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Abstract 
Introduction: Antibiotics are used as intracanal medicaments in endodontic therapy. However, increasing 
antimicrobial resistance has led to research on alternative medications. 2-hydroxyisocaproic acid (HICA) is a 
derivative of leucine, a normal component of human plasma that shows potential as an intracanal medicament. 
Objective: To determine the antimicrobial efficacy of HICA against Enterococcus faecalis (E. faecalis). Methods: The 
antimicrobial activity was screened by measuring the Zone of Inhibition (ZOI) using the disk diffusion method, 
minimum inhibitory concentration (MIC), and minimum bactericidal concentration (MBC). The positive control was 
a Triple Antibiotic Paste (TAP) containing minocycline, metronidazole, and ciprofloxacin. Sixty-six teeth were 
prepared, and the canals were filled with E. faecalis suspension before incubation for 21 days. Later, HICA at a 
concentration of 16 mg/mL, TAP at 1 mg/mL, and saline (negative control) were introduced and further incubated 
for seven days under anaerobic conditions at 37°C. Viable bacterial counts in the canals were used as indicators of 
bacterial growth. Results: At 256 mg/mL concentration, HICA exhibited a ZOI of 15.72 ± 1.60 mm, and MIC and 
MBC were 8 mg/mL and 16 mg/mL, respectively. TAP, at a concentration of 4 mg/mL, exhibited a ZOI of 30.74 ± 
0.71 mm, and its MIC was equal to MBC at 0.25 mg/mL. The viable bacterial counts extracted from the canal were 
4.33 ± 0.23log10 for saline, 4.03 ± 0.21log10 for HICA and 3.97 ± 0.34log10 for TAP. Compared with saline, both TAP 
and HICA exhibited a significant difference in bacterial counts (p < 0.01). Interestingly, the efficacies of TAP and 
HICA were similar, with p-values of 0.79. Discussion: The ZOI indicated that HICA exhibited an antimicrobial effect. 
E. faecalis growth was repressed at 8 mg/mL, and cell death was observed at 16 mg/mL. At 16 mg/mL, HICA showed 
antimicrobial efficacy comparable to 1 mg/mL of TAP. Conclusion: HICA shows potential as an alternative intracanal 
medicament to eradicate E. faecalis in endodontic treatment.  
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Introduction 
Polymicrobial infections, consisting of aerobic and 
anaerobic bacteria, are usually identified in 
endodontic infections (1-3). Chugal et al. (4) stated 
that Gram-negative anaerobic rods are predominant 
in primary endodontic infection, while fewer species 
are identified in secondary endodontic infections. A  
study by Ercan et al. (5) reported that anaerobic 

Gram-positive cocci predominated the microbiota. 
Commonly used antibiotics as intracanal 
medicaments in regenerative endodontics are double 
antibiotic paste (DAP) containing metronidazole and 
ciprofloxacin, and triple antibiotic paste (TAP) 
containing metronidazole, ciprofloxacin and 
minocycline (6, 7). Calcium hydroxide (Ca(OH)2) is 
widely used as an intracanal medicament in 
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endodontics. It has been reported to have a 
favourable outcome in revascularising an infected 
immature permanent tooth (8, 9). However, 
Maniglia-Ferreira et al. (10) and Arruda et al. (11) 
reported in their studies that Ca(OH)2 is insufficient to 
fully eradicate endodontic pathogens, especially 
Enterococcus faecalis (E. faecalis) and Candida 
albicans (C. albicans).   
 
The increasing threat of antimicrobial resistance is 
alarming, and overprescribing antibiotics in the 
dental field contributes to the problem. A study by 
Loffler and Bohmer (12) stated that unnecessary 
antibiotics are prescribed by 30%–50% of dentists. 
Root canal infection is a common dental infection 
treated with systemic and topical antibiotics. Over 
prescription and abuse of antibiotics increase 
microorganism resistance, making it more 
challenging to manage infections. To address this 
issue, alternative agents should be explored for their 
potential use in managing endodontic infections.  
 
Sakko et al. (13, 14) studied the antimicrobial and 
antifungal effects of 2-hydroxyisocaproic acid (HICA). 
HICA is a derivative of leucine, a normal component 
of human plasma and a product of Lactobacillus 
plantarum during animal protein fermentation. Other 
studies by Nieminen et al. (15) and Selis et al. (16) 
reported that the antimicrobial effect and 
cytotoxicity of HICA showed its potential as an 
alternative intracanal medicament, not only for root 
canal treatment but also for regenerative 
endodontics, as it has a lower cytotoxic effect than 
calcium hydroxide at 1 mg/mL and is not cytotoxic at 
< 10 mg/mL (16).   
 
The antimicrobial activity of 2-hydroxyisocaproic acid 
(HICA) has yet to be fully established in dentistry. 
Therefore, this study aimed to investigate the 
antimicrobial efficacy of HICA against E. faecalis and 
compare its effectiveness with that of triple antibiotic 
paste (TAP) as a potential alternative endodontic 
intracanal medicament. 
 

Materials and Methods 
 

Bacterial suspension and intracanal 
medicament preparation 
Strict aseptic conditions were ensured by performing 
the procedure in a sterile biological safety cabinet. E. 
faecalis strain (ATCC 4082) was grown anaerobically 
at 37OC for 24 hours in brain heart infusion (BHI) agar 

and later subcultured in BHI broth (17). HICA (Sigma-
Aldrich, Germany) was mixed with sterile distilled 
water to a concentration of 256 mg/ml. TAP, 
consisting of ciprofloxacin, metronidazole, and 
minocycline, was mixed at a ratio of 1:1:1 with sterile 
water (18, 19) to produce a stock solution of 4 mg/mL 
concentration. 
 

Experimental design 
Figure 1 shows the experimental design used in this 
study. This study focused on assessing the 
antibacterial activity of HICA against E. faecalis using 
multiple methodologies, including the disk diffusion 
method, determination of minimum inhibitory 
concentrations, determination of minimum 
bactericidal concentration, and evaluation as an 
intracanal medicament in a human tooth model. 
 
 

 
 
Figure 1: Flow chart of the experimental design of this 
study. 
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Antimicrobial susceptibility testing  
The disk diffusion method was used to investigate the 
antimicrobial activities of HICA, TAP (positive control), 
and saline (negative control). BHI agar plates were 
prepared and cultured with bacterial suspensions 
adjusted to 0.5 McFarland standard (20). Filter disks 
loaded with 256 mg/mL HICA, 4 mg/mL TAP, and 
saline were placed on agar and incubated for 24 hours 
at 37oC under anaerobic conditions. The diameters 
(mm) of the zones of inhibition (ZOI) surrounding the 
disks (Figure 2) were measured (21, 22) using a digital 
calliper. 

 
 
Figure 2: Disk diffusion method for antimicrobial 
susceptibility testing of E. faecalis. 

 

Minimum inhibitory concentration and 
minimum bactericidal concentration 
The MICs for HICA and TAP were determined using 
the broth microdilution method with BHI broth in 96-
well flat-bottom microtiter plates in accordance with 
CLSI guidelines (23). In a 96-well plate, 100 µL BHI 
broth was dispensed into each well. Subsequently, 
100 µL of a 256 mg/mL HICA solution was added to 
the initial well. Serial dilutions were then carried out, 
resulting in final HICA concentrations of 0.5, 1, 2, 4, 8, 
16, 32, 64, and 128 mg/mL. The same procedure was 
followed for 100 µL of 4 mg/mL TAP, serving as a 
positive control, with final TAP concentrations of 
0.125, 0.25, 0.5, 1, and 2 mg/mL. Several colonies 
from the overnight agar cultures were suspended in 
sterile BHI broth. The bacterial density of the 
suspension was spectrophotometrically adjusted 
(OD600 nm) to achieve an inoculum equivalent to 0.5 
McFarland, approximately 1.5 × 108 CFU/mL (23).   
 
Finally, 10 µL of 0.5 McFarland standard solution of E. 
faecalis bacterial suspension, diluted to 1/20, was 
added to each well at a final concentration of 
approximately 5 × 105 CFU/mL (24). A blank control 
group containing only BHI was also included. The 
microplates were incubated at 37oC for 24h under 

anaerobic conditions and later evaluated using a 
microplate reader (Tecan's Infinite® 200 PRO) at 600 
nm to obtain optical density (OD) (25). The MIC is the 
lowest concentration that inhibits bacterial growth. 
Then, 10 µL of each suspension with concentrations 
greater than the MIC was plated onto BHI agar plates 
and cultured at 37°C for another 24h. MBC was 
established at the lowest concentration, with no 
evident bacterial growth on the cultivated BHI agar. 
All processes were performed in triplicate and 
repeated five times (21). 
 

Dentin block sampling 
A dentin block was created to model the intracanal 
environment to promote bacterial growth before 
applying the medication. A total of 66 extracted 
permanent teeth with a single canal were used in this 
study. The sample size was calculated using G-power 
analysis with a power of 80% (β = 0.2), α level of 0.05, 
and effect size of 0.4. Teeth with lateral canals were 
excluded, as were those with extensive internal or 
external root resorption, root caries, or calcified 
canals. Collected teeth were stored in 0.1% thymol 
solution, and after removal of calculus and soft 
tissues, samples were stored in saline (26-29). 
Radiographs were obtained for each tooth to ensure 
the samples met the inclusion and exclusion criteria. 
 
Decoronation was performed and the canal was 
prepared to size F5 (Protaper Next, Dentsply 
Maillefer, Ballaigues, Switzerland) at a working length 
of 12 mm. Using 30 gauges side-vented needle, the 
canal was irrigated with 2 ml of 5.25% sodium 
hypochlorite to dissolve any remaining intracanal 
tissue. Then, 2 ml 17% ethylenediaminetetraacetic 
acid (EDTA) is flushed into the canal to remove the 
smear layer (30). Ten millilitres of saline were used for 
the final irrigation. Self-cured glass ionomer cement 
(Riva, SDI) was placed at the apical foramen to 
prevent leakage of the bacterial suspension. The 
blocks were then suspended in acrylic resin before 
autoclaving at 121°C for 30 min (31, 32).  
 
To ensure successful sterilisation process, two 
randomly selected sample cultures were used. After 
sterilisation, root canals were inoculated with E. 
faecalis suspension (1.5 × 108 CFU/mL) and then 
incubated at 37°C for 21 days under anaerobic 
conditions (20). The intracanal bacterial culture 
within the root canal was replenished every 48 hours 
to maintain biofilm (6). After incubation, the infected 
roots were randomly divided into three groups for 
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intracanal medicament application (saline, 16 mg/mL 
HICA, and 1 mg/mL TAP). The canals were irrigated 
with 10 mL of sterile saline and dried using sterile 
paper points. Intracanal medicament was delivered 
into the root canals using a 30-gauge needle until the 
working length and further incubated for seven days 
(29). After seven days, the canals were irrigated with 
10 mL of sterile saline to ensure complete removal of 
the medicament. Sterile paper points were 
subsequently placed into the canal for 60 seconds, 
manipulated around the dentinal walls, and then 
transferred into a microcentrifuge tube containing 
1.0 ml sterile saline. The microcentrifuge tube was 
vortexed, and 10-fold serial dilutions were 
performed. From the 10-fold serial dilutions, 100 μl 
suspension was transferred onto agar plates 
(triplicates) and incubated for 24h at 37°C under 
anaerobic conditions. Colony forming units (CFU)/mL 
from the plates were calculated using a colony 
counter. CFU number was calculated using the 
following formula (28, 33). The results are presented 
in log10.  
 
 
Total CFU/ml =         Number of colonies 
                          Volume plated (ml) x Dilution factor 
 

Data analysis 
Statistical analyses were performed using the IBM 
SPSS Statistics Version 27. To evaluate the normality 
of the data, a normality test was conducted using the 
Shapiro–Wilk test and one-way ANOVA for normal 
distribution data. A post-hoc Tukey test was 
performed to compare the efficacy of the intracanal 
medicaments. 
 

Results 
The zones of inhibition, minimum inhibitory 
concentration (MIC), and minimum bactericidal 
concentration (MBC) of HICA and TAP are shown in 
Table 1.  
 
Table 1 shows that the mean value for the zone of 
inhibition (ZOI) of TAP is significantly larger than that 
of HICA despite the use of a higher concentration of 
HICA. The MIC and MBC of HICA are also notably 
higher in concentration to produce a similar effect of 
0.25 mg/mL of TAP.  
 
Each dentin-block group consisted of 22 samples (n = 
66). When plated on agar during colony counting for 
teeth treated with TAP, the viable bacterial count was 
lower than that of HICA and negative control groups 
(Figure 3). 

 
 
Table 1: Zone of Inhibition, Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of HICA and 
TAP towards E. faecalis 
 

Microorganism 
Zone of Inhibition  
(diameter in mm) 

HICA  
(concentration in mg/mL) 

TAP 
(concentration in mg/mL) 

E. faecalis 

HICA 

(256 mg/mL) 

TAP 

(4 mg/mL) 
MIC MBC MIC MBC 

15.72 ± 1.60 30.74 ± 0.71 8 16 0.25 0.25 
 

HICA: 2-Hydroxyisocaproic acid     MIC: Minimum Inhibitory Concentration 
TAP: Triple Antibiotic Paste      MBC: Minimum Bactericidal Concentration 
AST: Antimicrobial Susceptibility Testing 
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Figure 3: The bar graph represents the means ± SD values 
of bacterial count (log10 CFU/mL) for different treatment 
groups (n=22). Statistical analysis was conducted using one-
way analysis of variance (ANOVA) to assess the overall 
differences between groups. Post hoc Tukey tests were 
performed for pairwise comparisons. Results are reported 
as follows: ns indicates no significant difference, *** 
denotes P<0.001, and **** indicates P<0.0001. 

 
A post-hoc Tukey test was performed, and the results 
are depicted in Figure 3, comparing the antimicrobial 
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efficacy between the groups. TAP and HICA were 
significantly superior to the control (p< 0.01). The 
antimicrobial efficacies of HICA and TAP were not 
significantly different (p>0.05). 
 

Discussion 
Antibiotic susceptibility testing (AST), using the disk 
diffusion test, is one of the most basic methods for 
determining the susceptibility of microorganisms to 
chemical agents or drugs. Bacteria were cultured on 
sterile agar before placing sterile filter paper disks 
impregnated with an antimicrobial agent at the 
desired concentration.  The absence or presence of 
bacterial growth around the disks indicated the ability 
of the agent to inhibit microorganisms (22). Minimum 
inhibitory concentration is the lowest concentration 
achieved by antibacterial agents in a controlled in 
vitro experiment that prevents visible bacterial 
growth of the organism tested (34). The minimum 
bactericidal concentration (MBC) is the lowest 
concentration that reduces 99.9% of the number of 
bacteria, where no bacterial growth was observed on 
the inoculated agar within the stipulated time (34, 
35).   
 

HICA is a byproduct of the leucine-acetyl-CoA 
pathway. HICA formation involves the transamination 
of leucine to 2-ketoisocaproic acid (KICA). KICA is then 
reduced to HICA as the end product (36). To eliminate 
HICA, it must be converted back to KICA by an 
oxidation reaction catalysed by hydroxyisocaproic 
acid dehydrogenase (HicDH). The mechanism of the 
antimicrobial activity of HICA was investigated, and 
bacterial cell membrane penetration was reported. 
Changes in the cell membrane cause depolarisation, 
permeabilisation, and membrane rupture, leading to 
the leakage of cellular contents and, eventually death 
(37). 
 

E. faecalis was selected for this study because it is 
commonly found in failed root canal treatments or 
persistent infections (38, 39). It has also been 
reported that E. faecalis is present in 38% of root 
canals that are unsuccessfully treated (40). A 
systematic review by Alghamdi and Shakir (41) 
concluded that E. faecalis was the primary pathogen 
in root canal treatment failure. Disk diffusion tests 
were performed to evaluate the antimicrobial activity 
of the medicaments in vitro. Antibiotics loaded in the 
sterile filter disks placed on the inoculated agar 
diffused through the agar, creating an area of 
bacterial growth inhibition that was later measured. 
HICA has been shown to have an antimicrobial effect 

against E. faecalis. TAP showed a larger ZOI, even 
though the concentration was lower than that of HICA 
at 4 mg/mL compared to 256 mg/mL. MIC and MBC 
were determined to evaluate the medicaments' 
efficacy before dentin block treatment. The values 
differ from previous studies, which investigated the 
efficacy of HICA at a lower dose.  
 

The MIC of HICA was shown to be much higher at a 
concentration of 8 mg/mL compared to 0.25 mg/mL 
of TAP, indicating that E. faecalis is more susceptible 
to TAP.  Based on the findings of a study by Sakko et 
al. (14), the MIC that inhibits 90% growth of E. faecalis 
was 9.0 mg/mL, which is similar to the outcome of this 
study. However, the MBC for HICA was much lower in 
this study at 18 mg/mL compared to 36 mg/mL. The 
difference in efficacy might be due to variations in the 
E. faecalis strains (ATCC 29212 and T-75359) used in 
their study (14). Triple antibiotic pastes have been 
introduced by Hoshino et al. (42) and Sato et al. (43). 
Based on Hoshino’s research, 25 μg/mL was sufficient 
to eradicate root canal bacteria using TAP. Alireza et 
al. reported that the MIC for TAP against E. faecalis 
was 77.5 µg/mL (44). This study's findings showed 
that a higher concentration of TAP at 0.25 mg/mL is 
required to eradicate E. faecalis fully (ATCC 4082). 
 

These results showed that TAP was bactericidal at a 
concentration of 0.25 mg/mL. However, 1 mg/mL was 
used in this study in line with the recommended 
dosage for regenerative endodontic procedures 
recommended by the American Association of 
Endodontists (AAE). AAE clinical considerations for a 
Regenerative Procedure Revised in 2021 suggested 
concentrations of 1 – 5 mg/mL TAP by mixing equal 
parts of antibiotics (45). 
 

Dentin block showed a lower viable bacterial count 
for TAP compared to negative control and HICA. Both 
HICA and TAP showed significant antimicrobial effects 
compared to saline. At a 16 mg/mL concentration, 
HICA was as effective as 1 mg/mL TAP in inhibiting E. 
faecalis growth. To the best of our knowledge, no 
study has compared the efficacies of HICA and TAP. 
Sakko et al. (29) compared the effects of 40% HICA 
paste, 2% chlorhexidine solution, 40% calcium 
hydroxide paste, and 0.9% saline ex vivo, and 
reported more than 90% bacterial growth inhibition 
by HICA compared to saline. The same study reported 
that HICA has an antimicrobial effect comparable to 
chlorhexidine and is not substantially affected by 
potential inhibitors, such as hydroxyapatite and 
dentin powder, compared to Ca(OH)2 (29). 
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Ideally, intracanal medicaments should possess 
broad-spectrum antimicrobial effects while 
preserving stem cell viability, especially in 
regenerative endodontics. Selis et al. studied the 
biocompatibility of HICA (16) and compared the 
cytotoxic effects of HICA and Ca(OH)2 on primary 
human periodontal ligament (hPDL) fibroblasts. The 
findings showed that HICA was neither cytotoxic nor 
genotoxic at concentrations < 10 mg/mL. At 1 mg/mL, 
HICA is reported to be less cytotoxic than calcium 
hydroxide, demonstrating the potential of HICA as an 
intracanal medicament in regenerative endodontic 
procedures (16). 
 

This study has several limitations; in vitro and ex vivo 
experiments might not be able to represent intraoral 
conditions fully. Multiple factors, such as 
polymicrobial infections, may affect the efficacy of 
medication. The concentration of intracanal 
medicaments may also vary, depending on the 
microorganisms present.  
 

Conclusion 
HICA shows potential as an alternative intracanal 
medicament to eradicate E. faecalis in endodontic 
treatment. Further research regarding its effect on 
multiple microorganisms, adverse effects on tooth 
structure, and cytotoxicity on dental pulp stem cells 
needs to be explored.  
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