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Background

Chronic ulcers are commonly associated with persistent inflammation and a high bacterial load, that often develops resistances 
to antibiotics. For the prevention and control of microbial growth, products with wide-spectrum antimicrobial capacity and not 
inducing resistance phenomena are highly needed. Formation of biofilms represents an additional problem allowing many 
microorganisms evade the action of antimicrobial substances. A new sprayable acid-oxidizing solution, a wound cleanser with 
ancillary antimicrobial properties including the ability to modify biofilm structure making bacteria more accessible to cleansing, 
is available. This water-based solution is characterized by the combination of an almost pure content of hypochlorous acid 
among the free chlorine species (HCIO > 95%), a low pH (< 3) and a high oxidation-reduction potential.

Objective

To evaluate the antimicrobial properties and the tolerability profile of the sprayable acid-oxidizing solution. 

Methods

Several pre-clinical in vitro experiments were performed in order to test the antimicrobial effect of the acid-oxidizing solution 
against different types of microorganisms, including drug-resistant bacteria (superbugs), viruses and fungi. In vivo experiments 
(rabbit cornea and ear model) were also conducted.
Modification of biofilm morphology was evaluated in an in vitro 3D reconstructed human epidermis.
The toxicity and tolerability of the acid-oxidizing solution was assed by using classical in vitro and in vivo tests.
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Time-kill assay
Species

Reduction after different exposure times
% (nLog10)

TRICHOPHYTON MENTAGROPHYTES
>99.999% (>5.5 Log10) reduction 

after 5 min. exposure time 

CANDIDA ALBICANS >99.999% (>5.01 Log10) reduction 
after 15 sec. exposure time

VITRO-SKIN (ex vivo) model

TRICHOPHYTON RUBRUM >99.99% (>4.8 Log10) reduction 
after 10 min. exposure time

Time-kill assay
Species

Reduction after 15 sec. exposure time
% (nLog10)

PSEUDOMONAS AERUGINOSA >99.9999% (>6.11 Log10)

ESCHERICHIA COLI >99.999% (>5.55 Log10)

STAPHYLOCOCCUS AUREUS 99.9992% ( 5.11 Log10)

STAPHYLOCOCCUS PYOGENES 99.9958% (4.38 Log10)

STAPHYLOCOCCUS EPIDERMIDIS 99.9499% (3.30 Log10)

Time-kill assay Reduction after 1 min. exposure time

PROPIONIBACTERIUM ACNES >99.9999% (>6.9 Log10)

VITRO-SKIN (ex vivo) model Reduction after 30 min. exposure time

METHICILLIN RESISTANT 
STAPHYLOCOCCUS AUREUS (MRSA)

Acid-oxidizing solution*
99.99% (4.68 Log10)

Mupirocin calcium**
60.1% (0.40 Log10)

The acid-oxidizing solution* was highly active against bacteria including superbugs.

Time-kill assay
Species

Reduction after 15 sec. exposure time
% (nLog10)

ESBL-PRODUCING 
ENTEROBACTERIACAE

>99.9999% (>6.23 Log10)

ESBL-PRODUCING PROTEUS MIRABILIS >99.999% (>5.99 Log10)

MDR ESCHERICHIA COLI >99.999% (>5.92 Log10)

VR ENTEROCOCCUS FAECALIS >99.999% (>5.87 Log10)

VI STAPHYLOCOCCUS AUREUS >99.999% (>5.84 Log10)

MDR STAPHYLOCOCCUS AUREUS >99.999% (>5.44 Log10)

MDR AND OXA-48 PRODUCING 
KLEBSIELLA PNEUMONIAE

>99.999% (>5.32 Log10)

The acid-oxidizing solution* was highly active against fungi and viruses.

ESBL=Extended-spectrum β-lactamase; MDR=Multi-drug resistant; 
VR=Vancomycin resistant; VI=Vancomycin intermediate resistant; 

Virucidal efficacy 
Species

Inactivation after different exposure times
% (nLog10)

HUMAN IMMUNODEFICIENCY VIRUS 
TYPE 1

100% inactivation 
after 10 min. exposure time

Antiviral properties 

HERPES SIMPLEX VIRUS TYPE 1 ≥99.9997% (≥5.5 Log10) inactivation 
after 5 min. exposure time

HERPES SIMPLEX VIRUS TYPE 2 99.994% (4.25 Log10) inactivation 
after 5 min. exposure time

*NEXODYN®; **BACTROBAN®

[ Table 1 ]

[ Table 2 ]
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Control: 72h after colonization with 2x106 colony-forming units 
(cfu) of Staphylococcus aureus, the structure of the biofilm 
appeared smooth and homogenous and the bacteria were 
completely incorporated into the extra-polymeric substance 
(EPS) matrix [Figure 1]. 

With a betaine + PHMB-containing product2** the epidermal 
surface was scattered with non viable colonies and visible 
corneocyte structures suggesting degradation of the biofilm 
[Figure 2].

With a NaClO + HClO-containing product3** the epithelium 
surface was covered by a homogenous layer hiding the 
corneocytes. Planktonic bacteria or micro-colonies embedded in 
the EPS matrix were still present [Figure 3].

With the acid-oxidizing solution1** bacterial colonies were 
present on the surface with bacteria visible as separated entities 
(planktonic) but not encapsulated into the EPS matrix, therefore 
accessible to effective additional wound cleansing [Figure 4].

The acid-oxidizing solution1 induced a morphological change in biofilm structure making bacteria more 
accessible to further cleansing*.

CNZ 72h 10.000X

[ Figure 1 ] [ Figure 2 ]

[ Figure 3 ] [ Figure 4 ]

1NEXODYN®; 2PRONTOSAN®; 3DERMACYN®
**Treatments with products 1, 2 and 3 started 48h after colonization with 2x106 cfu/tissue of Staphylococcus aureus.
cfu=colony-forming unit; EPS=extracellular polymeric substance; PHMB=polyhexamethylene biguanide; NaClO=sodium hypochlorite; HClO=hypochlorous acid.

*D'Atanasio et al. A New Acid-oxidizing Solution: Assessment of Its Role on Methicillin resistant Staphylococcus aureus (MRSA) Biofilm Morphological Changes, 2015. 
Wounds, 27(10); 265-273.
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Results after 3-days treatment 
(eye washing 4 times/day)

The acid-oxidizing solution1 conferred higher protection from risk of infection as 
shown in an in vivo rabbit ischemic ear model (mimicking a chronic wound) 
[Figure 5] and non-ischemic ear model (acute wound) [Figure 6] if compared 
with saline and the NaClO + HClO-containing solution2.

Washings with the acid-oxidizing solution1 reduced corneal presence of 
Staphylococcus aureus as shown in an in vivo rabbit eye model following the 
injection of a suspension containing 500 cfu of Staphylococcus aureus [Table 3].  

[ Figure 5 ] [ Figure 6 ]

[ Table 3 ]
Ischemic infected wounds

%

Non-ischemic infected wounds

%
animals (n)

counting of Staphylococcus 
aureus cfu/cornea

right eye left eye

acid-
oxidizing 
solution1

4 30 <10

5 70 40

6 <10 <10

Saline
solution

7 1,850 1,200

8 4,300 4,550

9 3,000 2,800

Saline
solution 
(n=14)

40

30

20

10

0

40

30

20

10

0

1NEXODYN®; 2DERMACYN®
NaClO=sodium hypochlorite; HClO=hypochlorous acid; cfu=colony-forming unit 

NaClO + HClO-
containing solution2

(n=12)

acid-oxidizing 
solution1

(n=14)

Saline
solution 
(n=14)

NaClO + HClO-
containing solution2

(n=12)

acid-oxidizing 
solution1

(n=14)
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Tests Results

General toxicology

Cytotoxicity
Not cytotoxic 
(grade 1* [0-4 scale])

Genotoxicity Not mutagenic

Hypersensitivity Non sensitizing

Phototoxicity Not phototoxic

Irritation studies

Intramuscular 
implantation test

Not different from physiologic 
solution (control)

Skin (acute & repeated) Not irritant

Toxicity studies

Intraperitoneal (acute) Not toxic 

Pyrogenicity Not pyrogenic

Standard toxicity tests and a comparative viability experiment indicated a favourable tolerability profile 
of the acid-oxidizing solution1, and precisely:

the most favourable benefit/risk cell viability profile compared to other wound cleansers and antiseptics 
[Table 4],

the absence of any significant in vitro and in vivo toxicity [Table 5].

Product Cell viability*, % (mean ± SD)

Dilutions 100 1:2 1:5 10-1 10-2 10-3 CI

Acid-oxidizing solution1 2.82 ± 1.01 42.02 ± 3.68 97.48 ± 3.34 96.82 ± 6.03 97.10 ± 9.09 104.73 ± 1.92 5

NaClO + HClO-containing product 12 3.38 ± 0.47 37.52 ± 3.15 96.86 ± 7.94 103.20 ± 9.75 97.69 ± 14.88 97.27 ± 12.24 5

NaClO + HClO-containing product 23 1.89 ± 1.47 3.19 ± 1.47 94.46 ± 3.79 105.91 ± 3.65 104.51 ± 3.65 107.26 ± 2.49 5

NaClO + HClO-containing product 34 2.87 ± 1.34 14.81 ± 6.79 76.03 ± 8.49 100.70 ± 5.48 96.93 ± 0.49 96.03 ± 4.98 10

HClO-containing solution5 2.79 ± 1.16 2.45 ± 1.16 9.34 ± 3.69 71.34 ± 8.88 103.05 ± 5.39 105.49 ± 4.09 100

Octenidine-containing product 16 4.56 ± 1.52 5.64 ± 1.61 4.45 ± 0.87 29.02 ± 5.33 106.51 ± 2.89 107.30 ± 3.52 100

Octenidine-containing product 27 5.97 ± 0.96 5.19 ± 1.47 3.74 ± 0.73 12.06 ± 3.62 103.53 ± 15.88 116.49 ± 5.22 100

Betaine + PHMB-containing product8** 3.86 ± 0.45 -- -- 4.30 ± 0.34 97.09 ± 5.74 94.46 ± 3.57 100

[ Table 5 ]
[ Table 4 ]

* The cell viability MTT test was carried out on murine fibroblasts (L929 NCTC cells). The MTT cell viability assay is defined as the dilution required to generate 
experimental cell viability to be 85% of blank. A non toxic dilution of 1:1000 corresponded to a cytotoxicity index of 1000.

**The betaine + PHMB-containing product was tested at 100, 10-1, 10-2, 10-3 (and 10-4, 10-5) dilutions, with no effect on the cytotoxicity index calculation.
SD=standard deviation; CI=cytotoxicity Index; NaClO=sodium hypochlorite; HClO=hypochlorous acid; PHMB=polyhexamethylene biguanide

Overall conclusions
The present results provide evidence that the acid-oxidizing solution1 owns mechanical and ancillary features responding 
to some of the unwanted mechanisms associated to poor healing of chronic wounds. These features combined with a 
favourable tolerability profile of the acid-oxidizing solution are suggestive of a useful tool in the clinical setting.

*A numerical grade greater than 2 is considered a cytotoxic effect.
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