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INTRODUCTION

Periodontitis represents a chronic periodontal 
disease leading to the destruction of periodon-
tal tissues. 
Most frequently periodontitis is manifested in 
adults with a moderate or severe clinical course 
(Pihlstrom et al., 2005). The frequency of man-
ifestation and advancement of chronic perio-
dontitis increases with patient age (Albandar 
and Rams 2002). Epidemiological studies have 
confirmed that chronic periodontitis belongs to 
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Studies were performed on the effects of supernatants obtained from bacterial cultures, including cultures of 
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, Prevotella intermedia and Lactobacillus 
acidophilus strains on ATP levels in human gingival fibroblasts (HGF-1) and on their viability. ATP levels were 
evaluated using luminescence test and cell viability was estimated using a fluorescence test. In control cultures mean 
levels of ATP in HGF-1 amounted to 4.90±0.32 mln RLU. Supernatants of P. gingivalis and A. actinomycetemcomitans 
cultures were found to significantly reduce ATP production in HGF-1 (mean levels of ATP amounted to 3.41±0.33 
and 3.55±0.3 mln RLU respectively), which was not accompanied by an increased proportion of dead fibroblasts. 
Supernatants of P. intermedia induced no significant alterations in ATP level in HGF-1. In turn, supernatants of L. 
acidophilus H2O2 (+) and H2O2 (-) cultures significantly increased ATP levels in HGF-1 (the mean levels amounted 
to 5.94±0.31 mln RLU and 5.88±0.28 mln RLU respectively). The results indicate that extracellular products of P. 
gingivalis and A. actinomycetemcomitans most probably represent mitochondria-targeted peptides, which reduce 
synthesis of ATP in HGF-1. In turn, extracellular products of L. acidophilus seem to represent exopolysaccharides 
(EPS) with pro-oxidant activity, which stimulate synthesis of ATP in HGF-1.
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the most frequent chronic diseases in humans. 
In West Europe around 36% individuals aging 
35-44 years manifest moderate and around 10% 
severe forms of chronic periodontitis. 
The proportions are higher in countries of East 
Europe, amounting to 45% and 30-40% respec-
tively (Sheiham and Netuveli 2002). 
Microbiological studies in humans and exper-
imental investigations on animal models indi-
cate that the aetiopathogenesis of periodontitis 
involves the principal role of a mixed microbial 
infection with specific species of pathogenic 
bacteria, termed periopathogens or periodon-
topathogens (Darveau 2010; Kebschull and Pa-
papanou 2011). 
The clinically important periopathogens in-
clude, i.a., Porphyromonas gingivalis and Pre-
votella intermedia, representing obligatory 
anaerobes and Aggregatibacter actinomycetem-
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comitans, the species of facultative anaerobes 
(Cutler et al., 1995; Socransky et al., 1998; Hen-
derson et al., 2002; Henderson et al., 2010). Re-
sults obtained to date indicate that colonizing 
periodontal tissue, periopathogens and their 
products may induce a pro-inflammatory re-
sponse and may exert cytotoxic effects toward 
host cells (Kebschull and Papapanou 2011; 
Preshaw and Taylor 2011; Irshad et al., 2012). In 
parallel, oral lactobacilli were documented to 
be able to inhibit the growth of periopathogens 
and may prevent the progression of periodon-
titis (Teanpaisan et al., 2011; Szkaradkiewicz et 
al., 2011). Nevertheless, no data have yet been 
obtained on an antagonistic interaction of peri-
opathogens and oral lactobacilli on metabolic 
activity in gingival fibroblasts. The cells prevail 
in connective tissue of the periodontium and 
they assure the integrity of its structure (Koka 
and Reinhardt 1997). 
The cellular adenosine triphosphate (ATP) level 
represents a significant exponent of cell meta-
bolic activity and viability. It was already well 
documented that ATP is required for most cel-
lular functions (Dietrich and Horvath 2010) 
and that it is produced mainly in mitochondria 
in all eukaryotic cells. 
A decrease in cellular ATP production provides 
metabolic conditions leading to cell death by 
different mechanisms, including apoptosis, 
autophagy or necrosis (Lemasters et al., 2002; 
Skulachev 2006). 
Several techniques are used to estimate ATP 
concentration in cells (De Korte et al., 1985; 
Lundin et al., 1986). However, the biolumines-
cence method provides the most sensitive and 
specific measurement (Higashi et al., 1985; 
Weyermann et al., 2005). It has already been 
well documented that the emitted light inten-
sity is linearly related to the ATP concentration 
(Crouch 2000).
Taking the above into account, this study aimed 
to evaluate the effect exerted by supernatants 
isolated from cultures of clinical strains, in-
cluding selected periopathogens and oral lacto-
bacilli, on levels of ATP in human gingival fi-
broblasts. In parallel, in the context of our aim 
it was important to analyze whether the action 
of the studied supernatants was followed by al-
terations in percentage of viable and dead fi-
broblasts.

MATERIALS AND METHODS

Patients
The studies were performed on bacterial strains 
selected from 34 patients (30-52 years of age, 
mean 39.5±5.3 years) with chronic periodon-
titis among whom 16 patients suffered from 
moderate and 18 patients from severe chronic 
periodontitis. 

Bacterial cultures
Bacteria of Porphyromonas and Prevotella gen-
era were cultured in Columbia Agar enriched 
with 7% ovine blood, in anaerobic conditions, 
using GENbag anaer (bioMerieux), at the tem-
perature of 37°C for 48-72 hours. Rapid ID 32 
A test strips (bioMerieux) were used to identi-
fy the bacteria. Bacteria of Aggregatibacter ge-
nus were cultured in a chocolate agar, based 
on Columbia Agar with 7% ovine blood, in the 
atmosphere of 5% CO2, using GENbag CO2 (bi-
oMerieux), at a temperature of 37°C for 48-72 
hours. Identification involved API NH test (bi-
oMerieux), supplemented by examination of 
the growth ability around factors X and V and 
examination of the ability to produce catalase.
Lactobacillus spp. was cultured on Rogosa agar 
and the cultured isolates obtained in anaerobic 
conditions were identified using API 50 CHL 
(bioMerieux). The capacity of hydrogen per-
oxide production among Lactobacillus strains 
was defined in culture of the obtained isolates 
in the presence of 5% CO2 at a temperature of 
37°C for 48 hours in a differentiating medium, 
TMB-Plus agar, prepared according to Rabe 
and Hillier (2003). Development of an altered 
colour of the growing colonies (appearance of a 
blue colour) indicated production of hydrogen 
peroxide.

Production of supernatants
Cultures of individual bacteria provided mate-
rial to obtain 0.5 McF bacterial suspension in 2 
ml physiological saline. Two ml of RPMI-1640 
(Sigma) were supplemented with 0.1 ml bacte-
rial suspension and cultured for 24 hours in an-
aerobic conditions. Subsequently the cultures 
were passed through sieves to obtain super-
natants. The supernatants were also subjected 
to inactivation at temperature of 56ºC for one 
hour and at 100ºC for 30 minutes.
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Cell cultures
Gingival fibroblasts, HGF-1 (CRL-2014, ATCC) 
were cultured in T-25 and T-75 culture vessels 
(Nunc) in an incubator at a temperature of 
37°C, in an atmosphere of 5% CO2. The cul-
ture medium involved DMEM (ATCC) solution 
enriched with 10% foetal bovine serum (FBS, 
Sigma), supplemented with penicillin 100 U/ml 
and streptomycin 20 mg/ml (Sigma). The cul-
ture medium was replaced three times a week.

Evaluation of ATP levels
ATP levels in cultures of gingival fibroblasts 
(HGF-1) were evaluated using a luminescence 
test (CellTiter-Glo Luminescent Cell Viability 
Assay, Promega). The tests were performed in 
the presence of a buffered physiological saline, 
PBS (15 µl /105 HGF-1 cells/135 µl medium) and 
10% supernatants obtained from cultures of in-
dividual bacteria (15 µl /105 HGF-1 cells/135 µl 
medium). In preliminary experiments we ana-
lyzed the effects of culture medium in the pres-
ence of 5%, 10%, 15% and 20% of the super-
natants originating from the above-mentioned 
bacterial cultures. The most pronounced alter-
ations in RLU levels were found to take place 
in 10%-20% supernatants. However, effects of 
5% supernatant concentrations proved to be in-
significantly different from the control. There-
fore, in all our experiments we applied a 10% 
concentration of supernatants from bacterial 
cultures.
ATP levels in HGF-1 gingival fibroblasts were 
estimated in the presence of a supernatant iso-
lated from every isolated bacterial strain, in 
three repetitions on three consecutive days. 
Estimations of supernatant effects were con-
ducted before their heat treatment and after 
exposing them to a temperature of 56ºC for 30 
minutes and 100ºC for 30 minutes. The medi-
um involved DMEM (ATCC) solution enriched 
with 10% foetal bovine serum (FBS, Sigma). 
The prepared cells were incubated for 24 hours 
in an incubator at 37ºC in the presence of 5% 
CO2. Then, the cells were rinsed with the cul-
ture medium and tested for ATP. Each of the 
samples was supplemented with 150 µl of the 
prepared reagent (substrate plus buffer), mixed 
for 2 minutes and incubated for 10 minutes at 
room temperature. The results were read using 
a luminometer (GloMax, Promega). The light 

emitted in the presence of ATP was quantitat-
ed in relative light units (RLU). The intensity of 
emitted light quants was directly related to ATP 
content in the tested sample.

Testing of viability in gingival fibroblasts
The viability testing in HGF-1 gingival fibro-
blasts took advantage of the Live/Dead Viabil-
ity/Cytotoxicity Kit (Invitrogen, USA) fluores-
cence test. This test quickly discriminates live 
from dead cells by simultaneously staining 
with green-fluorescent calcein-AM to indicate 
intracellular esterase activity and red-fluores-
cent ethidium homodimer-1 to indicate loss of 
plasma membrane integrity. The studies were 
conducted in Lab-Tek Chamber Slide (Nunc) 
culture chambers in a buffered physiological 
saline (PBS, 50 µl/0.5x106 HGF-1 cells/450 µl 
medium) or in the presence of 10% superna-
tant obtained from cultures of individual bac-
terial strains (50 µl/0.5x 106 HGF-1 cells/450 
µl medium). Viability of HGF-1 gingival fibro-
blasts was tested in the presence of every su-
pernatant, isolated from individual bacterial 
strains, in three repetitions on three consecu-
tive days. The effect of the supernatants was 
tested before and following their heat treat-
ment at a temperature of 56ºC for 30 minutes 
and at 100ºC for 30 minutes. The medium in-
volved DMEM (ATCC) solution, enriched with 
10% foetal bovine serum (FBS, Sigma). The 
prepared cells were incubated for 24 hours in 
an incubator at the temperature of 37ºC in 5% 
CO2. Subsequently, the cells were washed in 
the culture medium and tested for their viabil-
ity. The readouts were made at zero time and 
following 6, 12, 18 and 24 hours, using a Nikon 
Eclipse E200 fluorescence microscope (magni-
fication of 1000x).

Statistical analysis
Results obtained in the studies were analysed 
using the computer software STATISTICA 8 
for Windows. The statistical analysis included 
non-parametric tests, permitting calculation of 
a broad range of various position measurements 
(mean) and dispersion (standard deviation). In 
the comparative analysis related to ATP level in 
studied groups the one-way ANOVA with Tuk-
ey-Kramer test was applied. In the analysis of 
gingival fibroblast viability the non-parametric 
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Kruskal-Wallis test was applied. In every test, 
hypotheses were verified at the significance lev-
el of p=0.05.

RESULTS

In the presented experiments 36 bacterial 
strains were isolated from the patients, includ-
ing 15 strains of Lactobacillus acidophilus (with 
6 strains producing H2O2 and 9 strains unable 
to produce H2O2), 11 strains of Porphyromonas 
gingivalis, 6 strains of Prevotella intermedia and 
4 strains of Aggregatibacter actinomycetemcom-
itans. 
The results obtained illustrating changes in 
ATP levels in HGF-1 gingival fibroblasts, under 

effect of supernatants obtained from cultures 
of individual strains of bacteria in specific spe-
cies were analysed together providing ranges 
and means of the obtained values ± SD in Ta-
bles 2 and 3.
The dynamics of alterations in ATP levels in 
HGF-1 gingival fibroblasts subsequent to their 
exposure to supernatants of individual strains 
of analysed bacterial cultures are presented in 
Figure 1 and Table 1. Supernatants of Porphyro-
monas gingivalis and Aggregatibacter actinomy-
cetemcomitans cultures were found to induce a 
significant decrease in ATP level already after 6 
h and the decrease persisted for a period of 24 
h. On the other hand, supernatants from cul-
tures of Prevotella intermedia exerted no effect 
on ATP levels in gingival fibroblasts. In turn, 

TABLE 2 - Mean levels of ATP (luminescence in millions of RLU) in gingival fibroblasts (HGF-1) 
following 24 h incubation with supernatants of the examined periopathogens.

Studied cells Unheated 
supernatants

Supernatants exposed 
to 56ºC for 30 minutes

Supernatants exposed 
to 100ºC for 30 

minutes
Mean ± SD [range]

Control (gingival fibroblasts HGF-1) 
with 10% PBS

4.84±0.35 
[4.37-5.45]

4.78±0.51
[4.21-5.35]

4.81±0.48
[4.26-5.29]

HGF-1 with 10% supernatant 
of P. intermedia 

4.61±0.57
[3.89-5.28]

4.72±0.69
[4.12-5.07]

4.77±0.56
[4.03-5.21]

HGF-1 with 10% supernatant 
of A. actinomycetemcomitans 

3.52*±0.46
[2.83-4.28]

3.65*±0.45
[3.06-4.41]

4.68±0.52
[3.64-5.06]

HGF-1 with 10% supernatant 
of P. gingivalis 

3.47*±0.43
[2.57-4.15]

3.53*±0.36
[2.69-4.37]

4.61±0.49
[3.48-5.15]

*Significant difference compared to the control group.

TABLE 1 - Mean levels of ATP (luminescence in millions of RLU) in cultures of gingival fibroblasts (HGF-1) 
at zero time and following 6, 12, 18 or 24 h incubation with supernatants obtained from cultures 

of studied bacteria.

Studied cells Incubation times
0 hour 6 hours 12 hours 18 hours 24 hours

Control (gingival fibroblasts HGF-1) 
with 10% PBS

4.73±0.34 4.77±0.27 4.82±0.38 4.80±0.33 4.84±0.35

HGF-1 with 10% supernatant
of L. acidophilus H2O2 (+)

4.74±0.44 5.66*±0.53 5.73*±0.49 5.79*±0.56 5.89*±0.52

HGF-1 with 10% supernatant
of L. acidophilus H2O2 (-)

4.81±0.39 5.75*±0.46 5.81*±0.45 5.85*±0.42 5.93*±0.47

HGF-1 with 10% supernatant
of P. intermedia

4.71±0.36 4.52±0.41 4.55±0.38 4.52±0.46 4.61±0.57

HGF-1 with 10% supernatant
of A. actinomycetemcomitans

4.76±0.47 3.70*±0.40 3.68*±0.39 3.60*±0.44 3.52*±0.46

HGF-1 with 10% supernatant
of P. gingivalis

4.68±0.51 3.52*±0.42 3.47*±0.45 3.48*±0.47 3.47*±0.43

*Significant difference compared to zero time.
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supernatants from Lactobacillus acidophilus 
cultures significantly augmented ATP levels in 
gingival fibroblasts already after 6 h and the ef-
fect persisted for a period of 24 h.
In parallel, the studies documented a signifi-
cant decrease in ATP content taking place un-
der effect of 56ºC heat-treated or untreated 
supernatants obtained from cultures of Porphy-
romonas gingivalis and Aggregatibacter actino-

mycetemcomitans strains. Supernatants of the 
bacterial cultures subjected to heat treatment 
at 100ºC induced no decrease in ATP levels in 
gingival fibroblasts (Table 2). 
In turn, the level of ATP in the fibroblasts did 
not differ from control values after exposure of 
the cells to supernatants of Prevotella interme-
dia strains (Table 2). 
The unheated supernatants of Lactobacillus ac-

FIGURE 1 - Graphic presentation of mean ATP levels (luminescence in millions of RLU) in cultures of gingival 
fibroblasts (HGF-1) at zero time and following 6, 12, 18 or 24 h incubation with supernatants obtained from 
cultures of studied bacteria.

TABLE 3 - Mean levels of ATP (luminescence in millions of RLU) in cultures of gingival fibroblasts (HGF-1) 
following 24 h incubation with supernatants of Lactobacillus acidophilus.

Studied cells Unheated 
supernatants

Supernatants 
exposed to 56ºC 
for 30 minutes

Supernatants 
exposed to 100ºC 
for 30 minutes

Mean ± SD [range]
Control (gingival fibroblasts HGF-1) 
with 10% PBS

4.84±0.35
[4.37-5.45]

4.78±0.51
[4.21-5.35]

4.81±0.48
[4.26-5.29]

HGF-1 with 10% supernatant 
of L. acidophilus H2O2 (+) 

5.89*±0.52
[5.16-6.95]

5.82*±0.48
[5.22-6.78]

4.29±0.55
[3.43-5.13]

HGF-1 with 10% supernatant 
of L. acidophilus H2O2 (-) 

5.93*±0.47
[5.42-7.24]

5.85*±0.57
[5.29-6.82]

4.37±0.41
[3.58-5.36]

*Significant difference compared to the control group.
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idophilus strains or the supernatants exposed 
to a temperature of 56ºC induced a significant 
increase in ATP level in HGF-1 gingival fibro-
blasts while the supernatants exposed to the 
temperature of 100ºC induced no increase in 
ATP level in the gingival fibroblasts (Table 3).
In studies on the viability of HGF-1 gingival 
fibroblasts following any duration of incuba-
tion, i.e. at zero time or following 6, 12, 18 or 
24 hours viability of gingival fibroblasts ranged 
between 94% and 98%. No significant differ-
ences were disclosed between control samples 
and samples containing supernatants isolated 
from cultures of individual bacterial strains. 

DISCUSSION

This study demonstrated that supernatants 
originating from 24 hour cultures of P. gingiv-
alis or those of A. actinomycetemcomitans in-
teract with human gingival fibroblasts, signif-
icantly reducing their production of ATP. The 
effects of reduced cellular ATP levels have not 
been detected following exposure to superna-
tants of P. intermedia. In parallel, it was found 
that the activity of P. gingivalis supernatants or 
A. actinomycetemcomitans supernatants was 
not reduced by their exposure to a temperature 
of 56ºC for 30 min. On the other hand, follow-
ing exposure to 100ºC for 30 min, the superna-
tants lost their activity. In contrast to polysac-
charides and thermostable peptides, large pro-
teins usually cannot withstand heat treatment 
at 56ºC for 30 min. It has been well-document-
ed that strains of P. gingivalis and A. actinomy-
cetemcomitans produce toxins which belong to 
large proteins. 
They include the secreted by P. gingivalis 
cysteine proteases (gingipains: HRgpA-95kDa, 
RgpB-50kDa and Kgp-110kDa), which play a 
significant role in tissue destruction, and the 
A. actinomycetemcomitans-produced cytolethal 
distending toxin composed of 3 subunits with 
molecular weight ranging from 24 to 35 kDa, 
which inhibits human gingival fibroblast divi-
sions, particularly the progression from G2 to 
mitosis (Imamura 2003; Shenker et al. 2004; 
Belibasakis et al. 2004). In turn, polysaccha-
rides are not secreted by the tested periopath-
ogens, representing a component of lipopoly-

saccharide they form a component of cell wall 
structure in the bacteria. Thus, the obtained 
data allow us to conclude that the substances 
released by P. gingivalis and by A. actinomycet-
emcomitans which reduce ATP levels in gingival 
fibroblasts may represent thermostable pep-
tides. Their cytotoxic activity might result in a 
decreased production of ATP. 
However, we failed to detect an increased pro-
portion of dead cells following exposure to the 
supernatants. Therefore, the data indicate rath-
er that the substances produced by P. gingivalis 
and A. actinomycetemcomitans, most probably 
involving peptides, do not exert lytic effects to-
ward the plasma membrane, and their toxicity 
is directly linked to mitochondrial damage. 
Such a potential for the unique activity of pep-
tides seems probable in view of the data doc-
umenting cell-permeable peptides which effi-
ciently enter humans cells and can target the 
mitochondria with a high specificity (Fisher 
et al. 2005; Horton et al. 2008). The decreased 
energy potential of a cell may, in a secondary 
manner, be followed by an inhibited prolifera-
tion of fibroblasts and induction of cell death 
by apoptosis. 
In turn, the levels of ATP in gingival fibroblasts 
have not been altered by supernatants of P. in-
termedia and, therefore the periopathogen does 
not produce substances inducing intracellular 
disturbances. The conclusion seems to be sup-
ported by the earlier data indicating that son-
icated bacterial extracts from P. intermedia do 
not inhibit growth of fibroblasts (Yamasaki et al. 
1998). On the other hand, in our studies on su-
pernatants of 24 hour cultures of L. acidophilus 
strains their use was followed by a significant 
increase in ATP levels in gingival fibroblasts. 
In addition, the increase in ATP levels could 
not be related to H2O2 produced by the L. aci-
dophilus strains. Results obtained in the range 
are consistent with our earlier observations 
(Szkaradkiewicz and Stopa 2013). At present, 
the identity of the human gingival fibroblast 
ATP-production stimulating factor remains un-
known. However, its (their) thermal stability 
demonstrated in our experiments indicates that 
it represents a polysaccharide. This conclusion 
is supported by studies proving that lactobacil-
li, including L. acidophilus, may release high 
amounts of exopolysaccharides (EPS) (Cern-
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ing 1995; Laws et al., 2008). To date, variable 
EPS functions have been described, acting, i.a., 
as colonization promoters, agents protective 
against the environment, structure stabilizers 
in a biofilm and as signalling molecules (Badel 
et al., 2011). This study pointed out for the first 
time that the probable EPS released by L. aci-
dophilus strains may exhibit pro-oxidant activi-
ty, stimulating ATP synthesis in human gingival 
fibroblasts. 
The results correspond to earlier observations 
documenting in vivo a stimulatory effect of 
L. acidophilus supernatants on proliferation 
of fibroblasts (Halper et al., 2003) and on the 
growth and development of embryonic cells in 
vitro (Li et al., 2005). Recently it was also noted 
that EPS may exert a protective effect on hu-
man endothelium cells, manifesting a signifi-
cant capacity in scavenging of free radicals (Lin 
et al., 2012). Therefore, it seems probable that 
EPS of L. acidophilus exerts both pro-oxidant 
and antioxidant activity.
Our results demonstrate that extracellular 
products of the periopathogens P. gingivalis 
and A. actinomycetemcomitans most probably 
representing mitochondria-targeted peptides, 
reduce synthesis of ATP in human gingival fi-
broblasts, which may inhibit their proliferation 
and may induce cell death by apoptosis. In turn, 
extracellular products of L. acidophilus, most 
probably representing exopolysaccharides with 
pro-oxidant activity, promote synthesis of ATP 
in human gingival fibroblasts.
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