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a b s t r a c t

In this study, our aim is to compare the efficacy of different topical antibacterial agents in a

rat model contaminated with a multi drug resistant (MDR) standard Acinetobacter baumannii

strain.

The study was carried out on 40 Sprague-Dawley rats of 250–300 g each. For the purposes

of this study, the rats were divided into 5 groups, with 8 rats in each group: Group 1 control;

Group 2 silver sulfadiazine; Group 3 mupirocin; Group 4 Acticoat group; and Group 5

octenidine dihydrochloride group.

Following to the formation of the full-thickness burn areas in rats, the MDR A. baumannii

standard strain was inoculated into the burned area. The rats in all the groups were

sacrificed at the end of the 10th day and subjected to histopathological and microbiological

evaluation.

In the histopathological evaluation, the lowest inflammatory cell response and bacterial

density in the eschar and muscle tissues were observed in the Acticoat group. While these

results were found to be statistically significant compared to the silver sulfadiazine group,

only the bacterial density in the muscle tissue was found as significant in comparison to the

mupirocin and octenidine groups. In the microbiological evaluation, the lowest growth in

the muscle tissue culture among all the groups was observed in the Acticoat group. The

growth in the eschar tissue culture was significantly lower in the Acticoat and octenidine

groups in comparison to the silver sulfadiazine group.

At the end of the study, it has been observed that Acticoat was effective both in eschar

and muscle, while octenidine was effective in eschar tissues in a rat burn model contami-

nated with MDR A. baumannii.

# 2012 Elsevier Ltd and ISBI. All rights reserved.

* Corresponding author at: Dicle University, Medical Faculty, Department of Plastic Reconstructive and Aesthetic Surgery and Burn Center,
21280 Diyarbakir, Turkey. Tel.: +90 505 5766409; fax: +90 412 2284477.

Available online at www.sciencedirect.com

journal homepage: www.elsevier.com/locate/burns
E-mail address: tayyarselcuk@hotmail.com (C.T. Selçuk).
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1. Introduction

Although great progress has been made in the care and

treatment of burn wounds, infections subsequent to burn

damage still continue to lead to serious morbidity and

mortality rates. Acinetobacter baumannii, a gram-negative

cocobacillus, is one of the prominent nosocomial pathogens,

which have recently been pointed out as the etiological agent

causing infections in burn patients, patients with surgical and

combat wounds, and other skin and soft tissue infections [1–7].

A. baumannii burn wound infections may lead to delays in

wound healing besides spreading to the systemic circulation

and causing sepsis with high mortality rates in patients who

are not treated adequately [6–8]. Therefore, the treatment of

burn wounds with the appropriate topical antibacterial agent

is of utmost importance.

The topical antibacterial agents show their antibacterial

effects through different mechanisms. Silver-containing

products like silver sulfadiazine and Acticoat show their

effect by influencing the respiratory chain at the cytochrome

level and by disrupting the microbial electron transport

system through the silver ions they contain [9]. With the

slow-release silver ions in its content, Acticoat shows a

stronger and longer lasting effect compared to classical silver-

containing agents. It is effective against various aerobic,

anaerobic, gram negative and gram positive bacteria; fungi

and viruses [9]. Mupirocin is a broad-spectrum topical

antibiotic isolated from Pseudomonas fluorescens and shows

its effect by strongly inhibiting the protein and RNA synthesis

[10]. With its cation-active ingredient octenidine dihy-

drochloride, it binds to the bacterial cell membrane carrying

a negative charge and disrupts the vital functions of the cell

membrane in a way to lead to cell death [11].

In the literature, the effectiveness of Acticoat, silver

sulfadiazine and mupirocin on MDR A. baumannii was compared

in the in vitro and in vivo studies [7,12,13]. In addition,

octenidine was investigated in resistant gram-negative and

gram-positive microorganisms activity by different studies

[11,14–17]. However, we did not find any study focussing on the

effectiveness on burn MDR A. baumannii infections.

In this study, we aimed to compare the antibacterial effect

of octenidine dihydrochloride with different topical antibac-

terial agents known to be effective against MDR A. baumannii in

a rat burn model contaminated with this microorganism.

2. Materials and methods

The study has been conducted at the Dicle University, Medical

Sciences Application and Research Centre (DUSAM), with the

approval for animal study obtained from the Dicle University

School of Medicine Ethics Committee (the number of the ethical

committee permission: 2011-07). Forty randomly chosen Spra-

gue-Dawley rats of 250–300 g each have been used in the study.

The rats were divided into 5 groups, with 8 rats in each group:

Group 1 was the control group; Group 2 was the burn + silver

sulfadiazine group; Group 3 was the burn + mupirocin group;

Group 4 (n = 8) was the burn + Acticoat group; and Group 5 (n = 8)

was the burn + octenidine dihydrochloride group.
After the anesthesia with 50 mg/kg ketamine hydrochlo-

ride (Ketalar1, Parker Davis, Eczacibasi, Istanbul, Turkey) and

10 mg/kg xylazine (Rompun1, Bayer AG, Leverkusen,

Germany) was given to the rats that were going to be subjected

to third degree burns, their backs were shaved and standard

4 cm � 5 cm full-thickness burn areas were formed. In order to

generate the burn wound, the chosen are was brought into

contact with water at 100 8C for 10 s [18]. The fluid deficiency of

the animals was resuscitated intraperitoneally with 2 cm3 of

Ringer’s lactate solution.

A suspension of MDR A. baumannii ATCC 19606 was

prepared from fresh colonies onto the 5% sheep blood agar

plates after overnight incubation and the turbidity was

adjusted to 0.5 McFarland standard approximately 1 � 108 col-

colony forming units/ml (CFU/ml) [7]. Ten minutes after the

burn was generated, each rat was seeded with 0.5 ml of

suspension of standard MDR A. baumannii (ATCC 19606) strain,

which was stained by swabbing. Following the drying of the

inoculum, the animals were put into separate cages. Twenty-

four hours later, they were randomly divided into five groups.

The dressings were changed under moderate sedation with

ordinary ether. Following the wound site irrigation with saline,

the dressings were replaced. The first group was designated as

the control group. This group was only applied saline and

dressings with sterile gauze. The second group was applied 1%

silver sulfadiazine (Silverdin, Deva Holding, Istanbul, Turkey);

the third group was administered 2% mupirocin (Bactroban,

GlaxoSmith Cline, Research Triangle Park, North Carolina); the

fourth group was applied ActicoatTM (Smith and Nephew,

Istanbul, Turkey) and the fifth group was applied with

octenidine dihydrochloride (Octenisept, Schülke&Mayr, Nor-

derstedt, Germany) during dressing changes.

The rats were sacrificed at the end of the 10th day following

the generation of the burn wound and the changes at the

wound area in all the groups were subjected to histopatho-

logical and microbiological evaluation.

2.1. Histopathological analysis

For the histopathological analysis, 3 mm � 4 mm tissue

samples were obtained from the eschar tissue and the

underlying muscle tissue including the normal skin. The

eschar and skin samples obtained from the rats were fixed in

10% formalin and embedded in paraffin. From the paraffin

blocks, 4 mm cross-sections were cut and the obtained cross-

sections were stained with hematoxylin eosin and Giemsa for

the evaluation of the bacterial colonization, tissue viability

and morphological changes. The stained lams were exam-

ined under the light microscope by a qualified pathologist.

The samples obtained were evaluated in terms of the

inflammatory cell response, vascularization and bacterial

density in the eschar and muscle tissues. Every finding

examined was assigned a score (no histopathological change,

0; mild change, 1; medium level change, 2; and significant

change: 3).

2.2. Microbiological analysis

For the microbiological analysis, tissue biopsy and blood

samples were taken from the eschar tissue, the paravertebral



Fig. 1 – Cross-sectional histopathology of burn skin on

postburn day 10. (A) Acticoat group (Group 4) minimal

inflammatory infiltration in the superficial dermis (H&E

stain, 100T), (B) control group (Group 1) extensive mixed

inflammatory infiltration in the subcutaneous tissue with

invasion to muscle (H&E stain, 100T).
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tissue underlying the eschar and the lungs of each rat using

the standard sterile techniques. The obtained tissue samples

were sent to the microbiology laboratory under the appropri-

ate conditions.

The blood samples were inoculated into the blood culture

bottles. Blood culture bottles were incubated in BactecTM BD

9120 (Becton Dickinson, MD, USA) automated blood culture

systems at 37 8C aerobically for 7–10 days. Blood samples

taken from blood culture bottles that detected growth of

microorganisms were qualitatively inoculated onto 5%

sheep blood agar and Eosin–Methylene blue (EMB) agar

(Oxoid Ltd., Basingstoke, United Kingdom). The media plates

were incubated at 35 � 2 8C aerobically for 18–24 h in the

incubator. After incubation, identification of isolates

obtained from 5% sheep blood agar medium was performed

by conventional methods and BD PhoenixTM 100 (Becton

Dickinson, MD, USA) fully automated microbiology system.

The eschar, muscle and lung tissue samples that have come

in the Brain Heart Infusion liquid medium were incubated at

35 � 2 8C for 2 h. Subsequent to the incubation, the lung

tissue samples were qualitatively inoculated onto the

surface of the media containing 5% sheep blood agar and

EMB agar. The media in which the blood and lung tissue

biopsy samples were inoculated were incubated at 35 � 2 8C

for 18–24 h.

For the quantitative analysis of the eschar and paraver-

tebral muscle tissue samples, 0.1 ml of the liquid medium

containing the post-incubation tissue samples was taken and

diluted to 10�4 in tubes containing the pre-prepared 0.9 ml

Brain Heart Infusion liquid media. Following the dilution,

0.1 ml of the Brain Heart Infusion liquid medium in the tube

where the 10�4 dilution took place for the post-dilution

quantitative bacteriological culture was removed and quanti-

tatively inoculated onto the surface of the 5% sheep blood agar

and EMB agar media. The media were incubated at 35 � 2 8C

for 18–24 h.

The suspected Acinetobacter colonies that grew on the

surface of the media where the qualitative inoculation was

made were counted directly, whereas those on the media

where the quantitative inoculation occurred were counted

singly. Subsequently, they were subjected to identification. For

the quantitative bacteriological evaluation, the number of the

colonies obtained from the eschar and paravertebral muscle

tissue biopsy samples was calculated in colony forming units

(CFU) per 1 g of tissue biopsy sample. The identification was

performed through the conventional methods and using the

BD PhoenixTM 100 (Becton Dickinson, MD, USA) fully automat-

ed microbiology system.

2.3. Statistical analysis

The Kruskal–Wallis test was used for the investigation of the

mean differences between the groups. For the parameters that

pointed to significant results, the reciprocal groups were

compared by means of the Mann–Whitney U test. All the

statistical analyses involved the 95% confidence interval and

the descriptive statistics and analyses were performed using

the SPSS statistical software package, version 11.5 (SPSS Inc.,

Chicago, IL). A p < 0.05 value was considered as significant for

the statistical results.
3. Results

When all the groups were compared from the histopatholog-

ical and microbiological points of view, a statistically signifi-

cant difference was observed in all the study groups in

comparison to the control group ( p < 0.05). In the histopatho-

logical assessment, the inflammatory cell response and

bacterial density in the eschar and muscle tissues were

observed to be the lowest in the Acticoat group and the highest

in the control group ( p < 0.001) (Figs. 1 and 2). Compared to the

silver sulfadiazine group, these results were observed to be

significant, although only the bacterial density in the muscle

tissue was significantly different in comparison to the

mupirocin and octenidine groups ( p < 0.05). When the silver

sulfadiazine and octenidine groups were compared to each

other, the bacterial density in the eschar tissue was found

significantly lower in the octenidine group ( p < 0.05) (Table 1).

The microbiological evaluation was carried out on the

blood culture and the eschar, muscle and lung cultures. While



Fig. 2 – Cross-sectional histopathology of the muscle under

burn skin on postburn day 10. (A) Acticoat group (Group 4)

no bacterial colonization of muscle (Giemsa, 1000T), (B)

control group (Group 1) intense bacterial colonization of

the muscle fibers (Giemsa, 1000T).

Table 2 – Frequency of recovery of seeded A. baumannii
from each culture site.

Groupsa Eschar Muscle Blood Lung

Control 8/8 6/8 5/8 5/8

Silver sulfadiazine 5/8 4/8 4/8 4/8

Mupirocin 5/8 3/8 2/8 3/8

ActicoatTM 3/8 0 0 0

Octenidine 3/8 3/8 3/8 2/8

a Data were given as positive cultures/total number of rats.

Table 1 – Histopatological and microbiological findings of the 

Inflammation
(mean � SD)

Granulation
(mean � SD)

Eschar
bacterial
density

(mean � SD

Group 1 2.75 � 0.46 1.13 � 0.83 2.5 � 0.53 

Group 2 2 � 0.53T- 1.75 � 0.7 1.75 � 0.46T-

Group 3 1.5 � 0.53T- 2.13 � 0.64T- 1.25 � 0.7T-

Group 4 0.88 � 0.64T-,x 2.5 � 0.53T-,x 0.75 � 0.46T-,x

Group 5 1.38 � 0.51T- 1.88 � 0.83 1.13 � 0.64T-,x

Significant ( p) <0.001 0.022 <0.001 

Group 1, control group; Group 2, silver sulfadiazine treatment group; Gro

Group 5, octenidine dihydrchloride treatment group, SD = standard devi
T- p < 0.05 versus Group 1.
x p < 0.05 versus Group 2.
z p < 0.05 versus Group 3.
D p < 0.05 versus Group 5.
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no bacterial growth was observed in the blood, muscle and

lung cultures from the Acticoat group, different growth rates

were observed in the other groups (Table 2). In the comparison

of the quantitative cultures of the eschar and muscle tissues,

the bacterial growth rate in the muscle tissue cultures was

observed to be significantly lower in the Acticoat group

compared to all the other groups ( p < 0.05). The growth in the

eschar tissue culture was significantly lower in the Acticoat

and octenidine groups compared to the silver sulfadiazine

group ( p: 0.013, p: 0.019, respectively), but no significant

difference was observed between the two, or with the

mupirocin group ( p > 0.05) (Table 1).

4. Discussion

Burn damage renders the individual prone to infections both

due to the damage to the skin’s physical barrier function and

to the secondary immune suppression related to the thermal

damage [9,10,13,18–20]. Especially the burn wound infections

caused by MDR bacteria are responsible for high morbidity and

mortality rates [21]. A. baumannii, a gram-negative cocoba-

cillus, has recently been pointed out as the etiological agent in

invasive burn infections, besides also causing an increase in

hospital acquired infections [1,4,5,7,8,22,23]. Since the organ-

ism possesses various efficient methods to develop resistance,

it is already resistant to almost all antibiotics currently in use

[1,4,8,13]. Therefore, the treatment of the patients with burn
groups.

)

Muscle
bacterial
density

(mean � SD)

Cuantitative
culture from

eschar (mean � SD)

Cuantitative
culture from

muscle
(mean � SD)

1.88 � 0.64 6.7 � 2.6 � 106 4.2 � 1.9 � 105

1.5 � 0.53 7.2 � 3.8 � 105 T- 1 � 1.3 � 105 T-

1 � 0.53T- 2 � 1.7 � 105 T- 7.5 � 8.7 � 104 T-

–T-,x,z,D 4.6 � 6.4 � 104 T-,x –T-,x,z,D

0.88 � 0.64T- 4.8 � 6 � 104 T-,x 4.4 � 5.5 � 104 T-

<0.001 <0.001 0.008

up 3, mupirocin treatment group; Group 4, Acticoat treatment group;

ation.
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wounds infected with MDR A. baumannii involves great

difficulty and high mortality rates are reported worldwide

[6,24,25].

Because of the avascular tissue in the wound area, systemic

antibiotics cannot reach the wound granulation tissue in

adequate amounts to reduce the microorganism load effec-

tively. Therefore, the most effective method to prevent

invasive bacterial infections is the administration of topical

antibiotics that do not require an intact circulatory system

[7,8,26–28]. Although various topical antimicrobial agents are

used in the clinical management of burn wounds, studies

focussing on the effectiveness of topical antibiotherapy in

MDR A. baumannii infections are limited in number and there is

a definite need for new studies [7,9–11]. Octenidine was

investigated in resistant gram-negative and gram-positive

microorganisms activity by different studies [11,14–17]. How-

ever, we did not find any studies focussing on the effectiveness

on burn MDR A. baumannii infections. Because of that, in the

present study, we aimed to compare the antibacterial effect of

octenidine dihydrochloride with different topical antibacterial

agents known to be effective against this microorganism.

The topical antibacterial agents frequently used in clinical

practice for the treatment of burn wounds are silver-based

products like silver sulfadiazine and Acticoat [7,10,13].

Although mupirocin is a topical antibiotic frequently used

in the treatment of skin infections, its in vitro effectiveness

against A. baumannii has been shown in clinical studies [13].

Octenidine dihydrochloride is also a topical antibacterial agent

with known microbicidal effects against a number of organ-

isms, which has been shown to be more effective than many

antiseptics in the management of acute and chronic wounds

[11,14–17]. Silver sulfadiazine has certain disadvantages like

the low eschar penetration rate and the need for frequent

application since it loses its silver ions early [10]. On the other

hand, thanks to the delayed-release of the silver ion in

Acticoat, a lasting and powerful antibacterial effect is achieved

[9]. The greatest disadvantage of Acticoat is its high cost.

Octenidine dihydrochloride is a topical antibacterial agent

easy to apply and well-tolerated by the patients, and it is

effective against both gram-positive and gram-negative

pathogens, and fungi [11,16]. However, this agent also has

the disadvantage of a possible cytotoxic effect on fibroblasts,

leading to a delay in wound healing [11]. The final agent,

mupirocin, has the potential risk of resistance development in

long-term use [10].

Acticoat, a product soaked in colloidal silver, has been

developed in order to overcome the limitations of the classic

silver products like silver sulfadiazine, such as the need for

frequent application or the inactivation of the majority of

silver ions by bodily fluids [10]. Also, Acticoat releases less

silver cations and thus has a longer lasting effect and a

stronger antimicrobial efficiency than classical silver products

[20]. In their study involving rat burn wounds contaminated

with MDR A. baumannii, Uygur et al. [7] have compared the

efficacy of silver sulfadiazine, chlorhexidine acetate and

Acticoat, and found that Acticoat eliminated A. baumannii

more efficiently from the tissues. Davis et al. [13] have shown

in their in vitro study that mupirocin is more effective against

A. baumannii compared to nanocrystalline silver dressings. In

our study, it was observed that octenidine exerted a stronger
antimicrobial effect in eschar and muscle tissues when

compared silver sulfadiazine group ( p < 0.001) and mupirocin

and octenidine groups. There was only significant differences

in the muscle tissues ( p < 0.05) among the groups.

Different studies showed that octenidine dihydrochlorid

has strong antimicrobial effect against many gram-negative

and positive agents and has a low risk of developing resistance

[11,14–17]. Uygur et al. [11], have reported that octenidine

dihydrochloride is the most effective agent in the treatment of

Pseudomonas aeruginosa contaminated burn wound in vivo.

Rigopoulos et al. [16] have demonstrated that octenidine

provides an efficient treatment option in pseudomonas-

related nail infections. In our study, the antibacterial effect

in the eschar tissue of the group which was applied octenidine

dihydrochloride was found to be higher than the silver

sulfadiazine group ( p: 0.019) while there was no significant

difference between mupirocin and silver groups ( p > 0.05).

At the end of our study, we have observed that Acticoat and

octenidine dihydrochloride have a superior effect in MDR A.

baumannii infections affecting the eschar tissue, while Acticoat

is superior in infections involving the muscle tissue. Still, we

should state that further research is needed in order to reach a

consensus about the approach to resistant A. baumannii

infections.
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