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Biochemical and Clinical Factors
Influencing Oral Malodor in
Periodontal Patients EHE

Ken Yoegaki® and Kazuo Sanada’

THE AMOUNTS OF VOLATILE SULFUR COMPOUNDS (VSC) and methyl mercaptan/hydrogen
sulfide ratio in mouth air from patients with periodontal involvement were 8 times greater
than those of cantrol subjects. Our studies demonstrated that, in patients with periodontal
disease: 1) the concentration of disulfide, which is converied to VSC, increased in
proportion to the total pocket depth; 2) 60% of the VSC was produced from the tongue
surface: 3) the amount of tongue coating was 4 times greater than in control subjects;
and 4) VSC production and the methy] mercaptan/hydrogen sulfide ratio of the tongue
coating were increased. 2-Ketobutyrate, which is a byproduct of the metabolism of
methionine to methyl mercaptan, was higher in the saliva of patients with periodontal
discase. This implies that metabolism of methionine to methyl mercaptan increases in
the oral cavity of patients with periodontal pockets. Since free L-methionine, rather than
protein, is the main source for methyl mercaptan, we estimated the methionine supply
from the gingival fluid into the oral cavity of patients with periodontal involvement. The
results showed that the ratio of methionine to whole free amino acids was significantly
higher than that of cysteine. Our studies suggest that not only microorganisms, but also
the tongue coating and gingival fluid are factors which cnhance VSC production in
palients with periodontal disease. J Perfadantel 1992 63: 783789,

Key Words: Periodontal pockets; saliva/analysis: methyl mercaptan; hydrogen sulfide;
tongue, coated: 2-kelobutyrate/analysis; methionine/analysis; gingival fluid/analysis; sul-
fides. volatile/analysis.

Periodontal disease frequently involves pathological oral
malodor, which is caused mainly by valatile sulfur com-
pounds (VSC), such as hydrogen sulfide, methy| mercap-
tan, and dimethyl sulfide -2

From ancient times,™ people have known that periodon-
tal disease causes halitosis. Hippocrates described a remedy
for pathological oral malodor® and said, “*If the gingiva
become healthy again, the offensive odor vanishes.” Some
scientific studies™** conducted during the past 50 years
have shown that periodontal disease causcs the offensive
odor. Recently, Tonzetich et al.*'* provided evidence that
pathological malodor may accelerate periodontal discase.
VSC increase the permeability of the oral mucosa and col-
lagen solubility™!'! and decrease protein or collagen
synthesis'™'* and thus may be considered to be involved in
‘he pathogenesis of periodontal disease. Therefore, it is
important to comprehend the factors which influence paih-
Alogical oral malodor in order to conduct research into the
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pathogenesis of periodontal disease and develop treatments
for pathological oral malodor.

Microbiological studies'*!'” have demonstrated that peri-
odontal pathogenic microorganisms contribute to increased
VSC production, in particular that of methyl mercaptan, in
the oral cavity. Therefore, it has been sugpested that Fi-
sobacterium, Porphyremonas gingivalis, and other micro-
organisms have important roles in the pathogenesis of
halitosis.'™'" In order 10 gain understanding of the pathol-
ogy of halitosis associated with periodontal disease, we
have conducted studies to determine clinical and biochem-
ical factors which accelerate the production of VSC.

Association Between Halitosis and Periodontal Status

Elevated concentrations of VSC occur frequently in mouth
air from patients with periodontal disease.®'® Tonzetich®
demonstrated that the VSC concentration in mouth air in-
creased with the total pocket depth, and we found, using
the gas chromatography method he developed,? that this
was higher in patients with probing depths of 4 mm or more
than in subjects with probing depths of less than 4 mm
(Fig. 1)." In particular, the methyl mercaptan concentra-
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production winy ofserved, and the mednd mercaptarfvdroeen sulfide ratio
wits prprkedly frcreased,

tion was significantly higher in patients with periodontal
disease than in controls (44.0 ng/10 ml vs. 2.6 ng/10 ml,
P < 0.01) (Fig. 1).

The bleeding index, which is derived from the number
of bleeding points caused by probings, was used to compare
the extent or severity of periodontitis. Figure 2 shows that
the total sulfur content in [} ml of mouth air increased in
propuriion to the bleeding index.® The production of hy-
drogen sulfide in periodontal pockets was demonstrated by
inserting leaded filter papers inlo the pockets; it must be
noted that this method is not quantitative.” Furthermore,
Coil and Tonzetich' have indicated increased VSC pro-
duction in periodontal pockets by employing a special de-
vice to collect the gascs.

It is evident that periodontal disease causes high concen-
trations of VSC in mouth air, with consequent quantitalive
changes of bad breath, although there is little information
available about the qualitative change of bad breath.'®

Since the oral environment of patients with periodontal
disease may differ from healthy subjects, we wondered
whether the composition of VSC associated with patholog-
ical odor was the same as that of physiological oral malo-
dor. We determined the methyl mercaptan/hydrogen sulfide
ratio by gas chromatography method.' These two com-
pounds, rather than dimethyl sulfide, have been considercd
i be the main components of ¥SC in mouth air.22 We
found that the methyl mercaptan/hydrogen sulfide ratio in
patients with probing depths of 4 mm or more was much
higher than that of controls (4.64 vs. .58, P < 0.01} (Fig.
1),'" and that it increased in proportion to the bleeding
index which reflects the extent of periodontal disease (Fig.
2)es

The maximum probing depth was determined and com-
pared with the methyl mercaptan/hydrogen sulfide ratio in
cach paticnt with periodontal disease. Figure 3 shows that
the ratio increased with probing depth.™ The group with
probing depths of 3 mm or less had a ratio of 0,37 £ 0.10
{mean + 5E, n = 9); with 4 mm probing depths the ratio
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Figure 2. Totul sulfur concentration and ratio of methyl mercapianify-
drogen sialfide in relation o Meeding index, VEC production and the ratio
increased with bleeding inder. Each value iv an avernge of each class,
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Figure 3. Ratio of meshl mercaptanfhydroges sulfide and macimmm prob-
ing depel in each subject. The ratio increases with deprh, The mumbers
in each class are as follows, 03 mm, n = G dmm. 0 = 6: S mm, n =
8 6mm-, n = [/[

was 0.96 = 0.23 (mean = SE, n = 6); it was 3.49 =
1.48 {mean = SE, n = 8) with 5 mm depths; and 6.10 +
1.71 {mean = SE, n = 11) with depths in excess of 5
mm. Therefore, these results indicate that methy] mercaptan
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is the main component of VSC in patients with periodontal
involvement, hydrogen sulfide is the main constiluent in
orally healthy subjects, and the methyl mercaptan/hydrogen
sulfide ratio increases with the periodontal disease severity.
It can be implied from these results that estimating the
amount of hydrogen sulfide, rather than methyl mercaptan,
would be appropriate for evaluation of physiological mal-
odor, especially in patients with strong psychosomatic tend-
encies because usually it appears to be only hydrogen sulfide
that causes the objectionable smell in such patients.?’ Re-
cently, portable bad breath detectors*™ have been intro-
duced into the clinical field.*"* Since all of these cannot
distinguish between hydrogen sulfide and methyl mercap-
tan, they are not applicable to our purpose. Although some
portable detectors are less reliable than gas chromatogra-
phy, onet*'-*=* may be uscful for the screening of malodor
in clinics.

We found thal the methy] mercaptan concentration in
mouth air from patients with periodontal disease increased
compared with normal subjects. It is believed that hydrogen
sulfide is produced from thiols, such as cysteine,** and
methyl mercaptan originates from methionine.'” However,
it has been suggested that hydrogen sulfide can be converted
to methyl mercaptan in the oral cavity.*® We investigated
whether methionine metabolism, outlined below,'” is en-
hanced in the oral cavity of patients with periodontitis.

methionine— 2-ketobutyrate + ammonia + methy]l mercaptan

2-Ketobutyrate is a byproduct of the methyl mercaptan
production process, so we estimated its concentration in
saliva with the high performance liquid chromatography
{PLC) procedure we have developed. The saliva samples
were obtained from the mandibular mucobuceal fold, The
protein was removed by freezing, and then adding perchlo-
nic acid to a final concentration of 5%. The 10,000 x g
supernatant was then degassed by aspiration for 3 minutes.
Water was added to adjust the original sample volume, 25
pl samples were added with 50 pl 1 M acetate buffer {pH
3.0}, and the sample was derivatized with 20 pl 0.1%
w/v 3-methyl-2-benzothiazoline hydrazone at room tem-
perature for 300 minutes, The HPLC conditions used were
as follows: a Pico tag column® was eluled at 38°C with
buffer A, which consisted of 0.05% tricthyl amine, and
5.0% acetonitrile buffered at pH 5.5. The column was eluted
it a flow rate of 0.5 ml/min for 4 minutes; after which the
Pico tag column was eluted with buffer B (60.0% aceton-
itrile). The acetonitrile was increased to 100% for 30 scc-
ands, and peaks were detected and recorded at an absorbance
~ave length of 254 nm. The results demonstrated that 2-
<etobutyrate increased dramatically in the mixed saliva from
satients with periodontal disease compared with normal

GC Co,, Tokyo, Japan,

Tokuyama Soda Co., Tokyw, Jupan.
Imterscan Co,, Chatswornl, CA.
Waters Co., Milford, MA.

Tahle 1. 2-Ketabutyrate in Soliva

Perindantitis Health
[n=3%) {n=16)
2-Kemwbutyrale F.T7+41 0Lax05 F<D.0-
{nmole/ml}
Total pocket 227 =330 =
depth (mm)

“Unpaired f-lesl.

DISULFIDE DISTRIBUTION
IN SALIVARY CELLULAR ELEMENTS

Density Cellular Recovery (%)
(g/ml) Elements
1.019 —=
i 49.5
1.051 — ""-l" =
|
E 31.7
|
=
|

Figure 4. Disicibestion of disaffide in salivary celfular elements. Cellular
elements were fractioraied by pereoll gradient centrifigation, Afmost 506
of disulfide was distrihuted in the fower-density fraction {less than 1,051
gimdl, consisting of relatively intact celfs, i comprrisorn with ether fractions,

subjects (Table 1), and support strongly the observations
that the production of methyl mercaptan from methionine
is accelerated in patients with periodontal disease.

Saliva
It has been suggested that saliva is one of the main sources
of bad breath, because V5C are produced from proteins and
sulfur-containing amino acids present in saliva.'-2-24.27
Since filtration remaoves 90% of thiols and disulfide from
whole saliva, though dialysis does not affect the thiol and
disulfide content in the saliva, and sonication of whole sa-
liva increases these concentrations in the supernatant, Ton-
zetich and Johnson® concluded that the cellular elements
of saliva are the principal sources of the thiol and disulfide
groups utilized for the production of hydrogen sulfide.
We analyzed the distribution of thiols and disulfide in
salivary cellular elements with a percoll density gradient
centrifugation technique® and found that disulfide is dis-
tributed mainly in the intact cells (Fig. 4), whereas the thiol
concentration was lower in intact than damaged cells. A
saliva putrefaction study indicated that cell destruction in-
creased the specific gravity of the cells and decreased di-
sulfide content.*** In light of these results, we postulated
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o4 . . . . share ratio and mean pocket depth.®* Therefore, on the basis
0 200 400 600 of these results, the salivary disulfide concentration appears
to reflect the periodontal status. There s a plausible expla-

Total Pocket Depth (mm)
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ol e it s R vl il S salivary proicin content may increase the available disulfide

‘1 o cowve wat obasined. ¥ = 40,5775 + 0.0059F + 00009 in saliva, as the sulfur-containing amino acids of protein
with & cocfficient of determination of 018407 (P < 0.01). molecules comprise disulfides. However, our results dem-
onstrated that the disulfide concentration (/mg protein) also
increased in proportion to the severity of periodontal disease
{data not shown). Therefore, we speculated that the content
of sulfur-rich proteins or sulfur-containing amino acids in-
creased in saliva from patients with periodontal invalvement.

Our stucddy demonstrated that VSC concentrations and the

that the contents of the imact cells would be very rich sources
of ¥5C.

The cellular elements in saliva comprise cpithelial cells
released from the oral mucosa, microorganisms, and leu-
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kocytes.™ The epithelial cells contain keratin, cysteine-rich
protein, although keratinization is not complete. Leuko-
cytes also possess large quantities of sulfur-containing amino
acids, which could be utilized for VSC production.™ Since
leukocytes migrate from periodontal pockets, their number
in saliva increased in patients with penodontal disease, al-
though epithelial cells did not increase significantly. ™ Fur-
thermore the number of levkocytes correlated with some
periodontal evaluations™ and methyl mercaptan concentra-
tions in mouth air. It has thus been suppested that leuko-
cytes may increase the source of VSC in saliva of patients
with periodontitis.

Our study indicated that the salivary thiol concentration
is not increased significantly in patients with periodontal
disease.™ Thiol is probably too reactive to exist in its free
form for long, therefore, no significant difference between
the thiol concentrations of control and periodontitis groups
would be found. However, disulfide is more stable than
thiol, and we found that the disulfide content of saliva cor-
related with the severity of periodontal discase (Fig. 5).%

methyl mercaptan/hydrogen sulfide ratio increased in mouth
air in proportion to the bleeding index. As the bleeding
index value and concentration of blood are mutually related,
it has been suggested that other blood components, as well
as leukocytes, originating from periodontal pockets may
participale in acceleration of V5C production. Gibbons and
MacDonald™ found that most strains of Porphyromonas
gingivalis, including some periodontally pathogenic strains,
required hemin for their growth, and the growth rate in-
creased in proportion to the hemin concentration. There-
fore, hemin originating from blood may enhance the bacteral
activity, which produces methyl mercaptan in saliva or peri-
odontal pockets.

A saliva putrefaction system has been employed' to es-
timate whether saliva from patienis with periodontitis con-
tributes to accelerated VSC production. The head-space air
in the Teflon-coated glass tube (17.5 ml volume) was re-
placed with nitrogen pas, 1 ml saliva was incubated for 24
hours at 37°C, and 3 ml head-space air was analyzed by
gas chromatography. Figure 6 shows that the amount of
VSC in head-space air from incubated saliva of patients

A regression curve was obtained (Y = 40.5275 + 0.0299X
4+ 0.000933, with a correlation coefficient of 0.8404, P
< (L01). The disulfide content correlated also with the pocket

with periodontal disease increased compared with normal
subjects. However, this increase is very slight compared |
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with that in mouth air (Figs. 1 and 6). The methyl mercap-
tan/Tydrogen sulfide ratio in saliva from patients with peri-
oilontitis was not different from the ratio in contral, although
the ratio increased dramatically in mouth air from patients
with periodontal disease. There is no doubt that the elevated
putrefaction activity of saliva contributes to increased VSC
production in periodontal discase, but the contribution of
saliva to the increased methyl mercaptan/hydrogen sulfide
ratio was less than we had cxpected. Therefore it has been
strongly speculated that some factors other than saliva may
influence methyl mercaptan production in mouth air from
periodontal patients.

Tongue Coating

Kaizu™ had suggested that the tongue coating may not play
an important role in the production of VSC in paticnts with
periodontal disease, whereas removal of the tongue coating
did reduce ¥SC in orally healthy subjects.®** Tt has been
reported that tongue coating removal does not prolong
suppression of methyl mercaptan production in patients with
periodontal disease.™ However, these studies combined oral
rinsing or tooth brushing with tongue coaling removal, and,
therefore, the amount of VSC produced by the tongue coat-
ing was not estimated accurately.

A preliminary study demonstrated that the tongue coating
volume tended to increase in cases with periodontal in-
volvemenl.™ The tongue coating comprises epithelial cells
released from the oral mucosa, microorganisms, amd leu-
kocytes from periodontal pockets. ™% As these cells, in
particular leukocyles, are increased in saliva from patients
with perindontal disease and accumulate on the tongue sur-
face, fongue coating would be expected 1o be increased in
patients with periodontal discasc. Thus we have postulated
that the tongue coating may be an important factor in path-
ological and physiological oral malodor, contrary to this
previous study. Therefore, the following experiments were
performed to determine the effect of tongue coating on VSC
production in patients with periodontal disease.'®

The subjects were instructed to abstain from oral hy-
giene, including oral rinsing ard ingestion of food and lig-
uid, on the morning of the test. After VSC analysis, cotton
rolls were put around the tongue to exclude moisture and
saliva; saliva on the dorsal surface of the tongue was.re-
moved with a stream of air and pure pulp tissuc paper;® the
tongue coating from the terminal sulcus to the apex of the
tongue was removed carefully with a tongue scraper of the
small spoon type to avoid contaminating the oral cavity and
saliva with coating material; and the dorsal surface was
cleancd with cotton pellets immersed in physiological sa-
line. The VSC analyses of mouth air were repeated after
removal of the tongue coating. Unlike previous studies of
tongue coating,**** which have usually employed classi-
fication by inspection to estimate the volume of tongue
coating on the tongue surface, we measured the wet weight

*Kim Wipe, Jujoh-Kimberly Co., Tokyo, Japan.

Table 2. ¥SC Production from Tongue Coating

Wel Weighl VST
[mg) g 10ml) CIH,5HMH,5 Ratio
Caontrol 14,6 4.3 (8.3%) 1.0
[n=)
Periodonlitis 901 18,0 (36.5%) 3.3
(n=17}

*Ttal VEC concentration in mouth air before tongue coating removal.

of the tongue coating. The VSC production by the tongue
coating was calculated by subtracting the amount of V§C
produced after tongue cleaning from the initial amount prior
to cleaning. Table 2 shows that the group with periodontal
disease (> 4 mm probing depth) had far more tongue coat-
ing than the controls (14.6 mg vs. ¥0.1 mg, P < 0.01),
although the salivary flow rates of the two groups did not
differ, and VSC production by the tongue coating of peri-
odontal discase patients was estimated to be more than 4
times that of the controls {< 4 mm probing depth). Fur-
thermore, the methyl mercaptan/hydrogen sulfide ratio was
much higher in paticnts with periodontal disease than in
controls (31.3 vs. 1.0, P < 0.01). It also has been dem-
onstraled that much more VSC, especially methyl mercap-
tan, was produced on the tongue dorsal surface in patients
with periodontal disease than in orally healthy subjects, and
immediately after remowal of the tongue coating the amount
of VEC was reduced by almost half the initial amount.
Therefore, the tongue coating must be an important factor
which accelerates V5C production in paticnts with peri-
odontal disease as well as in orally healthy subjects.

As the W5C composition produced by the tongue coating
changed dramatically in patients with periodontal disease,
these results indicate that the composilion of precursors of
VSC or bacterial characteristics of the tongue surface may
differ in patients with periodontal disease from those in
orally healthy subjects.

Gingival Fluid

Methyl mercaptan production from methionine is acceler-
ated in mouth air from patients with periodontal disease.
Tonzetich and McBride® demonstrated that a pathogenic
strain of Porphyromonas produced 12 times as much methyl
mercaptan as bydrogen sulfide. This study implies that peri-
odontal pathogenic microorgansims do accelerate produc-
tion of methy] mercaptan in mouth air.

Muoreover, there is little information in the literature con-
cerning the relationship between precursors of ¥SC and
periodontal disease.™ We found that the salivary disulfide
content increased in patients with periodontal disease, but
as disulfide originates from cysteine or cystine, the disulfide
content would have no effect on methyl mercaptan
production.

The ¥SC concentrations in mouth air at 2 minutes after
mouth rinsing with mouthwashes, such as L-cysteine (2
mM)}, L-methionine (2 mM), and 0.5% casein have been

e S T
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determined.™ It has been demonstrated that only free me-
thionine is a good source of methyl mercaptan in vivo, so
we investigated the free methionine supply for methyl mer-
captan production. The concentration of methyl meTcaptan
in mouth air correlated with the severity of periodontal dis-
case, which increased the gingival crevicular Fuid flow
rate. Therefore, it has been speculated that gingival crevi-
cular fluid may be a continual supply of free methionine
and other VSC precursors in patients with periodontal
involvement,

The free amino acid compoesition of gingival crevicular
fluid from the periodontal pocket was determined using a
Wakosil-PTC column™ with gradient system, which we de-
veloped lo separate standard AN-type amino acids from
physiological free amino acids. Samples were eollected from
the upper incisors pockets with filter strips, the papers were
immersed in 100 pl ice-cold water, and sonicated. The
protein was removed by Sep-pack C18' and samples were
derivatized. We found that 99% of methionine and cysleine
. were fecovered in this system. The results showed that taur-
ine was present m the greatest amounts among the free
amino acids in gingival fluid (Fig. 7). Therc are many met-
abolic pathways of cysteine, but two are believed to pre-
dominate. One produces pyruvic acid, ammonium ions, and
hydrogen sulfide, and the other taurine. The latter pathway
may be more active in the perindontal pockets or tissues.

The ratio of methionine to whole free amino acids in
gingival fluid from periodontal pockets was significantly
higher than those of cysteine and cystine (Fig. 8). This
suggests that gingival fluid is a good source for methyl
mercaptan rather than hydrogen sulfide production.

We concluded that the periodontal pocket possesses ap-

**Wako Chemical, Osaka, Japan,
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Ratio t& Whole Amino Acids
{mol/ 100 mol)
(%]

N7,

Cysleine Methionine
Figure & Medionine and cysteine vatios in gingival Tiids from patients
with perodonial divease, Mothionine conconiration iv averwielmingly hipher
than thar of cyeine, Cystine vadae epressed ax cyseeine canuivalent i
alve fncluded,

propriate conditions for methyl mercaptan production, such
as perindontal pathogenic microorganisms and an adequate
supply of free methionine. Coil and Tonzetich'® reported
that very high concentrations of dimethyl sulfide, to whick
methyl mercaptan was dimerized, occurred in periodontal
puckets. This supports the finding that methionine metah-
olism is accelerated in periodontal pockels by the factors
mentioned above. The elevated methyl mercaptan produe-
tion in periodontal pockets then would aceelerate perindon-
tal disease, since methyl mercaptan has been demonstrated
o be maore cytotoxic than hydrogen sulfide. 1.3

Conclusion

Production of ¥5C in palicnts with periodontal discase oc-
curs in periodontal pockets and on the tongue surface. How-
ever, saliva may make only a minor contribution o
pathological odor production. Methy] mercaptan, rather than
hydrogen sulfide, is the main component of pathological
malodor, whereas the converse applies in orally healthy
subjects. The salivary disulfide concentralion correlates with
the severity of periodontitis, but may not cantribute to the
increased methyl mercaptan concentrations. The levels of
2-ketobutyrate are increased in the oral cavity of patients
with periodontal disease, which indicates that the metabo-
lism of methionine to methyl mercaptan is accelerated. The
supply of methionine from gingival fluid is greater than that
of cysteine or cystine.
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