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INTRODUCTION   

 

Elimination of microorganisms, debris and complete removal of pulp tissues from 

root canal system during endodontic therapy is an important determinant of its success. 

Hence, endodontic treatment requires effective debridement and disinfection of the root 

canal system
1
. Microorganisms are the primary etiological factor in the development of 

pulp and periapical diseases
2
. Chemo-mechanical preparations of the root canal reduce 

endodontic infection, but microorganisms are able to survive within the complex anatomy 

of the root canal system
3
. Nearly 30- 40% of the canal remain untouched despite proper 

instrumentation.  Thus the use intracanal medicaments between appointments can 

enhance bacterial elimination before canal filling
4
. 

 

Root canal infections have a polymicrobialnature
4
, hence anaerobic and 

facultative anaerobic microorganisms are usually found together in endodontic flare-ups 

and cases with post treatment diseases
5
.  To ensure complete elimination of bacteria, an 

effective antimicrobial agent in the root canal is required for a predetermined period of 

time to ensure its efficacy and complete eradication of any remaining bacteria
7
. 

Therefore, antimicrobial agents used as inter-appointment medicaments must be able to 

penetrate through the dental tissues in the presence of microbes to reach a sufficiently 

high concentration in order to eliminate the disease-causing bacteria in a predictable 

manner 
8
. 
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Traditionally calcium hydroxide has been the choice as an intracanal medicament, 

because of its wide spectrum of action against many endodontic pathogens, which is 

thought to be mainly due to its alkalinity causing destruction of bacterial cell membrane
9
.  

However, calcium hydroxide is not equally effective against all bacterial species found in 

the root canals
10

.  

 

Nisin, a naturally occurring antimicrobial peptide, has antimicrobial activity 

against a wide rage of gram-positive bacteria and their spores
11

, even against drug 

resistant E. faecalis isolates
12

. To increase the intracanal medicament stability and 

insolubility, chitosan can be used as a drug where it has added advantage of slow and 

controlled release of intracanal medicament
13, 14

. Till date only a few studies have shown 

the antimicrobial effect of intracanal medicaments using chitosan as a carrier on Candida 

albicans and Enterococcus faecalis
1
. 

 

The question of the role of intracanal medicaments becomes more complex in 

treatment of apical periodontitis with variable types of microorganisms. Most models 

used so far do not adequately reflect the complexity of the canal anatomy, and they do not 

simulate the clinical condition. Therefore, it is of importance to develop multispecies 

biofilm models resembling in vivo endodontic biofilm for studying root canal 

disinfection
15

. 
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AIM AND OBJECTIVE 

 

Thus purpose of this study was  

 

(i) Isolation of Enterococcus faecalis and Candida albicans from plaque 

specimen and formation of biofilm model in teeth. 

 

(ii) In vitro testing of antimicrobial effects of test medicaments (Nisin and 

Chitosan) with Calcium hydroxide used in root canal treatment in tooth 

biofilm model. 
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REVIEW OF LITERATURE 

  

Shaik et al. (2014)
1
analyzed the sustained release of Triple antibiotic paste (TAP) 

and calcium hydroxide as intracanal medicaments in root canals using chitosan as a 

carrier and testing their antimicrobial efficacy against C.albicans and E.faecalis over a 

period of 2, 7, 21 days. Theyconcluded that combining TAP and calcium hydroxide with 

chitosan had a good antimicrobial effect against C. albicans and E. faecalis. 

 

Gomes et al. (2003)
5
assessed the effectiveness of 2% chlorhexidine gluconate gel 

and Ca(OH)2, separately and combined, as intracanal medicaments, in cylindrical 

specimens of bovine root dentine against E. faecalis. They concluded that chlorhexidine 

gel has a greater antibacterial activity against E. faecalis than Ca(OH)2, but it loses this 

property if used for longer periods. 

 

Gomes et al. (2003)
10

evaluated the effectiveness of 2% chlorhexidine gluconate 

gel and calcium hydroxide (Ca(OH)2) as intracanal medicaments, in cylindrical specimen 

of bovine root dentine against Enterococcus faecalis for a period of 7 days. They 

concluded that 2% chlorhexidine gel alone was more effective against E. faecalis than 

calcium hydroxide. However, its antibacterial activity depended on how long it remained 

inside the root canal. 
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Ballal et al. (2009)
13

analysed the sustain release of Chlorhexidine with Chitosan 

and to investigate the antimicrobial activity of 2% Chlorhexidine gel, 2% Chitosan gel 

and their combination against Candida albicans and Enterococcus faecalis. They were 

examined at 24 and 72 hours interval. They concluded that combining Chlorhexidine 

gluconate gel with Chitosan gel may improve the antimicrobial activity of Chlorhexidine 

gel against C. albicans and E. faecalis in vivo rather than using 2% Chlorhexidine gel or 

2% Chitosan gel alone. 

 

Atila-Pekas et al (2013)
16

 compared the disinfection capacities of calcium 

hydroxide, 1% chlorhexidine gluconate gel, bioactive glass, calcium hydroxide plus 

point(medicated gutta-percha with calcium hydroxide) and Activ Point ( medicated gutta-

percha with chlorhexidine diacetate) against Enterococcus faecalis and Streptococcus 

mutans for a period of 1 week. They concluded that chlorhexidine-impregated 

medicaments were more efficient than alkaline-pH-acting medicaments. 

 

Lima et al. (2012)
17

evaluated the antimicrobial efficacy of calcium hydroxide-

based intracanal medications used for different time periods against E.faecalis.  They 

concluded that all calcium hydroxide-based medicaments were able to significantly 

reduce the presence of E.faecalis in the root canal system. The associations of 

Calen/CMCP (14 days) and Calen/CHX (7 or 14 days) were more effective in eliminating 

E.faecalis. 
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Madhubala et al. (2011)
18

 evaluated and compared the antimicrobial activity of 

calcium hydroxide, triantibiotic mixture (TAM), and an ethanol extract of propolis as 

intracanal medicaments on Enterococcus  faecalis–infected root canals and concluded 

that Propolis was more effective than TAM against E. faecalis at a 2-day time period, and 

both were equally effective at 7 days.  

 

Lee et al. (2013)
19

evaluated the antibacterial efficacy of human b-defensin-3 

(HBD3) compared with calcium hydroxide and chlorhexidine after 24 hours of treatment 

using commercial biofilm/ viability assay kit. The authors found out that HBD3 peptide 

exhibited more antibacterial activity against mature multispecies biofilms in vitro than 

either Calcium hydroxide or Chlorxidine. 

 

Wu et al. (2014)
20

evaluated the antibacterial efficacy of silver nanoparticles 

(AgNPs) as an irrigant ( irrigation for 2 minutes) or medicament (for a period of 7) days 

against Enterococcus faecalis biofilms formed on root dentin. They results showed that 

the antibiofilm efficacy of AgNPs depends on the mode of application. AgNPs as a 

medicament and not as an irrigant showed potential to eliminate residual bacterial 

biofilms during root canal disinfection. 

 

D.A. Attia et al. (2015)
21

compared the antimicrobial effect of Calcium hydroxide 

paste (CaOH), Chlorhexidine gluconate (CHX) gel and Antibiotic- Corticosteroid paste 

against Streptococcus mutans, Enterococcus faecalis and Candida albicans in root canal 
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lumen and radicular dentin for a period of 7 days. They concluded that CHX was the best 

medication used to eliminate the three different tested organisms at the two experimental 

sites, root canal lumen and radicular dentin. S. mutans was the most sensitive tested 

microorganism to the whole tested medications, whereas C.albicans was the most 

resistant one. E. faecalis was more sussibtable to CHX than the other medications. 

 

Chai et al. (2013)
22

evaluated the antimicrobial effectiveness of local application 

of two antibiotics- erythromycin, oxytetracycline and Ca(OH)2 against E. faecalis biofilm 

in dentin for a period of 21 days. They concluded that the antimicrobial efficacy of both 

the antibiotics was shown to be more effective than the Ca(OH)2, but none were able to 

completely eradicate E. faecalis biofilm in dentinal tubules. 

 

Hemadri et al. (2011)
23

evaluated the antimicrobial efficacy of Nisin against 

E.faecalis in solution and also evaluated and compared the effect of Nisin and Calcium 

hydroxide against E.faecalis within the root canal system for a period of 14 days. They 

concluded that Nisin was effective at eradicating E.faecalis in pure culture and was more 

effective when compared to Calcium hydroxide in the elimination of this species with the 

root canal system. 

 

Estrela et al. (2009)
24

discussed the antibacterial efficacy of intracanal 

medicament on bacterial biofilm. They  reported that endodontic infections and the high 

clinical success required adequate disinfection assisted by the intracanal medicaments. 
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This reduces the bacterial population and favors the prognosis. The antimicrobial efficacy 

of intracanal medicaments on bacterial biofilm still needs to be confirmed. 

 

Abbaszadegan et al. (2014)
25

synthesized and characterized silver nanoparticles 

(Ag NPs) with different surface charges in order to evaluate their cytotoxicity and 

antibacterial activity in the absence and presence of dentine compared with Sodium 

hypochlorite and chlorhexidine. The authors concluded that Ag NP surface charge was 

important in bactericidal efficacy against E. faecalis. The positively charged imidazolium-

based ionic liquid- protected Ag NPs showed promising antibacterial results against E. 

faecalis and exhibited a high level of cytocompatibility to L929 fibroblasts. 

 

Awawdeh et al. (2009)
26

 investigated the antimicrobial activity of propolis-based 

intracanal medicament against Enterococcus faecalis, to find minimum time needed to 

achieve its optimal antibacterial effect using infected dentine models, and compared its 

antimicrobial efficacy with that of the non-setting calcium hydroxide paste when used as 

a short-term medication for 1 and 2 days. They concluded that propolis is very effective 

ex vivo in eliminating E. faecalis within 1 day and its effectiveness is not weakened by 

dentine. However, using calcium hydroxide alone in resistant endodontic cases where E. 

faecalis play a major role seems to be questionable. 

 

Chau et al.(2015)
27

determined the relationships between the antibacterial activity 

of NaOCl and treatment time and biofilm age in early Enterococcus faecalis biofilms 

using a linear fitting procedure.  They concluded that anti-bacterial activity of NaOCl 
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against early E. faecalis biofilms in root canals might follow a linear pattern depending on 

biofilm age or treatment time. 

 

Nara et al. (2010)
28

compared the antimicrobial efficacy of 3 % NaOCl ,  MTAD  

and propolis against E. faecalis for a period of 48 hours. They concluded that MTAD was 

more effective than 3% NaOCl and propolis against E. faecalis. 

 

Javidi et al. (2014)
29

 evaluated the efficacy of Ca(OH)2 with or without a silver 

nanoparticle suspension to eliminate Enterococcus faecalis from root canals. The samples 

were obtained at 1 and 7 days after root canal preparation. They concluded that the 

combination of Ca(OH)2 and nanosilver as an intracanal medication significantly reduced 

the number of intracanalE. faecalis microorganisms. This study highlighted the efficacy 

of nanosilver in conjunction with calcium hydroxide to reduce colonies of E. faecalis, 

indicating its potential use as a root canal interappointment medicament. 

 

Liu et al. (2012)
30

tested a casein peptide in its glycosylated form (kappa-casein 

glycopeptide, KCGP) and its non-glycosylated form (kappa-casein peptide, KCP) for 

antibacterial efficacy against Enterococcus faecalis in planktonic and biofilm cultures. 

They concluded that the casein-derived antimicrobial peptides KCGP and KCP inhibited 

growth of E. faecalis in the form of planktonic cells and also inhibited biofilm formation 

by the bacterium. These peptides, together with other antimicrobial agents, may have 

potential in the control of bacterial infection. 
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De Lucena et al. (2013)
31

 evaluated the viability of E. faecalis in root canal 

dentine after placement of different root canal medications based either on CHX or on 

octenidine in vitro. They concluded that in contrast to calcium hydroxide, both CHX and 

octenidine-based intracanal medicaments were effective in decreasing the viability of E. 

faecalis. OCT showed the most favourable results and may have potential as an 

endodontic medicament. 

 

 Mejia. (2014)
32

evaluated the efficacy of Ca(OH)2, 2% CHX, and propolis 

against both E. faecalis and C. albicans using infected dentine models at two different 

depths (100 and 200 lm) after 14 days of application. He concluded that both CHX and 

propolis were the most effective against E. faecalis, whereas only CHX had the highest 

antifungal activity on C. albicans in dentine of extracted teeth. 

 

Menezes et al. (2004)
33 

evaluated the in vitro antimicrobial effectiveness of 

sodium hypochlorite (NaOCl), chlorhexidine (CHX) and five intracanal medicaments on 

C.albicans and E.faecalis. They concluded that 2.0% CHX solution was a more effective 

irrigant solution than 2.5% NaOCl against E. faecalis and Ca(OH)2paste mixed with 

CPMC (Calen) was a more effective intracanal medicament than Ca(OH)2 alone against 

E. faecalis and C. albicans inoculated in root canals. 
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Sathorn et al. (2007)
34

 determined the extent to which calcium hydroxide 

intracanal medication eliminate bacteria from human root canals, compared with the same 

canals before medication, as measured by the number of positive cultures, in patients 

undergoing root canal treatment for apical periodontitis. They concluded that calcium 

hydroxide has limited effectiveness in eliminating bacteria from human root canal when 

assessed by culture techniques. 

 

Siren et al. (2004)
35

 measured the antibacterial effect of combinations of calcium 

hydroxide with iodine potassium iodide or Chlorhexidine against E. faecalis in a dentine 

infected model and evaluated the cytotoxicity of the combinations as compared to their 

components alone. They concluded that The antibacterial effect of IKI or CHX in 

combination with calcium hydroxide may prove to be of benefit in the treatment of 

certain types of persistent infections in primary and particularly in retreatment cases 

where E. faecalis is the most common isolate. 

 

Turner et al. (2004)
36

determined whether nisin, a bacteriocin, would be effective 

at killing Enterococcus faecalis and Streptococcus gordonii cells in solution and within 

the root canal system. They concluded that nisin was effective at eradicating E. faecalis 

and S. gordonii cells in pure culture and was comparable with Ca(OH)2 in the elimination 

of these species from within the root canal system. 
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Ambikathanaya. (2014)
37

Disinfection of pulp space is an important step during 

and after cleaning and shaping. Intracanal medicaments are used for root canal 

disinfection. It plays a vital role in the success of root canal treatment from the past 

multivisit to todays single visit technique in various forms. Recent advances in various 

fields led to the development of introducing newer medications as well as modifying the 

existing ones and their mode of applications.  

 

 Chinni et al. (2016)
40

 determined the efficacy of Nisin against E. faecalis and its 

efficiency is compared with other intracanal medicaments like Calcium hydroxide, 

Chlorhexidine in human radicular dentin. They concluded that Nisin was effective at 

eradicating E. faecalis cells in pure culture and was comparable with chlorhexidine, 

positive control Vancomycin in elimination of E. faecalis from within the root canal 

system.  

 

Somanath et al. (2015)
42

compared the efficacy of 2% CHX, Linezoid, and Nisin 

in reducing the colony forming unit (CFU) of E.faecalis and to compare the rapidity with 

which these medications act at intervals of 24 h, 72 h, and 1 week.  They concluded that 

Nisin was found to be the most effective in reducing the bacterial count of Enterococcus 

faecalis in one week. It’s action was found to be comparable with Chlorhexidine. 

Linezolid was found to be short acting with gradual decrease in antimicrobial action after 

72 hours. 
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Tong et al. (2011)
43

 determined whether MTAD in combination with nisin could 

exert a stronger inhibitory effect against E. faecalis, and also compared the antibacterial 

activities of MTAD, MTAN (substitution of doxycycline with nisin) and MTADN 

(doxycycline in conjunction with nisin) and investigated the synergetic effect of 

doxycycline and nisin on E. faecalis. They concluded that the combination of MTAD and 

nisin has significant activity against E. faecalis in vitro. We hope that these findings will 

lead to new treatment strategies for the eradication of E. faecalis, which is closely 

associated with persistent endodontic infection. 

 

Rahman et al. (2013)
48 

evaluate the antimicrobial activity of 

Matricariachamomilla, Chlorhexidine gel, Chitosan gel and their combination against 

Candida albicans and Enterococcus faecalis. They concluded that combining 

Chlorhexidinegluconate gel with Chitosan gel may improve the antimicrobial activity of 

Chlorhexidine gel against C.albicans and E.faecalis rather than using 1% Chlorhexidine 

gel or 1% Chitosan gel alone. Matricariachamomilla as 15% aq. base is not effective 

against E.faecalis and C.albicans.  

 

Taneja et al. (2015)
58

compared the antimicrobial efficacy of an oxazolidinone 

(linezolid [LZ]), lantibiotic (nisin) and calcium hydroxide against Enterococcus 

faecalis biofilm formed on tooth substrate after 2 and 7 days. They concluded that LZ 

showed maximum antimicrobial potential against E. faecalis biofilm followed by nisin 

after 2 and 7 days. Calcium hydroxide showed the least antimicrobial potential against E. 

faecalis biofilm after 2 and 7 days. The antimicrobial effect of LZ and nisin was not 
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affected with lapse of time, but that of calcium hydroxide decreased significantly with 

increasing time period. 

 

Grover et al. (2014)
60

investigated the release of calcium ions and measured the 

pH change in the surrounding environment when calcium hydroxide was combined with 

different vehicles at different time intervals.  They concluded that all vehicles used except 

gutta‐ percha points containing calcium hydroxide maintained an alkaline pH for over 7 

days Propylene glycol and chitosan as vehicles maintain an alkaline pH for a period of 

1 month, in comparison with distilled water and calcium hydroxide points. 

 

Elsaka et al. (2012)
61

evaluated the antibacterial activity of Ca(OH)2 combined 

with Chitosan as an intracanal medicament and the effect of this new intracanal 

medicament on the bond strength of RealSeal sealer to radicular dentin. They concluded 

that Ca(OH)2 intracanal medicament incorporating Chitosan solution as a vehicle 

exhibited an inhibitory effect on the growth of E. faecalis in the radicular dentin, 

compared to Ca(OH)2 mixed with saline. 

 

Peters et al. (2002)
62

evaluated the fate of microorganisms in root canals of teeth 

with infected pulps and periapical bone lesions with and without the use of calcium 

hydroxide medication.  They concluded that although a calcium hydroxide paste was 

placed in the prepared canals, the number of positive canals had increased in the period 

between visits. However, the number of microorganisms had only increased to 0.93% of 
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the original number of CFU. Hence calcium hydroxide and sterile saline slurry, limits but 

does not totally prevent regrowth of endodontic bacteria.  

 

 Mohammadi & Abbott.(2009)
63

 reviewed that disinfection of root canal systems 

is the primary aim of root canal treatment. This can be achieved by using various 

antimicrobial agents in the form of irrigants and medicaments. These agents are only used 

for relatively short periods of time ranging from minutes (for irrigants) up to days or 

several weeks (for medicaments) and therefore their long-term antimicrobial effects rely 

on whether or not the particular agent has any properties of substantivity.  The short-term 

substantivity of commonly used antimicrobial agents show that substantivity of 

chlorhexidine lasts for up to 12 weeks and tetracycline for up to 4 weeks. However, it is 

not known whether the substantivity of these agents will last for longer periods of time as 

this has not been investigated.  

 

Kawashima et al. (2009)
64 

said that intracanal medicaments have been thought an 

essential step in killing the bacteria in root canals. Formocresol and its relatives were 

frequently used as intracanal medicaments, but it was pointed out that such bactericidal 

chemicals dressed in the canal distributed to the whole body from the root apex and so 

might induce various harmful effects including allergies. In modern endodontics, 

biocompatibility and stability are essential properties for intracanal medicaments. The 

more modern meaning of intracanal dressing is for a blockade against coronal leakage 

from the gap between filling materials and cavity wall. Calcium hydroxide has been 

determined as suitable for use as an intracanal medicament as it is stable for long periods, 
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harmless to the body, and bactericidal in a limited area. It also induces hard tissue 

formation and is effective for stopping inflammatory exudates. 
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MATERIALS AND METHODS 

 

Materials used 

 

 Extracted human teeth – single canal premolar 

 Intracanal medicaments – Calcium hydroxide, Nisin, Chitosan 

 Saline (0.9% w/v sodium chloride injection, NS, Baxter, India) 

 Sodium Hypochlorite (Prime dental, India) 

 Ethylene Diamine Tetra Acetic acid (Dentsply Maillefer,USA) 

 Mitis Salivarius Agar (MSA)  

 Sabouraud Dextrose Agar (SDA) 

 

Armamentarium 

 

  Test tubes (Borosil 27 ml, Riviera 15 ml)  

 Petri dish   

 Hot air oven  

 Incubator (NSW, India) 

 Autoclave (Unique clave C-79, Confident)  

 Paper points (Dentsply)  
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  Sterile swab  

  Micropipette (Eppendorf) 

  Absorbent paper  

  Diamond saw  

  Endomotor (NSK, Endomate DT)  

  K files (Mani, Japan)  

  Disposable syringe (Dispovan)  

 

Phase I- obtaining plaque sample and identification of microorganism 

 

Plaque sample collection and Processing 

 

Sub gingival plaque samples were collected from healthy human volunteers with a 

sterile periodontal curette from the subgingival area of upper first molar. Plaque samples 

were carried in 1.5ml eppendorf tubes filled with nutrient broth(Fig 1). Plaque samples 

are then inoculated onto 2ml of sterile Brain Heart Infusion Broth (BHIB) and Sabouraud 

Dextrose Broth (SDB). 
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Identification of microorganism 

The overnight grown inoculated SDB and BHIB tubes were further streaked onto 

MitisSalivarius Agar (MSA) Sabouraud and Dextrose Agar (SDA) for the isolation of 

root canal pathogens (Enterococcus faecalis(fig 2)& Candida albicans(fig 3)).  

 

Phase II- Antibacterial activity in teeth 

Teeth selection and Standardization of Working Length 

Ninety single-rooted human mandibular premolars with closed apices, extracted 

for orthodontic reasons were used in this study. The teeth were cleaned of superficial 

debris, calculus, and tissue tags and stored in normal saline to prevent dehydration before 

use. Each tooth was radiographed to confirm the presence of a single patent canal. Teeth 

with curved roots and those with more than one canal were excluded from the study. The 

tooth specimens were sectioned below the cementoenamel junction with a diamond disc 

to obtain a standardized tooth length of 13 mm (Fig 4). The canals were accessed, and 

initially a size #10 Stainless Steel (SS) K file was inserted into the canal until the file tip 

was just visible at the apical foramen. The working length (WL) was kept 1mm short of 

the apical foramen.     

      

Standardization of Apical Canal Dimension 

To facilitate the standardization of the apical canal geometry, the root canals were 

instrumented using Protaper rotary system in conjuction with 2.5% Sodium hypochlorite 



 

 

Materials and Methods 

 

 
 

 
 

20 

(NaOCl) irrigation. Canals were prepared with ProTaper instruments were used according 

to manufacture’s instructions upto F3. 

 

Sterilization of tooth 

The roots were rinsed in water for 30 min, then rinsed with EDTA for 5 min in an 

ultrasonic bath to remove smear layer and rinsed in water for a further 30 mins. The teeth 

were then stored in sterile water until used. Each root was dried, coated externally with 

clear nail varnish and autoclaved for further study.  

 

Experimental Inoculation of Root Canal: 

 Each root canal was inoculated with cultured bacterial solution of Enterococcus 

faecalis and Candida albicans upto the canal entrance using a sterile pipette. The 

specimens were divided into three groups with 30 teeth in three experimental group (Fig 

6). 

Group I – Enterocccus faecalis 

Group II -  Candida albicans 

Group III – Blank (uninfected + untreated).  

All samples were incubated in a closed eppendorf at 37
o
C for 14 days. The canals 

are re-inoculated with fresh bacterial samples at every 3 days interval. The inoculum 

establishment of Enterococcus faecalis and Candida albicans inside the root canal was 
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confirmed by streak plate using toothpicks onto sterile BHI agar and SD Agar plates. 

Placement of Intracanal Medicaments: 

After 14days, the canal contents were rinsed with 5 ml saline and dried. The 

specimens were then subdivided into five subgroups (fig 7-10) with six teeth under each 

medicament (fig 11) 

Subgroup A – Saline (Negative control) 

Subgroup B – Calcium hydroxide 

Subgroup C - Nisin 

Subgroup D – Chitosan 

Subgroup E – Chlorhexidine 

 

The canals were then sealed with dental wax and all samples were incubated at 

37
o
C. Readings were then taken at 1, 7, 14 and 21 days. The wax seal was then removed 

from each of the canals. Sterile paper points were inserted into root canals. After 

adsorption of the canal contents for 1min, the points were dipped into sterile broth 

medium, incubated overnight under appropriate condition. After incubation, they were 

plated onto sterile BHI agar and SD Agar for count of E.faecalis and C.albicans  in terms 

of CFU/ml (fig 12). 
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Antibacterial efficacy 

The antibacterial efficacy of the intracanal medicaments against various 

microorganisms was evaluated by Turbidity Testing (Optical Density at 600nm) and 

Culture Study (Colony Counting). 

 

Turbidity Testing – once the sampling from the root canals were done with absorbent 

paper points, it was introduced into another test tube containing sterile nutrient broth and 

incubated for 24 hours to check for turbidity (fig 13). The intensity of turbidity was as 

checked by the optical density in spectrophotometer which corresponded to the amount of 

residual bacteria present in the root canals after placement of medicament (fig 16-25). 

 

Culture Study - After the placement of medicaments, absorbent points were used to take 

sample from the root canals. These absorbent points were introduced into a test tube 

containing sterile broth and incubated at 37
o
C for 24 hours.  After incubation the samples 

were plated onto sterile BHI agar and SD agar for count of E.faecalis and C.albicans in 

terms of CFU/ml (fig 14,15)). Colony counting was done to determine the antibacterial 

efficacy. The number of colonies is directly proportional to the amount of residual 

bacteria present in the root canals after placement of medicament. 
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Statistical Analysis 

The statistical analysis was processed with the SPSS 17 software system 

(Chicago, USA). As the data does not follow normality, non parametric test was used to 

analyse the data . For analyzing Colony Counting and Optical Density Friedman test and 

paired t test was done at P < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1:Subgingival plaque sample 

 

Fig 2: E. fecalis Fig 3: Candida albicans 
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Fig 4: Decoronated Teeth 
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Fig 6: Inoculation of bacterial sample into teeth   

Fig 5: Materials used for the sudy 
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Fig 7: Calcium hydroxide 

Fig 8: Nisin 
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Fig 9: Chitosan 

Fig 10: Chlorhexidine 
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Fig  12: Plating 

Fig 11: Placement of medicament 
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Fig 13: Samples collected for turbidity testing 
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RESULTS 

 
The results obtained from Turbidity Testing and Colony Counting revealed that 

complete elimination of bacteria was not achieved in any of the experimental groups. 

 

The colony counts for different medicaments were obtained on Day 1, Day 7, Day 

14 and Day 21. As the same measure was obtained across different time points the 

Friedman Test was used to estimate the significance of use of various medicaments. 

Results of the Friedman test showed that Chitosan was most effective in causing 

reduction in colony counts and was highly significant (
2 

(3) = 0.029, p<0.05) followed 

by Nisin (
2 

(3) = 0.032, p<0.05) and Chlorhexidine (
2 

(3) = 0.042, p<0.05). Calcium 

hydroxide and Saline did not show statistically significant difference.   
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To better study the variation is colony counts the %RCC (percentage of reduction 

in colony count) was estimated using the formula: 

 

% RCC =    Initial colony count – Final colony count  X   100 

                              Initial colony count 

The results are provided in the Tables: 

 

 

 

 

 

 

Enterococcus faecalis 
Candida albicans 

Fig 14, 15 : Confirmation of inoculum in root canal by streak plating on 

BHI and SDA agar 
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Graph1: Showsthe percentage of reduction in colony count between days 1-7  

 

 

 

 

Table 1: Shows the percentage of reduction in colony count between days 1-7  

 

 
 Nisin Chitosan Calcium 

Hydroxide 
Chlorhexidine Saline 

E.faecalis 
 

95.6 86.77 23.49 74.76 4.28 

Candida 
albicans 

48 45.83 15.55 21.05 7.14 
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Graph2: Shows the percentage of reduction in colony count between days 7- 14 

 

 

 

 
 

 

 

 

 

Table 2: Shows the percentage of reduction in colony count between days 7- 14 

 

 

 
 Nisin Chitosan Calcium 

Hydroxide 
Chlorhexidine Saline 

E.faecalis 
 

98.6 98.70 50.79 64.28 2.5 

Candida 
albicans 

 

68 86.25 59.25 81.57 4.47 
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Graph3: Shows the percentage of reduction in colony count between days 14- 21 

 

 

 

 
 
 
 
 

Table 3: Shows the percentage of reduction in colony count between days 14-21  
 
 

 
 Nisin Chitosan Calcium 

Hydroxide 
Chlorhexidine Saline 

E.faecalis 
 

99.36 99.93 46.5 78.57 15 

Candida 
albicans 

 

98.5 99.16 72.22 83.15 9.52 
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The inhibition growth of E.fecalisat the end of 1, 7, 14 and 21 days was shown to 

be maximum for Nisin (Table 1,2,3, Graph 1,2,3). Nisin and Chitosan showed the 

maximum %RCC compared with Chlorhexidine, Calcium hydroxide and Saline.   Table 

3, Graph 3 shows that Chitosan exhibited maximum reduction for Candida albicans at 

days 14-21. Nisin requires 14 days to exert its antibacterial efficacy (99.75%) whereas 

Chitosan requires 21 days to exert its maximum antibacterial efficacy (99.93%).  

 

To analyse the variation in colony counts using Nisin and Chitosan, difference in 

colony counts between Day 1 and Day 21 were obtained. The difference in counts 

obtained was then statistically analysed using Wilcoxon Sign Rank Test which showed 

statistically significant difference between the two groups (p=0.028).  
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Optical density across the experimental groups 

  
 

Fig 16 Turbidity testing for control with 

E.faecalis 

 

Fig 17 Turbidity testing for control with 

Candida albicans 
 

  
 

Fig 18 Turbidity testing for Nisn 

withE.faecalis 

 

Fig 19 Turbidity testing for Nisn with 

Candida albicans 
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Fig 20 Turbidity testing for Chitosan 

with E.faecalis 
 

 

 

Fig 21 Turbidity testing for Chitosan 

with Candida albicans 

 

  
 

Fig 22 Turbidity testing for Calcium 

hydroxide with E.faecalis 

 

Fig 23 Turbidity testing for Calcium 

hydroxide with Candida albicans 
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Fig 24 Turbidity testing for Chlorexidine 

with E.faecalis 
 

 

Fig 25 Turbidity testing for Chlorexidine 

with Candida albicans 

 

 

 

To statistically analyse the difference in optical density between Day 1 and Day 

21, paired t test was used (Table 4). On analysis it was seen that Chitosan showed highly 

significant difference t(2)= 0.019 (p<0.05), and Nisin showed significance as well, t(2)= 

0.042 (p<0.05). However Chlorhexidine and Calcium hydroxide did not show statistically 

significant difference (p>0.05). 
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Table 4: OPTICAL DENSITY using Paired Samples Test 

 

 Paired Differences    

 

Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 
t df 

Sig.  

(2-tailed) 

Lower Upper 

Nisin .40000 .16371 .09452 .00667 .80667 4.232 2 .042 

Chitosan .34667 .08386 .04842 .13833 .55500 7.160 2 .019 

Calcium 

hydroxide -.01667 .56695 .32733 -1.42505 1.39172 -.051 2 .964 

Chlorhexidine -.18333 .39171 .22615 -1.15638 .78972 -.811 2 .503 

 

 

This shows that each medicament has varied levels of action on the bacteria. 

However seeing the mean values of difference in colony counts it can be said that more 

reduction was seen using Chitosan >Nisin>Chlorhexidine> Calcium hydroxide (as 

Chitosan showed most reduction in colony counts and Calcium hydroxide showed the 

least). 
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DISCUSSION 

 

Disinfection of pulp space is an important step during and after cleaning and 

shaping. Intracanal medicaments are used for root canal disinfection
37

. Walton wrote, 

“Intracanal medicaments have traditionally gone hand-in-glove with endodontics. They 

are generally considered to be an integral part of treatment and important to the success of 

root canal therapy”
38

. Intracanal medicaments have been thought an essential step in 

killing the bacteria in root canals; however, in modern endodontics, cleaning and shaping 

may be assuming greater importance than intracanal medicaments as a means of 

disinfecting root canals. The more modern meaning of intracanal dressing is for a 

blockade against coronal leakage from the gap between filling materials and cavity wall
39

.  

 

Calcium hydroxide has been suitable for use as an intracanal medicament for a 

long period of time. It plays an important role in endodontics through its versatile action 

like inducing tissue formation, exerting antibacterial action, and interrupting the nutrient 

supply to remaining bacteria
40

. The antimicrobial ability of calcium hydroxide is 

dependent upon direct contact with bacteria.  Moreover, calcium hydroxide is not very 

effective in eliminating bacteria from the dentinal tubules. Enterococcus faecalis is small 

enough to proficiently invade and live within dentinal tubules
13

. Orstavik et al reported 

that Enterococcus faecalis present in the dentinal tubules are resistant to calcium 

hydroxide intracanal dressing over 10 days
41

. 
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Nisin (NI) is a naturally occurring antimicrobial peptide produced by strains of 

Lactococcus lactis and was discovered in 1928
42

. It has been found to inhibit the growth 

and spore germination of many gram-positive bacteria and has an antibacterial efficacy 

against multidrug-resistant bacteria including Enterococcus faecalis
43

. It also disrupts the 

cellular membrane inducing leakage of small intracellular contents from the cell
37

. Nisin 

acts by inserting into the bacterial plasma membrane and triggering the activity of 

bacterial murein hydrolases which results in damage or degradation of the peptidoglycans 

and lysis of cells. This induces the leakage of small intracellular contents from the cell
36

.It 

has been found to have a broad spectrum of activity against gram-positive organisms and 

weak antibacterial activity against gram-negative bacteria
44

.     

 

 Chitosan is a cationic polymer derived from the exoskeleton of crustaceans (such 

as crabs)
45

. It is composed of copolymers of glucosamine and N-acetyl glucosamine
46

. An 

important property of chitosan for study as an excipient is its ability to become hydrated 

and form gels in acidic aqueous environments and is thus used to prepare slow release 

drug delivery systems
47

. Rahman et al conducted a study by using a Combination of 

CHX and Chitosan. Even though Chitosan has antimicrobial effect against C. albicans 

and E. faecalis, it proved to be less effective than Chlorhexidine gluconate when it was 

used alone
48

.  

 

Chlorhexidine (CHX) is an antiseptic with a broad antimicrobial spectrum and 

high substantivity
21

. Chlorhexidine gluconate gel is an alternative for root canal 
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medication because of its broad-spectrum antimicrobial effect
49

.  It acts by adsorbing onto 

the cell wall of microorganisms causing intracellular component leakage
16

. Its efficacy is 

because of the interaction of the positive charge of the molecule and the negatively 

charged phosphate groups on the microbial cell walls there by altering the cells osmotic 

equilibrium. This increases the permeability of cell wall which allows the CHX molecule 

to penetrate into the bacteria
50

.  

 

 The use of intracanal medications possessing antimicrobial properties between 

appointments may reduce or eliminate bacteria in the root canal system and significantly 

increase the success of root canal treatment 
51

. This study was conducted to compare and 

evaluate the antimicrobial effect of different intracanal medications including Calcium 

hydroxide, Chlorhexidine gluconate gel, Nisin and Chitosan against two different 

microorganisms E. faecalis and C. albicans.  

 

The biofilm model used in the current study attempts to replicate the 

heterogeneous nature of an in vivo biofilm and the versatility and high reproducibility of 

this model makes it a potentially useful vehicle to study the effects of treatment on 

biofilm removal. The model described here provides a method of studying the biofilm 

that have the following similarities with those found in vivo
15

:  

1. They are grown from subgingival bacteria, which are the source of bacteria in 

endodontic infections.                   

2. They are grown on root dentin 
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Colony Counting and Turbidity Testing (Optical Density at 600nm) were chosen 

to evaluate the antibacterial efficacy of intracanal medicaments as they would signify the 

quantity of live residual bacteria present in the root canals. Microbial root culturing is 

commonly used to assess the effectiveness of endodontic treatment measures. In a study 

by Gomes et al. 1995, evaluated themoleculartechnique and culture technique and 

concluded that molecular techniques cannot differentiate between viable and dead 

cultures. On the other hand, using culture techniques a minimum concentration of 

microorganism is necessary for their isolation, and hence for their recognition in the 

clinical situation.  

 

Optical density measured in a spectrophotometer at 600nm, can be used as a 

measure of the concentration of bacteria in a suspension. As visible light passes through 

the bacterial suspension, the light is scattered. The intensity of turbidity as checked by the 

optical density in spectrophotometer corresponds to the amount of residual bacteria 

present in the root canals after placement of medicament. In this study, Chitosan and 

Nisin showed significant difference between day 1 and day 21 but there was no 

significant difference between the other groups. 

 

Enterococcus faecalis has been found to be one of the most persistent 

microorganisms, with a prevalence of 24 to 77% in root filled teeth with periradicular 

lesions
52

. Studies have shown E.faecalis to be viable inside the root canal dentin up to a 

period of 12 months
53

. Therefore, it is important to consider treatment regimens aimed at   
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eliminating or preventing the infection of E.faecalis during all the phases of root canal 

treatment.  

 

Candida albicans is the most common species of fungi cultured from root canals 

of teeth with failed endodontic treatment
54

. The virulence mechanism of C. albicans that 

would promote colonisation in the root canal may be due to its collagenolytic activity that 

may make it possible to use dentin as a nutrient source
55

. Studies have reported that both 

C. albicans and E. faecalis are resistant to the antimicrobial action of calcium hydroxide, 

a commonly used intracanal medicament, but are sensitive to antimicrobial action of 

Chlorhexidine gluconate
56,57

. 

 

In the present study, the antibacterial activity through colony counting was 

obtained on day 1, day 7, day 14 and day 21 they showed that chitosan was most effective 

followed by Nisin, Chlorhexidine, Calcium hydroxide.  

 

To better study the variation is colony counts the %RCC (percentage of reduction 

in colony count) was also estimated. 

 

 
The inhibition growth of E.fecalis at the end of 1, 7 14 and 21 days was shown to 

be maximum for Nisin. These findings are similar to the study by Taneja et al
58

, 

Hemadri et al (2011)
23

 and Turner et al(2004)
36

 in which the antibacterial efficacy of 

Nisin against E.fecalis  was compared with calcium hydroxide. The studies showed that 

Nisin was able to effectively reduce the bacterial count of E.fecalis when compared to  
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calcium hydroxide. This might be due to the different mode of action of Nisin than that of 

calcium hydroxide 

 

Studies by Rahman et al (2013)
48

, Elaka et al (2012)
59

, Grover et al (2014)
60

 

showed that the antibacterial efficacy of Chitosan gel,  Chlorhexidine gel and their 

combination against C.albicans and E.fecalis and was found that combination of 

chlorhexidine with Chitosan was better than using plain Chlorhexidine or Chitosan. In 

another study by Shaik et al (2014)
1
,  Elsaka et al (2012)

61
 , Ca(OH)2 + chitosan 

combination was more effective in inhibiting the growth of E. faecalis and C. 

albicans when compared with Ca(OH)2 + saline combination. In the present study, 

Chitosan exhibited maximum reduction for Candida albicans than E.fecalis. 

 

In this study, the antibacterial efficacy of Chlorhexidine was inferior to Chitosan, 

unlike the results of the study by Ballal et al. (2009)
13

,in which the author compared the 

antibacterial efficiency of Chitosan, Chlorhexidine and their combination.  The 

antimicrobial effect of Chitosan against C. albicansand E. faecalis, proved to be less 

effective than Chlorhexidine gluconate when it was used alone. This could be because 

strains of  E.fecalis and C.albicans were used in that study, unlike a biofilm model that 

was used in our study.  

 

The findings of these study demonstrated that Nisin and Chitosan have a good 

anti- microbial effect against C. albicans and E. faecalis. However, the medicament that 

is effective against single microbe in vitro may not necessarily be effective against the 
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same microbe in vivo because root canal system contains multiple microorganisms. 

Further studies using the same medicaments in failed root canal cases in vivo have to be 

conducted. The duration of action and the depth of penetration into the dentinal tubules of 

these medicaments also need to be investigated and compared. 

 

The endodontic biofilm used in the present study was monospecies bacterial 

cultures. The biofilm models used does not adequately reflect the complexity of the root 

canal environment, and they do not replicate the clinical situation. Therefore, it is 

important to develop multispecies biofilm models resembling in vivo endodontic biofilms 

for studying root canal disinfection.  

 

As Chitosan has mucoadhesive property, whether it has got similar adhesive 

property to the root canal dentin also needs to be investigated because this property might 

help in prolonged action of the medicament within the root canal system
13

.  

 

The ability of Nisin to effectively kill E.faecalis by a mechanism that is not reliant 

on achieving a high pH may provide a means to eliminate this species by a method to 

which it has no defense mechanism. Nisin is reported to be active against a broad range of 

Gram-positive bacteria. However, infection of radicular dentinal tubules is dominated by 

Gram-positive species namely, Streptococci and Enterococci. Given the association of E. 

faecalis in cases of chronic failure in endodontically treated teeth, a medication aimed 

specifically at this species may be of value. This may be especially pertinent in cases of 

conventional endodontic retreatment where E. faealis is the most commonly recovered 

species
40

.  
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In this in vitro study, Chitosan and Nisin showed better results when compared to 

chlorhexidine and calcium hydroxide. Investigations regarding the efficacy of these 

intracanal medicament in vivo and multispecies biofilm model needs to be further studied 

for better understanding. 
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SUMMARY AND CONCLUSION 

 

The current study aimed to isolate Enterococcus faecalis and Candida albicans 

from the plaque sample and determine their antimicrobial efficacy of the test 

medicaments- Nisin and Chitosan against theses microorganisms. 

 

Plaque samples were collected from healthy human volunteers and incubated 

overnight. They were further streaked onto Mitis salivarius agar and Sabouraud Dextrose 

Agar for the isolation of Enterococcus faecalis and Candida albicans. 

 

Ninety single-rooted human mandibular premolars were decoronated, debrided 

and following cleaning and shaping, they were randomly grouped into three groups 

consisting of 30 teeth each.  

Group I – Enterocccus faecalis 

Group II -  Candida albicans 

Group III – Blank (uninfected + untreated).  

All the samples were incubated at 37°C for 14 days for the growth of the 

microorganisms. After 14 days, the contents were rinsed with 5ml saline and were further 

subdivided into five subgroups with six teeth under each medicament. 
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Subgroup A – Saline (Negative control) 

Subgroup B – Calcium hydroxide 

Subgroup C - Nisin 

Subgroup D – Chitosan 

Subgroup E – Chlorhexidine 

The canals were then sealed and all the samples were incubated at 37°C and the 

readings were taken on days 1,7, 14, and 21.  

 

The antibacterial efficacy of the intracanal medicaments against various 

microorganisms was evaluated by Turbidity Testing (Optical Density at 600nm) and 

Culture Study (Colony Counting). 

The results obtained from Turbidity Testing and Colony Counting revealed that complete 

elimination of bacteria was not achieved in any of the experimental groups. Chitosan was 

most effective in causing reduction in colony counts followed by Nisin and 

Chlorhexidine. The inhibition growth of E.fecalis at the end of 1, 7, 14 and 21 days were 

shown to be maximum for Nisin. Nisin and Chitosan showed the maximum %RCC 

compared with chlorhexidine, calcium hydroxide and saline. Chitosan exhibited 

maximum reduction for Candida albicans at days 14-21. Nisin requires 14 days to exert 

its antibacterial efficacy (99.75%) whereas Chitosan requires 21 days to exert its 

maximum antibacterial efficacy (99.93%). This shows that each medicament has varied 

levels of action on the bacteria. However seeing the mean values of difference in colony 
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counts it can be said that more reduction was seen using Chitosan >Nisin>Chlorhexidine> 

Calcium hydroxide (as Chitosan showed most reduction in colony counts and Calcium 

hydroxide showed the least). 

 

Nisin and Chitosan have a good antimicrobial effect against C. albicans and E. 

faecalis. However, the medicament that is effective against single microbe in vitro may 

not necessarily be effective against the same microbe in vivo because root canal system 

contains multiple microorganisms. Further studies using the same medicaments in failed 

root canal cases in vivo have to be conducted.  
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