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Introduction: Nanoparticle solutions have been studied to improve antimicrobial effect. The 
aim of this study was to develop, characterize, and evaluate the in vitro and in vivo antiseptic 
efficacy of 0.25% aqueous-based chlorhexidine nanoemulsion (NM-Cl 0.25% w/v).
Methods: The NM-Cl 0.25% w/v (2.5mg/mL) and free chlorhexidine nanoemulsion (FCN; 
same composition of NM-Cl without the molecule of chlorhexidine) were synthetized by the 
spontaneous emulsification method. Characterization analyses of physical and chemical 
properties were performed. The NM-Cl 0.25% w/v was compared with chlorhexidine 0.5% 
alcohol base (CS-Cl 0.5%) in vitro studies (microdilution study and kill curve study), and 
in vivo study (antisepsis of rats dorsum). Kruskal–Wallis test was used between groups and 
inside the same group, at different sample times and the Mann–Whitney test was performed 
when difference was detected.
Results: The NM-Cl 0.25% w/v presented adequate physicochemical characteristics for 
a nanoemulsion, revealing a more basic pH than FCN and difference between zeta potential 
of NM-Cl 0.25% w/v and FCN. The NM-Cl 0.25% w/v and CS-Cl 0.5% solutions were more 
effective on Gram-positive than on Gram-negative bacteria (p≤0.05). NM-Cl 0.25% w/v 
presented upper antiseptic effect in the microdilution study and residual antiseptic effect was 
maintained for a longer time when compared to CS-Cl 0.5% (kill curve study). The four-fold 
(minimal inhibitory concentration) of NM-Cl 0.25% were the formulations with most durable 
effect within those tested, presenting residual effect until T6 for both bacteria. In the in vivo 
study, both formulations (NM-Cl 0.25% w/v and CS-Cl 0.5%) had a reduction of the 
microorganisms in the skin of the rats (p<0.0001) not revealing any difference between the 
formulations at different times, showing the antiseptic effect of NM-Cl (p≤0.05).
Conclusion: Both in vitro and in vivo experiments demonstrated that NM-Cl showed 
promising future as an antiseptic for cutaneous microbiota.
Keywords: antisepsis, cutaneous microbiota, nanoformulation, nanotechnology

Introduction
The cutaneous microbiota is constituted of microorganisms that colonize the skin, 
generally living in symbiosis with the host and can be differentiated in resident and 
transient.1,2 The population of resident bacteria is generally not pathogenic and is 
located in the epidermis and hair follicles of the host.2 The transient microbiota has 
pathogenic potential and is composed of agents acquired by contact, located in 
superficial layers of the skin.2,3

Antisepsis is an important element of asepsis and consists of total removal of 
transient microbiota and partial removal of resident microbiota.3 The practice is 
indicated before performing invasive transcutaneous procedures owing the 
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prevention of infections caused by bacteria translocation 
from the cutaneous microbiota.3–5 Although antisepsis is 
routine in veterinary procedures, infections in surgical 
wounds are frequent, producing 0.8% to 18.1% of post
operative complications.6

Antiseptics are chemical composts used to prevent sepsis 
either by inhibition of microorganism growth or by bacter
icidal effect.3 Formulations with iodophors, chlorhexidine 
and alcohol in their composition are widely used.7,8 

Chlorhexidine is recommended as a topical antiseptic for 
surgery and for insertion of intravascular devices.9 Its resi
dual effect can be explained by the attachment of the active 
molecule with the stratum corneum,10 working as antiseptic 
reservoir, prolonging its action and effect.11

The wide use of antiseptics in hospitals may result in 
residual levels facilitating the intrinsic and adaptive resis
tance establishment.9,12,13 Researchers have addressed the 
issue in a study which shows that the development of 
different strategies to control microorganisms is required 
to maximize formulation effect and also for the develop
ment of new formulations with the purpose of opposing 
bacterial mechanisms of acquired resistance.14

Increasing reports of resistance to chlorhexidine for
mulation are the main reason to the current demand of the 
investigation of antiseptic alternatives. Nanostructured for
mulations are believed to be an alternative for hospital 
antiseptics,7,14,15 and among them, the nanoemulsions are 
heterogeneous dispersions of immiscible liquids in droplet 
form, stabilized by interfacial surfactant film usually in 
combination with surfactant molecules.17–29

Nanoparticles have been widely studied as potential 
carriers for antimicrobials, and some advantages compared 
to conventional antibacterials are: the contour to the resis
tance mechanisms, mainly due to the size, as it results in 
a greater interaction due to the surface area; impediment of 
biofilm formation; targeting to the site of infection and 
consequently, minimizing side effects; controlled and sus
tained release and association of antimicrobials in a single 
nanoparticulate system.30 Organic nanoparticles bring pro
mising results, highlighting nanoemulsions that may con
tain antimicrobial drugs, essential oils with antimicrobial 
activity, or even the combination of both.31–37

Numerous studies bring results when it comes to the 
use of inorganic nanoparticles using different plant 
extracts with antimicrobial and healing activities, 
which include silver nanoparticles,38–42 titanium 
nanoparticles,43,44 gold nanoparticles,45–47 copper 

nanoparticles,48,49 zinc nanoparticles,50 iron 
nanoparticles51 and manganese nanoparticles.52

The aim of this study was to evaluate and validate an 
aqueous-based chlorhexidine nanoemulsion at 0.25% 
(NM-Cl). This paper describes the development and 
characterization of the formulation and compares it with 
alcohol-based chlorhexidine commercial solution at 0.5% 
(CS-Cl), evaluating the antiseptic effect in vitro and 
in vivo.

Materials and Methods
Materials
The antimicrobial agents used were the chlorhexidine glu
conate (Sigma Aldrich Laboratory, São Paulo, Brazil) used 
to NM-Cl synthesis, and the solution of chlorhexidine, 
Riohex® 0.5% alcohol base (Rioquímica Laboratory, São 
Paulo, Brazil) used as the CS-Cl. The broths and agars 
utilized in the assays were manufactured by HiMedia 
Laboratories (HiMedia Laboratories, Mumbai, India), and 
the defibrinated sheep blood used was from Newprov 
Laboratory (Newprov Laboratory, Paraná, Brazil).

Development and Characterization of 
Aqueous-based Chlorhexidine 
Nanoemulsion
The formulations NM-Cl 0.25% w/v (2.5 mg/mL) and free 
chlorhexidine nanoemulsion (FCN— same composition of 
NM-Cl without the molecule of chlorhexidine) were 
synthesized by the spontaneous emulsification method.18 

The organic phase was composed of capric/caprylic trigly
cerides, Lipoid S45®, and chlorhexidine (2.5 mg/mL) 
dissolved in acetone (45±1°C). After solubilization, the 
organic phase was poured under the aqueous phase, 
which was composed of polysorbate 80 and distilled 
water, then stirred for 10 min, and the organic solvent 
was evaporated in a rotary evaporator under reduced pres
sure. All formulations were prepared in triplicate.

The physicochemical characterization of the formula
tions was carried out immediately after preparation:

(a) Determination of the average diameter and polydis
persity index

The average diameter and particle size distribution of the 
NMs were determined using the laser diffractometry tech
nique, using the Mastersizer 2000 (Malvern Instruments, 
Malvern, UK) equipment, where 100 μL of the sample was 
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diluted in 100 mL of distilled water in the equipment 
sampler. The analyses were performed in triplicate and 
the average diameter based on volume (d4,3) was used 
as a parameter for particle size distribution. To determine 
the polydispersity index (SPAN), the accumulated distri
bution parameters of 10%, 50%, and 90% (d0.1, d0.5, 
d0.9, respectively) were used.53

(b) Determination of the zeta potential

The zeta potential of NMs was determined by the electro
phoretic migration technique using the NanoBrook 90Plus 
PALS equipment (Brookhaven Instruments, Holtsville, 
NY, USA), where 10 μL of the formulation was diluted 
in 10 mL of 1 mM NaCl solution, previously filtered 
solution in 0.22 μm filter (EMD Millipore, Billerica, 
MA, USA), in a specific equipment cell. The analyses 
were performed in triplicate.53

(c) Determination of pH

The pH of NMs was determined through readings, in 
triplicate, of the formulations using a potentiometer 
(HANNA Instruments) previously calibrated.53

(d) Dosing and encapsulation rate

For the quantification of chlorhexidine by high perfor
mance liquid chromatography (HPLC), a method 
described by Lboutounne et al,54 in which a C18 chroma
tographic column (150⨰3.9 mm) was used, with a mobile 
phase composed of acetonitrile: 0.1% phosphoric acid 
(5:95, v/v) and a flow of 1 mL/min. The wavelength for 
the detection of chlorhexidine was 260 nm.

For the measurement of chlorhexidine (2.5 mg/mL), 10 
μL of the NC suspension was transferred to a 1 mL volu
metric flask, diluted in acetonitrile, obtaining a final con
centration of 25 μg/mL. The dilution was maintained in an 
ultrasound bath for 30 min to disrupt the nanoparticulate 
systems and consequently release the drug for quantifica
tion. The solutions were filtered through a 0.45 μm mem
brane filter (EMD Millipore) before injection into the 
equipment.53,55–57 Subsequently, all samples were quanti
fied by HPLC.

For the encapsulation rate, the ultrafiltration- 
centrifugation method of the suspensions (300 μL) 
Ultrafree®-MC (Millipore) was used for five minutes at 
10000 revolutions per minute.20 The concentration of 

nonassociated chlorhexidine was quantified in the ultrafil
trate, using the same conditions for determining the con
centration. The encapsulation rate was calculated by the 
difference between the concentration of chlorhexidine 
(described in the dosage) in the formulation and the 
amount present in the aqueous phase of the suspension 
(ultrafiltrate).53,55–57

In Vitro Assay
The susceptibility profile of the Staphylococcus aureus 
ATCC 6531, Staphylococcus epidermidis ATCC 1228, 
Escherichia coli ATCC 10536 and Klebsiella pneumoniae 
carbapenemase (clinical isolate) strains against the chlor
hexidine formulations (NM-Cl and CS-Cl) was evaluated 
by the broth microdilution method according to the 
Clinical and Laboratory Standards Institute (CLSI), proto
col M100-S25.21 Serial dilutions of chlorhexidine formu
lations with free molecule in the concentration range of 
0.0005 μg/mL to 250 μg/mL and chlorhexidine nanoemul
sion (from 0.00025 μg/mL to 125 μg/mL) were evaluated. 
All tests were performed in triplicate including the blank 
formulation, positive control (drug free) and negative con
trol (sterility control). The blank formulation presented no 
inhibitory activity of the bacteria. Minimal inhibitory con
centration (MIC) was considered as the lowest concentra
tion capable of inhibiting 100% of microbial growth.

The residual effect of the formulations was evaluated 
in 24 h against the S. epidermidis (ATCC 1228) and K. 
pneumoniae carbapenemase (clinical isolate) by the kill 
curve method.22 Growth control of the isolates and sterility 
control were performed as the method describes.22 Two 
and fourfold MIC concentrations were tested for each 
microorganism (2⨰MIC and 4⨰MIC, respectively). The 
samples were collected at the following times after inocu
lation of the formulation: T0, before test; T1, immediately; 
T2, two hours; T3, four hours; T4, six hours; T5, eight 
hours; T6, 12 hours; T7, 24 hours.

In Vivo Assay
The in vivo study was performed with 20 male rats (Rattus 
norvegicus albinus—Wistar lineage). The research was 
approved by the Committee on Ethics in the Use of 
Animals of the Federal University of Pampa 
(UNIPAMPA) by the protocol number 44/2017. All animal 
experiments followed the normative resolutions of 
National Animal Experimentation Control Council of 
Brazil (CONCEA), specifically the Brazilian Federal Law 
on Animal Experimentation no. 11794–2008 and 
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Normative Resolution CONCEA no. 33–2016 (Chapter 
“Procedures—Rodents and Lagomorphs kept in facilities 
of educational institutions or scientific research”). 
Normative Resolutions CONCEA are in accordance with 
international guidelines of laboratory animal welfare.

The in vivo study was performed in the surgical room 
of the veterinary hospital, respecting surgical asepsis. The 
animals were randomly distributed into control groups (G1 
and G2 in the left and right side, respectively) and chlor
hexidine groups (G3 and G4 in the left and right side, 
respectively): G1, antisepsis out; G2, free chlorhexidine 
nanoemulsion; G3, antisepsis with CS-Cl at 0.5% alcohol- 
based; and G4, antisepsis with NM-Cl at 0.25% aqueous- 
based (test formulation). The animals underwent anesthe
sia with isoflurane and wide trichotomy was performed on 
their dorsum, observing the scapula border as the cranial 
limit and the ischiatic tuberosity as the caudal limit. The 
antisepsis of each antimere was performed in cranial- 
caudal direction by two gauzes soaked in 7.0 mL accord
ing to the tested solution (G1, G2, G3, and G4). The gauze 
size was the same as the antimere and each gauze side was 
used once, totalizing four movements.

All samples of cutaneous microbiota were carefully 
collected before (T0) and after the antisepsis: T1, imme
diately after antisepsis; T2, 60 min; T3, 120 min; and T4, 
180 min) with a soaked swab in 0.9% saline solution. The 
biological material sampling was done from different posi
tions of animals skin by the division of the area with 
trichotomia, in order to avoid swabbing the same site. 
Swab content was inoculated in plates containing blood 
agar and incubated at 37°C for 24 h in aerobiosis. Manual 
counting of colony-forming units (CFUs) was performed 
according to established methodology, using 300 CFU as 
the maximum limit for counting.23 After performing anti
sepsis and the sampling times, the presence or absence of 
skin irritation was visually evaluated by verification of 
presence of erythema.

Statistical Analysis
The in vitro results were expressed as mean ±SD and one- 
way analysis of variance (ANOVA) followed by Tukey’s 
test, which was used to compare mean values. The differ
ence of antiseptic action of in vivo study was verified by 
Kruskal–Wallis test, followed by Mann–Whitney test 
when a difference was detected. The statistical analysis 
was performed with SPSS Software (IBM Corporation, 
Armonk, NY, USA). Differences among mean and median 

values were considered statistically significant when 
p≤0.05.

Results and Discussion
Development and Characterization of 
Aqueous-based Chlorhexidine 
Nanoemulsion
The NM-Cl 0.25% w/v was characterized by physico
chemical parameters such as diameter (nm), polydisper
sity, pH, zeta potential (mV), drug loading (%) and 
encapsulation rate (%). The FCN (unloaded nanoparticle) 
was prepared for comparison. All analyses were performed 
in triplicate and the results are shown in Table 1.

The mean diameters of FCN and NM-Cl 0.25% w/v were 
165 nm and 343 nm, respectively. Nanoemulsions with dia
meter between 200 nm and 500 nm trend to be physically 
more steady.16,58 Both formulations presented SPAN below 
two with a low standard deviation, indicating homogeneity of 
the particles in nanosuspension.55,57 The mean diameter of 
NM-Cl 0.25% was significantly greater than FCN, probably 
by incorporation of chlorhexidine in the oily phase.59

The pH of NM-Cl 0.25% w/v was more basic than FCN 
(Table 1), and there was difference between the zeta potential 
of NM-Cl 0.25% (positive) and FCN (negative). The chemi
cal composition of NM-Cl 0.25% w/v and FCN is the same, 
with the exception of chlorhexidine. The pH and zeta poten
tial differences can be explained by the presence of chlorhex
idine. The occurrence of positive zeta potential including 
chlorhexidine in nanoparticulate systems has been previously 
described in literature.19,54,60,61

In an assay of a developed nanoemulsion formula con
taining chlorhexidine using Tween 85, authors observed 
that by adding chlorhexidine, the zeta potential of all 
developed formulations was positive. In addition, they 

Table 1 Physicochemical Characterization of NM-Cl 0.25% and 
FCN

Parameter NM-Cl 0.25% FCN

Diameter (nm) ±SD 343 ± 1.53 165 ± 1.00
SPAN ±SD 1.353 ± 0.01 1.315 ± 0.01

Zeta potential (mV) ±SD 15.57 ± 1.73 −23.8 ± 0.67

pH ±SD 7.47 ± 0.15 6.77 ± 0.05
Drug content (%) ≈ 80% –

EE (%) ≈ 70% –

Note: Significant difference between NM-Cl 0.25% and FCN in the diameter, zeta 
potential and pH (p>0.05, ANOVA). 
Abbreviations: SD, standard deviation (n = 3); NM-Cl, chlorhexidine nanoemulsion; 
FCN, free chlorhexidine nanoemulsion; EE, encapsulation rat; ≈, approximately.

Horstmann Risso et al                                                                                                                                              Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                       

International Journal of Nanomedicine 2020:15 6938

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


also observed that by incorporating chlorhexidine the pH 
of the formulations become more basic, compared to for
mulations without the drug.60

Furthermore, in other formulations containing chlorhex
idine (the particle diameter was 278±6nm) the authors also 
observed the positive zeta potential (32.4±0.1 mV) for nano
capsules containing chlorhexidine and negative zeta potential 
(−20.9 ± 0.6 mV) for nanocapsules without the drug,19 cor
roborating our study. The authors attributed the increase in 
the surface charge of nanocapsules containing chlorhexidine 
to two hypotheses: chlorhexidine is adsorbed at the interface 
between the polymer and the surrounding environment, and/ 
or its association in the polymer. The cationic zeta potential 
allows a greater interaction with the cell membrane due to the 
difference in charges, enabling greater affinity between the 
particle-membrane and, consequently, greater biological 
performance.55,61

In Vitro Assay
The values resulting from in vitro susceptibility of different 
bacterial strains against NM-Cl and CS-Cl are exhibited in 
Table 2. The NM-Cl presented better inhibitory activity in 
comparison to CS-Cl when analyzing the geometric mean of 
Gram-positive and Gram-negative bacteria in this study 
(p≤0.05). The MIC was smaller against the formulation of 
NM-Cl, evidencing better action of the nanoformulation.

The superior action of nanostructured formulations 
containing chlorhexidine when compared to the free drug 

solution could be justified by the difference in the physi
cochemical characteristics of the formulation.25 

Chlorhexidine mechanism of action is on the plasmatic 
membrane25,28 and the cationic zeta potential of the NM- 
CL 0.25% allows a greater interaction with cell membrane, 
consequently generating a better performance of the 
formula.55,60 The reduction in the size of the molecule 
may potentiate mechanisms of passive cellular absorption 
and facilitate the drug to enter the microorganism cell, 
resulting in an increase in antimicrobial activity and in 
a better therapeutic index.16,25 This mechanism could jus
tify the best action of NM-Cl in the study, presenting 
smaller MIC than those of CS-Cl and bacteriostatic effect 
at lower concentrations.

The NM-Cl and CS-Cl solutions were more effective 
on Gram-positive than on Gram-negative bacterial 
(p≤0.05). The chlorhexidine has better action on Gram- 
positive bacteria, because of intrinsic mechanisms of 
resistance present in Gram-negative bacteria such as the 
presence of an external membrane that limits the action of 
drugs.3,12

The higher sensitivity of Gram-positive bacteria to 
chlorhexidine was expected,3 however S. aureus was the 
Gram-positive bacteria with higher MIC against the tested 
formulations, and when tested against the nanostructured 
formulation it presented higher resistance than E. coli, 
which is a Gram-negative bacteria. S. aureus plays an 
important role in the establishment of infectious processes 
postoperatively, since it is one of the main bacteria 
involved2 due to its capacity to pump the chlorhexidine 
out.24 This mechanism of resistance could explain the 
results found in this study.

Other studies had already found better action from 
formulation of nanocapsules with chlorhexidine against 
the S. epidermidis when compared to the commercial 
solution of chlorhexidine.19,54 S. epidermidis is an impor
tant pathogen in postoperative complications, because it is 
one of the most common bacterium of the resident micro
biota–bacteria translocation.3–6 The present study found 
that the nanoemulsion had a better effect than the formula
tion with free molecules against Gram-positive bacteria 
and corroborates previous studies,19,54 even in different 
formulations.

The results found for Gram-negative bacteria in nanofor
mulation (Table 2) can be explained because E. coli was as 
susceptible to chlorhexidine as Gram-positive bacteria,12 

besides E. coli showed higher sensitivity than K. pneumoniae 
carbapenemase (KPC). Although chlorhexidine is an 

Table 2 In Vitro Susceptibility of Different Bacterial Strains 
Against Nanoemulsion of Chlorhexidine and Commercial 
Solution of Chlorhexidine

Group Bacterial 
Strains

MIC (μg/ 
mL) CS-Cl

MIC (μg/ 
mL) NM-Cl

Gram-positive 
bacteria

Staphylococcus 
aureus

0.03 0.004

Staphylococcus 
epidermidis

0.015 0.002

Geometric 
mean

0.021 0.003

Gram-negative 
bacteria

Escherichia coli 0.12 0.002

KPC 0.5 0.015

Geometric 
mean

0.24 0.005

Note: Significant difference between NM-Cl and CS-Cl in the bacterial strains in 
this study (p>0.05, ANOVA). 
Abbreviations: MIC, minimal inhibitory concentration; CS-Cl, commercial solu
tion of chlorhexidine (0.5% alcohol base); NM-Cl, nanoemulsion of chlorhexidine; 
KPC, Klebsiella pneumoniae carbapenemase.
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effective antimicrobial, it has limitations in some Gram- 
negative bacteria.62 Recent studies found that clinical isolates 
of K. pneumoniae can show difference in susceptibility to 
chlorhexidine.9 KPC was the most resistant bacterium 
against the formulations, which can be explained by mechan
isms of resistance.13,62 The mechanisms of resistance are 
related to cross-resistance to colistin, and are associated 
with the upregulation of the proteins that are involved in 
the assembly of the lipopolysaccharide for outer membrane 
biogenesis and virulence factors.62

The kill curve method was done in accordance with the 
Verma protocol,22 suggesting that several concentration 
ranges can be tested (usually they are multiples of the 
MIC). The kill curve presents limitations: selection of con
centrations to be tested (could be adapted to the assay obser
ving the recommendations of multiples of the MIC), 
limitations of the preparation of materials and the technique 
itself. A recent study demonstrated that low concentrations of 
chlorhexidine, such as the MIC, had a relatively weak effect 
on membrane breaking of bacteria.63 In accordance with the 
protocol we selected 2⨰MIC and 4⨰MIC expecting that 
higher concentrations were needed for the maintenance of 
the effect in time (residual effect). The residual effect of 
chlorhexidine is well known64 but the aim was to compare 
it with the nanostructured formulation.

The kill curve results are exhibited in Figures 1 and 2. 
The different NM-Cl concentrations presented slower action, 
however, that was maintained for a longer time when com
pared to CS-Cl action for the bacterial strains of S. epidermi
dis (Figure 1) and K. pneumoniae carbapenemase (Figure 2). 
The result demonstrates the residual effect of the CS-Cl,37 

and also of the NM-Cl. The delay in the onset of action could 
occur because of the connection of nanoemulsion droplets on 
the surface, forming a dense film that remains for a longer 
time in prolonged action.26 The 2⨰MIC concentrations were 
more effective to reduce the CFUs at first evaluation, and the 
4⨰MIC concentrations were more effective to maintain 
lower CFUs counting over time. Furthermore, the 4⨰MIC 
NM-Cl presented a prolonged residual effect (T6, 18 h) 
compared to the other concentrations.

In Vivo Assay
The counting of CFU chlorhexidine groups (NM-Cl and 
CS-Cl) is exhibited in Table 3. Two animals were removed 
from the study because there was a breach in antisepsis, 
resulting in contamination of the antimeres and disabling 
the inclusion of the sample results. The counting of the 
CFU control group (antisepsis out and free chlorhexidine 
nanoemulsion) was over 300 CFU, a result that was 
expected because of the normal colonization of skin. The 
presence of erythema was not visualized after use of for
mulations (antisepsis out, free chlorhexidine nanoemul
sion, CS-Cl at 0.5% alcohol-based and NM-Cl at 0.25% 
aqueous-based) during the in vivo assay.

The satisfactory antiseptic effect of NM-Cl and CS-Cl 
formulations can be demonstrated by the nongrowth of 
bacteria after rat skin antisepsis (T1) in the CFU counting. 
One hour after antisepsis (T2), an animal of the NM-Cl 
group presented only one CFU, evidencing similar reduc
tion (p<0.0001). Two animals of the NM-Cl group pre
sented higher CFU than the CS-Cl group in T3 and T4 
(Table 3), but there was no difference between them 

Figure 1 Action of CS-Cl and NM-Cl solutions against Staphylococcus epidermidis twice (2⨰MIC) and four (4⨰MIC) times MIC concentrations in different sample times. 
Abbreviations: CS-Cl, commercial solution of chlorhexidine (0.5% alcohol base); NM-Cl, nanoemulsion of chlorhexidine; MIC, minimal inhibitory concentration.
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(p≤0.05). The presence of alcohol in CS-Cl according to 
Davids et al23 could have potentiated the antiseptic effect 
of the solution in the present study, however the potentia
tion was not verified and the use of CS-Cl did not present 
advantage over NM-Cl (p≤0.05).

The association of chlorhexidine and alcohol, as CS-Cl 
at 0.5% alcohol-based, is used for complementary presur
gical antisepsis and alone as a presurgical antiseptic,27 

which is the reason why it was compared with NM-Cl 
aqueous-based. The antiseptics association is usual,7 due 
to broad spectrum and fast action of alcohol.3,7 In nanoe
mulsions there is no presence of alcohol in the composi
tion, since they are composed of both an aqueous and an 
oily phase.17 An alternative comparison could be the aqu
eous solution of chlorhexidine. The main recommendation 
is to use aqueous solution in mucous membranes and 
eventually as a complementary antiseptic for presurgical 
of skin,27 a way in which an alcohol-based product is more 
used for skin antisepsis than the aqueous-based one.

The similar antiseptic effect in vivo of NM-Cl when 
compared to CS-Cl encourages further research in health 
routine, once chlorhexidine is an antiseptic agent recom
mended worldwide for topical use in preoperative preparation 
and in insertion of intravascular devices.9 One of the possible 
benefits of using nanostructures is the decrease of the con
centration in the formulation, presenting equal or greater 
effect than the usual formulation, as previously demonstrated 
with chlorhexidine nanocapsules19,54 and vegetable oil.15 

Consequently, our group decided to compare a low- 
concentrated nanostructured formulation to a consolidated 
formulation, resulting in similar effects both for NM-Cl and 
for CS-Cl, demonstrating that the use of nanoformulations 
could decrease chlorhexidine concentrations.

The antimicrobial resistance to chlorhexidine, one of 
the most widely used antiseptic products,9,13,28 has gener
ated considerable efforts for the development of studies 

Figure 2 Action of CS-Cl and NM-Cl solutions against Klebsiella pneumoniae Carbapenemase twice (2⨰MIC) and four (4⨰MIC) time MIC concentrations in different sample 
times. 
Abbreviations: CS-Cl, Commercial solution of chlorhexidine (0.5% alcohol base); NM-Cl, nanoemulsion of chlorhexidine; MIC, minimal inhibitory concentration.

Table 3 In Vivo Antiseptic Actions of CS-Cl and NM-Cl 
Solutions in Wistar Rats Skin at Different Times by the CFU 
Manual Counting

Samples Time 0 Time 1 Time 2 Time 3 Time 4

1-CS-Cl 300 0 0 0 0
2-CS-Cl 300 0 0 0 0

3-CS-Cl 300 0 0 0 0

4-CS-Cl 300 0 0 0 0
5-CS-Cl 300 0 0 0 0

6-CS-Cla 300 0 0 0 0

7-CS-Cl 300 0 0 0 0
8-CS-Cl 300 0 0 0 0

9-CS-Cl 300 0 0 0 0

10-CS-Cla 300 117 300 300 300
1-NM-Cl 300 0 0 0 0

2-NM-Cl 300 0 0 0 0
3-NM-Cl 300 0 1 23 3

4-NM-Cl 300 0 0 0 0

5-NM-Cl 300 0 0 61 56
6-NM-Cla 300 40 13 31 36

7-NM-Cl 300 0 0 0 0

8-NM-Cl 300 0 0 0 0
9-NM-Cl 300 0 0 0 0

10-NM-Cla 300 76 300 300 300

Note: aAnimals 6 and 10 were removed from the study because there was a breach 
in antisepsis, resulting in contamination. 
Abbreviations: CS-Cl, commercial solution of chlorhexidine (0.5% alcohol base); 
NM-Cl, nanoemulsion of chlorhexidine.
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that evaluate antiseptic action of new formulations. 
These formulations can be used for establishing alterna
tives to resistance induction through indiscriminate use.2,28 

Considering this problem and the in vitro and in vivo 
results from this study, our group highlights and 
encourages further studies with chlorhexidine nanoemul
sion in the hospital routine.

Conclusion
The NM-Cl formulation showed efficacy at in vitro and 
in vivo assays with lower concentrations of chlorhexidine 
than the commercial product that is recommended for 
presurgical antisepsis. In this paper we have showed that 
NM-Cl presented adequate physicochemical characteris
tics, as well as antiseptic and residual effects. Taken 
together, the results suggest that NM-Cl is a promising 
potential alternative formulation. Results so far have been 
very positive, encouraging the development of future phar
macological studies for determining the mechanisms of 
action of the nanostructured formulation, for evaluating 
different concentrations of chlorhexidine in different 
nanostructured formulations, and for evaluating penetra
tion mechanisms and potential toxicity of formulations in 
cutaneous cells when used topically.
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