimicrobial actions. However, any anti-
microbial mouthwash, either natural or synthetic, may also
affect the eco-system beyond the human host, including the
soil and marine environments, and the ecological impact of
mouthwash use must therefore be earnestly evaluated. Hence,
this article aims to discuss some of the more controversial
issues related to mouthwash use, and provide future direc-
tions for research and development. Often the hierarchy of
evidence used here is lower, as these are typically newly
emerging areas, often supported by case-control studies and
sometimes only by expert opinion and websites.

Naturopathic mouthwashes

Naturopathic medicine is defined as using the body’s natural
healing abilities and incorporating natural therapies, such as
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herbal medicine and other approaches to healing. Natural
mouthwashes can also be traditional home remedies , such
as coconut oil, saltwater, and baking soda, and should there-
fore be evaluated. Probiotic bacteria and propolis mouth-
washes are also available in health food stores; hence, there
are a large number of emerging natural competitors influenc-
ing the future direction of mouthwash use.

Natural mouthwashes in dentistry (other than the tradi-
tional mouthwash essential oils previously mentioned) are
increasingly popular, as people consider them “organic”
options and include extracts from plants such as red ginseng,
aloe vera, propolis, fennel, thyme, Ratanhia roots, ginger,
Malva sylvestris, xylitol, activated charcoal made from sus-
tainable bamboo, lemon extract, and curcumin. Essential oils
may also be combined with cleansing agents like tea tree,
grapefruit seed extract, and Icelandic moss and claim to have
anti-inflammatory, antioxidant, and antimicrobial properties.
Many claim to be organic and without alcohol, sugar, fluoride,
or glycerine, and all of these can be found in alternative
mouthwash products.

However, there is a dearth of long-term data and clinical
studies comparing the efficiency of natural mouthwashes to
conventional mouthwashes.”? Additionally, the technique-
sensitive nature of plant extraction and volatile compounds
confer some barriers to the development of polyherbal
mouthwashes. Some studies use ethanol solvents to better
dissolve the active ingredient.>* The efficacy of natural
mouthwashes in controlling dental plaque, gingival inflam-
mation, and enamel demineralisation compared to conven-
tional approaches or placebo is still inconclusive.” A recent
meta-analysis reported the potential benefits of herbal
mouthwashes as supplements to daily oral hygiene practices.
Nonetheless, significant methodologic limitations, small
sample sizes, and heterogeneity weaken the strength of the
evidence and preclude making valid conclusions, thus calling
for further high-quality randomised controlled trials (RCTs).”
Potential benefits of natural mouthwashes in wound healing
as an alternative to conventional mouthwashes to reduce the
corrosive effects on titanium brackets have been recorded.
However, more evidence is needed to support these claims.

Interestingly, the perception by the user may be that natu-
ral mouthwashes are considered a “safe” alternative to con-
ventional mouthwashes. The perception is they are not
reported to stain teeth, affect oral tissues adversely, or alter
taste; rather they can exhibit remedial benefits, but is this
true? Recently, Gomaa and Abdel-Wadood reviewed the liter-
ature reporting the beneficial effects of Chinese medicine for-
mulas like licorice and glycyrrhizin in combating COVID-19°
However, these were primarily in vitro studies. Nonetheless,
continuous exposure to high doses of liquorice, particularly
glycyrrhizin, can cause pseudohypoaldosteronism, hypoka-
laemia, hypertension, metabolic alkalosis, and oedema due
to its hyper mineralocorticoid-like effect.”

Much like traditional antimicrobial mouthwashes, natural
mouthwashes can supplement mechanical plaque control as
a disinfectant, given their antiseptic, antibacterial, antifun-
gal, and anticaries properties. There are also claims of anti-
cancer potential and mucosal wound-healing effects with
low toxicity and minimal adverse effects. Further studies are
necessary to facilitate informed decisions regarding using

natural mouthwashes. Also, the evidence base regarding
their efficacy is primarily laboratory-based, and disparity
exists in the reported findings. Therefore, well-conducted
randomised clinical trials are warranted to account for the
various confounding variables and avoid potential biases.

Alternative mouthwashes
Saltwater

Saltwater or saline mouth rinses, using water containing
sodium chloride (NaCl), reduce plaque scores and the colony
counts in saliva of bacteria such as S mutans, L acidophilus,
A actinomycetemcomitans, and P gingivalis.® Saline reduces the
pH within the oral cavity and may cause bacteria to lose
water due to osmosis; thus, it makes sense that saltwater
could reduce the growth of unwanted oral bacteria. Dental
practitioners often suggest saltwater rinses for postoperative
care after oral surgery, but there is little evidence to support
this recommendation. One RCT suggested that warm saline
rinses used following extraction reduced the risk of alveolar
osteitis (dry socket) postoperatively.’ A further RCT suggested
that saltwater rinses may reduce gingival inflammation fol-
lowing periodontal surgery,’® whilst in vitro there are sugges-
tions that saltwater may improve wound healing via its
actions on fibroblasts."* To our knowledge, no systematic
reviews are available.

Coconut oil

Oil pulling is a traditional method of oral hygiene in Ayurvedic
medicine that has recently become popular in Western medi-
cine. It involves swishing around 1 tablespoon of oil in the
mouth for 10 to 20 minutes to reduce the populations of bacte-
ria in the mouth and improve oral health.'?> Two small prelimi-
nary studies have shown some clinical effectiveness, as
rinsing twice a day with coconut oil for 7 days can reduce pla-
que scores, plaque regrowth, and gingival inflammation.™***
However, recent RCTs have demonstrated no effect on popula-
tions of aerobic or anaerobic bacteria after 28 days of coconut
oil pulling.” Therefore, further research is needed to deter-
mine the mechanisms and effectiveness of this approach.

Baking soda

Baking soda has been used in dental products for centuries,
as it has bactericidal and virucidal properties, an alkaline pH,
and a gentle abrasive nature that can remove plaque from
tooth surfaces when used in brushing.’® A solution of half a
teaspoon (2.5 g) of sodium bicarbonate in 250 mL water, mak-
ing a 1% (W/V) solution, can be used as a mouth rinse for
1 minute, 3 or 4 times a day, as recommended in oral health
care websites, for its bactericidal effects.!” This homemade
baking soda rinse neutralises the salivary pH and reduces the
bcterial counts, such as viridans group streptococci.™®
However, there is limited evidence regarding the clinical
effectiveness of using sodium bicarbonate as a mouthwash.
Some studies suggest that it may be beneficial in managing
oral mucositis (OM) following chemotherapy, but there is not
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enough evidence to make recommendations at present.'®?°
More research is needed to determine whether sodium bicar-
bonate could be harmful due to hypernatraemia (high sodium
in the bloodstream) following its absorption from the oral
cavity.”’

Propolis

Propolis is a resinous substance produced by honeybees
which is rich in flavonoids and phenolic compounds.?*** It
has shown strong antimicrobial and anti-inflammatory prop-
erties, making it a good option for the management of oral
disease.”*?" Following this, several studies have investigated
the effectiveness of propolis on plaque and gingivitis com-
pared to chlorhexidine. Some workers have reported the
superior efficacy of propolis,”®?® whilst others reported bet-
ter efficacy with chlorhexidine.?* ' Two systematic reviews
concluded that propolis is safe to use and has potential bene-
fits in reducing plaque and gingival inflammation.?” However,
given some methodologic limitations as well as small sample
sizes of the reviewed studies, the strength of the evidence is
still weak and further studies are needed. Of note, the compo-
sition of propolis can substantially change due to botanical
origin, honeybee characteristics, and environmental factors.
Whilst some studies have shown the antibacterial effect of
propolis against some oral pathogens,® its effect on other
coonstituents of the oral microbiota is unclear. Further
research is also required to investigate the effectiveness of
propolis in the management of gingivitis and periodontitis.

Essential oils

Eucalyptol, menthol, peppermint, methyl salicylate, clove oil,
and thymol are some of the essential oils most commonly
associated with well known over-the-counter (OTC) mouth-
washes. In addition, tea tree oil and aloe vera are also natural
products with antiseptic properties, making them useful as
mouthwashes. They are considered safe when used correctly
and can reduce plaque and gingivitis. For example, tea tree
oil may increase salivary pH and reduce bleeding indices.
Aloe vera and tea tree mouthwashes can also reduce plaque,
gingivitis, and S mutans in children.** > However, the poten-
tial for tea tree oil-containing mouthwashes to establish
eubiosis or reverse dysbiosis in oral microbial communities
remains to be established.*®

Charcoal

Mouthwashes containing activated charcoal are widely avail-
able online and in health food stores, often in combination
with other “natural” antimicrobial agents such as peppermint,
coconut oil, and tea tree 0il®” or with antimicrobial mouth-
wash constituents, such as chlorhexidine and cetylpyridinium
chloride.?® There is some evidence that charcoal in toothpaste
may enhance the whitening of enamel,*® but to our knowledge
there are no studies determining the effects of charcoal
mouthwash on plaque, gingivitis, or oral bacteria and viruses
in vivo associated with oral disease; hence, at present, dental
practitioners should be cautious on the efficacy of charcoal
mouthwashes.

Seaweed

Seaweed is commonly found in seawater as well as in fresh-
water, and they are divided into 3 groups according to their
colour.”® They are rich in bioactive molecules such as poly-
saccharides, polyphenols, and peptides and omega rich oils
with potential application for oral health.*® Several studies
have shown that extract from different type of seaweeds had
antibacterial activity against S mutans*’~** and P gingivalis.**
Red algae was shown to be effective in vitro to enhance dental
enamel mineralisation.*” Despite these promising findings,
further studies, especially clinical studies, are required to
investigate their effect in mouthwash formulations for man-
aging oral disease.

Evidence for probiotics in mouthwashes
Probiotics and periodontal disease

Dental probiotics show promise for gum disease manage-
ment. Probiotic mouthwashes contain living microbes (Lacto-
bacillus, Bifidobacterium, Bacillus, Saccharomyces) that can
rebalance the oral microbiome, promote beneficial bacteria,
and compete with pathogenic bacteria.”® Studies show that
probiotic mouthwashes reduce S mutans and plaque in chil-
dren.’ % In adults, mouthwash with L salivarius reduces A
actinomycetemcomitans, associated with periodontal disease,
and decreases bleeding on probing scores.*® Mouthwash with
Lactobacillus, Bifidobacterium, and Saccharomyces reduces pla-
que index and pocket depth and increases salivary pH and
IgA in patients with stage II periodontitis.” Probiotic mouth-
wash with 14 strains of Lactobacillus, Bifidobacterium, Bacillus,
and Streptococcus has been shown to reduce plaque and bleed-
ing in diabetic patients.** An important limitation from all
these studies was the lack of next-generation sequencing
(NGS) analyses of the oral microbiome, which would uncover
detail on the effect of probiotics on the composition of the
whole oral bacterial ecosystem, including different oral
niches.

Probiotics and halitosis

In addition to the management of gum disease, probiotic
mouthwashes may manage halitosis by suppressing bacteria
that produce sulphur compounds. A meta-analysis of 7 stud-
ies found that probiotics may reduce volatile sulphur com-
pounds, relieving halitosis for less than 4 weeks. However,
these studies did not use NGS analysis to explore the impact
on oral microbes or potential harm to beneficial bacteria.”

Probiotics and dental caries

Although probiotics may have the potential to modulate the
composition of oral biofilms and mitigate caries, the evidence
remains weak. Whilst there is some evidence to show that
probiotics, particularly L rhamnosus, can prevent caries in pre-
school children by reducing high levels of S mutans in the
saliva, Bifidobacterium, another probiotic strain, was found to
be ineffective in preventing dental caries. It is noteworthy
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that in vitro studies reported that L rhamnosus GG increased
mineral loss in dentin caries lesions and did not inhibit S
mutans, whilst it contributed to the caries process.”>*

Taken together, studies on the effect of probiotics on the
oral microbiome and oral health are not well researched.
More comprehensive laboratory methods, for example, NGS,
are needed to understand their effectiveness.

Biological and immunostimulant agents
Biologic agents

Mouthwashes may be used as vehicles of targeted therapy.
Targeting may be aimed at components of the host inflam-
matory response or against specific pathogens. This is impor-
tant because it is the host immune response to bacteria that
causes inflammation and bone loss especially in periodontal
disease. Targeting pro-inflammatory pathways or associated
pathogenic bacteria could in turn reduce inflammation and
symptoms of oral disease. Biologic agents, also known as bio-
logics, are therapeutics derived from, or are products of, liv-
ing organisms or cells and include monoclonal antibodies
and interleukins. They are highly specific and considered to
have fewer side effects. Biologic agents are currently unavail-
able and may prove to be an area worthy of further explora-
tion as useful mouthwashes.

In the early 1990s, pipetted application with S mutans—spe-
cific monoclonal antibodies showed sustained effects via pas-
sive immunity in a primate model, demonstrating the
possibility of topical delivery as mouthwash®® and effective-
ness related to dental caries (S mutans). Little is known about
their effectiveness on the oral soft tissues in relation to peri-
odontal disease. However, the early 2000s, a biologic mouth-
wash with ONYX-015 adenovirus caused resolution of oral
dysplasia in one-third of patients, but responses were mostly
transient.>®

Recent exploration has focused on delivery of antibody or
interleukin treatments by mouthwash. IVIG, a biologic agent
usually given intravenously, used in children with oral candi-
diasis led to a significant decrease in Candida colony—forming
units. Recombinant human interleukin-11 (rhIL-11) mouth-
wash also demonstrated some clinical effectiveness against
chemotherapy-associated OM when a 0.3% solution mouth-
wash was gargled 4 times a day for 2 to 3 minutes.”* Whilst
the use of biologic agents as mouthwashes is still in it’s early
stages, these experimental studies have shown promising
results delivering targeted therapy and, so far, they have not
demonstrated any side effects on surrounding tissue and
organ systems.

Immunostimulants

Immunostimulants are entities that stimulate the immune
system. They can be natural or synthetic. Use of immunosti-
mulants as mouthwashes began in the 2000s. Colony-stimu-
lating factors are the most explored «class of
immunostimulants in mouthwash for the prevention and
treatment of OM caused by cancer treatments, but their use

for other oral diseases like periodontitis and dental caries has
not been extensively studied.

OM is inflammation of the oral mucosa involving injured
mucosa, soft tissue, and white blood cells, leading to cell
death, mucosal atrophy, and ulceration.’® It is common in
patients with head and neck cancer undergoing radiotherapy
or chemotherapy. Colony-stimulating factors like G-CSF and
GM-CSF used to mobilise bone marrow progenitor cells have
generally failed to effectively prevent or treat OM when used
topically.”®*” Growth factors like TGF-$3 have also been inef-
fective in large studies.”®>° However, topical thEGF spray and
swallow treatment have shown promise for managing OM
and could be translated to mouthwash delivery.60 Likewise,
an erythropoietin anti-inflammatory mouthwash signifi-
cantly reduced OM intensity and duration in patients under-
going high-dose chemotherapy.® However, the use of
immunostimulant mouthwashes, successful in an OM model,
need to be explored for their use for other oral diseases.

Nanotechnology

Nanotechnology delivers drugs for various purposes, includ-
ing antimicrobial, immunomodulatory, analgesic/anti-
inflammatory, or tissue engineering, and may extend to the
chemicals in mouthwashes. Nanotechnology encompasses
functional systems of at least 1 dimension at the nanometer
scale (1-100 nm). Any of the “cargo” described in the above
sections may be delivered through nanoparticles, and this
extends to the antimicrobial chemicals found in mouth-
washes. Chemicals can be loaded inside or tethered on the
nanoparticle surface to protect the cargo from degradation,
improve retention, and reduce the drug concentration
required for therapeutic effects.®> Developing antimicrobial
nanoparticle mouthwashes requires rapid activity within 1 to
2 minutes, no toxicity, and modulation of biofilm without
broad-spectrum killing, either by selectively killing patho-
genic species or suppressing virulence.®*** These challenges
make commercialising nanoparticle-containing mouth-
washes difficult, but promising nanoparticles have been
developed as antimicrobials or carriers of antimicrobial
agents.

Metal nanoparticles

Metal and metal oxide nanoparticles, such as silver, zinc
oxide, titanium dioxide, copper, and iron oxide, have demon-
strated effective antimicrobial properties against various oral
bacteria and fungi. However, the potential toxicity and accu-
mulation of these particles within cells or organs are a signifi-
cant concern.® Silver nitrate is toxic to micro-organisms and
imparts different antibacterial effects depending on its con-
centration. At lower concentrations, it induces synthesis of
silver nanoparticles (directly toxic). At higher concentrations,
itinduces cell death (apoptosis) via inactivation of thiol group
containing proteins (eg, NADH dehydrogenase 1I) and direct
binding of silver to DNA; this stops replication causing
apoptosis.®®

Although the efficacy of metal nanoparticles against oral
biofilms in realistic conditions remains underexplored, iron
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oxide nanoparticles, specifically ferumoxytol, have shown
promising results in degrading oral biofilms in vitro, due to
selectively binding and killing cariogenic bacteria, with no
significant effects on commensal species.®”’ Nanoparticle-
based delivery can also be useful for delivering antimicrobial
compounds that show extremely limited water solubility and
hence poor bioavailability. Mesoporous nanoparticles that
were used to carry chlorhexidine showed potent antibacterial
and antibiofilm activity in a concentration- and particle mor-
phology—dependent manner.®® It may be possible to apply
nanostructures on hard tissues for caries prevention by
directly inhibiting microbial adhesion and biofilm develop-
ment or promoting remineralisation,®® but little is known
about whether this translates to clinical effectiveness against
soft tissue diseases such as periodontitis.

Mineral nanoparticles

Casein phosphopeptide (CPP)—amorphous calcium phos-
phate (ACP) nanocomplexes prevent demineralisation and
promote remineralisation by maintaining a state of supersat-
uration and buffering free calcium and phosphate ions.
When used for 5 days, CPP-ACP mouthwash increased cal-
cium and inorganic phosphate levels in supragingival pla-
que.’”° In a randomised double-blind clinical trial, a
commercial nanosilver- and xylitol-containing mouthwash
(CORAL) was more effective in reducing white spot lesions
compared to 0.05% chlorhexidine and fluoride mouth-
washes.”? In other studies, chitosan nanoparticles, a natural
polycationic linear polysaccharide, demonstrated antimicro-
bial, antibiofilm, and mineralisation properties,’”’* whilst
nanodiamonds demonstrated potent biofilm inhibitory prop-
erties against bacteria and fungi.”* However, it is unknown
whether these nanoparticle formulations can demonstrate
their effects within a few minutes when used as a mouth-
wash and whether this translates into clinical effectiveness
against oral diseases in vivo.

Natural nanoparticle compounds

As previously described, natural compounds, such as curcu-
min, trans-cinnamaldehyde, and essential oils, possess anti-
microbial and antibiofilm properties in controlling plaque.
Delivering these compounds through porous silicone nano-
particles and other delivery systems effectively inhibits bio-
films of various pathogens.”® Biosurfactants approved by the
US Food and Drug Administration like sophorolipids have
been used to make nanocomplexes with curcumin, which
can thwart biofilm assembly and filamentation of Candida
albicans. These natural compounds can therefore potentially
alleviate the onset of radiation-induced OM and oral candidi-
asis in patients. However, the effectiveness of these com-
pounds in a mouthwash-like application has not been
demonstrated yet.”®

Synbiotic nanoparticles
Prebiotics and probiotics mouthwashes have also been intro-

duced, and combinations of the 2, called synbiotics, are being
investigated. However, the harsh oral environment, with low

oxygen concentrations, temperature, and pH, can be detri-
mental to probiotic strains, leading to bacterial death.”””® To
overcome this, nanoprebiotics and nanoprobiotics have been
developed and studied, but their efficacy as mouthwashes or
potential to shape oral ecology to prevent disease require fur-
ther investigation. Nonetheless, they present a promising
direction for future mouthwash research.

Environmental perspectives

This supplement has describes the antimicrobial effects of a
range of chemical, natural, immunological, and metallic and
synthetic compounds included in mouthwashes and their
clinical effectiveness. The immune response of the human
host is also described where possible. However, going for-
wards it is also important to evaluate the environmental
impact of mouthwash use as well.

In this context, one should appreciate how much carbon
dioxide—equivalent emissions are generated through mouth-
wash use or consider their use in more humanistic terms,
such as disability-adjusted life years (DALYs), that is, how
much the health of a person is affected by the environmental
impact of a product. Environmentally aware dental practi-
tioners must therefore consider the whole life cycle of the
mouthwash: where it is produced, how it is packaged, the
material elements of the product, how it is used, and its dis-
posal. There is an increasingly large number of life cycle
assessments (LCAs) conducted on differing products both
within dentistry and the wider health care field.”>*° As an
example, a recent textbook on sustainable dentistry included
an LCA of a non-antimicrobial mouthwash.®! In this analysis,
a 10-mL 0.05% daily fluoride mouthwash was compared with
a 10-mL 0.2% weekly mouthwash, calculated for 5 years.
Both mouthwashes were packaged and transported in a half-
litre plastic bottle and included water, glycerine, propylene
glycol, sorbitol, peppermint oil, sodium fluoride, and sodium
saccharine.

The 2021 results from the latter study showed that 5 years
of a daily mouthwash produced 148 kg of carbon, approxi-
mately 7 times greater than the 21.1 kg produced for the
weekly mouthwash use, 300 times more than receiving water
fluoridation, and 30 to 150 times that of a fluoride varnish
programme (see Table 1). Interestingly, many discussions of
environmental factors are focussed on fluoride-based mouth-
washes, but the same principles probably applys to all
mouthwashes covered throughout this supplement.

The breakdown of the carbon footprint (CF) of the daily
mouthwash over 5 years can also be seen in Table 2. The obvi-
ous benefits of weekly mouthwash use, compared with daily,
are less product manufacturing, less plastic bottle production,
as well as less transportation from factory to the consumer.
Recalculation of mouthwash CF using an updated 2022 Ecoin-
vent database (and with changes in international renewable
energy and product profiles) demonstrates that daily mouth-
wash has a CF of 84.20 kg.®? Within this modelling, electricity
accounted for around one-third of the CF, with the sweeteners
and glycol/glycerine being around one-third and the remain-
ing one-third from transportation as well as the plastic prod-
uct (Table 2).
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Table 1 - The carbon footprint of different oral health pre-
vention methods, 5 years of prevention (calculated in 2021).

F BTb PTb ETb Wf Fv TbS

MwD MwW

307 426 256 479 0443 331 1.95 148 211

F, floss; B, bamboo; Tb, toothbrush; P, plastic; E, electric; Wf, water
fluoridation; Fv, fluoride varnish in schools; TbS, Tb in schools; MwD,
mouthwash daily; MwW, mouthwash weekly.

Table 2 - The carbon footprint of mouthwash (recalculated
in 2022 using 2022 Ecoinvent database).

Once-daily mouthwash for 5 years for kg %

1 person

Electricity 29.13  34.6%
Polyol (sorbitol sweetener) 12.08 14.3%
Glycol 9.88 11.7%
Transportation 9.81 11.7%
Glycerine 9.15 10.9%
Plastic product (polypropylene) 7.18 8.5%

Shaping plastic product 2.72 3.2%

Plastic product (polyethylene) 1.26 1.5%

Other 3.00 3.6%

Total 84.20 100%

The Figure clearly illustrates the impact of mouthwash
and associated products on the environment. There is pollu-
tion from production of mouthwashes, usually through
energy use and water use. The transportation of the product
via truck produces carbon emissions but also particulate mat-
ter and other forms of air pollution.®® Although the container
bottles can be recycled, which has in some respects a com-
parative negative footprint the process can cause significant
levels of microplastic release.®* If the bottle or cardboard
waste is simply managed via incineration, this also has a
high CF, as well as impact on fresh/sea water.?? All of the

processes inevitably contribute to climate change and
impacts DALYs (Figure).

It may also be considered that widespread use of mouth-
washes end up entering the sewage system following use,
and this disposal could ultimately affect marine life and other
living species within the water ecosystem. This includes anti-
microbial resistance of bacteria within the ecological micro-
environment. However, interestingly, and in line with our
other LCAs, within our decontamination products there was
less than expected environmental impact from the actual
fluoride mouthwash or active chemical. Each chemical or
active ingredient had a different environmental impact,
depending on the elements and the concentrations evala-
uted. Such environmental impacts for a single chemical
ingredient has been reviewed by Dhama.®”

Conclusions

Natural and alternative approaches are demonstrating excit-
ing potential as antimicrobial mouthwashes, and most
appear to do no harm, but clinical effectiveness is not yet
fully supported by high-quality evidence, other than for
essential oils. There also exist critical roadblocks in the syn-
thesis and development of efficient nanoformulations and
immunostimulants delivered by mouthwash vehicles, for the
use in oral mucosal and other oral diseases, relating to the
accompanying regulatory approvals.

There is further a lack of research into the effects of chem-
ical and antimicrobial mouthwashes on the environment, but
clinicians should consider that the impact of a daily mouth-
wash is much higher than a weekly rinse, with the increased
packaging needed for mouthwashes also considerably more
harmful to the planet than that for toothpastes and similar
alternatives.
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Fig - Graphic illustration of some of the environmental impacts of mouthwashes.



FUTURE DIRECTIONS MOUTHWASHES

S95

With the currently available databse the clinicians may
not be able to confidently advise their patients which OTC
natural or alternative mouthwash is both clinically effective
and safe for management of oral disease. As patients are
using these natural mouthwashes regardless, urgent
research is needed in this area. The future for mouthwash
use is bright, with many interesting new approaches on the
horizon; it may be that future mouthwashes will be able to
target delivery at specific pathogenic bacteria, modulate the
host immune response, “balance” the oral microbiome, or
even reduce the extent of oral hygiene measures required to
maintain good oral health. Nevertheless, investment in
research, as well as overcoming regulatory barriers, are road
blocks for these new approaches to reach fruition.
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