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Salivary Biomass Assessed by Bioluminescence ATP Assay
Related to (Bacterial and Somatic) Cell Counts

F. GALLEZ' M. FADEL! 0. SCRUEL”. . CANTRAINE! AND P. COURTOQIS*

| Depariment of Stomatology, Faculty of Medicine, Free University of Beassels, Belgium
“Laboratory of Experimensal Medicine, Facudty of Medicime, Free Universicy of Brusseds, Belofum
Department of Compuier Science. Faculty of Medivine, Free University af Brussels, Belaium

The present work aimed (1) 1o evaluate ATP conlent in saliva by the bioluminescent Juciferin-luciferase method,
{2} o evaluate the relationships between ATP content. bacterial count and epithelial cell numbers in saliva, (3) to
study the effeer of two different antiseptics ( peroxidase system producing hyvpothicevanite and chlorhexiding) on the
salivary blomuss. Tn 43 voung adults, the salivary ATP content ranged from & to 1515 nm, Salivary ATP content was
significantly and directly correlated 1o bacterial count and epithelial cell numbers (Spearman-Rank correlation,
£ = 0-001). Regression anzlysis allowed the inference of a mean epithelial cell and bacterial ATP content of 1527 iz
and 8-3 g per cell, respectively. The salivary ATP content decreased significantly 1o 38-8 4+ 12-3 per cent (mean
+SEM. N = 6} of its initial valee after a 30-min incubation in the presence ol a peroxidase swstem producing
hypothiocvaniie (OSCHN ™). Chlorhexidine (CHX) reduced salivary ATP content to 320 4+ 16.7 per cent. OSCN~ did
not affect the transformed logarithm of bacterial count but CHX reduced it from 7-02 + 0:26 to 0.52 + 0-33, No
effect of OSCN- was seen on the matio of epithelial cell viability while CHX reduced it from 46-7 + 31 10 39 4 1-1
per gent, It is concluded that the combination of the evaluations of the ATP content and cell numbers in saliva can
provide reliable dala about the effects of oral antiseptics on salivary biomass. Copyright «© 2000 Joln Wiley & Sons,
|_[||,|__
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INTRODUCTION where desquamated somatic cells and bactleria are
both present.

The present wark, therefore, was (1) 1o evaluate
ATP content in saliva by the bicluminescent
Inciferin—luciferase method, (2) to evaluate the
relationship between ATP content, bacterial count
and epithelial cell numbers in saliva, (3) to study
the effect of two different antiseptics on the salivary
biomuss: hyvpothiocyanite produced by a peroxi-
dase svstem and chlorhexidine,

Adesosine triphosphate (ATP) measurement in cell
extracts is useful in metabolic studies as an indi-
cator of energy statns.” or as an indicator of bio-
mass in a biological sample.'? ATP measurement
was indeed developed to estimate somatic or bac-
terial cell number in biological samples, Lo ensure
microbiological quality in water and [ood. and to
detect bacterial contamination in specific areas of
medicine or the food industry.” 1t can also be used
as an indicator of intracellular regulation.® The
bioluminescent luciferin—luciferase method™® has
largely been used in order to evalvate the ATP
content in living cells from numerous biological
media including dental plague™ but not in saliva

MATERIALS AND METHODS

Sedivie Collection

Resting whole saliva, collected on e at least
= S0t min alter the last meal was used to study the
* Correspondence tor [r P Courtns, Laboratory of Experi- . L ) A
menlal Medicine, Faculty of Medicine CI* 818, Free University salivary pa rﬂmﬂ‘*n mﬁ'ﬁ adult volunteers aged 20
of Brussels. Route de Lennik 808, B-1070 Brussels, Belgum, 10 30 years (22 males, 23 females). The cffects of the
Fax: 12-2-335 62 39, peroxidase system and chlorhexidine were studicd
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in six other donors (three males and three females
aged 25 to 43 vears. non-smokers, free of any
medication for a period of at least 1 month before
sampling) who agreed 1o start the saliva collection
90 min after a standard breaklast (50 g bread, 30 g
jam and 300 ml water) and 30 min after brushing
teeth For 3 min with water only (no toothpaste).

Chaenricals

ATP Bioluminescence Assav kit CLS 11 was
obtained from Boehringer-Mannheim (Mannhaim,
Germany). Glucose oxidase (GOD) was obtained
from Sigma Chemicals (5t Lows, MO, USA),
One unit of GOD produced enough H.O, to
oxidize 9-3 pmoles of ABTS (2,2"-azino-bis-3-ethyl-
benzthiazoline-6-sullonic acid) per min in the pres-
ence of lactoperoxidase used in this experimental
procedure. Lactoperoxidase [ Biopole. Belgium) was
purified from bovine milk; the absorbance,, /
absorbance,y, . ratio showed a purity index of 0-60;
the specific activity was 600 ABTS units mg—' of
protein at 37°C. One ABTS unil corresponded to
the amount of enzyme catalysing the oxidation of
I mmole of the ABTS substrate per min.* Chlor-
hexidine digluconate 0-2 per cent (w/v) {(Corsodvl®)
was purchased from SmithKline Beecham Consu-
mer Brands SA (Genval, Belgium).

Saliva fncubarions

Saliva aliquots (1-2 ml) were incubated for 30 min
at 37°C in the presence of three separate solutions
{8 ml) containing (a) glucose in buffer (0-1 M
phosphate buffer pH 7) for the controls, (b)
glucose, glucose oxidase, thiocyanate (SCN™),
and lactoperoxidase producing OSCN~; and (c)
chlorhexidine. The final concentrations were:
glucose 44 mum, glucose oxidase 1-27 Uml—!,
SCN-  1-2mm. lactoperoxidase 485 ABTS
units ml~', chlorhexidine 0-02 per cent (w/v).
Under the experimental conditions, the lactoper-
pxidase svstem produced OSCMN- which oxidized
277+ 12 {mean +SEM. N =6) nmoles ml~!
cvsteine after 20 min.!”

ATFP Measurentens

Samples ol saliva (0-5 ml) were immediately frozen
after incubation by immersing the assuy tube in an
acetone—dry ice bath, The samples were stored at
—18°C until ATP extraction. Just before ATP
measurement, the saliva was thawed in the presence
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of 5 ul 10 mM vanadate (ATPase inhibitor) and 5 ul
0-01 per cent (w/v) benzalkomium chloride. then
sonicated for 55 (20 W), Salivary extract was
diluted from 3- to 200-fold in imidazole-HCI
buffer (100 mm. pH 7-75) 0-3ml ol the diluted
extract was then mixed with (-5 ml luciferin-
luciferase reagenl; ATP content was determined
by the luciferin-luciferase bioluminescence method
on an LKB Wallace 250 luminometer (LKB-
Pharmacia. Uppsala, Sweden). The main charac-
teristics of the luciferin—luciferase method are the
lollowing: linearity of ATP concentration between
| and 9 nm: within-day precision for repeated assay
{N = 6). coeflicient of variaton < 3-7 per cent.

Bacterial Count

After incubation, saliva was dispersed and diluted
in 155 mm NaCl from 10- to 10°-fold. and 50 pl of
each diluted salivary sample was transferred in
triplicate to Columbia agar Petri dishes supple-
mented with 5 per cent (v/v) defibrinated sheep
blood. The bacterial colonies were counted after
a 24 h aerobic incubation at 37°C. Results were
expressed as the number of Colony Forming Units
{CFU} per ml of saliva.

Epithefial Cell Viability

Afer incubation. saliva samples were diluted in
trypan blue (4 mg ml~'). Living (excluding trypan
blue) and dead (trapping trypan blue) epithelial
cells were both immediately counted on a Thoma's
cell.!! The percentage of viable cells was calculated
therefrom.

Filtration Procedures

Serial filtration (glass fibre filter followed by
Minisart 5 um and 0:43 pm) were performed at a
constant flow of Imimin~' on eight different
saliva collections. This procedure was chosen to
minimize cell lysis.

Kraristics

Mean values were always indicated with SEM.
Statistical analysis was carried out using Prism™
version 2.0 from GraphPad Software (San Diego,
USA) for mean, standard deviation, Kolmogorov
Smirnov normalily test, Spearman—Rank corre-
lation coefficients, repeated measures ANOVA
completed by a Dunnett’s or by a Bonferroni’s
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Comparison Test, SPSS (Statistical Package for the
Sociil Sciences) version 3.0 (Chicago, USA) was
used for regression analysis.

RESULTS

Evaluation of the ATP Measurement in Suliva by
the Luciferin—luciferase Method

A 20-fold dilution of saliva was shown 1o be
sufficient to avoid luciferin—luciferase inhibition by
phosphate, thiocyanate and oxidants present in the
peroxidase system: serial dilution of six different
siliva samples provided proportional ATP values
(data not shown). The recovery of the internal |
standard was 97 4+ 2 per cent (N = 7). storing
salivit atl —18°C ensured stability of ATP bheyond
4 weeks. Figure 1 shows the protective effect of
vanadate on salivary ATP by ATPasc inhibition.
Salivary ATP completely disappeared after add-
ition of adenosine 3'-triphosphatase (EC 3.6.1.3)
meaning that there was no other substrate in saliva
to interfere with the ATP measurements, Careful
serial filtration through glass fibre filter followed by
Minisart 5 pm and 0-45 pm llters (stopping cells
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Figure 1. Luciferm-lucferase method for measuring ATP in

siliva; bioluminescence curve (expressed 45 mV) selated 1o the
time {a} in the presence of -1 ma vanadate, (b} in the abscnee
of vanadate and {c) in the absence of vanadale with additon
(indicatedd by an arrow) of U-1 U ATPase, The graph is
represcatative of six independent experiments.
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and bacteria) at a constant flow of | mlmin~'
retained 858 4+ 44 per cent (N = 8) of the ATP
confirming that ATP in the tetal saliva is mostly
cellular or bacterial.

Tahle 1. Bunge and median values of salivary parzmeters in
435 subjects aged from 20 to 30 vears (22 males, 23 femalesh
Onby sulivary secretion rale valees presented @ (aussian
disimbution.

Range Median
Salivary secretion rate (mlbh ) 21-600 o2
ATP { prnales mi—') 81513 97
Bacterial count (CFU = 10¢ mi-') 06-20-6 51
Epithelial eclls fnumber = 10 ml~') 202300 1700
Living cells {Number > 107 mi—!) {1450 1o

Uzl Values in Sofiva

Table | illustraies the range and median values
of salivary parameters. In 45 young people. the
salivary sccrction rate ranged [rom 2-1 1o 60-0 ml
h~! (median, 20.2; mean +SEM, 23-2+ 1-7ml
h='). The salivary ATP content ranged from 8 to
1515 pmoles ml ' saliva (median, 97 pmoles ml—').
the bacterial couni ranged from 0-6 to 20-6 x 107
CFU ml~! (median, 5-1 x 10° CFU ml~') and the
subivary epithelial cell count ranged from 20 to
2500 % 107 cellsml™! saliva (median, 170 x 10°
cellsml~"). Using the trvpan blue exclusion test
{varving between O and 92 per cent) viahility was
determined by calculating the numbers of hving
and dead cells. Living cell numbers ranged from
0 to 14350 x 107 cellsml~! {median, 110 x 10°
cells ml="). Only salivary sccretion rate values
presented a Gaussian distribution and succeeded
in passing the Kolmogorov-Smirnov normality
Lesl.

ATP as a Marker of the Salivary Biomuass

Table 2 indicates the Spearman-Rank correlation
coellicients between the salivary parameters stud-

Tahle 2. Spearman—Rank correlation coefficients () between
the salivary parameters studied in the control group (N = 450

r

Bucterial count versus ATP content 0-4437
Epathelial cells versus ATP conteni 05150
Living cells versus ATP conlent -0
Salivary seorction rate versus ATP centent —- 2809
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ied. Bacterial count, epithelial cell numbers and
salivary ATP content were directly correlated. The
strongest corrclations were found between epi-
thelizl cells and ATP content for both total
epithelial cells (r = 0:3190, P < 0.001) and live
epithelial cells (r = 0-3000, F < 0.001). Salivary
flow ratc only weakly correlated with ATP
content (r = —(0-2809, P = 0-0481) and did not

correlate with the bacterial count (r = —0.1077,
P = 0-4568). Regression  analysis  inferred

o = ax + by + Cas a mathematical model describ-
ing the relationship between ATP and cells in
saliva, where 2 is the ATP content { pmoles ml— '), x
the number of cellsml™! and y the number of
CFUml™!, with r = 07080. a = 0-185 + 0-007
pmoles per 10° epithelial cells, b = 163 + 0.7
pmoles per 10° CFU and € = —9-323 + 3.8,
Taking into account the living cells only, the
mathematical parameters became r = 0-7000,
a = 0-301 £ 0-013 pmoles per 107 epithelial cells,
h= 163+ 0.7 pmoles per 10* CFU and
C = —8&1 + 59 The inferred mean ATP content
per epithelial cell and per bacterium were (-301 and
0016 fmoles corresponding to 132-7 and 83 (g
respectively,

Effect of Peroxidase System and Chlorhexidine on
Salivary Biomass

The effects of peroxidase syvstems and chlorhexidine
on salivary biomass are described im Figure 2.
Salivary ATP content significantly decreased after
30 min incubation in the presence of peroxidase
system or chlorhexidine. After OSCN ™ incubation.
ATP fell to 38-8 + 12-3 per cent of its initial value
(repeated measures ANOVA completed by a
Dunnett’s comparison post-test, P < 0-01). Chlor-
hexidine reduced salivary ATP content to
520 + 167 per cenl of its il value (P < (0-01).
OSCN -~ did not affect the bacterial count in saliva,
On the other hand, chlorhexidine reduced it drast-
ically from 10-5 = 10* to less than 10 CFU ml-!
(P = 001). No effect of OSCN™ was shown on
epithelial cell wviability, although chlorhexidine
reduced 1t from 46-7 + 5-1 o 3.9 4+ 1.1 per cent
(P =< 0:01). Serial filration of salivary samples
resulted in less than 30 per cent of the residual
ATP alter OSCN™ incubation in the soluble
fraction but more than 80 per cent afier CHX
incubation (Figure 3): the difference is significant
(ANOVA completed by a Bonferront’s Multiple
Comparison Test. £ = 00011
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Figure 2. Effect of peroxdase systems and chlorhesdine on
ATP content. bacterial count and epithelial cell viability. The
saliva (& = 61 was imeubaled at 37°C for 30 min i the presence
of an OSCN™ generating svstem or chlorhexudine.
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Figure 3.  Residusl ATP content afler serial filtretion {glass
fibre filter followed by Minisarl 3 pim and 043 pm) in three
different salivary samples cach treated with buffer {comtrol),
hypothiocyanite (OSCN") and  chlorhexiding (CHX) lor
3 min,

DISCUSSION

Salivary ATF Measured by the Luciferin-luciferase
Method

ATP measurement by the luciferin-luciferase
method has been known for a long time but has
not vet been used in saliva. Linearity of serial
salivary sample dilutions and the recovery (97 + 2
per cent) of an internal ATP standard in saliva
showed the reliability of the method. The absence
of any bioluminescence after ATPase incubation in
saliva demonstrated that no other substance inter-
fered with the luciferin-luciferase method and only
salivary ATP content was being determined. More-
over, careful serial filtration of six salivary samples
al a constant flow of | mlmin~' {glass fibre filter
followed by Minisart 5 pm and 0-45 ym) showed
that 85-8 + 4-4 per cent of the ATP was in the
suliva (raction; the 14.2 percenl thal passed through
the serial filters corresponded to free ATP outside
cells or bacteria. [t could be argued that ths [ree
ATP is either released from dead cells and bacteria
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before filtrution or that it is the result of an artefact
produced by the filtration process itself.

Sulivary ATP Related to | Bacterial and Somaric)

Cell Cownes

The relationship between the ATP content and
the number of cclls (epithelial cells and bacteria)
present in the saliva confirmed that the origin of
ATP was cellubar, Indeed, analysis of the Spear-
man-Rank correlations effectively showed a stat-
istical dependency of saliva ATP content on the
bacterial count or the epithelial cell number.
Regression analysis inferred a mean epithelial cell
and bacteria ATP content of 152-7f{g and 8-3[p
per cell respectively. compatible with literature
values ranging up to 10,000 fg per cell and from
0-28 to BYfg per microorganism depending on
species, 13-

Use of Safivary ATP with Cell Counes to Test the
Aetion of Oral Antiseprics

The three parameters (ATP content, bacterial
count and epithelial cell viability) of the salivary
biomass were used to gather information on the
effect of two oral antiseptic compounds: OSCN-
produced by o lactoperoxidase system compared 10
chlorhexidine. The peroxidase system was shown to
be active i vitro on some oral bacterial sirains'= but
failed lo affect salivary bacterial count.'™!"” Chlor-
hexidine has been largely used until now in oral
antisepsis.'®  Lactoperoxidase-generated OSCN-
only decreased salivary ATP but did not infuence
bacterial count. Chlorhexidine showed a strong
bactericidal effect charucterized by a bacterial count
near zero with a decreased ATP content. These
results indicate that the lactoperoxidase system has
a bacteriostatic cffect rather than bactericidal activ-
ity on salivary bacteria, Indeed, the bacteriostatic
effect suggested by the decrease in ATP withowt
variation of the bucterial count could he reversed

after plating the incubated saliva on culture
medinm.
MNevertheless, a decrcase in ATP is not necess-

arily due o an effect of antiseptic compounds on
bacteria alone: ATP loss could mmdeed originate
from epithelial cell damage. While chlorhexidine
dramatically decreased epithelial cell viability,
OSCN~ did not influence the trypan blue exclusion
test.

The putcome of the serial filtration may provide
relevant information concerming the effect of each

Cell Hiochern. Funct. 18, 103-108 {2000)
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antiseptic used in this study. Indeed, the increase of
free salivary ATP afier chlorhexidine exposure
sugaests Ivsis of the cells by the apent tested in
the experimental conditions,

In conclusion. the coupling of ATF conteni
measurement and (bacterial and somatic) cell
counts in saliva can provide a clear picture of the
salivary changes after exposure to oral antiseptics.
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