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Abstract. Dry mouth (xerostomia), is a fairly
common, well-researched condition, which is an
indirect cause of oral malodour. This systemat-
ic literature review looked into another cause of
bad breath: adverse drug reactions in the orofa-
cial region causing halitosis. The study focused
on extraoral halitosis, and its subdivisions, par-
ticularly blood borne halitosis in which malodou-
rous compounds in the blood stream are carried
to the lungs, passively diffused across the pulmo-
nary alveolar membrane to enter the breath. An
electronic search was conducted in various data-
bases. Inclusion criteria were: editorials, case con-
trol studies, retrospective studies and randomized
double-blind studies published in English between
1983 and March 2017. The search identified a total
of 23 articles. According to these, drug-related hal-
itosis may be caused by nine medications. Dimeth-
yl sulfoxide, cysteamine and suplatast tosilate are
metabolised to dimethyl sulfide, a malodourous
compound that is stable in blood and is transport-
ed into the breath. Disulfiram is reduced to car-
bon disulfide, also a stable compound in blood.
Nitric oxide reacts with foul-smelling volatile or-
ganosulfur compounds. The degradation of peni-
cillamine raises the pH level, favouring the growth
of gram-negative bacteria in the oral cavity pro-
ducing halitosis. Chloral hydrate, phenothiazine,
and paraldehyde could not be related to halitosis.
The analysis showed that halitosis can be caused
by medication but does not correlate to any spe-
cific disease or specific form of drug therapy. The
pharmacological compounds identified as causes
of halitosis are administered to treat a broad spec-
trum of diseases, or in therapeutic regimes.
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Introduction

Post-industrial societies in the 21 century
aspire to ideal lifestyles and maximum personal
appeal. In this context, bad breath constitutes a

source of anxiety among a large sector of the po-
pulation. Halitosis is an oral health condition in
which the sufferer consistently emits odourous
breath. The range of terms used in scientific lite-
rature — halitosis, bad or foul breath, oral malo-
dour, fetor ex ore, fetor oris — all describe unple-
asant breath exhaled from the sufferer’s mouth,
although the source of malodourous substances
may be oral or non-oral"?. This may be caused
by a range of factors including the use of certain
medications, poor oral hygiene, decreased sali-
vary flow rate, certain foods, frequent alcohol
ingestion, smoking, and/or systemic medical
conditions®*.

Adverse drug reactions in the orofacial region
can cause dry mouth (xerostomia), an indirect
cause of oral malodour. Other drugs can be a di-
rect cause of halitosis®.

Halitosis — Short overview

The International Society for Breath Odor Re-
search (ISBOR) has established a simple means of
classifying halitosis based on its origins. This sy-
stem serves as the global standard for classifying
halitosis®. Halitosis can be classified into three
main categories: genuine halitosis, pseudo-halito-
sis, and halitophobia.

In genuine halitosis, the patient presents ob-
vious oral malodour with an intensity beyond
socially acceptable levels. This is subdivided into
pathological halitosis (of intra- and extra-oral ori-
gin) and physiological halitosis in which malodour
originates from sources within the oral cavity and
is not associated with a pathologic condition or
with a specific disease. Temporary halitosis, due
to dietary factors, can be excluded from defini-
tions of genuine halitosis®.

Some patients are mistakenly convinced that
they present oral malodour; in this case, the pa-
tient is diagnosed as having pseudo-halitosis. If,
after treating a case of genuine or pseudo-halito-
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sis, the patient still believes that he/she has halito-
sis, this is diagnosed as halitophobia.

Intra-oral Halitosis

Up to 80% of malodour originates from sour-
ces within the oral cavity'? and is associated with
poor oral hygiene, dental plaque, dental caries,
gingivitis, stomatitis, periodontitis, tongue coa-
ting, oral carcinoma, and/or xerostomia'.

Normal saliva has a pH of approximately 6.5;
this acidic pH suppresses the growth and prolife-
ration of the anaerobic Gram-negative oral micro-
organisms responsible for bad breath. An alkali-
ne pH favours Gram-negative bacteria that allow
the activation of the enzymes required for pu-
trefaction of the sulphur-containing amino acids
cysteine and methionine to foul-smelling vola-
tile sulfur compounds (VSCs) hydrogen sulfide
(H,S), methyl mercaptan (CH,SH) and dimethyl
sulfide (CH,SCH,)"” (Table I).

These gram-negative bacteria species inclu-
de Bacteroides loescheii, Centipeda periodontii,
Eikenella corrodens, Enterobacteriaceae, Fuso-
bacterium nucleatum, Porphyromonas endodon-
talis, Porphyromonas gingivalis, Prevotella in-
termedia, Tannerella forsythensi and Treponema
denticola*. Oral malodour derives from multiplex
interactions between several oral bacterial spe-
cies. These bacterial interactions are most likely
to occur in the gingival sulcus and periodontal
pockets. Bad breath can also arise from the poste-
rior dorsal tongue area. Because of its large and
papillary surface area, the deep crypts at the base
of the tongue can retain large amounts of micro-
organisms**.

Bad breath does not always originate from or-
ganosulfur compounds. Other malodourous mo-
lecules produced by saliva or tongue coatings can
be the cause of halitosis, including polyamines
(putrescine and cadaverine), phenyl compounds
(indole, skatole, and pyridine), and nitrogen-con-
taining compounds (urea and ammonia)®.

Extra-oral Halitosis

An estimated 10-20% of halitosis has non-oral
causes. Many cases of extra-oral halitosis are a
manifestation of a systemic disease and cannot
be treated successfully!. Cases of acetone breath
are mainly with a biomarker of type 1 diabetes’,
while kidney failure and uremia result in an odor
of ammonia in urine. A fresh cadaver smell is
characteristic of severe hepatic failure leading to
fetor hepaticus. The breath of patients with rheu-
matic fever is described as an acid sweet breath,

while patients with lung abscess present a smell
of rotting meat. Other diseases and conditions
causing bad breath are toxemia, gastrointestinal
disorders such as hemorrhage and indigestion,
vitamin C deficiency, anaerobic infections, ulce-
rations, and/or cancer located in the upper/lower
respiratory tract®.

Certain medications are potential sources of
blood-borne halitosis, in which malodourous
compounds in the blood stream are carried to the
lungs and enter the breath.

Materials and Methods

A systematic electronic search was perfor-
med in the PubMed database and Wiley Online
Library. The search strategy was adapted to suit
each database, applying key search terms alone
or in combination: halitosis, oral malodour, bad
breath, odor, adverse drug reaction, drugs and
medication. Secondary data from publications
identified were also evaluated.

Inclusion criteria were as follows:

* Articles published in English between 1983 and
March 2017;

* Articles with adequate documentation and re-
levant information about halitosis including
editorials, case control studies, retrospective
studies and randomized double-blind studies.
Exclusion criteria were:

* Articles published before 1983;

* Studies published in a language other than En-
glish.

The titles and abstracts identified that were
considered reliable were carefully reviewed to se-
lect the most relevant studies for inclusion in the
review.

Table I. Pharmacological compounds and their odor
characteristics'.

Name Smell

Hydrogen sulfide (H,S) Rotten eggs

Methyl mercaptan (CH,SH) Pungent

Dimethyl sulfide (CH,SCH,) Unpleasant sweet

Dimethyl disulfide Pungent
(CH,SSCH,)

Carbon disulfide (CS)) Slightly pungent

Ammonia (NH,) Pleasantly sweet

Dimethylamine ((CH,),NH) Fishy, ammoniacal

Allyl mercaptan Garlic-like
(CH,=CHCH,SH)

Allyl methyl sulfide Garlic-like
(CH,=CHCH,SCH,)
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Results

The initial electronic search identified a total
of 58 articles of potential interest. Of these, two
articles were excluded because they were not in
English, and seven articles were excluded becau-
se they were published before 1983. After reading
and evaluating the full texts, 34 studies were
excluded because they were not related to the ge-
neric mode of action of drugs producing halitosis.
Finally, 23 articles were included in the present
review and underwent a process of information
extraction, making it possible to condense a large
amount of relevant clinical information.

Blood Borne Halitosis

Hydrogen sulfide (H,S) and methyl mercap-
tan (CH,SH) comprise about 90% of the volatile
organosulfur compounds (VSCs) found in exha-
led air and constitute major contributors to the
objectionable odors that are present in halitosis
of intra-oral origin®. These breath volatile sul-
fur compounds are not be found in blood-borne
halitosis caused by drug administration. Neutral
molecules such as dimethyl sulfide (CH,SCH,), a
minor component of intra-oral halitosis, are stable
in blood, absorbed into the blood stream and later
transferred to the pulmonary alveoli. Pulmonary
excretion of these volatiles into the alveolar air
then causes halitosis, providing the malodourous
volatiles are present in the breath in sufficient
concentrations to become objectionable'.

Halitosis Induced by Medication

According to the results of the present litera-
ture review, the following drugs may be directly
responsible for oral malodour: dimethyl sulfoxi-
de*>*10 cysteamine!, nitrates and nitrites (isosor-
bide dinitrate)*>!°, disulfiram!3*%1%, penicillamine
(penicillin)’, chloral hydrate*'°, phenothiazine*'?,
suplatast tosilate'’, and paraldehyde'.

Dimethyl Sulfoxide

A significant side-effect of dimethyl sulfoxi-
de (DMSO) is an odor and taste in the mouth
similar to garlic due to the pulmonary excretion
of a small percentage of DMSO as dimethyl
sulfide''.

The volatile sulfur compounds (VSCs) methyl
mercaptan (CH,SH) and hydrogen sulfide (H,S)
contain a free thiol (-SH group), which imme-
diately reacts with blood, resulting in irrever-
sible binding and oxidation, thereby preventing
transportation from the blood into the alveolar
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air and thus into the breath. But dimethyl sulfide
(CH,SCH,), a neutral molecule that is stable in
blood, is transported from the blood into alve-
olar air and breath. The neutral nature of most
volatiles found in halitosis makes them difficult
to remove from breath, unlike the very reactive
thiol methyl mercaptan (CH,SH) and hydrogen
sulfide (H,S) also found in halitosis"'.

Cysteamine

Cysteamine is used to treat patients with ne-
phropathic cystinosis and can be metabolized to
dimethyl sulfide (CH,SCH,), a malodorous com-
pound stable in blood".

Nitrates and Nitrites

Nitrates are used to treat or prevent angina and
the chest pain caused by heart disease. In the oral
cavity, anaerobic bacteria in the deep crypts at
the base of the tongue reduce nitrate to nitrite in
the course of respiration. Some of this nitrite is
reduced to nitric oxide (NO) in the oral cavity",
contributing to levels of NO measured in exhaled
breath; NO reacts with foul-smelling volatile or-
ganosulfur compounds'>!6,

Disulfiram

Disulfiram (Antabuse) is used in the treatment
of alcohol dependence. Carbon disulfide (CS,) is
a product of the metabolism of disulfiram; it is
stable in blood and can be transported from the
blood into alveolar air and breath. Acetone is a
product of normal metabolism and appears in the
breath of all individuals, but disulfiram increases
acetone levels in blood".

Penicillamine

Penicillamine has proved an essential drug for
treating rheumatoid arthritis”® and is a degrada-
tion product of penicillin antibiotics. It has a close
structural relation to cysteine, a sulphur-contai-
ning amino acid. The microbial degradation of
both cysteine and penicillamine produces hydro-
gen sulfide (H,S) and sulfhydryl anion (HS"), a
strong reducing agent that decreases the redox
potential within the tongue biofilm, and so raises
the pH favouring the growth of Gram-negative
bacteria and activating enzymes including serine
protease, important in the putrefaction process.
Bacterial interactions with specific substrates —
amino acids such as cysteine, methionine, tryp-
tophan, arginine, and lysine — biotransform them
into odourous compounds that may cause oral
malodour*!*"?.
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Chloral hydrate

Chloral hydrate is a widely used sedative agent
in pediatric dentistry?. It is a colorless substance
with a penetrating acrid odor and a slightly bitter
taste?!. Although it is cited in two articles (3, 10),
they do not describe its generic mode of action
that produces halitosis.

Phenothiazine

Although this drug is cited in two of the arti-
cles reviewed*!, they do not describe its generic
mode of action that produces halitosis.

Suplatast Tosilate

Suplatast tosilate is an anti-allergic agent that
suppresses cytokine production. Dimethyl sulfide
(CH,SCH,), metabolized from suplatast tosilate,
is a potential cause of halitosis due to the volatile
(CH,SCH,) dissolved into the blood and exhaled
through alveolar gas exchange?.

Paraldehyde

Paraldehyde is administered intravenously for
the emergency treatment of epilepsy. It is a co-
lorless liquid with a pungent odor and a disagre-
eable taste”. Although it is cited in one article
reviewed'’, its generic mode of action producing
halitosis has not been described.

Conclusions

The present literature review only evaluated
articles from journals with high impact factors.
Analysis of the information drawn from the arti-
cles clearly showed that drug-related halitosis can
be caused by medications even though they do
not correlate to any specific disease or to any spe-
cific form of drug therapy. The pharmacological
compounds identified in the review as associated
with medication-induced halitosis are applied in
a broad spectrum of diseases or therapeutic regi-
mens. Dimethyl sulfoxide, cysteamine, and supla-
tast tosilate are metabolized to dimethyl sulfide
(CH3SCH3), a malodourous compound stable in
the blood which is transported from the blood into
alveolar air and breath. Disulfiram is reduced to
carbon disulfide (CS2), also a compound stable in
blood. Nitric oxide reacts with the foul-smelling
volatile organosulfur compounds, contributing to
levels of nitric oxide measured in exhaled breath.
The degradation of penicillamine raises the pH
favouring the growth of Gram-negative bacteria
in the oral cavity producing halitosis.

This review was limited by the fact that althou-
gh the drugs chloral hydrate, phenothiazine, and
paraldehyde were mentioned in several articles,
their action was not described. Moreover, to date,
only a small number of articles have been publi-
shed on the topic of medication-induced halitosis.

Nevertheless, this review provides relevant cli-
nical information, which could be used to monitor
patients’ medication history, and so avoid those
drugs that act directly to cause halitosis.
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