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ABSTRACT
Objective: Polyhexamethylene guanidine phosphate (PHMG-P) was compared to chlorhexidine (CHX)
in order to determine potential cytotoxic and immune-modulatory effects on human gingival
fibroblasts.
Materials and methods: Cytotoxic effects of PHMG-P and CHX on human gingival fibroblasts were
assessed using cell viability assay at various time points and concentrations. The effects of PHMG-P and
CHX on the secretion of prostaglandin (PG) E2, interleukin (IL)-6, IL-8 and matrix metalloproteinase (MMP)-1
by non-stimulated or IL-1b stimulated fibroblasts were evaluated by enzyme-linked immunosorbent assays.
Results: PHMG-P concentration 0.00009% led to the total loss of fibroblast viability within 24h,
whereas inhibition of fibroblast viability by CHX occurred at significantly higher concentrations of
0.0009% (p< .001). Short-term exposure to 0.005% PHMG-P led to loss of fibroblast viability after
5min, whilst cells exposed to 0.005% CHX survived 30min of treatment (p< .001). IL-1b stimulation
induced an inflammatory response with a significant increase in the secretion of PGE2, IL-6, IL-8 and
MMP-1. Treatment of IL-1b stimulated fibroblasts in combination with PHMG-P or CHX at concentra-
tions of 0.000045 or 0.0.00009% resulted in significantly decreased PGE2, IL-6, IL-8 and MMP-1 levels.
PHMG-P or CHX alone did not affect the baseline secretion of PGE2, IL-6, IL-8 or MMP-1 by gingival
fibroblasts.
Conclusions: Cytotoxic effects on gingival fibroblasts were triggered by both PHMG-P and CHX at con-
centrations below those used in clinical practice. The tested antiseptics did not cause inflammation
and reduced IL-1b-induced secretion of inflammatory mediators and collagenase by gingival fibroblasts,
which suggests anti-inflammatory properties.
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Introduction

Periodontitis is defined as inflammation of tooth supportive
tissues caused by interaction between microbial biofilm and
the host immune system. Untreated periodontitis may result
not only in tooth loss but it may also affect general health,
including increased risk of myocardial infarction and
decreased quality of life [1,2]. Due to the infectious nature of
the disease, antibacterial substances have become an essen-
tial component of periodontal treatment [3]. Chlorhexidine
(CHX) is the most extensively used and tested antimicrobial
in dentistry and it is still considered as the golden standard
[4]. Antiseptics should meet a number of requirements, such
as a broad microbicidal spectrum of activity with rapid onset
and long-lasting effect, lack of toxicity towards host tissues/
cells, and with minor interference into healing processes [5].
However, most antiseptic solutions display toxicity [6]. Muller
and Kramer [7] introduced the biocompatibility index (BI) to
ensure a more informative comparison between different
antiseptics. BI is defined as the ratio of the mean

concentration of the antiseptic agent allowing 50% survival
(IC 50) of mouse fibroblasts L929 (ATCC CCL 1) after 30min
exposure at 37 �C against the mean concentration producing
3 log10 reduction in microbial colony-forming unit (E. coli and
S. aureus) after 30min exposure at 37 �C. Octenidine dihydro-
chloride and polyhexamethylene biguanide (PHMB) have
proved to be the most suitable agents with BI over one [7].

Polyhexamethylene guanidine (PHMG) derivates, belong-
ing to the polymeric guanidine family, have demonstrated
high effectiveness in medicine and the food industry [8]. An
expert meeting in 2008 recommended PHMB as a highly
appropriate substance for use in critically colonized or
infected acute and chronic wounds [9]. Structurally closely
related to PHMB, PHMG phosphate (PHMG-P) has been pro-
posed for applications in dentistry, although its toxicity with
regard to gingival tissue requires assessment to determine
optimal regimens of application in oral hygiene and dental
disease treatment [10,11].

Currently, the role of PHMG-P in the containment of peri-
odontitis may be attributed to its microbicidal effect on
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periopathogens, as well as on dental plaque-forming bacteria
decreasing the bio-burden on gingiva and thereby reducing
the inflammatory response [12]. A decline in inflammation
may limit accumulation of early and late inflammatory cyto-
kines and mediators, such as tumour necrosis factor (TNF)-a,
interleukin (IL)-1b, IL-6, IL-8, macrophage colony-stimulating
factor (MCS-F), IL-17, prostaglandin (PG) E2, and receptor acti-
vator of nuclear factor kappa-B ligand (RANKL) [13,14]. The
accumulation of cytokines may increase the levels of osteo-
clast differentiation factor and osteoclastogenesis, giving rise
to alveolar bone resorption and inhibition of osteogenic dif-
ferentiation [15].

A study examining PHMG hydrochloride (PHMG-H) has
shown a relatively low acute toxicity level (LD50 600mg/kg)
in a rat model [16]. PHMG-P, which has minor structural dif-
ferences compared to PHMG-H requires investigation regard-
ing its toxicity towards human gingival fibroblasts and ability
to increase or decrease inflammation. The aim of the current
study was to investigate the cytotoxicity of PHMG-P com-
pared to CHX, and their potential modulatory effects on
secretion of inflammatory mediators and matrix metallopro-
teinase (MMP)-1 by human gingival fibroblasts.

Materials and methods

Antiseptics

PHMG-P 70% (w/v) gel (Institute of Eco-Technological
Problems, Moscow, Russia) and 1% (w/v) CHX (Apotek
Produktion & Laboratorier AB, Stockholm, Sweden) were uti-
lized. Stock solutions for cell experiments were prepared ex
tempore under sterile conditions and used immediately.

Fibroblast culture

Human gingival fibroblasts were isolated and cultured from
gingival biopsies as previously described or purchased from
CLS Cell Lines Service GmbH, Eppelheim, Germany [17]. The
study was approved by the Regional Ethical Review Board in
Stockholm. Briefly, minced gingival explants were transferred
to 25 cm3 Falcon tissue culture flasks containing 5ml of
Dulbecco's Modified Eagle’s Medium (DMEM; Invitrogen Life
Technologies, Scotland, UK) supplemented with 4mM L-glu-
tamine, 50 units/ml penicillin, 50 lg/ml streptomycin and 5%
foetal calf serum (Invitrogen, Scotland, UK). The fibroblasts
were cultured at 37 �C and 5% CO2 in a humidified incubator
and routinely passaged at 80% confluency using 0.025% tryp-
sin in phosphate-buffered saline containing 0.02% EDTA
(Invitrogen, Scotland, UK). Cells between passages 10 and 14
were used in the subsequent studies.

Cell viability assay

The effect of PHMG-P and CHX on cell viability was evaluated
by determining metabolically active fibroblasts using a colori-
metric procedure described by Mosmann [18]. Human gin-
gival fibroblasts were seeded at 1� 104 cells/well in 96-well
tissue culture plates and cultivated for 24 h. The cells were

rinsed twice with serum-free DMEM, followed by the addition
of serum-free medium containing PHMG-P or CHX at concen-
trations 0.00005, 0.00009, 0.0005, 0.0009, 0.005, 0.009, 0.05,
0.1, 0.2, 0.5 and 1% w/v. The cells were incubated for another
24 h prior to the determination of cell viability using the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay according to the manufacturer’s instructions
(Abnova, Taipei, Taiwan). The MTT assay is based on the abil-
ity of living cells to uptake and convert tetrazolium bromide
to formazan via oxidoreductive mitochondrial function. Cells
killed with saponin were used as a negative control. The cells
were also treated with PHMG-P or CHX at 0.005, 0.05, 0.1,
0.2, 0.5 and 1% w/v for 1, 3, 15 and 30min. Fibroblasts were
rinsed twice with media supplemented with serum and ana-
lysed for cell viability. Optical density of the reaction product
was measured by spectrophotometer (Labsystems Multiskan
MS, Helsinki, Finland) at 540 nm. Cell viability was then
scored according to the following formula: Cell viability
(%)¼ (Optical density (OD) of the test group – OD of the
positive control)/(OD of the negative control group – OD
positive control)� 100. All cell culture experiments were car-
ried out in two independent series and analysed in
quadruplicate.

Stimulation of gingival fibroblasts with IL-1b

Effects of PHMG-P and CHX on the pro-inflammatory mole-
cules PGE2, IL-6, IL-8 and collagenase MMP-1 secreted by gin-
gival fibroblasts were assessed in non-stimulated cells and
cells stimulated with IL-1b.

Human gingival fibroblasts were seeded at a concentra-
tion 5� 105 cells/well in 24-well plates. Following overnight
incubation, cells were rinsed twice with serum-free media
and treated with antiseptics CHX and PHMG-P at concentra-
tions 0.000045% and 0.00009% (w/v) alone or in combination
with IL-1b (300 pg/ml) (R&D Systems Inc., Minneapolis, MN)
for 24 h. Serum-free DMEM or IL-1b served as negative and
positive controls, respectively. Conditioned media superna-
tants were collected and stored at –80 �C for further ana-
lysis. The PGE2, IL-6, IL-8 and MMP-1 levels in the
supernatants were determined from conditioned media
using commercial enzyme-linked immunosorbent assay
(ELISA) kits for PGE2 (Cayman Chemical, Ann Arbor, MI), IL-6,
IL-8 and MMP-1 (R&D Systems Inc., Minneapolis, MN) accord-
ing to the manufacturer's instructions. Absorbances were
recorded at 450 nm on a microplate spectrophotometer
(Labsystem Multiskan MS) with wavelength correction at
540 nm. Each antiseptic treatment was performed and ana-
lysed in triplicate.

Statistical analysis

Descriptive statistical data were computed and expressed as
the mean± standard deviation (SD). The differences between
treatment groups were determined by one-way ANOVA com-
bined with Tukey’s multiple comparison test. p Value�.05
was regarded as statistically significant. Data processing was
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performed using GraphPad Prism 6 (GraphPad Software, San
Diego, CA).

Results

Effect of PHMG-P and CHX on human gingival fibroblast
viability

Evaluation of the effects of antiseptics on human gingival
fibroblasts was performed by measuring the number of vital
cells remaining after antiseptic administration over 24 h and
in clinically relevant 1–30min exposure time.

After 1min of exposure, the maximum concentration of
antiseptics retaining vital metabolic activity of human gin-
gival fibroblasts was observed at 0.005% for both PHMG-P
and CHX (Figure 1(A)). A prolonged exposure time (1–30min)
of cells to PHMG-P at 0.005% caused loss of viability of cells

within 5min, whilst cells subjected to 0.005% CHX retained
viability even after 30min exposure (Figure 1(B)). Long-term
exposure (24 h) of cells to PHMG-P at concentrations higher
than 0.00009% resulted in loss of fibroblast viability, whereas
inhibition of fibroblasts viability by CHX occurred at concen-
trations higher than 0.0009% (Figure 1(C)).

Modulatory effect of PHMG-P and CHX on the secretion
of inflammatory mediators and MMP-1 by human
gingival fibroblasts

Human gingival fibroblasts were stimulated with IL-1b to
induce an inflammatory response whereupon the effect of
antiseptic administration of PHMG-P and CHX on the secre-
tion of PGE2, IL-6, IL-8 and MMP-1 was assessed. PHMG-P or
CHX alone did not affect the levels of PGE2, IL-6, IL-8 or

Figure 1. The effect of PHMG-P and CHX on cell viability of human gingival fibroblasts. (A) Viability of human gingival fibroblasts after 1min of exposure to PHMG-
P and CHX in the concentration range 0.005–1%. (B) Dynamics of gingival fibroblast viability after 30min time course following treatment with either PHMG-P or
CHX at 0.005%. (C) Viability of human gingival fibroblasts after 24 h of exposure to 0.00005–0.05% of PHMG-P and CHX. The differences between treatment groups
were determined by one-way ANOVA combined with Tukey’s multiple comparison test. p Value �.05 was regarded as statistically significant. All cell culture experi-
ments were carried out in two independent series and analysed in quadruplicate.
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MMP-1 whereas, as expected, stimulation with IL-1b resulted
in considerably increased levels of all four analysed mediators
compared to untreated cells (p< .0001) (Figure 2(A–C)).
Addition of PHMG-P or CHX along with IL-1b significantly
reduced the levels of PGE2 (p< .001), as well as IL-6, IL-8 and
MMP-1 production by fibroblasts (p< .05) at all tested con-
centrations (Figure 2(A–D)).

Discussion

For development of new biocompatible antibacterial agents
it is of utmost importance to assess both microbicidal activity
and cytotoxic effect on human tissues. Decreasing inflamma-
tion during periodontitis can be achieved by diminishing the
number of microorganisms, including periopathogenic, which
implies application of antiseptics at concentrations that result
in a significant reduction of microbial load on the periodon-
tium [19]. Previously, we have verified the swift bactericidal
activity of PHMG-P against periopathogenic bacteria at clinic-
ally-used concentrations and 20-fold dilutions [12]. In the cur-
rent experiments, both PHMG-P and CHX influenced

fibroblast viability at concentrations (0.005–0.00009%) lower
than those applied in medical practice (0.05–1%) and those
that displayed antimicrobial activity (0.05%) [12]. PHMG-P led
to the loss of fibroblast viability over 24 h exposure at con-
centrations 10 times lower than CHX demonstrating that
PHMG-P exhibited a stronger cytotoxic effect compared to
the gold-standard CHX. These results are consistent with data
of a previous study [20] which showed that PHMB was more
toxic towards keratinocytes than CHX. The more potent cyto-
toxic effect of PHMG-P compared to CHX may be linked to
its polymeric structure supporting enhanced adherence of
the antiseptic to the tissue surface [21,22]. Nevertheless, loss
of epithelial cells following antiseptic treatment should not
be interpreted as an absolutely negative phenomenon, con-
sidering the key role of periopathogens intracellular survival
in the pathogenesis of periodontitis [23]. To reduce cytotox-
icity of PHMG-P, liposome supplements or oil-in-water emul-
sions containing egg yolk phosphatidylcholine could be
added to the medicament [24].

Herein, we used in vitro gingival fibroblast culture, which
does not truly recapitulate the human oral cavity environ-
ment, where different factors gradually reduce the

Figure 2. The effect of PHMG-P and CHX on the secretion of inflammatory mediators by human gingival fibroblasts. The levels of PGE2 (A), IL-6 (B), IL-8 (C) and
MMP-1 (D) secreted by non-stimulated or IL-1b-stimulated human gingival fibroblasts after treatment with PHMG-P or CHX (0.000045% and 0.00009%) were
assessed in cell supernatants by ELISA. The differences between treatment groups were determined by one-way ANOVA combined with Tukey’s multiple compari-
son test. p Value �.05 was regarded as statistically significant (a, p� .001 compared to IL1-b and b, p� .005 compared to IL-1b). Med: media only; CHX45: CHX
0.000045%; CHX90: CHX 0.00009%; PHMG-P45: PHMG-P 0.000045% and PHMG-P90: PHMG-P 0.00009%.
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concentration of antiseptics, such as saliva and gingival crev-
icular fluid (GCF) [25]. Despite being toxic in vitro, PHMG-P
has high water solubility, and therefore allows it to be easily
diluted by saliva and GCF, and rapidly removed from peri-
odontal pockets, thus preventing harsh effects of PHMG-P on
epithelium [26]. PHMG-P not only interacts with the epithe-
lium but also with the lamina propria fibroblasts. Scaling and
root planing can damage the epithelial barrier of the peri-
odontal pockets and an antiseptic solution could therefore
directly affect the fibroblasts.

Molecules, less than 250 KDa or 40 Å, such as albumin,
endotoxin, thymidine and histamine, may penetrate the epi-
thelial lining via intercellular gaps reaching the connective
tissue fibroblasts [27]. Indeed studies have shown [28] that
CHX (0.2% w/v, Mw ¼505.446 g/mol) crossing of the basal
membrane results in retention of CHX in the connective tis-
sue at the non-toxic concentration of 1.5 pg, even after 24 h
exposure. The molecular weight of PHMG-P varies from 408
to 956 g/mol, which would allow these molecules to pass
through the mucosa and reach gingival fibroblasts, although
it remains to be determined whether these non-toxic concen-
trations reduce inflammation by disrupting pro-inflammatory
cytokines in vivo [29].

The present study showed immunomodulatory activity of
PHMG-P and CHX applied at low concentrations. R€ohner
et al. [30] have previously reported the property of PHMB
but not CHX to induce morphological cell damage after short
exposure time, resulting in the secretion and accumulation of
pro-inflammatory cytokines and chemokines, such as IL-1b,
IL-6, IL-7 and TNF-a. However, in the current study, neither
PHMG-P nor CHX provoked an inflammatory response from
the gingival cells. Moreover, treatment of IL-1b stimulated
human gingival fibroblasts with non-toxic concentrations of
both PHMG-P and CHX led to statistically significant reduc-
tion of PGE2, IL-6, IL-8 and MMP-1 levels. Previously, some
antibiotics have been reported to downregulate the expres-
sion of pro-inflammatory cytokines IL-6, IL-8 and MMP-1 by
fibroblasts [31].

The effect of antiseptics may be potentially justified by
the ability to interact with proteins and impair their function,
due to the chaotropic guanidine group in their structure,
which is common to all biguanides, including PHMG-P
[5,32,33]. CHX is known to substantially reduce the activity of
commercial proteases (trypsin, chymotrypsin and proteinase
K), cell-bound bacterial proteases (P. gingivalis and T. denti-
cola) and MMP-2, 8 and 9 [34,35]. An in vitro study [36] has
shown CHX to possess a strong short-term anti-inflammatory
effect, reducing the levels of the pro-inflammatory cytokines,
induced by P. gingivalis. Sakaki et al. [31] concluded that
PGE2 could also mediate IL-1b-stimulated expression of MMP-
1. Inhibition of PGE2 led to a decrease in MMP-1 production
levels. Thus, it is plausible that both (PHMG-P and CHX) anti-
septics could bind free IL-1b, PGE2 or interfered in the path-
way through which IL-1b upregulated inflammatory
mediators, and consequently blocked the pro-inflammatory
effect in human gingival fibroblasts resulting in the suppres-
sion of PGE2, IL-6, IL-8 and MMP-1 production [37]. The anti-
septics also may have bound IL-1b receptors preventing IL-
1b mediated stimulation or they may have neutralized

the released PGE2, IL-6, IL-8 and MMP-1 [22,38]. However, fur-
ther studies are required to elucidate the mechanisms of
action but they are outside the scope of the current
investigations.

Inactivation of early phase inflammatory cytokines by CHX
or PHMG-P may arrest progression of the periodontal dis-
eases. However, T€urko�glu et al. [39] failed to confirm a correl-
ation between clinical improvement and diminished
production of cytokines in GCF after CHX treatment. The
interrelationship between polypeptide signalling mechanisms
and tissue destruction during periodontitis pathogenesis con-
firms the importance of targeting inflammatory pathways,
ranging from inflammatory cell recruitment and pro-inflam-
matory cytokines expression to RANKL-dependent osteoclas-
togenesis [40].

The current study shows that both CHX and PHMG-P can
diminish concentration of cytokines during inflammation
potentially providing additional benefit to the patient by
exerting an immunomodulatory effect through arrest of pro-
inflammatory molecule network, coupled to bactericidal
effects, reduction in microbial and antigen load, and a mod-
erate cytotoxic effect following exfoliation of epithelial cells
burdened with periodontopathogenic bacteria [12,23].

Conclusions

Both PHMG-P and CHX displayed cytotoxic effects towards
fibroblasts at concentrations lower than those used in clinical
practice. PHMG-P exhibited higher toxicity within shorter
time frame than CHX. PHMG-P and CHX displayed anti-
inflammatory properties via reduction of IL-1b-induced secre-
tion of PGE2, IL-6, IL-8 and MMP-1 by gingival fibroblasts.
PHMG-P as an antiseptic substance could be used for the
control of periodontal diseases not only due to its antimicro-
bial activity, but also due to its property to reduce concentra-
tions of pro-inflammatory mediators.
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