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A randomised clinical trial to assess control of oral malodour
by a novel dentifrice containing 0.1%w ⁄w o-cymen-5-ol,
0.6%w ⁄w zinc chloride
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Objectives: To assess the ability of a 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice to
control oral malodour compared to a sodium fluoride control dentifrice. Design: Following baseline measurement of oral
volatile sulfur compounds (VSCs), the subjects brushed twice daily for 1 week with either the test or control dentifrice. The
VSC concentration in breath samples was monitored up to 12 hours post-treatment, by gas chromatography
(GC). Results: 75 subjects were included in the efficacy analysis. Relative to the sodium fluoride control dentifrice group
the o-cymen-5-ol ⁄ zinc chloride ⁄ sodium fluoride dentifrice exhibited statistically significant reductions (P < 0.0001) in
hydrogen sulfide, methyl mercaptan and total measured VSCs immediately and after 1, 2, 3 and 12 (overnight) hours post-
treatment. Conclusion: The results of the present clinical study demonstrated that the use of the 0.1% w ⁄ w o-cymen-5-ol ⁄
0.6% w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice over a one week period provided a statistically significant benefit in
controlling oral malodour for up to 12 hours post-treatment compared to a sodium fluoride control dentifrice.
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Oral malodour or halitosis is a common condition
affecting up to 50% of the population1,2 and it can
significantly impact normal social interactions3. Hali-
tosis can be classified into three categories: genuine
halitosis, pseudo-halitosis and halitophobia4. Pseudo-
halitosis and halitophobia are conditions where the
patients believe they have oral malodour but there is no
evidence to support this belief. Genuine halitosis
(malodour) predominantly originates from within the
oral cavity5–7 and can be further sub-divided into
malodour of physiological or pathological origin.
Physiological malodour is primarily due to the bacterial
metabolism of salivary proteins, retained food debris
and sloughed oral mucosa to yield amines, fatty acids
and volatile sulfur compounds (VSCs). Oral malodour
can also be due to extrinsic factors, such as tobacco,
food and drink. Another component of genuine oral
malodour is pathological malodour, caused by disease
or disorders within the body e.g. post nasal drip,
diabetes mellitus and xerostomia. Treatment of oral
malodour, with the exception of genuine physiological
oral malodour, requires management by a doctor,
dentist or psychologist8. The treatment of physiological

oral malodour focuses on improving the sufferer’s oral
hygiene5,8–10. This may include instruction by the
dentist or dental hygienist to help improve the sufferer’s
oral hygiene, e.g. cleaning technique and the use of
antimicrobial oral care products such as dentifrices and
mouthwashes to control the oral bacteria involved in
the breakdown of salivary proteins and food debris.
Active ingredients used in the management of physio-
logical oral malodour include botanical extracts, cet-
ylpyridinium chloride, chlorhexidine, chlorine dioxide,
essential oils, hydrogen peroxide, triclosan and zinc
salts11. The efficacy of these compounds is due to their
antimicrobial activity12–14 although the zinc salts can
also act via a chemical neutralisation mechanism15,16.
Oral malodour can be assessed subjectively by odour
judges or measured indirectly by the analysis of breath
samples for VSCs, in particular hydrogen sulfide and
methyl mercaptan which account for about 90% of the
VSCs found in breath samples17 and are strongly
correlated with the organoleptic assessment of oral
malodour18. Trained odour judges can detect differ-
ences both in the intensity and composition of the
breath odour; however, there are difficulties obtaining
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duplicate samples and with reproducibility between
odour judges19. Oral VSCs can be measured by the Oral
ChromaTM 20–22 (Oral ChromaTM is a registered
trademark of the Abilit Corporation, Osaka 542-
0081), Halimeter� 23 (Halimeter� is a registered
trademark of Interscan Corporation, Chatsworth CA
913132496) or by analysing breath samples by gas
chromatography (GC). As previously reported there is a
significant discrepancy between results obtained from a
Halimeter� and by GC analysis24 and these authors
recommend that if precise knowledge of VSCs is
required then breath samples should be analysed by
GC. The measurement of VSCs by GC was first
reported by Tonzetich in 197117, however, the meth-
odology has since been refined and in this study breath
samples were analysed using the methodology de-
scribed by Newby et al.25.

The objectives of this clinical study were to assess the
ability of a 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w zinc
chloride ⁄ sodium fluoride dentifrice to control oral
malodour compared to a sodium fluoride control
dentifrice. The combination of o-cymen-5-ol and zinc
chloride has been shown to have antimicrobial activity26

and the zinc chloride also has odour neutralisation
activity15,16. This product was used twice daily for one
week and then the concentrations of hydrogen sulfide
and methyl mercaptan in breath samples were measured
immediately and at 1, 2, 3 and 12 hours after brushing
with the dentifrice.

MATERIALS AND METHODS

Study design

This was a single centre, examiner blind, two way
crossover study in healthy adult volunteers conducted
at Intertek 4-Front Research, Ellesmere Port, UK to
assess the ability of 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6%
w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice to control
oral malodour compared to a sodium fluoride control
dentifrice. The study protocol and consent form was
reviewed and approved by the Manchester Consumer
Healthcare Research Ethics Committee. After providing
written informed consent, 89 adult subjects were
screened and 78 subjects were randomised to treatment.
The study commenced in August 2010 and was
completed in November 2010.

Male and female subjects were enrolled into the
study based on the following criteria:
• Subjects had to be at least 18 years of age and in

good general health
• Subjects had good oral health with at least 20 natural

uncrowned teeth
• Subjects had to have a reproducible level of hydrogen

sulfide (> 300 parts per billion (ppb) by GC analysis)
on at least 3 separate occasions.

Subjects were excluded from the study if they:
• Were pregnant or breast feeding
• Had diabetes mellitus, evidence or recent history of

bronchitis, tonsillitis or sinusitis, a significant auto-
immune or infectious disease, such as hepatitis,
tuberculosis, HIV positive or AIDS, any infectious
disease, respiratory infection, oesophageal reflux,
colds, flu, sore throat or any condition which could
be transmitted in saliva or salivary aerosols, or severe
xerostomia

• Had known or suspected intolerance or hypersensi-
tivity to oral care products, orthodontic or prosthetic
appliances, including dental implants

• Had undergone dental professional cleaning within
three weeks prior to the screening visit

• Had used chlorhexidine containing mouthwashes,
used Colgate� Total within seven days prior to
treatment, or had used antibiotics within 14 days
prior to treatment.
Following screening, eligible subjects underwent a

minimum two day wash in period. Subjects were
requested to avoid spicy or odorous foods 24 hours
prior to assessments and to refrain from consuming
any substance by mouth, except water, from 11 pm
the evening prior to the assessments. On Day 1 of
each treatment period, subjects provided three samples
of mouth air at baseline, which had to have a mean
hydrogen sulfide concentration of greater than
300 ppb. If they failed to produce a baseline sample
meeting this criterion, they were permitted to return
on two further occasions. If they failed to produce a
baseline sample meeting this criterion on the third
occasion they were withdrawn from the study. Eligible
subjects were randomised on Day 1 of treatment
period 1 and then brushed with their dispensed study
treatment under supervision at the study site. Subjects
were instructed to wet their toothbrush head with tap
water, apply a strip of dentifrice to cover the head of
their toothbrush and then brush in their usual manner
for 1 timed minute. The subjects then brushed at
home with their study treatment twice daily for
seven days.

On Day 8 of each treatment period, subjects
returned to the site in the morning with their
treatment. Subjects provided three samples of mouth
air for the 12 hour (overnight) evaluation of breath
odour. Subjects then brushed with their study treat-
ment for 1 timed minute, swirled the dentifrice slurry
around their mouth for a further 10 seconds before
expectorating. The subjects then wiped any excess
dentifrice from the outside of their mouth with a
damp paper towel before providing 3 samples of
mouth air immediately, and at 1 hour, 2 hours and
3 hours post-treatment.

There was a washout period of 7 – 21 days between
the two treatment periods.
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Randomisation and blinding procedure

The randomisation schedule was generated using a
computerised randomisation generator and provided to
the site by the Biostatistics Department of the sponsor.
Subjects were randomly assigned to one of two
treatment groups. Randomisation numbers were as-
signed chronologically as subjects were randomised to
treatment. The study staff who dispensed the treatment
were provided with a randomisation schedule that did
not contain the treatment identities. The dental exam-
iners at site and the study statistician, data management
staff and other employees of the sponsor who might
have influenced study outcomes were blinded to the
allocation of treatment to subjects. The study treat-
ments were both white dentifrices provided in plain
white tubes with study label detailing the treatment
codes and instructions for use to ensure the subject was
blinded to the treatment identity.

Analysis of breath samples

Subjects were instructed to keep their mouth closed for
60 seconds and to breathe normally through their nose.
After 60 seconds, the subjects inserted a fluorinated
ethylene propylene (FEP) tubing mouthpiece between
closed lips to a comfortable position above the back
half of the tongue. The subjects then took a deep breath
through the nose and held their breath for 5 seconds at
which point a 20 mL sample of breath was collected via
a 20 mL syringe. Breath samples were analysed for
hydrogen sulfide and methyl mercaptan concentration
by gas chromatography with flame photometric detec-
tion (FPD) within 30 minutes of collection.

Statistical methods

A sample size of 70 subjects was required to detect a
mean difference of 0.114 log ppb (standard deviation
(SD) of differences = 0.3336 log ppb), 0.120 log ppb
(within subject SD = 0.3285 log ppb), and 0.113 log
ppb (within subject SD = 0.3240 log ppb) in change
from baseline in hydrogen sulfide, methyl mercaptan
and VSC (based on a log10 scale) with 80% power. To
allow for withdrawals from the study approximately 85
subjects were randomised.

The data value for each VSC parameter (hydrogen
sulfide concentration, methyl mercaptan concentration
and total VSC) was log transformed (log10) prior to
conducting within- and between-treatment analyses.
For total VSC, the hydrogen sulfide and methyl
mercaptan concentrations were summed together and
then log transformed. For each VSC parameter the
comparison between study treatments with respect to
the mean change in log concentration from baseline to
each post-treatment time point was performed using an

analysis of covariance (ANCOVA) with factors for
treatment, treatment period, subject (as a random
effect) and baseline value as a covariate. Treatment
differences and 95% confidence intervals (CIs) were
presented. All tests were two-sided and performed at
the 5% significance level.

RESULTS

Eighty nine adult subjects were screened, 78 subjects
were randomised to treatment and 75 (96.2%) were
included in the efficacy analysis based on the Intent to
Treat (ITT) population. Ten of the randomised subjects
did not complete the study; one was due to an adverse
event, one to protocol violation and the remaining eight
for ‘other’ reasons. The baseline demographics are
summarised in Table 1.

Comparison of VSC concentrations

Within treatment comparisons versus baseline for
hydrogen sulfide, methyl mercaptan, and total VSCs
showed significant differences from baseline for the
0.1% o-cymen-5-ol ⁄ 0.6% zinc chloride dentifrice at all
the time points (Tables 2, 3 and 4). The effect of the
0.1% o-cymen-5-ol ⁄ 0.6% zinc chloride dentifrice is
shown in Figures 1, 2 and 3. Compared to baseline, the
experimental dentifrice showed a reduction in concen-
tration of hydrogen sulfide, methyl mercaptan and total
VSC ranging from a 97% reduction in hydrogen sulfide
immediately after brushing to a 33% reduction

Table 1 Demographics of intent to treat (ITT) study
population and baseline VSC concentrations*

Overall (N = 78)

Sex N (%)
Male 18 (23.1)
Female 60 (76.9)

Race N (%)
American Indian or Alaska Native 0
Asian 1 (1.3)
Black or African American 1 (1.3)
Native Hawaiian or other Pacific Islander 0
White 76 (97.4)
Multiple 0

Age (Years) 46.3 (12.21)

Baseline VSC concentrations (log ppb)
Hydrogen Sulfide

Test - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w
zinc chloride ⁄ sodium fluoride dentifrice

2.74 (0.223)

Reference - Sodium fluoride dentifrice 2.70 (0.266)

Methyl Mercaptan
Test - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w

zinc chloride ⁄ sodium fluoride dentifrice
2.32 (0.275)

Reference - Sodium fluoride dentifrice 2.34 (0.249)

*Data are means (SD) or numbers (%).
‘Baseline’ is the sample prior to first treatment on day 1 of each
treatment period and is the mean concentration of 3 samples.
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12 hours post brushing, a 77% reduction in methyl
mercaptan immediately after brushing to a 27%
reduction 12 hours post brushing, and a 91% reduction
in total VSCs immediately after brushing to a 31%
reduction 12 hours post brushing.

The 0.1% o-cymen-5-ol ⁄ 0.6% zinc chloride denti-
frice was found to be statistically significantly superior
to the reference dentifrice with respect to the mean
hydrogen sulfide, methyl mercaptan, and total VSC
levels (Table 5), at all time points.

Table 2 Summary of within treatment efficacy results for hydrogen sulfide levels (log scale) – ITT population

Timepoint Treatment Hydrogen Sulfide – within treatment comparison

Adjusted LS Mean ± SE1 95% CI1 P-value1 % Change from baseline2 (95% CI)

12 hour Overnight Test )0.17 ± 0.024 ()0.22, )0.13) <0.0001 )32.989 ()39.84, )25.35)
Reference )0.03 ± 0.023 ()0.07, 0.02) 0.2315 )6.232 ()15.65, 4.24)

Immediately Test )1.49 ± 0.022 ()1.53, )1.45) <0.0001 )96.776 ()97.08, )96.44)
Reference 0.03 ± 0.022 ()0.01, 0.08) 0.1210 8.037 ()2.05, 19.16)

1 Hour Test )0.90 ± 0.043 ()0.99, )0.82) <0.0001 )87.453 ()89.68, )84.74)
Reference )0.08 ± 0.042 ()0.17, )0.001) 0.0473 )17.662 ()32.05, )0.23)

2 Hour Test )0.53 ± 0.037 ()0.61, )0.46) <0.0001 )70.655 ()75.19, )65.29)
Reference )0.09 ± 0.036 ()0.16, )0.01) 0.0182 )18.035 ()30.47, )3.37)

3 Hour Test )0.44 ± 0.039 ()0.52, )0.36) <0.0001 )63.777 ()69.70, )56.70)
Reference )0.07 ± 0.038 ()0.14, 0.01) 0.0799 )14.471 ()28.22, 1.91)

1Obtained from ANCOVA with factors for treatment, period, subject (random effect) and baseline (logged) as covariate.
2% Change from baseline is based on antilog value of adjusted LS Mean. A negative difference indicates a reduction.
Test - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice.
Reference - Sodium fluoride dentifrice.

Table 3 Summary of within treatment efficacy results for methyl mercaptan levels (log scale) – ITT population

Timepoint Treatment Methyl Mercaptan – within treatment comparison

Adjusted LS Mean ± SE1 95% CI1 P-value1 % Change from baseline2 (95% CI)

12 hour Overnight Test )0.14 ± 0.024 ()0.18, )0.09) <0.0001 )26.935 ()34.62, )18.34)
Reference )0.02 ± 0.024 ()0.07, 0.03) 0.4362 )4.210 ()14.10, 6.81)

Immediately Test )0.64 ± 0.032 ()0.71, )0.58) <0.0001 )77.228 ()80.33, )73.64)
Reference 0.07 ± 0.032 (0.01, 0.14) 0.0209 18.508 (2.65, 36.81)

1 Hour Test )0.78 ± 0.034 ()0.84, )0.71) <0.0001 )83.258 ()85.63, )80.49)
Reference )0.18 ± 0.033 ()0.25, )0.12) <0.0001 )34.564 ()43.66, )24.00)

2 Hour Test )0.63 ± 0.038 ()0.70, )0.55) <0.0001 )76.396 ()80.14, )71.94)
Reference )0.12 ± 0.037 ()0.19, )0.04) 0.0020 )23.689 ()35.58, )9.60)

3 Hour Test )0.52 ± 0.042 ()0.60, )0.43) <0.0001 )69.519 ()74.83, )63.08)
Reference )0.10 ± 0.041 ()0.19, )0.02) 0.0130 )21.279 ()34.77, )5.00)

1Obtained from ANCOVA with factors for treatment, period, subject (random effect) and baseline (logged) as covariate.
2% Change from baseline is based on antilog value of adjusted LS Mean. A negative difference indicates a reduction.
Test - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice.
Reference - Sodium fluoride dentifrice.

Table 4 Summary of within treatment efficacy results for total VSC levels (log scale) – ITT population

Timepoint Treatment Total VSC – within treatment comparison

Adjusted LS Mean ± SE1 95% CI1 P-value1 % Change from baseline2 (95% CI)

12 hour Overnight Test )0.16 ± 0.023 ()0.21, )0.12) <0.0001 )31.169 ()37.97, )23.62)
Reference )0.03 ± 0.022 ()0.07, 0.02) 0.2530 )5.749 ()14.89, 4.37)

Immediately Test )1.04 ± 0.029 ()1.10, )0.98) <0.0001 )90.890 ()92.00, )89.62)
Reference 0.04 ± 0.028 ()0.01, 0.10) 0.1124 10.849 ()2.42, 25.92)

1 Hour Test )0.83 ± 0.036 ()0.90, )0.76) <0.0001 )85.338 ()87.53, )82.76)
Reference )0.11 ± 0.035 ()0.18, )0.04) 0.0020 )22.323 ()33.71, )8.98)

2 Hour Test )0.55 ± 0.034 ()0.61, )0.48) <0.0001 )71.530 ()75.59, )66.80)
Reference )0.09 ± 0.033 ()0.16, )0.03) 0.0060 )19.149 ()30.46, )6.00)

3 Hour Test )0.45 ± 0.037 ()0.52, )0.38) <0.0001 )64.458 ()69.96, )57.95)
Reference )0.08 ± 0.036 ()0.15, )0.01) 0.0333 )16.417 ()29.13, )1.43)

1Obtained from ANCOVA with factors for treatment, period, subject (random effect) and baseline (logged) as covariate.
2% Change from baseline is based on antilog value of adjusted LS Mean. A negative difference indicates a reduction.
Test - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice.
Reference - Sodium fluoride dentifrice.
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Safety results

There were a total of 31 treatment-emergent AEs
reported for 26 subjects, 19 non-oral and 12 oral. One
oral AE (tingling of lips) was associated with the test
dentifrice while two other oral AEs (dry mouth and sore
gums) were associated with the reference dentifrice. All
of the oral AEs were mild in nature. There were no
serious adverse events.

DISCUSSION

This single centre, examiner blind, two way crossover
study in healthy adult volunteers assessed the ability of
0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6% w ⁄ w zinc chloride ⁄
sodium fluoride dentifrice to control oral malodour
compared to a sodium fluoride control dentifrice. The
study was designed to include a population that had
genuine physiological malodour, determined by con-
sistent levels of VSCs in baseline breath samples. It
allowed the subjects to use the product in their normal
manner and did not impose artificial routines or
practices with respect to oral hygiene or the ingestion
of food and drink. However, subjects were requested
to abstain from smoking or eating spicy or odorous
foods for 24 hours prior to the assessments to
minimise the impact of extrinsic factors on their oral
malodour.
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Figure 1. Change from baseline of hydrogen sulfide levels
(log scale (base: 10)) by treatment (adjusted

mean ± standard error (SE)) – ITT population.
Error bars represent between-subject standard error.

Experimental Dentifrice (Test) - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6%
w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice.

NaF dentifrice (Reference) - Sodium fluoride dentifrice.
The first point is the 12 hour (overnight) time-point, the
second point is the immediately after treatment (+5 min).
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Figure 3. Change from baseline of total VSC (hydrogen sulfide +
methyl mercaptan) levels (log scale (base: 10)) by
treatment (adjusted mean ± SE) – ITT population.

Error bars represent between-subject standard error.
Experimental Dentifrice (Test) - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6%

w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice.
NaF dentifrice (Reference) - Sodium fluoride dentifrice.

The first point is the 12 hour (overnight) time-point,
the second point is the immediately after

treatment (+5 min).
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Figure 2. Change from baseline of methyl mercaptan levels (log scale
(base: 10)) by treatment (adjusted mean ± SE) – ITT population.

Error bars represent between-subject standard error.
Experimental Dentifrice (Test) - 0.1% w ⁄ w o-cymen-5-ol ⁄ 0.6%

w ⁄ w zinc chloride ⁄ sodium fluoride dentifrice.
NaF dentifrice (Reference) - Sodium fluoride dentifrice.

The first point is the 12 hour (overnight) time-point, the second point
is the immediately after treatment (+5 min).
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This study required the accurate, objective measure-
ment of oral malodour to enable comparison of the
efficacy of different products. The flavours present in
oral healthcare products impact the organoleptic
assessment of oral malodour therefore, as hydrogen
sulfide and methyl mercaptan account for approxi-
mately 90% of the VSCs found in breath samples, GC
was selected as the most appropriate technique to assess
the ability of these products to control oral malodour.

Treatments for oral malodour include control of oral
bacteria and ⁄ or neutralisation of the VSCs produced by
the breakdown of salivary proteins and food debris.
The antimicrobial activity of the o-cymen-5-ol ⁄ zinc
chloride system used in the test dentifrice has been
reported by Pizzey et al.26 and, in addition, the zinc
chloride has known odour neutralising properties15,16.
The results of this study have shown that this combi-
nation, when used twice daily in the test dentifrice, was
able to reduce and control the levels of both hydrogen
sulfide and methyl mercaptan over a 12 hour period
more effectively than the sodium fluoride control
product.

CONCLUSION

The results of the present clinical study demonstrated
that the use of the 0.1% o-cymen-5-ol ⁄ 0.6% zinc
chloride dentifrice over a one week period provided a
statistically significant benefit in controlling oral mal-
odour up to 12 hours post-treatment compared to a
sodium fluoride control dentifrice.
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