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ABSTRACT 

Aim: The aim of this in vitro study was to compare the antimicrobial 

efficacy of commercially available herbal agents -Apple cider vinegar, 

Morinda citrifolia with the gold standard sodium hypochlorite against 

Enterococcus faecalis when used as root canal irrigants for disinfection 

of root canal system. Methodology: Fresh strains of E. faecalis were 

cultured. The antimicrobial efficacy of apple cider vinegar, Morinda 

citrifolia and Sodium hypochlorite against the strains of E. faecalis 

were assessed individually using antimicrobial susceptibility testing. 

Group A control group (E. faecalis + saline), group B (E. faecalis + 

NaOCl), group C (E. faecalis + Morinda citrifolia), and group D (E. 

faecalis + apple cider vinegar). Brain heart infusion agar was prepared for a subculture to 

check the viability of the microbial species. Results: The efficacy of apple cider vinegar 

against E. faecalis was comparable to that of sodium hypochlorite (5.25%). Morinda citrifolia 

showed inhibitory action against E. faecalis, but it has a lower inhibitory effect than NaOCl 

and apple cider vinegar, the least efficacy was seen in the normal saline group. Clinical 

Relevance: “Nature itself is the best Physician” - In order to achieve proper microbial control 

of infected root canal flora significant research on the properties and mechanism of action of 

various antimicrobial solutions have been extensively researched. Though the adequacy & 

potency of chemical disinfectants have been proven, there is an earnest search among 

researches for more safer, less harsh, non-chemical natural herbal alternatives. This invitro 
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cross-correlation analysis highlights the potency of two popular herbal disinfecting solutions 

namely apple cider vinegar and Morinda citrifolia in eliminating E. faecalis strains from 

radicular dentin, thereby substituting natural phytates over harmful chemical regimens for 

disinfection of the root canal system. 

 

KEYWORDS: E. faecalis, 5.25% NaOCl, Morinda citrifolia, Apple cider vinegar. 

 

ABBREVIATIONS: Sodium hypochlorite (NaOCl), chlorhexidine (CHX), Apple Cider 

vinegar (ACV), Morinda citrifolia Juice (MCJ), ethylenediaminetetraacetic acid (EDTA), 

hydrogen peroxide (H2O2). 

 

INTRODUCTION 

The primary cause of apical periodontitis is infection of the root canal system. Although 

chemical and physical factors can induce inflammation in the periradicular tissues, a large 

body of scientific evidence indicates that microorganisms play an important role in the 

progression and persistence of apical periodontitis.
[1]

 

 

Root canal infections have a polymicrobial etiology caused by a diverse consortium of more 

than 600 species of bacteria arranged in biofilms. One of the most common microbes in 

infected root canals and retreatment cases of apical periodontitis has been identified as 

E.faecalis. The prevalence of C.albicans in association with E.faecalis increases most 

commonly in cases of secondary persistent infections in retreatment cases. Both these 

microorganisms have notorious reputation of being most persistent and resistant, especially in 

secondary infections, owing to multiple virulent factors.
[2] 

 

E.faecalis is a gram-positive facultative anaerobe that can invade dentin tubules and is 

resistant to a variety of irrigating solutions and intra-canal medications. In primary 

endodontic infections, it has a prevalence of 4-40%, while in persistent endodontic infections, 

its prevalence varies between 24 - 77 %.
[3]

 

 

Chemo mechanical preparation plays a significant role in achieving successful endodontic 

therapy. The use of an irrigant with good penetrability and bactericidal activity is required to 

inhibit microorganisms present in biofilms, dissolve necrotic pulp remnants, inactivate 

endotoxins, and remove the tenacious smear layer due to the limitations of mechanical 

instruments to reach far and beyond in narrow isthmuses, accessory canals, and dentinal 

tubules. Till date, many irrigants have been used such as 0.5%–6% sodium hypochlorite 
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(NaOCl), 0.2%–2% chlorhexidine (CHX), 3%–30% hydrogen peroxide (H2O2), 2%–5% 

iodine potassium iodide, 0.5% dequalinium acetate, 10%–17% ethylenediaminetetraacetic 

acid (EDTA), 10%–50% citric acid, proteolytic enzymes, sodium hydroxide, urea, potassium 

hydroxide, local anesthetic solutions, and normal saline. Various more recent irrigants, 

including tetraclean, electrochemically activated solutions, ozonated water, and photon-

activated disinfection, have also been tested in varying clinical situations. However, NaOCl 

has remained the gold standard against which efficacy of other irrigants is adjudged,
[2] 

due to 

its easy availability and broad spectrum of activity and tissue dissolving ability. However, it 

has a number of drawbacks, including tissue toxicity, emphysema, and a burning sensation 

when contacting oral tissues. As a result, alternate irrigating solutions other that successfully 

eradicate E. faecalis from radicular dentin are required.
[4] 

 

Research has been exploring the benefits of introducing phytates into the clinical realm of 

allopathic treatments due to its myriad benefits. Herbal agents are increasingly being 

researched in root canal disinfection since they are less expensive and have less side effects 

than standard NaOCl. Noni is the fruit of the Morinda citrifolia tree, which has a wide range 

of antibacterial characteristics. Murrey et al. (2008) demonstrated that Morinda citrifolia has 

efficacy against E. faecalis that is comparable to NaOCl and with no tissue toxicity or adverse 

effects.
[5] 

 

MCJ though nascent to endodontics, it has been suggested as an alternative to NaOCl because 

of its chelating ability to remove smear layer which helps to improve the penetration of the 

disinfectants deeper into the tissue and enhance their antimicrobial properties, especially 

against anaerobic bacteria such as E. faecalis and C. albicans.
[2] 

 

Due to its abundance of bioactive components, apple vinegar is a natural product that is 

frequently used in food and traditional medicine. Apple Cider vinegar (ACV) is an alcoholic 

or an acetic fermentation of apple fruits
[6]

, produced either by the traditional method, called 

the Orleans method, or by the rapid (or submerged) method used for industrial purposes with 

variant types of apples. Vinegar is considered as a safe and natural food without any 

additions, as described by GRAS (Generally Recognized As Safe).
[7]

 It is well-known for its 

various biological activities, such as antioxidant, antibacterial, and antifungal activity. ACV 

is found to have potent antimicrobial activity due to its phytochemical compounds, organic 

acids, phenolic compounds, tannins, flavonoids, and carotenoids, all of which contribute to its 

antioxidant and antibacterial action against many pathogenic microbes.
[8] 
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Although it is effective at removing smear layers, there are limited studies in literature that 

compare the efficacy of ACV against E. faecalis. 

 

The objective of this research is to evaluate and compare the antimicrobial efficacy of 

Morinda citrifolia, and ACV with NaOCl, against E. faecalis. 

 

MATERIALS AND METHODOLOGY 

This in vitro study was conducted at the Panineeya Mahavidhyalaya Institute of Dental 

Sciences and Research Centre in Hyderabad, in the Department of Oral Microbiology. 

 

For the investigation, standard strains of E. faecalis microbiological suspensions were used, 

as shown in (fig1). The 0.5 McFarland standard was used to compare these suspensions. A 

micropipette was used to distribute the liquids into the Eppendorf tubes. 

 

SAMPLE SIZE 

40 Eppendorf tubes (fig 2) were taken and divided into test and control groups (fig3). each 

group contains 10 samples. The control group contains saline, while the test group contains 

commercially available apple cider vinegar (PATANJALI" AYURVED PVT LTD, 

Haridwar, India), 6% Morinda citrifolia (SPECTRUM NONI FRUIT JUICE DHANIKUL 

FOOD AND BEVERAGES PVT LTD, Mumbai, Maharashtra, India 6 percent dilution) and 

5.25 percent sodium hypochlorite(PRIME DENTAL PRODUCTS PVT LTD, Bhiwandi, 

Maharashtra, India) (fig4). 

1) GROUP A – Normal Saline + E.fecalis (A1-A10)(fig5),  

2) GROUP B – NaOCl 5.25 % + E.fecalis (B1-B10)(fig6),  

3) GROUP C – Morinda citrifolia 6% + E.fecalis (C1-C10)(fig7), and  

4) GROUP D – Apple cider vinegar + E.fecalis (D1-D10)(fig8) 

 

MICROBIAL INOCULATION 

In each of the Eppendorf tubes, 20 μL of bacterial suspension [fig 1(a)] were mixed with 200 

μL of the test groups (A1-A10, B1-B10, C1-C10, D1-D10) [fig1(c-g)]. The eppendorf tubes 

were placed in the incubator at 37°C for 4 hours after being filled according to their assigned 

eppendorf tubes. Following that, 10 mL of each Eppendorf tube's solution was transferred to 

brain heart infusion agar [fig 1(h)]. To test the viability of the microbial species, brain heart 

infusion agar was produced for subculture. The agar plates were separated into test and 

control groups. After 24 hours of aerobic incubation at 37°C, colony forming units were 

https://www.google.com/search?rlz=1C1SQJL_enIN919IN919&sxsrf=ALiCzsYXpqfi7PltbsUS0Tnd35st3HgG6w:1658858993503&q=Haridwar&stick=H4sIAAAAAAAAAOPgE-LWz9U3MDTKyy6rTFPiBHMKzYqStLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1g5PBKLMlPKE4t2sDLuYmfiYAAAtJZN3FkAAAA&sa=X&ved=2ahUKEwi_8qiok5f5AhUPSGwGHRLbDD8QmxMoAXoECGoQAw
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counted in a digital colony counting machine [fig 1(i)]. The data was tallied and analyzed 

using One-way ANOVA. 

 

 

[Fig 1]: a) E.faecalis bacterial suspension b) Eppendorf tubes c) Preparation of test 

irrigants  

d) E.faecalis+ Normal saline e) E.faecalis+ NaOCl f) E.faecalis + Apple cider vinegar  

g) E.faecalis+ Morinda citrifolia h) Brain heart infusion agar subculture  

i) Microbial colonies after 24 hrs inoculation  

 

RESULTS 

Table 1: Comparison of overall effect of each test irrigant against E.faecalis. 

 
Endodontic Irrigant CFU CFU CFU CFU N 

1 Saline 120.7000 2.243200 116.1506 125.2494 10 

2 NaOCl 1.5000 2.243200 -3.0494 6.0494 10 

3 Morinda 32.1000 2.243200 27.5506 36.6494 10 

4 Apple cider vinegar 2.0000 2.243200 -2.5494 6.5494 10 
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Table 2: Summarizes the mean CFU/mL of E. faecalis after use of different test root 

canal irrigants. 

 

 

 

Figure 2: Compares the effect of different root canal irrigants on mean microbial counts 

(cfus/ml) of e. Faecalis after a period 0f 24hours. 

 

There was a decrease in microbial counts of E. faecalis in all control groups. NaOCl group 

shows lowest amount of colony forming units which is comparable to apple cider vinegar. 

Morinda citrifolia showed inhibitory action against E. faecalis, but it has a lower inhibitory 

effect than NaOCl and apple cider vinegar, the least efficacy was seen in the normal saline 

group. (fig2). 

 

The decrease in microbial counts was found to be statistically significant (P < 0.001) on 

intergroup comparisons by using one-way ANOVA test. 

 

DISCUSSION 

The chemo mechanical phase of endodontic therapy is crucial to the success of endodontic 

treatment. Thorough cleaning removes microorganisms, permits a better adaptation of filling 
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materials, and enhances the action of intracanal medicaments. The role of various irrigating 

solutions when used in combination with root canal instrumentation procedures is to help 

loosen and remove organic debris, pulp tissue remnants and microbiota embedded within the 

irregular dentin walls from the canal system. Irrigating solutions should possess main 

properties like mechanical and chemical flushing, lubrication, dissolution of canal contents, 

antimicrobial, and smear layer removal. The chemical disinfecting solutions should also be 

non-toxic, inert and not cause any injury to the tissues of the periapical region. 

 

The most often used standard solution in root canal disinfection is sodium hypochlorite 

(NaOCl), which is a low-cost approach with excellent antibacterial action against the 

microbiota of infected root canals.
[9]

 

 

Sodium hypochlorite (NaOCl) was first recognized as an antibacterial agent in 1843 when 

surgeons performed hand washing with hypochlorite solution between patients and found 

unusually low rates of infection transmission between patients. This began its inception as a 

disinfectant solution worldwide with its use, first recorded as endodontic irrigant in 1920. 

 

Its ability to oxidise and hydrolyse cell proteins, as well as its tissue solvent capacity, add to 

its utility as a potent irrigating solution. Also, this chemical agent reaches new locations 

within root canals and cleans them, dissolving necrotic-purulent tissues. Its cytotoxic effects, 

on the other hand, are proportional to the NaOCl concentration utilized.
[8,10]

 In the literature, 

serious tissue reactions have been reported as a result of the unintentional extrusion of NaOCl 

into periapical tissues.
[10]

 

 

Reeh and Messer (1989) reported a case of injection of sodium hypochlorite (1%) through a 

midroot perforation of a maxillary central incisor with the typical symptoms of immediate 

severe pain and swelling, followed by fistulation and erythema which extended upto the 

infraorbital area. Paraesthesia of the floor and ala of the patient’s nose persisted for more than 

15 months.
[11]

 

 

In a case report presented by Sabala and Powell (1989) 5.25% sodium hypochlorite was 

injected into the periapical tissues of a left maxillary second premolar. The patient developed 

symptoms of sudden, severe pain and a swelling which rapidly developed, followed by 

ecchymosis of the skin with completion of root canal treatment at the same visit. Antibiotics 
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were prescribed and a surgical drainage was also performed to prevent secondary infections. 

The symptoms had resolved only after nine days.
[12]

 

 

Ingram (1990) recorded a case of accidental spillage of 5.25% sodium hypochlorite into a 

patient’s eye during endodontic therapy.
[13] 

Allergy to hypochlorite was first reported in 1940 

by Sulzberger
[14] 

and subsequently by Cohen and Burns (1984).
[15]

 

 

Gatot et al. (1991) reported that the patient immediately experienced severe pain and marked 

oedema developed extending from the lip to the right eye, following injection of 5.25% 

NaOCl during endodontic treatment of a right maxillary central incisor.
[16] 

 

Ehrich et al. (1993) reported that following inadvertent injection of 5.25% NaOCl via the 

palatal root canal of a maxillary first molar into the maxillary sinus, patient only complained 

of a taste of sodium hypochlorite but no further symptoms developed.
[17] 

 

Caliskan et al. (1994) presented a case where a 32-year-old female developed rapid onset 

pain, swelling, difficulty in breathing and subsequently hypotension following application of 

0.5 ml of 1% NaOCl.
[18]

  

 

Kavanagh and Taylor (1998) reported that during endodontic treatment of a right second 

maxillary premolar; NaOCl of unknown concentration was injected beyond the apex. The 

patient experienced acute severe facial pain and swelling.
[19] 

 

Witton et al (2005) reported a case causing paraesthesia and anaesthesia affecting the mental, 

inferior dental and infraorbital branches of the trigeminal nerve following inadvertent 

extrusion of sodium hypochlorite beyond the root canals. Witton et al. in 2005 was the 1
st
 

person who described reversible facial nerve damage.
[20]

 
 

 

Paola Campos et al (2017) reported a case of a 45-year-old woman with moderate pain and 

crown fracture of first upper right premolar. The tooth was non-responsive to pulp testing. 

The diagnosis of pulp necrosis was confirmed and RCT was initiated. Bruises and severe 

inflammation of the right side of the face appeared immediately after irrigation and extrusion 

of NaOCl 5.25%.
[21] 

 

Anubha Sejra et al (2019) reported a case of a 72-year-old female patient complaining of pain 

in upper right back tooth region in the last 5 days. Intraoral examination revealed maxillary 
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second premolar with attrition, and it was tender on percussion. During a final rinse of the 

canal with Naocl, the patient developed sudden distress and intense episode of pain. 

Immediately, she had a tense, shiny, and warm swelling extending from right lower eyelid to 

corner of mouth and from ala of nose to angle of mandible.
[22] 

 

Mariana et al (2021) presented a case of a 7-year-old female child who was referred to the 

emergency department for left facial oedema and haematoma after an endodontic treatment. 

During root canal treatment of a primary first left upper molar the patient felt serious pain 

during irrigation of NaOCl into the tooth.
[23] 

 

Cytotoxicity and adverse reactions of NaOCl is well documented in evidence-based literature 

reviews. Most often the reason for complications after the use of Naocl irrigation occurs due 

to extrusion of the solution beyond the apex of the root due to forceful or active/positive 

pressure application at the time of needle insertion into the canal system. This could lead to 

tissue reactions at the periapical region and in certain cases allergic responses to Naocl 

extrusion may also occur. All these adverse effects of hypochlorite led to the search for other 

tissue compatible irrigants with similar efficacy. In this study we compared the commercially 

available herbal irrigants like ACV and MC.
[24] 

 

The scientific name for the commercially available Noni is Morinda citrifolia. The botanical 

name Morinda citrifolia is derived from the two Latin words "morus" meaning mulberry and 

"indicus" meaning Indian. It belongs to the Rubiaceae family (Nelson, 2006) and is used as a 

popular folk medicine.
[25]

 Its juice possesses antibacterial, antifungal, antiviral, anticancer, 

antihelminthic, analgesic, hypotensive, anti-inflammatory and immune-stimulating 

properties. 

 

It is the earliest herbal alternative to be used for disinfecting the root canal system. Studies 

have shown that oral streptococci which causes dental caries are inhibited by it. Morinda 

citrifolia juice (MCJ) is a biocompatible irrigant that aids in the attachment of dental pulp 

stem cells to root canal dentin, which is necessary for regenerative endodontic treatment, its 

prime components are L-asperuloside and alizarin which are secondary metabolic phenolic 

compounds.
[26,27] 

 

In a study conducted by Prabhakar AR et al (2013), Morinda citrifolia was compared to 

Chlorhexidine as an anti-microbial endodontic irrigant. The presence of alizarin, scopoletin, 
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aucubin, and asperuloside in Morinda citrifolia was reported to have considerable 

antibacterial action. However, it was less than 0.2% Chlorhexidine.
[28] 

 

Murray et al. (2008) examined the efficacy of MCJ, sodium hypochlorite, and chlorhexidine 

gluconate in removing the smear layer from the walls of instrumented root canals, and found 

that 6% MCJ could be utilised as an endodontic irrigant.
[5] 

 

Because it is a biocompatible antioxidant, the use of MCJ as an endodontic irrigant may be 

beneficial because it is less likely to cause severe injuries to patients that might occur through 

NaOCl accidents. Before MCJ can be definitively suggested as an intracanal irrigating 

solution, preclinical and clinical research are required to assess its biocompatibility and 

safety. However, Yoshida etal (1995) in their in vitro observations suggest that the 

effectiveness of MCJ when combined with an EDTA rinse is promising.
[29] 

 

Apple cider vinegar, also known as cider vinegar or ACV, is pale medium-colored vinegar 

prepared from cider or apple must. ACV is obtained from the made from the crushed pulp of 

fermented apples. It contains pectin, vitamin b1, vitamin b2, and vitamin b6, as well as biotin, 

folic acid, niacin, pantothenic acid, and vitamin c.
[30] 

 

It is used to treat cancer, cardiovascular disease, body and joint discomfort, diabetes, and 

weight reduction, among other ailments. This can also be used as a potential root canal 

irrigant in dentistry. However there have been limited studies on ACV as a root canal irrigant. 

 

Its antibacterial activity is mostly owing to the presence of acetic acid in it. Vinegar's organic 

acids, particularly acetic acid, penetrate through microorganism cell membranes, causing 

bacterial cell death. The antibacterial action of organic acids is influenced by bacterial strains, 

temperature, pH, acid concentration, and ionic strength. 

 

According to Zhang et al (2001), organic acids have a residual effect in preventing the growth 

of harmful microorganisms. Organic acids have the ability to release protons H+ into cells, 

which lowers intracellular pH, causing microbial membrane cells to be destroyed. High 

amounts of hydrogen ions, on the other hand, cause the protonation of cell macromolecules, 

which causes the bacteria to become destabilized and induces their death.
[31] 

 

According to Dormelles et al., in 2011 the combination of 2.5 percent sodium hypochlorite 

and ACV was less effective than 2.5% NaOCl or 2% chlorhexidine.
[32] 
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Estrela et al (2005), tested the antimicrobial capacity of four vinegars (apple, rice, red, and 

white wine) in a mixed suspension of microorganisms (S. aureus + E. faecalis + P. aeruginus 

+ B. subtilis + C. albicans) and a pure suspension of E. faecalis for 24, 48, 72, and 7 days, 

although all of the solutions were efficient against E. faecalis, ACV showed the best results 

against the mixed suspension.
[33] 

 

Ismael NF et al. (2013) used various vinegar solutions and found that 5% ACV successfully 

eliminated streptococcal biofilm.
[34] 

 

Soorya M.S (2018) evaluated the anti-microbial and antifungal efficacy of ginger extract, 

commercially available ACV and fruit vinegar and compared it with that of 5.25%NaOCl and 

concluded that commercially available ACV and FV were effective against E. faecalis and 

C.albicans, however the ginger extract was not effective against both the tested organisms.
[35] 

 

In the present study antimicrobial efficacy of ACV, Morinda citrifolia and Sodium 

hypochlorite against the strains of E. faecalis were assessed individually using antimicrobial 

susceptibility testing. The results showed that both 5.25% sodium hypochlorite and ACV 

demonstrated equal antibacterial effects with statistically comparable results(table-2). When 

compared to the control group, M.citrifolia had less colony forming units(table-1), but the 

mean colony forming units(table-2, fig-1) were larger when compared to 5.25 % NaOCl and 

ACV. However, in a clinical scenario the root canal biofilm has multispecies microorganisms 

which may alter the efficacy of these irrigating solutions. Thus, further invitro and exvivo 

studies with large sample size are required to evaluate the role of test irrigants on all possible 

microbes which are present in root canal biofilm. 

 

CONCLUSION 

From the observations made from this research design the antimicrobial activity of ACV is 

almost similar to 5.25% NaOCl against E. faecalis, although none of the two test irrigants 

were effective in completely disinfecting the root canal system. Morinda citrifolia showed 

inhibitory action against E. faecalis, but it has a lower inhibitory effect than NaOCl and ACV 

with the least efficacy seen in the normal saline group. The overall antibacterial effect of 

different irrigants against E.faecalis was maximum with similar comparable efficacy in the 

NaOCl and ACV groups. Even though the natural herbal irrigants showed promising results, 

further research on their strength, long-term efficacy and interaction with intra canal 

medicaments /sealers should be made to extend their benefits as endodontic irrigants. This 
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would help open avenues to safer, kinder and inert herbal disinfecting solutions as opposed to 

harsher chemical regimens for cleaning of the radicular system. 

 

CONFLICTS OF INTEREST: The authors declared no conflicts of interest. 

 

REFERENCES 

1. Siqueira JF, Jr. Microbiology of apical periodontitis. In: PittFord T, editor. Essential 

endodontology. Oxford, UK: Blackwell, 2008; 135–9. 

2. Choudhary E, Indushekar KR, Saraf BG, Sheoran N, Sardana D, Shekhar A. Exploring 

the role of Morinda citrifolia and Triphalajuice in root canal irrigation: An ex vivo study. 

J Conserv Dent, Jul-Aug, 2018; 21(4): 443-449.  

3. Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Enterococcus faecalis: its role in root 

canal treatment failure and current concepts in retreatment. J. Endod, Feb 1, 2006; 32(2): 

93-8. 

4. Khademi A, Usefian E, Feizianfard M. Tissue dissolving ability of several endodontic 

irrigants on bovine pulp tissue. Iran. Endod. J., 2007; 2(2): 65. 

5. Murray PE, Farber RM, Namerow KN, Kuttler S, Garcia-Godoy F. Evaluation of 

Morinda citrifolia as an endodontic irrigant. J. Endod, Jan 1, 2008; 34(1): 66-70. 

6. Tesfaye W., Morales M.L., García-Parrilla M.C., Troncoso A.M. Wine Vinegar: 

Technology, Authenticity and Quality Evaluation. Trends Food Sci. Technol, 2002; 13: 

12–21.  

7. Office of the Commissioner U.S. Food and Drug 

Administration: https://www.fda.gov/home 

8. Kara M, Assouguem A, kamaly OM, Benmessaoud S, Imtara H, Mechchate H, Hano C, 

Zerhouni AR, Bahhou J. The Impact of Apple Variety and the Production Methods on the 

Antibacterial Activity of Vinegar Samples. Molecules, Sep 7, 2021; 26(18): 5437. 

9. Garberoglio R, Becce C. Smear layer removal by root canal irrigants. A comparative 

scanning electron microscopic study. Oral Surg Oral Med Oral Pathol, 1994; 78: 359–67. 

10. Pashley EL, Birdsong NL, Bowman K, Pashley DH. Cytotoxic effects of NaOCl on vital 

tissue. J.Endod., 1985; 11: 525–8. 

11. Reeh ES, Messer HH. Long-term paresthesia following inadvertent forcing of sodium 

hypochlorite through perforation in maxillary incisor. Endod Dent Traumatol, 1989; 5: 

200-203. 

https://www.fda.gov/home


www.wjpr.net     │    Vol 11, Issue 12, 2022.     │     ISO 9001:2015 Certified Journal      │ 

Solomon et al.                                                                     World Journal of Pharmaceutical Research 

1638 

12. Sabala GL, Powell SE. Sodium hypochlorite injection into periapical tissues. J Endod, 

1989; 15: 490-492. 

13. Ingram TA 3rd. Response of the human eye to accidental exposure to sodium 

hypochlorite. J. Endod, May, 1990; 16(5): 235-8. 

14. Sulzberger M B Dermatologic allergy: an introduction in the form of a series of lectures. 

Springfield, IL, USA: Charles C. Thomas, 1940. 

15. Cohen S, Burns R. Pathways of the pulp. 3rd edn. pp 441-442. St Louis, MO, USA: CV 

Mosby, 1984. 

16. Gatot A, Arbelle J, Leibermann M et al. Effects of sodium hypochlorite on soft tissues 

after its inadvertent injection beyond the root apex. J Endod, 1991; 17: 573-574. 

17. Ehrich DG, Brian JD Jr, Walker WA. Sodium hypochlorite accident: inadvertent injection 

into the maxillary sinus. J Endod, 1993; 19: 180-182. 

18. Caliskan M K, Turkun M, Alper S. Allergy to sodium hypochlorite during root canal 

therapy: a case report. Int Endod J., 1994; 27: 163-167. 

19. Kavanagh CP, Taylor J. Inadvertent injection of sodium hypochlorite into the maxillary 

sinus. Br Dent J., 1998; 185: 336-337. 

20. Witton R, Henthorn K, Ethunandan M, Harmer S, Brennan PA Neurological 

complications following extrusion of sodium hypochlorite solution during root canal 

treatment. Int Endod J., 2005; 38: 843-8. 

21. Campos P, Roa E, Montaño J, Tenorio F, de la Fuente J. Inadvertent extrusion of sodium 

hypochlorite during endodontic treatment: case report. JSM Dent, 2016; 4: 1067. 

22. Sejra A, Srivastava H, Raisingani D, Prasad AB, Mittal N, Udawat G. Management of 

Sodium Hypochlorite Accident: A Case Report. J. Mahatma Gandhi univ. med. sci. 

technol, Jan, 2019; 4(1): 30. 

23. Santos ML, Silva H, Afonso A, Patraquim C. Hypochlorite accident: fortunately a rare 

case in paediatric patients. BMJ Case Reports, Feb 1, 2021; 14(2). 

24. Mohammadi Z. Sodium hypochlorite in endodontics: an update review. Int Dent J., Dec, 

2008; 58(6): 329-41. 

25. Abou Assi R, Darwis Y, Abdulbaqi IM, Vuanghao L, Laghari MH. Morinda citrifolia 

(Noni): A comprehensive review on its industrial uses, pharmacological activities, and 

clinical trials. Arab. J. Chem., Jul 1, 2017; 10(5): 691-707. 

26. Kumarasamy, B., Manipal, S., Prabu Duraisamy, A.A., Mohanaganesh, S.P. and Jeevika, 

C., Role of aqueous extract of Morinda citrifolia (Indian noni) ripe fruits in inhibiting 



www.wjpr.net     │    Vol 11, Issue 12, 2022.     │     ISO 9001:2015 Certified Journal      │ 

Solomon et al.                                                                     World Journal of Pharmaceutical Research 

1639 

dental caries-causing Streptococcus mutans and Streptococcus mitis. J. Dent., 2014; 

11(6): 703. 

27. Ring KC, Murray PE, Namerow KN, Kuttler S, Garcia-Godoy F. The comparison of the 

effect of endodontic irrigation on cell adherence to root canal dentin. J Endod, 2008; 34: 

1474–9. 

28. Prabhakar AR, Basavraj P, Basappa N. Comparative evaluation of Morinda citrifolia with 

chlorhexidine as antimicrobial endodontic irrigants and their effect on micro-hardness of 

root canal dentin: An in vitro study. Int. J. Oral Health, Jan 1, 2013; 3(1): 5. 

29. Yoshida T, Shibata T, Shinohara T, et al. Clinical evaluation of the efficacy of EDTA 

solution as an endodontic irrigant. J Endod, 1995; 21: 592–3. 

30. Singh A, Mishra S. Study about the nutritional and medicinal properties of apple cider 

vinegar. Asia Pac J Sci Technol., 2017; 8: 6892-4. 

31. J. Zhang, Z. G. Tian, J. H. Wang, and A. R. Wang, “Advances in antimicrobial molecular 

mechanism of organic acids,” Acta Vet., 2011; 42(3): 323–328. 

32. Dornelles-Morgental R, Guerreiro-Tanomaru JM, de Faria-Júnior NB, Hungaro-Duarte 

MA, Kuga MC, Tanomaru-Filho M. Antibacterial efficacy of endodontic irrigating 

solutions and their combinations in root canals contaminated with Enterococcus faecalis. 

Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 2011; 112: 396-400. 

33. Estrela CR, Estrela C, Cruz AM, Filho, Pécora JD. ESP substance: option in endodontic 

therapy. J Bras Endod, 2005; 5: 273–279.  

34. Ismael NF. Vinegar as antibacterial biofilm formed by Streptococcus pyogens isolated 

from recurrent Tonsillitis patients: In vitro study. Jordan J Biol Sci., 2013; 6: 191-7. 

35. Surya M.S, Jayalakshmi K.B, Prasanna Latha Nadigai, Sujatha I, Shibani Shetty, Sowmya 

B. Comparative Evaluation of Antimicrobial Effect of - Ginger, Apple Cider Vinegar and 

Fruit Vinegar - An in Vitro UV Spectrophotometric Study: Int. j. sci. res. Publ., 2018; 8: 

2289-93. 

https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Comparative+Evaluation+of+Antimicrobial+Effect+of+-+Ginger,+Apple+Cider+Vinegar+and+Fruit+Vinegar+-+An+in+Vitro+UV+Spectrophotometric+Study+Surya+M.S,+Jayalakshmi+K.B,+Prasanna+Latha+Nadigai,+Sujatha+I,+Shibani+Shetty,+Sowmya+B
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Comparative+Evaluation+of+Antimicrobial+Effect+of+-+Ginger,+Apple+Cider+Vinegar+and+Fruit+Vinegar+-+An+in+Vitro+UV+Spectrophotometric+Study+Surya+M.S,+Jayalakshmi+K.B,+Prasanna+Latha+Nadigai,+Sujatha+I,+Shibani+Shetty,+Sowmya+B

