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INTRODUCTION

The root canal is the primary site for microbial 

 

[1]. Bacterial polysaccharides found in the extracellular 
matrix play a very important role in biofilm production [2,3]. 
The ecology of the root canal predominantly consists of both 
aerobic and facultative anaerobes, the latter of which pose a 
serious threat and alter the root canal system. Disinfection of 
the root canal system is one of the most complicated procedures 
and involves the use of a variety of equipment and techniques, 
irrigation regimes, and intracanal medications [4,5]. The use of 
chemo-mechanical instrumentation alone does not guarantee a 
bacteria-free root canal system. The suppression of biofilms is 
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ABSTRACT
Disinfection of the root canal system is one of the most complicated procedures and involves the use of a variety of 
equipment and techniques, irrigation regimens, and intracanal medications. “Cubosomes” (CUs) are among the few 
nanocarriers that are currently being explored for active drug delivery systems. A novel cubosomal chlorhexidine 
(CHX) for root canal irrigation was developed, and its release profile and antimicrobial efficacy against Enterococcus 
faecalis and streptococcal biofilms were evaluated. CUs were characterized for shape, particle size, polydispersity 
index, zeta potential, and drug entrapment. Drug release was determined using the dialysis method. Microbial 
analysis of live and dead bacteria was performed via confocal laser scanning microscopy (CLSM). The average 
particle size, polydispersity index, and zeta potential of the CHX CUs were 157 nm, 0.4, and 19 mV, respectively. The 
drug entrapment efficiency was approximately 47%. Drug release studies revealed that the cubosomal formulation 
released approximately 77% of the drug at the end of 6 hours, and complete release was detected at 24 hours. 
Confirmation of biofilm formation by CLSM and the percentage (%) survival of biofilm cells revealed that the 
Cubosomal formulation more effectively inhibited biofilm formation even after 48 hours. Both colony-forming unit 
and CLSM tests revealed that cubosomal CHX showed improved antimicrobial efficacy. The novel cubosomal CHX 
delivery system for endodontic irrigation was proven to be successful, as it improved the release of CHX, in turn 
improving its antimicrobial efficacy compared to that of regular CHX solution.
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colonization  because  it  causes  infection  by forming biofilms
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Synthesis and characterization of CHX gluconate CUs 

Preparation of CU
CUs were prepared by emulsification of the lipid 

phase and surfactant in water containing 0.5% PVA. Glycerol 
monooleate (GMO) and P407 were completely melted at 60°C. 
CHX (in its lyophilized powder form) was dissolved in water 
containing PVA. Then, the melted lipid-surfactant mixture was 
added to the aqueous phase dropwise while homogenizing it at 
8,000 rpm for a duration of 5 minutes using an IKA T25 digital 
Ultra Turrax high-speed homogenizer [16].

Characterization of CHX CUs

Particle size, zeta potential, polydispersity index (PDI), 
transmission electron microscopy (TEM), and Fourier transform 
infrared (FTIR) spectroscopy

To determine the average particle size, zeta potential, 
and PDI of the prepared CUs, ZetaSizer (Nano ZS, Malvern 
Instruments; Malvern, UK) was used. To obtain the FTIR 
spectra, 100 scans were collected in the 500–4,000 cm−1 region 
(FTIR, Bruker, Alpha II). Structural characterization of the 
prepared CUs was performed by TEM (FEI Technai-12 G2 120 
kV) [17].

Determination of drug entrapment efficiency (EE)
To calculate the amount of drug entrapped inside 

the CUs, the prepared formulation was transferred into a 
dialysis bag (which had been soaked previously), and the free 
drug was removed by dialysis. The dialysis bag was kept for 
stirring in 250 ml water and at the end of 6 hours, the sample 
was withdrawn and the absorbance was measured using a UV 
spectrophotometer at the maximum wavelength of 254 nm. The 
amount of free drug was calculated from a calibration curve of 
CHX constructed previously. The amount of drug encapsulated 
was calculated as the difference between the total amount of 
drug added and the amount of free drug. Then, the EE was 
calculated according to the formula:

               Amount of encapsulated drug
EE% =   × 100 (1)
              Total amount of drug added

In vitro drug release study
The amount of drug released from the CUs was 

measured using the dialysis method. The prepared formulations 
of CHX CUs (with an appropriate volume corresponding to 
20 mg of CHX) and CHX solution (1 ml of 20% CHX) were 
added to the respective dialysis bags (previously soaked) and 
dialyzed using Milli-Q water (60 ml) as the receptor medium 
by stirring for 24 hours at room temperature. Samples were 
withdrawn at intervals from 0 to 24 hours and replaced with an 
equal amount of fresh receptor medium. Then, the absorbance 
of the samples was measured spectrophotometrically at 254 nm. 
The percentage of drugs released was calculated, and a graph of 
% drug release versus time was constructed [18].

one of the most important criteria for assessing the effectiveness 
of antibacterial agents [6].

Enterococcus faecalis is a Gram-positive, facultative 
anaerobic coccus and is most commonly (incidence) found in 
failed root canal therapies. It can survive in a microenvironment 
in the presence of calcium hydroxide, resulting in colonization 
of the root canal system. Mechanical debridement proves 
beneficial in biofilm removal by diminishing bacterial presence 
and eliminating organic substances that might impede the 
effectiveness of antibacterial agents [2]. While essential for 
eliminating endodontic biofilms, the incomplete removal of 
biofilm in certain areas of the root canal during instrumentation 
indicates the potential persistence of biofilms in these regions. 
Streptococcus mutans is a facultatively anaerobic, Gram-
positive coccus and part of the normal oral flora responsible 
for tooth decay [6]. This finding emphasizes the importance of 
utilizing antimicrobial and/or antibiofilm irrigants [7].

Sodium hypochlorite (NaOCl) possesses potent 
bactericidal and antibiofilm qualities. Nonetheless, its high 
cytotoxicity and efficacy can be notably influenced by the 
presence of organic substances. Chlorhexidine (CHX) has 
unique antimicrobial properties. Positively charged ions 
generated by CHX can adsorb into dentin, preventing microbial 
growth on the surface of the dentin [8–10]. Nanoencapsulation 
might improve drug release while also extending the time of 
bactericidal irrigants that are delivered to dentinal tissues. 
Custom-designed nanoparticles enable the sustained and 
continuous delivery of bactericidal agents, directly reaching 
the dentinal matrix. Haseeb et al. [11] illustrated the effective 
self-assembly of PEG-b-PLA bilayer nanoparticles for CHX 
encapsulation, enhancing drug bioavailability and facilitating 
precise drug distribution within intricate dentinal matrices. 

Cubosomes (CUs) are among the few nanocarriers 
that are currently being explored for active drug delivery 
systems. CUs are liquid crystalline nanoparticles with 3D 
structures. It resembles a honeycomb through bicontinuous 
domains of water and lipids and is an active drug delivery 
system [12,13]. The advantages of CU include a highly 
organized structure, protection of the drug from degradation, 
controlled drug release, and improved bioavailability with 
reduced side effects. Considering the contrasting results of 
previous studies on nanoformulations of chlorohexidine, 
our study aimed to develop cubosomal CHX for endodontic 
irrigation [14,15]. The antimicrobial efficacy of the agent was 
assessed by confocal laser scanning microscopy (CLSM) and 
colony-forming units (CFUs). The null hypothesis states that 

novel CU formulations will not influence sustained release or 
antimicrobial action.

MATERIALS AND METHODS
CHX gluconate (CHX; 20% solution) was obtained 

from Unilab Chemicals, Maharashtra, India. Glyceryl 
monooleate was received as a kind gift from Mohini Organics 
Pvt. Ltd., Maharashtra, India. Polyvinyl alcohol (PVA) and 
Poloxamer 407 (P407) were obtained from Sigma Aldrich. The 
cellulose membrane (12 kDa cut-off) for dialysis was purchased 
from Hi Media.
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Tooth preparation
A total of 90 single-rooted teeth with straight canals 

were selected for the study and divided into 8 groups (Table 1 and 
2), with a sample size of 10 teeth each (n = 10). The two teeth were 
kept for scanning electron microscopic observation and the rest 8 
were discarded were discarded. The study protocol was approved 
by the Institutional Ethics Committee, Kasturba Hospital, 
Manipal (Approval No: IEC933/2019). Radiographs were 
taken to confirm single canals, the teeth were decoronated with 
a carborundum disc, and the root length was standardized. The 
working length for all the teeth was determined by a radiographic 
method, and biomechanical preparation was performed by K-files. 
Simultaneous irrigation was performed with 5.25% NaOCl 
and 17% EDTA at 5 ml/minute each for a duration of 1 minute 
between each file size and irrigated with normal saline at 5 ml/
minute as the final rinse. After the working length was measured, 
the canals were enlarged to 35 k files (Dentsply, USA), and the 
apices were sealed with sticky wax. All the teeth were subjected 
to autoclaving. Forty teeth were subjected to CFU determination. 
In the remaining 40 teeth, deep dentinal grooves were placed in 
the buccal and lingual halves of the tooth using a Diamond disc 
for splitting for observation via CLSM.

Determination of antimicrobial efficacy

CFU determination
Preparation of Bacterial Inocula: The American Type 

Culture Collection strains of E. faecalis (ATCC 29212) and S. 
mutans (ATCC 25175) were used in this study. The culture was 
inoculated in brain heart infusion broth and incubated for 48 
hours at 37°C. Forty sterilized teeth were inoculated with this 
fresh bacterial culture (20 samples for E. faecalis and 20 samples 
for S. mutans) and incubated in a bacteriological incubator for 
approximately 72 hours. After 72 hours of incubation, the teeth 
were irrigated with their respective groups with a 27-gauge 
needle in a 5 ml syringe for 1 minute twice. Then, the incubated 
suspension was serially diluted from 101 to 109 by following 
standard procedures, and each dilution was plated (0.1 ml) on 
5% sheep blood agar and incubated at 37°C for 24 hours. After 
24 hours of incubation, each dilution was checked, and at the 
optimum dilution, the number of colonies could be counted 
easily, while that of the dilution was taken for further CFU 
calculation. CFU was calculated by following the formula.

                  No. of colonies × Total dilution  
                                                factor (TDF)

CFU/ml =    (2)
                  Volume of culture plated in ml

TDF: 105

Volume of culture plated in ml: 0.1 ml

Scanning electron microscopy (SEM)
Two samples innoculated with E.faecalis and s.mutans 

were subjected to SEM for visualization of bacterial growth.

Confocal laser scanning microscopy 
Two halves of the roots were removed from the 

remaining forty samples, which underwent an irrigation 
schedule, and were then used for CLSM. A coverslip (20 mm in 
diameter and 0.17 mm thick) was used to place one randomly 
chosen side of the tooth on the glass SYTO9 and propidium 
iodide dyes were added to the canal for 5 minutes at a 1:1 
ratio (total volume of ¼ 40 ml) to assess the bacterial viability. 
Following the instrumentation of the canals, the mesial and 
distal portions of the root were separated, and each sample was 
taken out of the device. A randomly chosen tooth side was set 
on a glass coverslip that measured 20 mm in diameter and 0.17 
mm in thickness. Bacterial viability was determined using a 
BacLightTM kit L13152 from Molecular Probes, Inc., located 
in Eugene. Whereas the propidium iodide probe only penetrates 
bacteria with damaged plasma membranes, the SYTO9 probe 
labels every bacterium in a population [19]. For SYTO9 and 
propidium iodide, the microscope was set to 473 and 559 nm, 
respectively. For SYTO9 and propidium iodide, the excitation/
emission maxima are 480/500 and 490/635 nm, respectively. 
For 5 minutes, dyes were added to the canal in a 1:1 ratio (for 
a total volume of ¼ 50 ml). CLSM (Olympus Europa Holding 
GmbH, Hamburg, Germany) was used to view the fluorescence 
from the labeled cells. The Olympus FluoView Version 
1.7 software (Olympus Europa Holding GmbH, Hamburg, 
Germany) was utilized to gather CLSM images. The program 
was set to 512 pixels2 resolution and a magnification factor 
of 1.0, resulting in a final pixel resolution of 0.41 mm/pixel. 
Red and green fluorescence were displayed simultaneously 
using dual-channel imaging. The last millimeter of the apical 
third of the root was not included in the evaluation since it was 
not covered by the chemomechanical preparation. From every 
specimen, ten micrometer-deep scans with a 0.5 mm step size 
and 20 slices per scan were acquired.  Using 60X magnification 
oil immersion objectives with a confocal pinhole set to 30 mm 
in diameter and a numerical aperture of 1.4 mm, the mounted 
specimens were viewed. CLSM (Olympus Europa Holding 
GmbH, Hamburg, Germany) was used to view the fluorescence 
from the labeled cells.

Table 2. Irrigation regimen used in the CLSM analysis among the 
study groups.

Group Irrigant Quantity Time

Group 3A—E. faecalis Normal CHX 5 ml 1 minute

Group 3B—E. faecalis Cubosomal CHX 5 ml 1 minute

Group 4A—S. mutans Normal CHX 5 ml 1 minute

Group 4B—S. mutans Cubosomal CHX 5 ml 1 minute

Table 1. Irrigation regimen used for CFUs.

Groups Irrigant Quantity Time

Group 1A—E. faecalis Normal CHX 5 ml 1 minute

Group 1B—E. faecalis Cubosomal CHX 5 ml 1 minute

Group 2A—S. mutans Normal CHX 5 ml 1 minute

Group 2B—S. mutans Cubosomal CHX 5 ml 1 minute
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Data were analyzed using the statistical package 
SPSS Software (version 16.0) was used to analyze the data. 
Initially, data were screened in a Chi-Square test then followed 
by one-way ANOVA for calculating the significance difference 
between the data groups. A p-value <0.05 was considered 
statistically significant.

RESULTS

Preparation of CUs
GMO and phytantriol are the two most commonly used 

lipids for the preparation of CUs. Out of these, the literature 
suggests that GMO is safer as compared to phytantriol as the 
latter showed higher cytotoxicity to tested cell lines [20,21]. 
Therefore, to develop a safe formulation to be used as a root 
canal irrigant, we used GMO for the preparation of CUs. The 
emulsification of GMO and P407 in water formed CUs that 
were loaded with CHX. Due to its well-established property 
as a stabilizer, P407 is widely used in the preparation of CUs 
[22]. P407 is a triblock copolymer consisting of hydrophilic 
(polyethylene glycol) and hydrophobic (polypropylene glycol) 
chains. PVA was used in the formulation of CU because it 
adsorbs onto the surface of the emulsion droplets and stabilizes 
them [23]. It also helps to form easily dispersible particles in 
aqueous media [24].

Characterization of CHX CUs: particle size, zeta potential, 
PDI, TEM, and FTIR spectroscopy

The properties of the CHX-loaded CUs were 
characterized. We obtained particles with an average size 
of approximately 157 nm, which shows that they are in the 
nanoscale range and have a PDI of approximately 0.4, which is 
within the acceptable range and shows that the formulation was 
homogeneous in distribution. The particles had a positive zeta 
potential of approximately 19 mV, indicating that the CUs were 
stable. The average size, zeta potential, and PDI of the prepared 
CHX CUs are displayed in Table 3.

The morphology of the prepared CUs was visualized 
via TEM, and the results are shown in Figure 1. The 
nanoparticles had a polyangular shape, and a cubic structure 
was visible [13]. However, most of the nanoparticles tended 
to form spherical shapes, as reported previously, with some 
amount of aggregation [12].

The FTIR spectra of pure CHX (Fig. 2) showed 
characteristic peaks at 2,926 cm−1 (N-H stretching, a secondary 
amine salt), 1,520 cm−1, 1,405 cm−1 (aromatic C=C stretching 
modes), 1,241 cm−1 (C-N stretching, a secondary aromatic 
amine), and 1,018 cm−1 (C-N stretching), in accordance with 
previously reported literature [25,26]. The peaks in the FTIR 

spectrum of pure CHX were retained in the FTIR spectrum 
of the CHX CUs (Fig. 3), which showed that there were no 
significant interactions between the drug and excipients.

Determination of drug EE
A UV/visible spectrophotometric method was used to 

quantify CHX. The λmax for CHX was 254 nm. A calibration 
curve was constructed using different concentrations of the drug 
against the obtained absorbance values. A calibration curve was 
used to calculate the drug EE. The dialysis method was used to 
determine the EE. The EE of the CHX CUs was 47%.

Drug release studies
To quantify CHX in the drug release studies, a UV/

Vis spectroscopy method was used. A curve of % of drug 
released versus time was constructed, as shown in Figure 4. 
Upon comparison between the curves obtained for CHX CUs 

Table 3. Particle size, zeta potential, and PDI of CHX CUs.

Amount 
of GMO 

(mg)

Amount 
of P407 

(mg)

Amount 
of CHX 

(mg)

Average 
particle size 

(nm)

Zeta 
potential 

(mV)

PDI

450 50 20 157.1 ± 1.19 19.7 ± 0.55 0.440 ± 0.06

Figure 1. TEM image of CHX CUs.

Figure 2. FTIR spectra of pure CHX.
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and plain CHX solution, it is clear that the plain drug solution 
showed 100% release in 6 hours, whereas in the case of the 
prepared CUs formulation, approximately 77% of the drug was 
released at the end of 6 hours. CHX was completely released 
from CU at the end of 24 hours. Therefore, the CHX CUs 
showed slower and more controlled release than the plain CHX 
solution, which demonstrated rapid release.

CFU calculation
The CFU calculations of E. faecalis and S. mutans 

against CHX and the cubosomal formulations are shown in 
Figures 5 and 6.

As visualized under SEM, there was strong 
adherence to the roots, and clusters of bacteria were also 
observed. The SEM images (Figs. 7 and 8) suggested that 
the strong biofilms of both isolates were concordant.

Confirmation of biofilm by CLSM studies
Two-dimensional analysis of CLSM pictures was 

carried out, and bio-Image software (The MathWorks, Inc., 
Natick, MA) [25] was used for quantitative analysis to assess 
viability. The color segmentation techniques used by MATLAB 
(The Mathworks) underpin the bioImage L software, which 
produces data on both the whole biofilm population and 

Figure 3. FTIR spectra of CHX CUs.

separate subpopulations that are symbolized by red and green 
fluorescent colors. The percentage (%) survival of biofilm cells 
as determined by the LIVE/DEAD approach was obtained 

Figure 4. Drug release profiles of plain CHX solution and CHX CUs.

Figure 5. CFU of E. faecalis against CHX and cubosomal formulation.

Figure 6. CFU of S. mutans against CHX and cubosomal formulation.

Figure 7. SEM image showing biofilm of S. mutans.
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by dividing the biovolume of the green subpopulation by 
the biovolume of the biofilm as a whole. By contrasting the 
biovolume of biofilms before treatment with the biovolume of 
biofilms following antimicrobial exposure, the elimination of 
biofilm cells was estimated. Each solution was considered an 
experimental group.

Confocal images revealed greater E. faecalis biofilm 
removal in the apical third when irrigated with CHX and CU 
than in the other thirds. Biofilm eradication among the groups 
showed a significant difference. The biofilm density was 
greater in the middle third in both groups. The latter decreased 
the biofilm to 4 ± 3, 14 ± 3, and 15 ± 2 from the apical root 
portion to the coronal third, respectively. In contrast, the CHX 
decreased to 51.4 ± 4.86 ± 9.58 ± 8 from the apical third.

Figure 8. SEM image showing biofilm of E. faecalis.

Figure 9. CLSM showing the intensity of the biofilm production, red 
fluorescence indicating the dead bacteria and green fluorescence indicating the 
live bacteria by normal CHX at 48 hours of incubation (A: Biofilm intensity of 
E. faecalis; B: Biofilm intensity of S. mutans).

Figure 10. CLSM showing the intensity of the biofilm production at Apical, 
Medial, and Coronal areas. Red fluorescence indicating the dead bacteria and 
green fluorescence indicating the live bacteria by CHX.

Figure 11. CLSM showing the intensity of the biofilm production at Apical, 
Medial, and Coronal areas. Red fluorescence indicating the dead bacteria and 
green fluorescence indicating the live bacteria by Cubosomal CHX at 0 and 48 
hours of incubation.
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At dosages lower than those utilized for topical 
treatments, CHX inhibits bacterial membrane-induced cell 
activation [29]. The integrity of the bacterial cytoplasmic 
membrane is disrupted by these cationic irrigants, resulting 
in the release of intracellular contents. They bind to not only 
lipopolysaccharide but also lipoteichoic acid from Gram-positive 
bacteria. Several authors have developed nanoformulations of 
CHX that have proven to be beneficial [30]. 

CUs possess distinctive cubic structures that enable 
the incorporation of highly lipophilic, hydrophilic, and 
amphiphilic drugs. Moreover, the lipid components utilized 
in CUs preparation, such as monoolein and phytantriol, are 
both biodegradable and biocompatible, indicating the safety 
of these cubic nanoparticles for drug delivery purposes. CUs 
maintain a stable cubic shape, promoting slower dissociation 
rates, enhanced drug retention, and targeted drug delivery. The 
architecture of cubic particles offers more advantageous drug 
delivery systems compared to other lipid-based nanocarriers 
like solid lipid nanoparticles, primarily due to their capacity to 
efficiently deliver drugs to the nanoparticle surface [31]. This 
study was successful in the development of Cubosomal CHX, 
for which the average particle size was approximately 150 nm. 
The TEM image showed a nearly cuboidal or hexagonal shape, 
which is in agreement with other studies. 

The dialysis method was used to determine the 
drug EE. The EE of the CHX CUs was 47%. Yan et al. [7] 

In the streptococcal group, both irrigants were 
effective at eradicating biofilms. CU showed 18% ± 1.81%, 
17% ± 2.5%, and 10% ± 2.3% reductions in biofilms from the 
coronal to apical thirds. Similarly, CHX decreased the bacterial 
density to 35 ± 4, 35 ± 3, and 45 ± 3 from the coronal portion. 
CHX was not successful in eliminating CHX from the apical 
portion, where biofilms constituted the majority. There was a 
significant difference in eradication between the CU group and 
the CHX group.

The intergroup comparisons revealed significant 
differences among groups. The intra- and intergroup 
comparisons are shown in Tables 4 and 5, respectively. CLSM 
images showing the intensity of biofilm production are shown 
in Figures 9–11.

DISCUSSION
To the best of our knowledge, this study is one of 

the few CHX nanoformulations that were tested on extracted 
teeth. This study demonstrated the number of bacterial biofilms 
adhering to roots, which was further confirmed by microscopic 
evidence. Bacteria within the root canal system can penetrate 
deep inside the tubules, leading to biofilm formation [27]. In 
failed cases of root canal-treated teeth, most irrigants have 
proven to be ineffective. By developing nanocubosomal CHX 
formulations, better penetration ability, and sustained release 
can be achieved [28].

Table 4. Intra-group comparison.

Bacteria Site Group
Baseline Follow-up

p-value
Mean SD Mean SD

Enterococcus Apical CHX 126.20 23.79 51.60 4.97 <0.001

CU 126.20 23.79 4.50 3.10 <0.001

Middle CHX 121.20 3.79 86.70 9.18 <0.001

CU 121.20 3.79 14.30 3.06 <0.001

Coronal CHX 180.40 13.43 58.90 8.72 <0.001

CU 180.40 13.43 15.30 2.11 <0.001

Streptococcus Apical CHX 118.00 3.27 45.10 4.25 <0.001

CU 118.00 3.27 10.30 2.31 <0.001

Middle CHX 126.30 3.65 35.60 3.27 <0.001

CU 126.30 3.65 17.40 2.50 <0.001

Coronal CHX 170.50 12.03 35.40 4.17 <0.001

CU 170.50 12.03 18.20 1.81 <0.001

Table 5. Inter-group comparison.

Bacteria Site

Group

p-valueCHX CU

Mean SD Mean SD

Enterococcus Apical 58.26 6.43 96.28 2.60 <0.001

Middle 28.47 7.33 88.24 2.23 <0.001

Coronal 66.97 6.71 91.45 1.48 <0.001

Streptococcus Apical 61.75 3.83 91.25 2.04 <0.001

Middle 71.79 2.78 86.21 2.07 <0.001

Coronal 79.03 3.72 89.28 1.29 <0.001
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deep inside dentinal tubules and form biofilms. Additionally, 
these two pathogens are the predominant pathogens involved 
in endodontic infections. In addition, the bacterium could 
coaggregate with some strains of S. mutans. E. faecalis is 
commonly found in cases in which root canal treatment fails. 
Streptococcus mutans is one of the most common organisms 
isolated from primary endodontic infections. The foreseeable 
reason for the increased effectiveness of Cubosomal CHX 
may be the sustained release of CHX from CUs up to 24 hours 
[8]. CHX is a widely used antibacterial agent. Gomeset et al. 
[38] investigated the chemical composition of CHX and its 
antibacterial efficacy because it is a hydrophobic, positively 
charged chemical. The fundamental mechanism of CHX is to 
interact with the bacterial cell membrane, and CHX is also 
effective against the cell wall of bacteria [10]. Khademi et al. 
[33] reported that treatment with CHX for 5 minutes may be 
effective at removing biofilms for up to 4 weeks.

In this study, CU was effective at decreasing the 
bacterial count from the baseline value. This results from CUs 
penetrating deeply into the dentinal tubules and the extended 
release of CHX. Bacteria in the apical third were less resistant to 
CU than were those in the coronal and middle thirds. Our study 
is in disagreement with other studies in which more biofilms 
were detected in the root portion. There may be various factors 
that help in elimination, such as the depth of needle penetration, 
configuration factors, and biofilm development. Additionally, 
another reason in the case of this study may be attributed to 
the lower number of tubules in the apical third and the depth of 
irrigation. The middle third had more biofilms than the coronal 
third. This can be explained by support from previous studies, as 
there is a complex morphology in the middle third compared to the 
coronal third. Additionally, irrigants are easily penetrable in the 
coronal third. Viscosity and surface tension are key determinants 
affecting the flow and depth of penetration of irrigants. It was 
observed that 2% CHX irrigant exhibited superior penetration 
into dentinal tubules compared to conventional syringe irrigation, 
which is consistent with the results of previous studies.

Kishen et al. [34] showed that CLSM is a method for 
detecting bacterial adherence and biofilm intensity both in vivo 
and under in vitro conditions. CLSM can be used to analyze and 
differentiate between live and dead bacteria on any surface [34]. 
Zapata et al. [39] in their study, showed that CLSM has more 
advantages over other conventional methods of studying bacterial 
biofilm, especially in the dentinal tubules. The SYTOX and 
propidium iodide stains are used predominantly to study biofilms 
and show 100% accuracy. In this study, better contrast was 
demonstrated among the live and dead bacteria in the roots, which 
were analyzed at 0 hours and after 48 hours in the case of both 
CHX and CU formulations. Both S. mutans and E. faecalis were 
inoculated in conventional CHX and CU formulations (Tables 2 
and 3) onto the roots of the teeth and it was observed that both 
bacteria were inhibited (to a lesser extent) by the CU formulation 
compared to those in the normal CHX solution. The effects of 
the CU formulation were significantly greater than those of the 
2% CHX solution (p < 0.05). In our study, CLSM showed very 
good results compared to the conventional colony count method. 
CLSM provides a real-time picture of the remaining cells of 
microorganisms and easily estimates the antibacterial properties 

reported similar EE values for CHX in mesoporous silica 
nanoparticles for antibiofilm activity. Nevertheless, some 
groups have obtained lower entrapment, for example, in 
the case of nanoporous silica nanoparticles and other kinds 
of nanoparticles developed for the mitigation of bacterial 
infections and dental applications [23]. The unique structure 
of CUs allows for the encapsulation of both hydrophilic and 
hydrophobic drugs. The bicontinuous water channels present 
in the structure are the hydrophilic regions where the CHX 
was entrapped. As the space occupied by the lipids in the 
cubosomal structure is much greater, the entrapment observed 
in the case of hydrophilic drugs is not very high [32].

To quantify CHX in the drug release studies, a UV/
Vis spectroscopy method was used. The curve of the percentage 
of drugs released versus time was constructed as shown in 
Figure 4. By comparing the drug release curves obtained for 
CHX CUs and plain CHX solution, it was clear that the plain 
drug solution showed 100% release after 6 hours, whereas in 
the case of the prepared novel CU formulation, approximately 
77% of the drug was released at the end of 6 hours.  Therefore, 
the CHX CUs showed slow and controlled release compared 
to plain CHX solution, which demonstrated rapid release 
[31,33,34]. The plain CHX solution releases CHX rapidly 
because the drug is free and not encapsulated. This exhausts the 
CHX completely from the solution within a period of 6 hours. 
The slower release of CHX from the CUs was because of the 
encapsulation of CHX inside the CUs, leading to its release 
from the CUs over a long period of time [35]. Because of this 
sustained-release property, the CUs acted as effective root canal 
irrigants by promoting the residence of CHX inside the root 
canal for an extended time. Thus, the CUs act as a reservoir 
for CHX, allowing its localization at the target site (root canal) 
and releasing it slowly while killing the bacteria. Hence, the 
null hypothesis was rejected, which indicated that the novel CU 
formulation does not influence the sustained release of CHX. In 
the studies by Cetin et al. [15] and Beyth et al. [14], the results 
were similar to this study’s results. Sahoo et al. [24] have also 
shown the controlled release of drugs from CU without any 
burst release. 

In a study conducted by Priyadarshini et al. [36], 
they developed a nanocapsule of poly(ε-caprolactone) (PCL)-
coated CHX, in which the CHX particles were degraded, 
and sustained release was observed for up to 25 days. 
Moreover, the notable antibacterial effectiveness of nano-
PCL/CHX against S. mutans and E. faecalis was observed to 
be significant [37]. In a study by Seneviratne et al. [8], they 
synthesized mesoporous silica nanoparticles in which CHX 
was successfully loaded. This formulation had antibiofilm 
activity and showed sustained release [8]. Our results, which 
are consistent with previous reports of nanoformulations, 
suggest that the controlled release of CHX from CU could be 
a good option for dental applications.

In this study, compared with normal CHX, Cubosomal 
CHX significantly reduced the bacterial count. Our study 
is in agreement with previous nanoformulations that were 
synthesized. However, the microorganisms used by most of 
the previous authors were E. faecalis and S. mutans. E. faecalis 
and S. mutans were selected because of their ability to penetrate 
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