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ABSTRACT:

Introduction:

This study aimed to evaluate the antimicrobial efficacy of a
combination of three antibiotics, TAP (doxycycline, Flagyl, and
ciprofloxacin), against the pathogenic bacterium E. faecalis, which is
known to cause various human infections. The assessment was
conducted through a time kill curve assay, a method that assesses the
bactericidal or bacteriostatic effects of antimicrobial agents across
different concentrations and time intervals. Additionally, the study
incorporated the use of silica nanoparticles (nano-silica) as carriers
for the antibiotics, with the hypothesis that this combination would
enhance their antimicrobial effectiveness.

Methods:

The synthesis of nano-silica involved a gentle combination of
ammonia, ethanol, water, and tetraethyl orthosilicate (TEOS) in a
sterile conical flask. Subsequent centrifugation and drying were
carried out to prepare the nano-silica. Silica nanoparticles were used
as carriers for the Triple Antibiotics Paste. The time Kill curve assay
was performed by inoculating sterilized Muller Hinton broth with an
overnight E. faecalis bacterial suspension, ensuring a bacterial
concentration of approximately 5x10% CFU/mL. Test tubes were
treated with different concentrations of TAP, nano-silica (NP), and
the combination of NP with TAP (NP-TAP). The antimicrobial
effects were evaluated at various time intervals (1hr, 2hr, 3hr, 4hr,
and 5hr) by measuring the optical density at a wavelength of 600 nm
using a spectrophotometer. A control group without treatment served
as a baseline for comparison.

Results:

The time kill curve assay results revealed concentration-dependent
and time-dependent inhibitory effects of TAP, NP, and NP-TAP on
the growth of E. faecalis. As the concentration of TAP, NP, and NP-
TAP increased, there was a more pronounced inhibition of microbial
growth. Extended incubation time also enhanced the inhibitory effect
of these antimicrobial agents, highlighting the time-dependent nature
of their action.

Comparing the three groups, NP-TAP exhibited enhanced
antimicrobial activity against E. faecalis, with lower bacterial growth
values observed at equivalent concentrations and time points. This
suggests that the inclusion of silica nanoparticles may improve the
delivery and effectiveness of TAP in combating bacterial
infections.The control group consistently displayed higher microbial
growth, underscoring the significance of TAP, NP, and NP-TAP in
inhibiting bacterial proliferation.

Conclusion:

This study demonstrated that TAP, NP, and NP-TAP exhibit
concentration-dependent and time-dependent inhibitory effects on
the growth of E. faecalis. NP-TAP, the combination of silica
nanoparticles and antibiotics, showed the most potent antimicrobial
activity. These findings suggest the potential use of TAP and NP-
TAP as effective agents for controlling E. faecalis infections. Further
research is needed to explore their clinical applications and safety
profiles. The use of nano-silica as a carrier for antibiotics offers a
promising avenue for enhancing the effectiveness of antimicrobial
treatments.

Keywords: E. Faecalis, Nanoparticle, Silica Nanoparticles, Triple
Antibiotics Paste.
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1. INTRODUCTION

Enterococcus faecalis is a Gram-positive bacterium frequently associated with persistent and
refractory infections in root canals following unsuccessful endodontic treatments. The strains
isolated from these cases exhibit a range of virulence factors contributing to their pathogenic
potential. Notably, the presence of virulence genes, such as efaA, esp, ace, cylA, gelE, and asa,
has been detected in varying proportions among different strains [1] [2] [3]. Furthermore, some
strains display the ability to form biofilms, indicating their capacity to adhere and persist within
the root canal environment [4] [5]. Additionally, certain strains exhibit gelatinase production
and B-lactamase resistance, suggesting potential involvement in tissue degradation and
antibiotic resistance. The high genomic diversity observed among these strains underscores the
existence of multiple clonal types [6].

Understanding the virulence factors of Enterococcus faecalis is crucial for devising effective
treatment strategies to address its pathogenic potential in endodontic treatment failures.
Notably, nanotechnology, particularly the use of nanoparticles, has emerged as a promising
avenue in endodontics to enhance antimicrobial efficacy. In vitro studies have extensively
investigated various types of nanoparticles for their antimicrobial properties in root canal
infections. Silver nanoparticles, in particular, have demonstrated sustained antimicrobial
activity against root canal infections [7] [8]. Additionally, nanoparticles such as glass bioactive
nanoparticles, calcium derivative-based nanoparticles, and bioactive non-organic nanoparticles
have exhibited superior antimicrobial activity compared to conventional antimicrobial
procedures [9].

Despite promising results in vitro, there remains a need for further investigation into the
optimal particle size and duration of contact for achieving effective antimicrobial action.

In nanoparticle research, mesoporous silica nanoparticles (MSNSs) have garnered attention for
their potential to infiltrate dentinal tubules effectively. Previous studies have explored the use
of fluorescence-labeled MSNs to investigate their infiltration profiles into dentin,
demonstrating their ability to accumulate on root canal walls and penetrate dentinal tubules
[10]. Furthermore, MSNs have been employed for tubular occlusion to treat dentin
hypersensitivity, showcasing significant differences in tubular occlusion compared to
conventional desensitizers [11], [12].

The present study aims to contribute to this body of knowledge by assessing the antimicrobial
efficacy of Triple Antibiotic Paste (TAP) and Nano silica-Enhanced TAP (TAP-N) against
Enterococcus faecalis. Utilizing a time kill curve Assay, this study aim to elucidate the
temporal dynamics of bacterial growth inhibition, providing valuable insights into the potential
enhanced efficacy of TAP-N over conventional TAP in combating Enterococcus faecalis in
endodontic applications.

2. MATERIALS AND METHODS

Synthesis of Nano Silica

In a sterile conical flask, a combination of 1.57 mL of ammonia (as the solvent), 37 mL of
ethanol (also a solvent), and 5 mL of water was gently combined. After stirring the mixture for
5 minutes, an additional 3 mL of TEOS was introduced and the stirring process continued for
an hour. Subsequently, the silica nanoparticles were separated by subjecting the mixture to
centrifugation at 10,000 rpm for 30 minutes. The resulting pellet was then dried using a hot air
oven at a temperature of 60°C.
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Preparation of Silica Nanoparticles Based Antibiotic Combinations:

Silica nanoparticles were combined with antibiotics, including doxycycline, Flagyl, and
ciprofloxacin, ina 1:1 ratio. Each combination consisted of 100 mg of silica nanoparticles and
100 mg of the respective antibiotic. Subsequently, these combinations were dissolved in 1 mL
of distilled water and subjected to mixing on a vortex mixer for a duration of 10-15 minutes.
This procedure was conducted to prepare the nano-silica-based antibiotic combinations.

Time Kill Curve Assay

To perform time kill curve assay, sterilized Muller Hinton broth is prepared and dispensed into
five test tubes. These tubes are then inoculated with an overnight E. faecalis bacterial
suspension, ensuring a bacterial concentration of approximately 5x10"5 CFU/mL.
Subsequently, three of the test tubes are treated with different concentrations of TAP and
nanosilica-based TAP (25 pL, 50 pL, and 100 pL), while the fourth tube serves asa standard
amoxyrite, and the fifth tube includes an aerobic bacterial suspension as an positive control.
The test tubes are incubated under aerobic conditions at 37°C for varying time intervals (1hr,
2hr, 3hr, 4hr, and 5hr). At regular intervals, the percentage of dead bacterial cells is assessed
by measuring the optical density at a wavelength of 600 nm using a spectrophotometer. (Figure
1)

3. RESULT AND DISCUSSION
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Figure 1: Time Kkill curve assay of NP-TAP against E.faecalis
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In the Minimum Inhibitory Concentration (MIC) assay of NP-TAP against E.faecalis, a
comprehensive assessment revealed the impact of NP-TAP at various concentrations (ranging
from 10pL to 160pL) and time points (1h, 2h, 3h, and 4h). The results demonstrate a clear
dose-dependent and time-dependent inhibitory effect on the growth of E.faecalis. As the
concentration of NP-TAP increased, a greater inhibition of microbial growth was observed,
indicating the compound's potency. Additionally, as the incubation time extended, the
inhibitory effect became more pronounced. In contrast, the control group exhibited higher
microbial growth without NP-TAP treatment, providing a baseline for comparison. These
findings underscore the potential of NP-TAP as a promising antimicrobial agent against
E.faecalis, offering valuable insights into its effectiveness in controlling bacterial proliferation
under varying conditions. (Figure 2)
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Figure 2: Time kill curve assay of silica nanoparticle against E.faecalis
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The MIC assay of silica nanoparticles against E.faecalis revealed concentration-dependent
inhibition of bacterial growth. At a concentration of 10uL, E.faecalis exhibited a minimal
inhibitory effect, with growth values ranging from 0.43 at 1 hour to 0.42 at 4 hours. As the
concentration of silica nanoparticles increased to 20uL, 40uL, and 80pL, a progressively more
substantial growth inhibition was observed at all time points, with values decreasing over time.
Notably, at 160pL, the highest concentration tested, the inhibitory effect was most prominent,
resulting in growth values as low as 0.336 at 4 hours. These findings emphasize the strong
concentration-dependent antimicrobial activity of silica nanoparticles against E.faecalis,
indicating their potential as an effective agent for controlling bacterial proliferation, especially
at higher concentrations and extended incubation times.
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Figure 3: Time Kill curve assay of TAP against E.faecalis

In figure 3 the time kill curve assay of TAP against E.faecalis, the data illustrates the
concentration and time-dependent impact on E.faecalis growth. At the lowest concentration of
10uL, TAP resulted in minimal inhibitory effects, with bacterial growth values ranging from
0.43at 1 hour to 0.42 at 4 hours. As the TAP concentration increased to 20uL, 40uL, and 80pL,
a progressively more substantial growth inhibition was observed across all time points, with
values consistently decreasing over time. Notably, at the highest concentration tested, 160pL,
TAP exhibited the most pronounced inhibitory effect, resulting in growth values as low as 0.33
at 4 hours. These findings highlight the strong concentration-dependent antimicrobial activity
of TAP against E.faecalis, suggesting its potential as an effective agent for controlling bacterial
proliferation, especially at higher concentrations and with extended incubation times. And the
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control group, which did not receive TAP treatment, displayed higher microbial growth,
providing a baseline for comparison.

4. DISCUSSION

The present study aimed to assess the antimicrobial efficacy of TAP (doxycycline, Flagyl, and
ciprofloxacin) against E. faecalis, a pathogenic bacterium known to cause various infections in
humans. This assessment was conducted using a time kill curve assay, a common method for
evaluating the bactericidal or bacteriostatic effects of antimicrobial agents over a range of
concentrations and time intervals.

Various in-vitro studies have investigated the antimicrobial effectiveness of different materials
against Enterococcus faecalis. In one study, a newly developed 3C antibiotic paste (comprising
ciprofloxacin, clindamycin, and cefaclor) exhibited superior antimicrobial efficacy compared
to the conventional Triple Antibiotic Paste (TAP) [13]. Another investigation demonstrated
TAP against chitosan, calcium hydroxide, and normal saline, revealing that TAP with chitosan
demonstrated the highest antimicrobial efficacy [14]. Evaluating calcium hydroxide paste with
PLUS points as an endodontic dressing, another study concluded that the paste was more
proficient in eliminating E. faecalis growth within infected canals [15]. Furthermore, a
comparison of nano chitosan and chlorhexidine with sodium hypochlorite found no statistically
significant differences among the tested groups [16]. Lastly, an examination of chlorhexidine,
nano-chitosan, and their combination indicated that chlorhexidine with ultrasonic activation
exhibited the most potent antimicrobial effects against E. faecalis [17].

Several in vitro studies assessed the antimicrobial effectiveness of various intracanal
medicaments against common endodontic pathogens. One investigation, focusing on
chlorhexidine, calcium hydroxide, and cetylpyridinium chloride, revealed that cetylpyridinium
chloride demonstrated the most significant reduction in colony-forming units (CFU) values
and, therefore, was the most efficacious medicament [18]. Another study explored the
antibacterial efficacy of the probiotics BIFILAC and VSL 3 against Enterococcus faecalis,
finding both probiotics effective in decreasing CFU counts [19]. In another previous research
work, the antimicrobial effectiveness of herbal agents such as curcumin, propolis, and aloe
vera, with or without a carrier, was compared against E. faecalis, with triple antibiotic paste
emerging as the most effective medicament [20]. Lastly, a study examining five endodontic
sealers against E. faecalis, Fusobacterium nucleatum, and Porphyromonas gingivalis identified
Endomethasone and AH Plus as having notable antimicrobial effects [21].

The synthesis of silica nanoparticles (nano-silica) is a crucial aspect of this study, as these
nanoparticles serve as carriers for the antibiotics and can potentially enhance their
effectiveness. The synthesis process involved the gentle combination of ammonia, ethanol,
water, and tetraethyl orthosilicate (TEOS), followed by centrifugation and drying. The
successful preparation of nano-silica is essential, as any impurities or inconsistencies in the
nanoparticles' characteristics could affect the results of the time kill curve assay.

The time kill curve assay results clearly demonstrate the antimicrobial activity of TAP, NP and
NP-TAP against E. faecalis. The study reveals a concentration-dependent and time-dependent
inhibitory effect on the growth of E. faecalis for both TAP and NP-TAP. As the concentration
of TAP or TAP-N increased, a greater inhibition of microbial growth was observed, suggesting
the potency of these compounds. Additionally, as the incubation time extended, the inhibitory
effect became more pronounced, indicating the time-dependent aspect of their antimicrobial
action.
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Comparing TAP, NP and NP-TAP, the data shows that the combination of TAP with silica
nanoparticles enhances the antimicrobial activity against E. faecalis. This is evident in the
lower bacterial growth values observed for TAP-N at equivalent concentrations and time
points. The findings suggest that the inclusion of silica nanoparticles may improve the delivery
and effectiveness of TAP against E. faecalis, making it a more promising antimicrobial agent
for combating bacterial infections.Furthermore, the study includes a control group that did not
receive TAP, NP and NP-TAP treatment, serving as a baseline for comparison. The control
group consistently exhibited higher microbial growth, highlighting the importance of the
antimicrobial agents in inhibiting bacterial proliferation. These results reinforce the
significance of TAP and TAP-N as effective agents for controlling E. faecalis growth.

The concentration-dependent effects observed in the study emphasize the importance of
optimizing the dosage of TAP, NP and NP-TAP for specific clinical applications. Higher
concentrations of both TAP and NP-TAP showed more substantial inhibitory effects,
suggesting that a higher dosage might be necessary for severe infections or for cases with a
higher initial bacterial load.

Overall, this study provides valuable insights into the antimicrobial efficacy of TAP, NP and
NP-TAP against E. faecalis through a time Kill curve assay. The data indicates that all samples
exhibit concentration-dependent and time-dependent inhibitory effects on E. faecalis growth,
with NP-TAP showing enhanced antimicrobial activity. These findings support the potential
use of TAP and NP-TAP as effective agents for controlling E. faecalis infections, and further
research is needed to explore their clinical applications and safety profiles.

5. CONCLUSION

This current study underscores the potential of TAP (doxycycline, Flagyl, and ciprofloxacin)
silica nanoparticles and the novel combination of TAP with silica nanoparticles (NP-TAP) as
potent antimicrobial agents against E. faecalis. Through a comprehensive time kill curve assay,
we observed clear evidence of concentration-dependent and time-dependent inhibitory effects
on E. faecalis growth. The inclusion of silica nanoparticles in the NP-TAP combination
significantly enhanced the antimicrobial activity compared to TAP alone. These findings offer
a promising avenue for improving the efficacy of antimicrobial treatments against E. faecalis
infections. The control group's consistently higher microbial growth further underscores the
importance of TAP and NP-TAP in inhibiting bacterial proliferation, emphasizing their
potential in clinical applications. As the concentration-dependent effects were evident,
optimizing the dosage of TAP and NP-TAP for specific clinical scenarios becomes crucial.
Higher concentrations of these agents demonstrated more substantial inhibitory effects,
suggesting their potential utility in cases with a higher initial bacterial load or severe infections.
This study contributes valuable insights into the development of effective strategies for
combating E. faecalis infections, offering potential clinical applications for TAP and NP-TAP.
However, further research is needed to explore their safety profiles and clinical potential,
paving the way for innovative approaches to address bacterial infections and enhance patient
care. The use of nano-silica as a carrier for antibiotics opens new doors for improving the
delivery and effectiveness of antimicrobial treatments in the fight against pathogenic bacteria.
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