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Chitosan films are NOT antimicrobial
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Abstract Chitosan is a promising biomaterial for
biomedical applications and is currently applied as
wound dressings. While chitosan solutions demon-
strate strong bactericidal activity against a range of
medically important bacteria, the study here reports a
loss of this beneficial property in thin films cast from
the same solutions. Chitosan films (20 pm) showed
no inhibitory effects against Escherichia coli, Staph-
yvlococcus aureus or S. epidermidis species. In
contrast, solutions used to prepare the films showed
almost complete inhibition (~98 £ 2%) when tested
on bacterial lawns and in liquid cultures. Increased
acidity of the chitosan solutions (pH 5) was shown to
promote the bactericidal effects of this biopolymer.
The concept that devices fabricated from chitosan
have an inherent antimicrobial activity is suggested
as an important misconception.
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Introduction

Chitosan is a natural biopolymer derived from crus-
tacea and structurally similar to hyaluronic acid, a
polymer component of the extracellular matrix
(ECM), making it particularly attractive for tissue
engineering (Muzzarelli et al. 1999). As an FDA (Food
and Drug Administration, USA) approved biomaterial,
chitosan is currently used in a number of commercial
applications including wound dressings. Chitosan
wound dressings are associated with greater macro-
phage infiltration to the wound site, greater numbers
of mitotic cells in the wound bed, increased angio-
genesis, faster re-epithelialisation and greater collagen
deposition, leading to enhanced healing rates and
tissue repair strengths. As a biomaterial chitosan shows
increased cell attachment as well as their production
of associated cytokines and growth factors (Biagini
et al. 1991a, b; Cho et al. 1999; Mi et al. 2001).
This common biopolymer can be readily solvent-
cast into a thin film with excellent mechanical
properties and low toxicity. In addition, the positive
charge of the amino groups along the biopolymer’s
chains are reported to confer unique mucoadhesive,
haemostatic and antibacterial properties (Shigemasa
et al. 1996; Rao and Shorma 1997; Lehr et al. 1992).
The comparatively strong antimicrobial activity of
chitosan in solution and gel-forms against a broad
spectrum of both Gram-positive and -negative med-
ically relevant microorganisms has been reported in
detail [for a review see Raafat and Sahl 2009]. Despite
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extensive studies on the antimicrobial efficacy of
chitosan, its mode of action is still unclear; however
there appears a consensus that its antimicrobial
property is a product of surface-surface interactions
between the biopolymer chains and microbial cell
walls (Raafat and Sahl 2009; Rabea et al. 2003). Thus,
chitosan based materials have the potential for
antimicrobial action, the exploitation of which is of
particular interest to the development of medical
technologies [for a review see Khor and Lim 2003].

In the study here, we report on the apparent lack
of antimicrobial activity of thin chitosan films cast
from solution in dilute acetic acid.

Materials and methods
Microorganisms and materials

Chitosan (>85% DDA) was purchased from Sigma-
Aldrich (Australia). All other chemicals such as
acetic acid were of analytical grade and purchased
from Univar, (Australia). Penicillin/Streptococcus
antibiotic, nutrient agar and Luria broth were pur-
chased from Gibco, (New Zealand). Staphylococcus
aureus (ATCC12600), S. epidermidis (ATCC10145)
and Escherichia coli (ATCC11775) were obtained
from the UNSW Culture Collection.

Fabrication of chitosan solution and films

A solution of chitosan was prepared by dissolving the
biopolymer at 2% (w/v) in deionised water containing
analytical grade acetic acid (2% v/v) and stirring for
6 h. Chitosan films were subsequently prepared from
the solution, the gelatinous chitosan solution (pH
~5.0) was poured into a clean, sterile, glass Petri dish
95 cmz) and dried for 6 days under clean conditions in
the dark (atmospheric pressure, relative humidty: 30%,
25°C). The resulting chitosan films were carefully
detached from the dishes without damage and their
thickness measured using digital callipers. All films
were thereafter placed between glass slides to preserve
their shape and stored in the dark (rH: 30%, 25°C).

Assays for antimicrobial activity

Staphylococcus aureus, S. epidermidis and E. coli
were grown as lawns on nutrient agar plates (37°C,
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48 h). Chitosan solution (20 pl) at pH 5 and neutra-
lised at pH 7 as well as square films (1 cm?) were
centred on the lawns and incubated (37°C, 24 h),
after which the appearance of clear zones were
recorded. Antimicrobial activity of the chitosan
solutions and films were also investigated through
incubation (37°C, 160 rpm) in sterile Luria Broth
(LB) growth media containing the same concentra-
tions of the microbial species (c.f.u. = 10°). Samples
of y-ray sterilised films (1 and 3 cm?) were added to
liquid cultures and incubated (6 ml, 37°C, 160 rpm).
After 36 h, samples (100 pl) were removed and the
cells counted as c.f.u. values after 24 h at 37°C.
Triplicates of each film and five sample volumes
from each were used (n =3 x 5). Films of poly
(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)
were used as positive controls, other controls
included, solution without the addition of chitosan.

Electron microscopy

Films cultivated in the presence of the bacteria were
removed and washed with deionised water before
sectioning with a scalpel (~5 x 5 mm) and fixed in
Karnovsky’s solution (2.5% paraformaldehyde and
2% glutaraldehyde in 0.1 M phosphate buffer) after
being gently washed in 0.1 M phosphate buffer and
dehydrated in alcohol at several dilutions (30, 50, and
70% v/v). The specimens were further dehydrated to
the critical point and sputter coated with copper
before being viewed at 10 kV by the microscope in
high-vacuum mode (FEI Quanta 200; FEI, Hillsboro,
Oregon, US).

Results and discussion

Solutions of chitosan, when incubated on lawns of
E. coli, S. aureus and S. epidermidis, showed readily
noticeable clear zones while a control of the solution
without the solvated biopolymer apparently exhibited
no such influence (Fig. 1). In contrast, thin films of
chitosan showed no obvious signs of microbial
inhibition (Fig. 1b).

Quantitative measurements of microbial inhibition
were obtained by incubating the chitosan solutions
and films in liquid cultures of the bacteria for 24 h at
37°C, prior to serial dilution and plating to determine
viable cell numbers relative to controls (Table 1).
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Fig. 1 Incubation of
chitosan solution and thin
films on microbial lawns of
Staphylococcus aureus at
37°C for 24 h gram in Petri
dishes. Antimicrobial
activity, is observed as a
clear zone for chitosan
solution (a), but not for its
film morphology (b)

Table 1 Microbial inhibition exhibited by chitosan in solution compared to its film morphology

Microbial inhibition (%)

Sample Form Escherichia Staphylococcus Staphylococcus
coli aureus epidermidis

Control Solution (pH 7) 0+4 0+3 0+ 4*
Chitosan Solution (pH 7) 92 +4 90 +3 94 + 3%
Chitosan Solution (pH 5) 96 + 4 9345 98 + 4
Chitosan Film (1:6)* 0+3 2+5 0+5
Chitosan Film (3:6) 3+2 1£5 1 £ 3%
PHBV* Film (1:6) -93+£5 —60 £ 2 —58 + 3*
PHBV Film (3:6) —-90 £ 4 —57+4 -59+3

2 Ratio of film surface area (cm?) to media volume (ml)
* Significant difference (P > 0.05)

Solutions of chitosan almost completely inhibited all
microbial species with less than 8% viable cells
remaining. The increased acidity of the control
preparation solution also supported some antimicro-
bial activity with approx. 5% inhibition and this is
consistent with that of Gil et al. who demonstrated
increased antimicrobial activity of chitosan solutions
with increasing acidity. The pK, of chitosan is
approx. 6 (Wicken and Knox 1983); thus, below this
pH the amino groups at the C2 of the chitosan
monomer units are positively charged. This charge
would support the interaction of the chitosan chains
with the anionic groups of the microbial cell surface.
There was no significant difference between the
antimicrobial effects on the chitosan solutions on the
different microbial species.

In contrast to the strong antimicrobial action of
the chitosan solution, thin films prepared from the

same solution showed no significant microbial inhibi-
tion. While increasing the film area to volume ratio
from 1:6 to 3:6 appeared to show small levels of
inhibition (<5%) these were not significant. Under the
conditions used, the population of viable E. coli cells
nearly doubled compared to the untested controls
(93 £ 5%) while S. aureus and S. epidermidis
increased by significantly less (~60 £ 5%, P <
0.001), clearly demonstrating the cells to be in their
growth phases during the experiment. Poly(hydroxy-
butyrate-co-hydroxyvalerate), (PHBV), is another
common biopolymer, that can serve as a common
carbon source for microbial growth (Woolnough et al.
2008; Foster et al. 2001, 2008). We used films of
P(HB-co-HV) as positive controls and those supported
the proliferation of all the species tested (Table 1).
Scanning electron microscopy was used to visualise
the film surfaces and Fig. 2 clearly shows the
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Fig. 2 Scanning electron micrographs showing proliferation
of Escherichia coli (a) and Staphylococcus aureus (b) on thin
films of chitosan after incubation (37°C, 24 h) and subsequent
washing

rod-shaped cells of E. coli and coccoid-like cells of
S. aureus attached to chitosan films even after washing
(Fig. 2).

There are a number of studies reporting the
comparatively strong bactericidal activity of chitosan
in solution and as gels and our results are consistent
with these, where solutions of chitosan significantly
inhibited growth of all the species tested (Raafat and
Sahl 2009). In the study here, E. coli and the
Staphylococci species were selected as representatives
of common Gram-negative and -positive pathogens
respectively. Escherichia coli is a common enteric
species while virulent strains can cause peritonitis and
gastroenteritis. Similarly, S. aureus is one of the most
common causes of postoperative infections and is
implicated in a range of infections from impetigo to
meningitis. Staphylococcus epidermidis is also a
major concern for patients with surgical implants as
it is primarily responsible for biofilm formation on
these medical devices (Wilson and Henderson 2002).

@ Springer

In contrast to the comparative wealth of reports on
the bactericidal effects of solvated chitosan, studies
on antimicrobial activity of chitosan in film form are
rare and limited to microorganisms commonly found
in food (Beverlya et al. 2008; Ouattar et al. 2000).
Beverlya et al. and Ouattar et al. have reported
inhibitory effects of chitosan films against Listeria
sp. when evaluated as food packaging materials
(Beverlya et al. 2008; Ouattar et al. 2000). However,
this antimicrobial effect diminished with time and may
have been due to growth limiting factors such as
oxygen permeability. Furthermore, based on the film
fabrication methodology used by these researchers we
suggest that there their films retained a degree of
chitosan chain flexibility being more gel-like than the
solid films used in this study. It has been postulated
that the antimicrobial nature of chitosan is due to
surface-surface interactions between the biopolymer
chains and microbial cell walls (Raafat and Sahl 2009;
Rabea et al. 2003). Thus, the presence of bacteria
attached to the chitosan films, as per Fig. 2, suggests
that the chitosan chains in the films used here did not
interact with the microbial cell walls and consequently
failed to exhibit any bactericidal properties.

Conclusion

Chitosan is a biomaterial already used in various
medical devices and holds considerable potential in
the fields of regenerative medicine and tissue engi-
neering. The work reported here clearly shows that
the final biomaterial morphology can significantly
influence the antimicrobial activity of this promising
biopolymer. Researchers operating under the impres-
sion that chitosan is antimicrobial should be aware
that this may not be the case in their chitosan and
chitosan-based devices.
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