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Introduction

Polyhexanide is a local antiseptic that was first introduced 
to medicine by the Swiss surgeon Willenegger in the early 
1990s [1]. Today, polyhexanide-containing solutions are the 
most frequently used antiseptic solutions in orthopaedic and 
trauma surgery [2]. Polyhexanide is a cationic polymer that 
attaches to bacterial membranes. It attaches directly to the 
negatively loaded phospholipids of these membranes and 
destabilizes them. human and animal cell membranes are 
affected only in a very restricted way. Therefore, polyhexa-
nide is sometimes said to be superior to other local action 
agents, such as chlorhexidine, because of an increased 
risk–benefit ratio [3, 4]. The main target of polyhexanide is 
phosphatidylglycerol [3]. Other high affinity targets are the 
peptidoglycan components of the cell wall and proteins of 
the cytoplasmic membrane, the lipopolysaccharides that are 
part of the outer membrane of gram-positive bacteria and 
the teichoic acids that are part of the outer surface of gram-
positive bacteria. In addition, 0.1 % polyhexanide combined 
with 0.1 % betadine surfactant significantly reduces artificial 
biofilm of P. aeruginosa grown for 10 weeks on the inner 
surface of silicone tubing [5]. It has been shown that biofilms 
do appear in nasal diseases such as adenoid hypertrophy, 
nasal polyposis and chronic rhinosinusitis [6]. Biofilm is a 
natural habitat for bacteria, and it is characterized by micro-
colonies embedded in a self-made matrix of biopolymers. 
It offers a stable structure and a shield against biocides as 
well as host defence mechanisms [7]. Polyhexanide is bound 
by electrostatic interaction at lower concentrations, and as 
the concentration increases, hydrogen bonding becomes 
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dominant. In sequences, these binding mechanisms may 
accumulate polyhexanide in most biofilm matrices. Assum-
ing the adsorption/desorption ratio is constant, the concen-
tration of free polyhexanide increases during accumulation, 
making the matrix more toxic for resident microorganisms 
[7]. Polyhexanide reduces the total amount of biofilm and 
bacterial metabolism in biofilm produced by P. aeruginosa 
[8]. Polyhexanide also inhibits growth of legionella in cool-
ing water systems [9].

In EnT, polyhexanide is used for the eradication of mul-
tiresistant bacteria like methicillin-resistant Staphylococcus 
aureus (MRSA), especially in nasal colonization. Several 
forms of polyhexanide-containing solutions are commer-
cially produced, such as gels or solutions for topical use 
(e.g. lavasept® Concentrate and Prontoderm® nasal gel/B. 
Braun). Concentrations for clinical use are 0.02 and 0.04 %. 
Successful eradication and wound disinfection of MRSA 
were shown in pressure ulcers with polyhexanide and cel-
lulose dressing [10]. Antimicrobial activity of polyhexanide 
against MRSA occurs with concentrations of 1 and 2 µg/
ml. When used against E. coli, the minimum microbiostatic 
concentration for polyhexanide is 2 µg/ml [11]. It has been 
suggested that the mucin in nasal secretion prevents the 
antimicrobial activity of therapeutic concentrations of pol-
yhexanide against S. aureus [12]. Although polyhexanide 
seems to be a useful tool in fighting infections and bio-
film, its influence on ciliary beat frequency (CBF) has not 
been evaluated to date. Cells containing human cilia can be 
found in the nose and the other parts of the upper and lower 
respiratory tract. Their main duty is the elimination of dust 
and inhaled particles. A synchronous and fast beating is 
required for impeccable function. The debris is transported 
in a layer of mucus, and the transportation mechanism is 
mostly understood [13–15]. In contrast, the factors influ-
encing CBF are still under debate and are affected by many 
aspects, such as temperature, disease and long-term expo-
sure to nicotine or alcohol [16–20]. The CBF of nasal epi-
thelia cells in culture media is time dependent [16–19, 21, 
22]. The CBF increases with the use of nasal continuous 
positive airway pressure (CPAP) therapy [20, 22]. In dis-
eases where a reduction of the ciliary beat is predominant, 
such as primary ciliary dyskinesia (PCD), chronic otitis 
media and chronic rhinosinusitis are found more frequently 
than in a reference group [23]. Therefore, this study aims 
to report on whether lavasept concentrate and its ingredi-
ents polyhexanide and macrogol 4000 (polyethylene glycol 
4000) influence CBF of human nasal epithelial cells.

Materials and methods

The study was performed in the Department of Otorhi-
nolaryngology, head and neck Surgery at the University 

hospital Mannheim, germany. The protocol was approved 
and reviewed by the local ethics board of the Medical 
Faculty Mannheim, University of heidelberg (reference 
number: 2010-267n-MA). Written informed consent was 
obtained from all participants. We collected ciliated sam-
ples by brushing the inferior nasal turbinate of 20 healthy 
non-smoking volunteers (10 male, 10 female, 21–40 years 
old) with a standard cytology brush (gynobrush Plus, 
heinz herenz, hamburg, germany). Volunteers were 
asked to blow their noses for cleaning before the sample 
was collected. Anterior rhinoscopy was performed to deter-
mine the wider nasal passage, and the brush was dipped in 
0.9 % saline solution before harvesting the ciliated cells 
by scraping the nasal mucosa. Immediately after brushing, 
the brush was submerged in 5 ml of RPMI medium (RPMI 
1640, cell culture tested, standard, l-glutamine: 300 mg/l, 
PromoCell, heidelberg, germany). Cells were dislodged 
into the media by shaking and rotating the brush. Ciliated 
cells from the same volunteer served as negative control 
for each test series. The experiments were performed 3–9 h 
after the cells were collected during a known plateau phase 
in which the CBF is stable in RPMI medium [21]. The cells 
were transferred into a capped Petri dish and the follow-
ing agents were added: lavasept (B. Braun Melsungen Ag, 
Melsungen, germany), polyhexanide (Caesar and loretz, 
hilden, germany) or polyethylene glycol 4000 alias mac-
rogol 4000 (Fagron, Barsbüttel, germany; concentration 
equivalent to the concentration of lavasept). In addition, 
Ringer’s lactate solution served as a negative control (con-
trol group) in each test series. The order of tested samples 
was randomized before beginning the experiments. The 
concentrations used and the number of samples are listed 
in Table 1. Since the time between the addition of tested 
media and the taking of the first video sequence aver-
aged 10–30 s, t = 0 min could not be determined. There-
fore, normalization was not possible between the differ-
ent tested substances, and the first data point gathered was 
t = 1 min. Only five samples of lavasept at 0.1 % con-
centration were analysed due to the massive reduction in 
CBF induced at this concentration (see “Results”). After-
wards, the Petri dish was placed under an inverted phase 
contrast microscope (leica Microsystems gmbh, Wetzlar, 
germany), magnification was set to 400 and a cluster of 
beating mucosa cells was selected immediately. Due to 

Table 1  Concentrations and number of tested samples

0.01 % 0.02 % 0.04 % 0.1 %

lavasept 20 20 20 5

Polyhexanide 5 5 5 –

Macrogol 4000 5 5 5 –

Ringer’s lactate (control group) – – – 20
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the fact that disrupted ciliated epithelial edges show sig-
nificantly lower CBF, we selected only intact cell clusters 
[24]. SAVA system’s high-speed digital camera was used 
to record sequences of 2 s at a frame rate of 100 frames 
per second (fps) [25]. Sequences were recorded every min-
ute for 20 min in total. CBF measuring was performed with 
the help of the SAVA system’s “region of interest” (ROI) 
method (see Fig. 1). A rectangle surrounding the cluster’s 
beating edge was selected, and within this rectangle, recur-
ring patterns of bright/dark changes were automatically 
analysed [25]. Since CBF depends on temperature, we 
began the experiment after the temperature reached a sta-
ble plateau at 22 °C. Furthermore, the experiment was con-
ducted in a temperature-controlled environment [26]. Sta-
tistical analysis and graphs were completed using the open 
source environment “R” [27].

Results

lavasept concentrate

Each sample (n = 20) could be analysed. Compared to 
the control group, CBF was reduced significantly by a 
0.1 % concentration of lavasept after 60 s (control group: 
8.90 ± 1.64 hz, verum group: 1.27 ± 1.39 hz, p > 0.001). 
After 5 min, no beating cilia could be detected in any 
cell cluster. Floating organelles were seen in the culture 
media. With a 0.04 % concentration of lavasept, a signifi-
cant reduction of CBF could be detected after 60 s (con-
trol group: 8.90 ± 1.64 hz, verum group: 5.00 ± 3.72 hz, 
p > 0.001). After 10 min, all cilia had stopped beating. 
Floating organelles were seen in the culture media. It took 

5 min for a 0.02 % concentration of lavasept to decrease 
CBF significantly (control group: 8.64 ± 1.71 hz, verum 
group: 3.30 ± 3.30 hz, p < 0.001). After 20 min, some 
beating cilia could still be seen, but the experiment was 
stopped nevertheless (0.10 ± 0.47 hz). A 0.01 % con-
centration of lavasept significantly lowered the CBF 

Fig. 1  Example of intact ciliated cell with beating cilia clearly vis-
ible. The region of interest (ROI) was selected with a green box for 
further analysis

Fig. 2  lavasept concentrate induced time- and concentration-
dependent CBF reduction

Table 2  lavasept concentrate time- and concentration-dependent 
CBF change in hz, time in min

Time 0.01 % 0.02 % 0.04 % 0.10 %

1 8.6 ± 2.5 6.9 ± 2.6 6.5 ± 3.5 4.8 ± 2.1

2 8.3 ± 2.8 7.4 ± 2.9 5.2 ± 38 13 ± 15

3 7.9 ± 2.9 6.1 ± 3.8 3.1 ± 3.5 08 ± 1.1

4 7.9 ± 3.0 4.6 ± 3.3 2.0 ± 2.6 0.2 ± 0.5

5 7.2 ± 3.3 4.4 ± 3.7 1.4 ± 2.7 0.0 ± 0.0

6 6.8 ± 3.1 3.5 ± 3.4 0.7 ± 1.7

7 6.4 ± 3.4 3.1 ± 2.8 0.4 ± 1.2

8 5.9 ± 3.3 2.6 ± 2.6 0.3 ± 1.0

9 5.4 ± 3.2 1.5 ± 1.9 0.2 ± 0.9

10 5.0 ± 3.4 1.0 ± 1.6 0.0 ± 0.0

11 5.4 ± 3.3 1.1 ± 1.7

12 4.8 ± 3.5 1.0 ± 1.5

13 4.3 ± 3.5 0.8 ± 1.4

14 4.0 ± 3.6 0.5 ± 1.0

15 3.3 ± 3.5 0.4 ± 1.0

16 2.9 ± 3.3 0.4 ± 0.9

17 2.7 ± 3.0 0.1 ± 0.3

18 2.3 ± 2.8 0.1 ± 0.5

19 2.1 ± 2.9 0.1 ± 0.3

20 2.0 ± 2.8 0.0 ± 0.0
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after 5 min (control group: 8.64 ± 1.71 hz, verum group: 
6.70 ± 3.24 hz, p < 0.001). Although the CBF was signifi-
cantly reduced (1.91 ± 2.68 hz), beating cilia could still be 
seen after 20 min when the experiment was ended. Figure 2 
gives a graphical interpretation of the data (see Table 2).

Polyhexanide

Each sample (n = 5) could be analysed. Compared to 
the control group, CBF was reduced significantly by a 
0.04 % concentration of polyhexanide after 60 s (control 
group: 8.90 ± 1.64 hz, verum group: 6.28 ± 3.62 hz, p 
value = 0.005). After 10 min, no beating cilia could be 
detected in any cell cluster. Floating organelles were seen 
in the culture media. With a 0.02 % concentration of pol-
yhexanide, a significant reduction could be detected after 
5 min (control group: 8.90 ± 1.71 hz, verum group: 
0.80 ± 1.23 hz, p < 0.001). After 10 min, all cilia had 
stopped beating. Floating organelles were seen in the cul-
ture media. It took 10 min for a 0.01 % concentration of 
polyhexanide to decrease CBF significantly (control group: 
8.45 ± 1.65 hz, verum group: 3.60 ± 3.79 hz, p < 0.001). 
After 20 min, some beating cilia could be detected still 
(2.28 ± 2.70 hz) (see Fig. 3; Table 3).

Macrogol

Each sample (n = 5) could be analysed. Compared to the 
control group, CBF was not reduced significantly after 
20 min. Increased macrogol concentrations had no influ-
ence on the CBF. After 20 min in a macrogol-containing 

solution (with a concentration equivalent to that of 0.04 % 
lavasept), the cilia were still beating with a frequency 
of 8.59 ± 1.07 hz. Since there were no significant CBF 
changes, only five test series of macrogol were completed 
(see Fig. 4; Table 4).

Fig. 3  Polyhexanide induced time- and concentration-dependent 
CBF reduction

Table 3  Polyhexanide induced time- and concentration-dependent 
CBF change in hz, time in min

Time 0.01 % 0.02 % 0.04 %

1 7.5 ± 0.3 4.8 ± 3.5 9.4 ± 2.4

2 8.3 ± 0.7 3.2 ± 1.9 6.3 ± 4.1

3 10.1 ± 1.6 1.6 ± 1.3 3.8 ± 3.5

4 6.7 ± 4.0 1.3 ± 1.1 0.9 ± 0.8

5 8.3 ± 2.9 1.1 ± 1.5 0.3 ± 0.6

6 7.5 ± 3.6 0.8 ± 1.5 0.2 ± 0.3

7 6.8 ± 4.7 0.5 ± 1.1 0.1 ± 0.2

8 6.2 ± 5.2 0.0 ± 0.0 0.0 ± 0.0

9 5.2 ± 5.0

10 4.2 ± 4.5

11 3.9 ± 4.1

12 2.7 ± 3.8

13 3.9 ± 4.3

14 4.2 ± 4.6

15 3.6 ± 4.7

16 3.6 ± 4.3

17 2.3 ± 2.5

18 2.3 ± 2.7

19 1.8 ± 2.3

20 2.0 ± 2.8

Fig. 4  Macrogol induced time- and concentration-dependent CBF 
changes
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Ringer’s lactate solution

The Ringer’s lactate solution served as a negative control in 
each test series (see Table 5).

Discussion

Polyhexanide

Because lavasept concentrate—a polyhexanide-contain-
ing solution—is used in EnT for intranasal application 
and there is no data available to date about the influence 
of lavasept or its ingredients on CBF, we investigated 
the CBF of human nasal epithelial cells in a lavasept-
containing media. nasal ciliary cells from healthy non-
smoking volunteers were harvested and transferred into a 
culture medium containing lavasept in concentrations that 
are used in daily clinical routine. CBF was analysed using 
a high-speed digital camera, a phase contrast microscope 
and image analysis software. Ringer’s solution and macro-
gol 4000 (polyethylene glycol 4000) were used as negative 
controls. lavasept concentrate decreased CBF time- and 
concentration-dependent changes significantly in all ana-
lysed concentrations. Preliminary tests using pure pol-
yhexanide in a comparable concentration showed the same 
reduction in CBF. Tests using macrogol 4000, the second 

(and stabilizing) ingredient of lavasept, in a concentration 
used in lavasept showed no reduction of CBF. no reduc-
tion of CBF could be observed using the negative control 
Ringer’s solution either. After adding the tested agent, the 
Petri dish was placed under the microscope and the ciliated 
cell was located and visualized.

To date, no negative effect on human or animals cells 
has been reported with the use of polyhexanide. Polyhexa-
nide treatment accelerated wound healing in an experiment 
conducted on superficial aseptic skin wounds compared to 
an untreated placebo group [28]. however, Kramer et al. 
[28] used polyhexanide for 3 weeks; we evaluated a pos-
sible effect after 20 min. This difference may decrease 
comparability.

To explain the effect of polyhexanide on CBF, a possi-
ble model may be the interaction of polyhexanide with the 
outer surface of human nasal epithelial cells. Being a cati-
onic polymer, polyhexanide attaches to negatively loaded 
phospholipids of bacterial membranes and thereby destabi-
lizes those membranes. Bacterial membranes (gram-nega-
tive and gram-positive) are stabilized by divalent magne-
sium and calcium ions because of their negatively charged 
outer surface. Polyhexanide replaces those ions [3, 4]. The 
fact that these binding characteristics depend on concentra-
tion may explain the concentration-dependent CBF reduc-
tion [29]. This was found upon conducting experiments 
with liposomes. Phosphatidylglycerol was identified as 

Table 4  Macrogol induced time- and concentration-dependent CBF 
change in hz, time in min

Time 0.01 % 0.02 % 0.04 %

1 9.7 ± 1.2 10.1 ± 2.2 8.8 ± 1.1

2 10.6 ± 2.1 10.2 ± 1.6 8.4 ± 0.9

3 9.8 ± 1.9 9.7 ± 1.1 8.6 ± 0.3

4 10.4 ± 2.4 10.0 ± 1.7 8.4 ± 0.8

5 9.9 ± 1.7 9.4 ± 2.0 8.4 ± 0.7

6 9.7 ± 1.7 9.1 ± 1.3 8.7 ± 0.6

7 10.1 ± 1.6 9.7 ± 1.0 8.8 ± 0.8

8 10.0 ± 1.3 10.1 ± 2.4 9.1 ± 1.4

9 9.5 ± 1.9 9.4 ± 1.5 8.0 ± 0.9

10 9.6 ± 1.0 10.4 ± 2.7 8.9 ± 1.0

11 9.8 ± 2.2 10.4 ± 1.1 8.3 ± 0.6

12 9.8 ± 1.7 9.9 ± 1.3 8.6 ± 1.0

13 10.5 ± 3.0 9.3 ± 1.3 8.5 ± 1.0

14 10.1 ± 1.9 9.1 ± 2.1 8.6 ± 1.0

15 9.8 ± 1.5 9.6 ± 2.5 8.9 ± 1.1

16 9.9 ± 1.9 9.4 ± 2.0 8.6 ± 0.8

17 9.4 ± 1.5 10.0 ± 1.3 8.3 ± 0.8

18 10.0 ± 2.0 9.7 ± 1.7 8.6 ± 1.7

19 10.2 ± 1.6 9.3 ± 2.3 8.8 ± 1.4

20 9.8 ± 2.6 9.7 ± 1.6 8.5 ± 1.1

Table 5  Ringer’s lactate (control group) induced time- and concen-
tration-dependent CBF change in hz, time in min

Time 0.04 %

1 8.6 ± 1.8

2 8.7 ± 1.8

3 8.4 ± 1.5

4 8.4 ± 1.4

5 8.6 ± 1.9

6 8.6 ± 1.9

7 8.6 ± 1.6

8 9.0 ± 1.7

9 8.4 ± 1.8

10 8.3 ± 1.6

11 8.4 ± 1.8

12 8.8 ± 1.8

13 8.8 ± 1.9

14 8.5 ± 2.0

15 8.6 ± 1.6

16 8.3 ± 1.6

17 8.6 ± 1.4

18 9.6 ± 1.8

19 9.3 ± 2.5

20 9.4 ± 1.6
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the main target of polyhexanide. Phosphatidylglycerol is 
one of the main components of gram-positive S. aureus 
(37 %) and gram-negative E. coli membranes [3]. Other 
high affinity targets are peptidoglycan components exist-
ing in the bacterial cell wall and lipopolysaccharides that 
are part of the outer membrane of gram-positive bacteria 
and teichoic acids, which are also part of the outer mem-
brane of gram-positive bacteria [3]. These known targets 
of polyhexanide are not part of the human cell wall [30]. 
however, phosphatidylglycerol is a glycophospholipid 
that appears to be a human surfactant [31]. In contrast to 
the bacterial membrane, the glycophospholipids found in 
human plasma membrane are somewhat different from the 
ones found in the bacterial membrane. The human cytosolic 
side mainly consists of phosphatidylethanolamine, phos-
phatidylserine, and phosphatidylinositol. The exoplasmic 
side mainly consists of phosphatidylcholine and sphingo-
myelin, a type of sphingolipid [30]. All glycophospholip-
ids exhibit the same structure and consist of an ionic head 
group and a hydrophobic tail. Common for all of the head 
groups is a negatively charged phosphate group, but posi-
tive charges can also be found [32]. Ionic head groups are 
placed at the inner and outer surfaces of the cell membrane 
[30]. We suggest that polyhexanide, bound at the outer sur-
face of human nasal epithelia cells, interacts with the ionic 
head group and disrupts the integrity of the membrane. A 
calcium efflux occurring when cell membranes are dis-
rupted is known to interfere with the CBF [33, 34]. This is 
supported by a cell lysis we detected by floating cell orga-
nelles in the media. As CBF is known to be temperature 
dependent, the experiment was conducted in a temperature-
controlled environment [17]. Therefore, a temperature-
induced change of CBF was excluded.

Macrogol

Macrogol 4000 is a chemical inactive, inert polymer of 
ethylene glycol that is used in medicine as a laxative for 
chronic constipation because of its osmotic effect. It is 
added to lavasept concentrate at a concentration of 10 g/l 
as a stabilizing agent [35–37]. Because of its osmotic char-
acteristics, we suggested that there could be an effect on 
nasal epithelia cell wall and on CBF, but this could not be 
confirmed. We recorded no changes in CBF after adding 
macrogol 4000 in the same concentration used in lavasept.

limitations of the study

Since the tested agents began influencing the CBF imme-
diately upon addition and the first data point collected was 
t = 1 min, the starting values of the tested substances were 
not directly comparable. It is therefore possible that the 

initial effect during t = 0 min and t = 1 min is underesti-
mated in the analysis given.

Conclusion

In conclusion, polyhexanide as a main ingredient of 
lavasept concentrate significantly reduces CBF of human 
nasal epithelia in therapeutic concentrations. As there are 
no data on the effect of other topical antibacterial drugs, 
an alternative formulation may not be given. A necessary 
step in enhancing the safety profile of lavasept would be to 
gather convalescence data of CBF after polyhexanide expo-
sure. Due to the above-mentioned results, lavasept should 
be used on ciliated mucosa only with care, with a strictly 
set medical indication and in a concentration of 0.02 %.

Conflict of interest There is no conflict of interest.

References

 1. Willenegger h (1994) local antiseptics in surgery–rebirth and 
advances. Unfallchirurgie 20(2):94–110

 2. Rohner E, Seeger JB, hoff P, Pfitzner T, Preininger B, Andreas 
K, Buttgereit F, Perka C, Matziolis g (2011) Preferred use of pol-
yhexanide in orthopedic surgery. Orthopedics 34(10):e664–e668. 
doi:10.3928/01477447-20110826-10

 3. Ikeda T, Tazuke S, Watanabe M (1983) Interaction of biologically 
active molecules with phospholipid membranes. I. Fluorescence 
depolarization studies on the effect of polymeric biocide bear-
ing biguanide groups in the main chain. Biochim Biophys Acta 
735(3):380–386

 4. Ikeda T, ledwith A, Bamford Ch, hann RA (1984) Interaction 
of a polymeric biguanide biocide with phospholipid membranes. 
Biochim Biophys Acta 769(1):57–66

 5. Seipp hM, hoffmann S, hack A, Skowronsky A, hauri A (2005) 
Efficacy of various wound irrigation solutions against biofilms. 
Zf W (4):160–164

 6. gelardi M, Passalacqua g, Fiorella Ml, Quaranta n (2013) 
Assessment of biofilm by nasal cytology in different forms of rhi-
nitis and its functional correlations. Eur Ann Allergy Clin Immu-
nol 45(1):25–29

 7. Kaehn K (2010) Polihexanide: a safe and highly effective biocide. 
Skin Pharmacol Physiol 23(Suppl):7–16. doi:10.1159/000318237

 8. hubner nO, Matthes R, Koban I, Randler C, Muller g, Bender 
C, Kindel E, Kocher T, Kramer A (2010) Efficacy of chlo-
rhexidine, polihexanide and tissue-tolerable plasma against 
Pseudomonas aeruginosa biofilms grown on polystyrene and 
silicone materials. Skin Pharmacol Physiol 23(Suppl):28–34. 
doi:10.1159/000318265

 9. Kusnetsov JM, Tulkki AI, Ahonen hE, Martikainen PJ (1997) 
Efficacy of three prevention strategies against legionella in cool-
ing water systems. J Appl Microbiol 82(6):763–768

 10. Wild T, Bruckner M, Payrich M, Schwarz C, Eberlein T, Andries-
sen A (2012) Eradication of methicillin-resistant Staphylococcus 
aureus in pressure ulcers comparing a polyhexanide-containing 
cellulose dressing with polyhexanide swabs in a prospective ran-
domized study. Adv Skin Wound Care 25(1):17–22. doi:10.1097/
01.ASW.0000410686.14363.ea

http://dx.doi.org/10.3928/01477447-20110826-10
http://dx.doi.org/10.1159/000318237
http://dx.doi.org/10.1159/000318265
http://dx.doi.org/10.1097/01.ASW.0000410686.14363.ea
http://dx.doi.org/10.1097/01.ASW.0000410686.14363.ea


Eur Arch Otorhinolaryngol 

1 3

 11. Assadian O, Wehse K, hubner nO, Koburger T, Bagel S, Jethon 
F, Kramer A (2011) Minimum inhibitory (MIC) and minimum 
microbicidal concentration (MMC) of polihexanide and triclosan 
against antibiotic sensitive and resistant Staphylococcus aureus 
and Escherichia coli strains. gMS Krankenhhyg Interdiszip 6 
(1):Doc06. doi:10.3205/dgkh000163

 12. Ansorg R, Rath PM, Fabry W (2003) Inhibition of the anti-staph-
ylococcal activity of the antiseptic polihexanide by mucin. Arz-
neimittelforschung 53(5):368–371. doi:10.1055/s-0031-1297121

 13. Chapman KR, Allen lJ, Romet TT (1990) Pulmonary function in 
normal subjects following exercise at cold ambient temperatures. 
Eur J Appl Physiol Occup Physiol 60(3):228–232

 14. Satir P, Sleigh MA (1990) The physiology of cilia and 
mucociliary interactions. Annu Rev Physiol 52:137–155. 
doi:10.1146/annurev.ph.52.030190.001033

 15. hilfinger A, Chattopadhyay AK, Julicher F (2009) nonlinear 
dynamics of cilia and flagella. Phys Rev E Stat nonlinear Soft 
Matter Phys 79(5 Pt 1):051918

 16. Stannard W, O’Callaghan C (2006) Ciliary function and the role 
of cilia in clearance. J Aerosol Med 19(1):110–115. doi:10.1089/
jam.2006.19.110

 17. Jorissen M, Bessems A (1995) Influence of culture duration and 
ciliogenesis on the relationship between ciliary beat frequency 
and temperature in nasal epithelial cells. Eur Arch Otorhinolaryn-
gol 252(8):451–454

 18. Shah AS, Ben-Shahar y, Moninger TO, Kline Jn, Welsh MJ 
(2009) Motile cilia of human airway epithelia are chemosensory. 
Science 325(5944):1131–1134. doi:10.1126/science.1173869

 19. Chen B, Shaari J, Claire SE, Palmer Jn, Chiu Ag, Kennedy DW, 
Cohen nA (2006) Altered sinonasal ciliary dynamics in chronic 
rhinosinusitis. Am J Rhinol 20(3):325–329

 20. Elliott MK, Sisson Jh, Wyatt TA (2007) Effects of cigarette 
smoke and alcohol on ciliated tracheal epithelium and inflamma-
tory cell recruitment. Am J Respir Cell Mol Biol 36(4):452–459. 
doi:10.1165/rcmb.2005-0440OC

 21. Sommer JU, gross S, hormann K, Stuck BA (2010) Time-depend-
ent changes in nasal ciliary beat frequency. Eur Arch Otorhi-
nolaryngol 267(9):1383–1387. doi:10.1007/s00405-010-1211-5

 22. Sommer JU, Kraus M, Birk R, Schultz JD, hormann K, Stuck 
BA (2013) Functional short- and long-term effects of nasal 
CPAP with and without humidification on the ciliary function of 
the nasal respiratory epithelium. Sleep & breathing = Schlaf & 
Atmung. doi:10.1007/s11325-013-0853-0

 23. Sommer JU, Schafer K, Omran h, Olbrich h, Wallmeier J, Blum 
A, hormann K, Stuck BA (2011) EnT manifestations in patients 
with primary ciliary dyskinesia: prevalence and significance of 
otorhinolaryngologic co-morbidities. Eur Arch Otorhinolaryngol 
268(3):383–388. doi:10.1007/s00405-010-1341-9

 24. Thomas B, Rutman A, O’Callaghan C (2009) Disrupted ciliated epi-
thelium shows slower ciliary beat frequency and increased dyskine-
sia. Eur Respir J 34(2):401–404. doi:10.1183/09031936.00153308

 25. Sisson Jh, Stoner JA, Ammons BA, Wyatt TA (2003) All-digital 
image capture and whole-field analysis of ciliary beat frequency. 
J Microsc 211(Pt 2):103–111

 26. Sommer JU, gross S, hormann K, Stuck BA (2010) Time-depend-
ent changes in nasal ciliary beat frequency. Eur Arch Otorhi-
nolaryngol 267(9):1383–1387. doi:10.1007/s00405-010-1211-5

 27. Team RC (2014) R: a language and environment for statistical 
computing. Austria, Vienna

 28. Kramer A, Roth B, Muller g, Rudolph P, Klocker n (2004) Influ-
ence of the antiseptic agents polyhexanide and octenidine on Fl 
cells and on healing of experimental superficial aseptic wounds 
in piglets. A double-blind, randomised, stratified, controlled, 
parallel-group study. Skin Pharmacol Physiol 17(3):141–146. 
doi:10.1159/000077241

 29. Blackburn RS, harvey A, Kettle ll, Payne JD, Russell SJ 
(2006) Sorption of poly(hexamethylenebiguanide) on cellulose: 
mechanism of binding and molecular recognition. langmuir 
22(13):5636–5644. doi:10.1021/la053002b

 30. Cooper gM (2000) Structure of the plasma membrane. The cell: a 
molecular approach, 2nd edn. Sinauer Associates, Sunderland, MA

 31. King RJ, MacBeth MC (1981) Interaction of the lipid and protein 
components of pulmonary surfactant. Role of phosphatidylglyc-
erol and calcium. Biochim Biophys Acta 647(2):159–168

 32. hermansson M, hokynar K, Somerharju P (2011) Mechanisms 
of glycerophospholipid homeostasis in mammalian cells. Prog 
lipid Res 50(3):240–257. doi:10.1016/j.plipres.2011.02.004

 33. Ma W, Silberberg SD, Priel Z (2002) Distinct axonemal processes 
underlie spontaneous and stimulated airway ciliary activity. J gen 
Physiol 120(6):875–885

 34. Zhang l, Sanderson MJ (2003) Oscillations in ciliary beat fre-
quency and intracellular calcium concentration in rabbit tracheal 
epithelial cells induced by ATP. J Physiol 546(Pt 3):733–749

 35. Badiali D, Corazziari E (1999) Use of low dose polyethylene 
glycol solutions in the treatment of functional constipation. Ital J 
gastroenterol hepatol 31(Suppl 3):S245–S248

 36. De giorgio R, Cestari R, Corinaldesi R, Stanghellini V, Barbara 
g, Felicani C, Di nardo g, Cucchiara S (2011) Use of macro-
gol 4000 in chronic constipation. Eur Rev Med Pharmacol Sci 
15(8):960–966

 37. gordon M, naidoo K, Akobeng AK, Thomas Ag (2012) 
Osmotic and stimulant laxatives for the management of child-
hood constipation. Cochrane Database Syst Rev 7:CD009118. 
doi:10.1002/14651858.CD009118.pub2

http://dx.doi.org/10.3205/dgkh000163
http://dx.doi.org/10.1055/s-0031-1297121
http://dx.doi.org/10.1146/annurev.ph.52.030190.001033
http://dx.doi.org/10.1089/jam.2006.19.110
http://dx.doi.org/10.1089/jam.2006.19.110
http://dx.doi.org/10.1126/science.1173869
http://dx.doi.org/10.1165/rcmb.2005-0440OC
http://dx.doi.org/10.1007/s00405-010-1211-5
http://dx.doi.org/10.1007/s11325-013-0853-0
http://dx.doi.org/10.1007/s00405-010-1341-9
http://dx.doi.org/10.1183/09031936.00153308
http://dx.doi.org/10.1007/s00405-010-1211-5
http://dx.doi.org/10.1159/000077241
http://dx.doi.org/10.1021/la053002b
http://dx.doi.org/10.1016/j.plipres.2011.02.004
http://dx.doi.org/10.1002/14651858.CD009118.pub2

	Polyhexanide-containing solution reduces ciliary beat frequency of human nasal epithelial cells in vitro
	Abstract 
	Introduction
	Materials and methods
	Results
	Lavasept concentrate
	Polyhexanide
	Macrogol
	Ringer’s lactate solution

	Discussion
	Polyhexanide
	Macrogol
	Limitations of the study

	Conclusion
	Conflict of interest 
	References


