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Introduction
One primary objective in the root canal treatments is to 

ensure chemomechanical removal of the microorganisms and 
organic/inorganic tissue residues from the infected root canals. 
Studies in the literature report that due to the structure of the 
root canals, mechanical instrumentation alone could not perform 
a satisfying cleaning in the canal. In ex vivo and clinical studies, 
some areas have remained unreached and infected, thus 
irrigation has played a key role in the achievement of root canal 
treatments (1,2).

Irrigation is a process performed to make the mechanical 
preparation easier through lubrication by wetting the root canals 
with liquids of different types and concentrations, and to ensure 
the disinfection of the root canals by removing the organic/
inorganic debris, infected pulp tissue, microorganisms, soft 
and hard tissue residues from the root canals both physically 
and chemically. An irrigation solution of optimal quality that can 
completely clean the root canals alone is not still available, 
and although there are new developments in the relevant field 

of research, a solution much closer to the ideal quality has not 
been developed yet.

Having many of the properties expected from root canal 
irrigation solutions, sodium hypochlorite (NaOCI) is the most 
ideal and the most widely used agent among all washing 
irrigation agents developed in recent years. NaOCl can be 
used at different concentrations but is commonly used in root 
canal treatments at concentrations from 0.5% to 6%. Besides its 
excellent properties such as high antimicrobial activity, satisfying 
tissue dissolving, accessibility, and a relatively lower cost, 
NaOCI also has certain disadvantages like failing to remove the 
smear layer alone, causing a bad smell, emphysema, possible 
allergic reactions, and toxic effect on the surrounding tissues. 
Recently, it has been discovered that it has a detrimental impact 
on dentin elasticity and bending resistance, as well (3,4). 

Another irrigation solution, chlorhexidine gluconate (CHX), 
is reported to show a bactericidal effect by causing coagulation 
of intracellular components at high concentrations, while it has 
shown a bacteriostatic effect at low concentrations (4,5). For 
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the bacteriostatic effect, 0.1 to 0.2% aqueous solutions are 
recommended in the oral cavity, while 2% is the concentration 
of root canal irrigation solutions usually found in the endodontic 
literature (3). Although CHX is widely used in root canal 
disinfection due to its high antimicrobial activity, its efficacy in 
dissolving tissues is lower than NaOCI (4,5).

Ethylenediaminetetraacetic acid (EDTA), a chelating agent, 
is another product which is commonly used as an irrigation 
solution because of its utilization in the instrumentation of narrow 
and calcified canals and its ability to facilitate the preparation, to 
remove the smear layer formed in the root canal, and to ensure a 
better adaptation of the duct filling by increasing the permeability 
of dentin (6).

Mixture of tetracycline, acid, and detergent (MTAD), which 
contains various proportions of doxycycline, citric acid, and 
surface-active detergent, is the first endodontic solution capable 
of removing the smear layer and ensuring root canal disinfection 
at the same time (7).

Tetraclean is also a common irrigation solution, the 
combination of which is similar to the MTAD (antibiotic, citric acid, 
detergent), but the proportions of the ingredients are different. 
QMIX solution consisting of EDTA, CHX and a detergent is 
among the recommended products for irrigation (8).

Hydrogen peroxide, which is known for its poor antibacterial 
effect, causes foaming during the evaporation of oxygen when 
used in combination with NaOCI and is not often recommended 
as a routine solution due to those limitations, iodine potassium 
iodide, which has possible allergic reaction risks and causes 
stainings in dentin, and the HEBP (etidronic acid), which is 
thought to be the only chelator that can be used together with 
NaOCI without affecting its antimicrobial activity, are included 
among the irrigation solutions currently in use (9,10).

Those irrigation solutions commonly used today are 
synthetic chemical products and do not have the ideal properties 
of an irrigation material alone. Considering the undesirable and 
insufficient properties of the existing solutions, the continuous 
increase in the number of strains resistant to solutions, and the 
side effects of synthetic drugs; researchers have been seeking 
for remedies with the herbal and natural products, and in the 
studies, it has been shown that the natural alternatives for 
endodontic practice are quite promising (11).

The purpose of this literature review is to present a compilation 
of the data on the use and efficacy of herbal irrigation solutions 
besides conventional routine irrigation solutions applied to the 
root canal.

Naturally Sourced Irrigation Solutions 

1. Vinegar

Vinegar is commonly used in alternative cures for cancer, 
cardiovascular diseases, and body or joint aches, also to control 

diabetes, cholesterol, blood glucose, blood pressure levels, and 
weight loss (12-14). Functioning as an antiseptic agent due to 
its medicinal properties, it has been used in the treatment of 
infected wounds (15). While distilled white vinegar and grape 
vinegar are mainly composed of acetic acid, apple cider vinegar 
consists of malic acid with therapeutic properties (16). In recent 
studies, the use of apple cider vinegar as an auxiliary solution 
for chemomechanical cleaning of the root canals has also 
been investigated and has attracted attention with promising 
results in comparison to traditional endodontic irrigators such 
as NAOCI and EDTA (17). As vinegar is easily accessible and 
lower in cost and it shows an interaction mechanism similar 
to EDTA on mineralized tissue, pioneering studies have been 
conducted to evaluate its effect on endodontic microorganisms, 
its physicochemical properties, and its role in periapical tissue 
healing.

Apple cider vinegar is capable of removing the smear layer 
consisting of organic and inorganic components that obstruct the 
dentinal tubule entrances (18-21). It has also been proven to have 
a bactericidal effect against microorganisms that are frequently 
associated with endodontic infections such as Staphylococcus 
aureus and Enterococcus faecalis (20). In 2018, Yagnik et al. 
(22) investigated the antimicrobial effects of apple cider vinegar 
on Candida albicans, S. aureus and Escherichia coli. In order to 
reduce their growth, 1/50 dilution of apple cider vinegar solution 
is sufficient for E. coli (minimum inhibition concentration: 62 µg/
mL), a 1/2 dilution needs to be made for S. aureus (MIC: 125 
µg/mL at a %2.5 acidity), and undiluted apple vinegar [minimum 
inhibition concentration (MIC): 250 µg/mL at 5% acidity] has 
been found to be sufficient for C. albicans.

Apple cider vinegar is a highly biocompatible material. It 
is thought that the high rate of malic acid in its combination 
contributes to the repair process in the periapical region (15). 
Malic acid is a substance increasing the resistance of an 
organism. Because it is one of the acids involved in the Krebs 
cycle, a reaction is responsible for the production of energy in 
cells. In addition, apple cider vinegar has significant medical 
potential as it includes vital minerals (potassium, phosphorus, 
magnesium, sulfur, calcium, fluoride and silicon) and other 
substances such as pectin, beta-carotene, enzymes and amino 
acids that attack the free radicals weakening the immune system 
(18-20).

Prabhu et al. (23) reported that the combined EDTA and apple 
cider vinegar irrigation provided better results than the NaOCI 
group in removing the smear layer in the middle ternary of the 
root canal. In their study, the stain removal capacity of malic acid 
in apple cider vinegar was also examined; apple cider vinegar 
and 5.25% NaOCI concentration gave significantly better results 
than the combined EDTA and 5.25% NaOCI concentration. In 
the study of Estrela et al. (20), 2.5% NaOCI - 2% CHX gel and 
EDTA-apple cider vinegar combinations were compared and the 

134



best result was obtained with EDTA-apple vinegar combination. 

Similar results were obtained by Zandim et al. (21). In 2011, 
contrary to the previous studies Dornelles-Morgental et al. (24) 
found that the combination of 2.5% NaOCI and apple cider 
vinegar was less effective than only 2.5% NaOCI or CHX alone.

2. Propolis

Propolis is a resinous adhesive mixture that Apis mellifera 
bees prepare by collecting materials from different plants in 
order to preserve the honeycomb structure. More than 160 
constituents have been identified in different propolis samples. It 
usually consists of waxes, resins, water, inorganic compounds, 
phenolics and essential oils (25). The structure of propolis varies 
according to the geographic region, climate, vegetation and 
season of the region. In the studies, it has been discovered that 
propolis has antibacterial, antiviral, antifungal, anti-inflammatory, 
regenerative, antihepatotoxic, immunomodulatory, antioxidant, 
antimutagenic and carcinostatic properties (26-28). Thanks to 
its properties, propolis is a popular natural product in dentistry 
as it is in many other fields. It has also been proven in the 
studies that there is no toxic effect (25). Kujumgiev et al. (29) 
investigated the antibacterial and antiviral effects of propolis 
samples from different regions. All samples were reported 
to be effective against Gram-positive bacteria, fungi; most of 
the samples also had antiviral activity. Antimicrobial activity of 
ethanolic extract (PEE) of propolis collected from Kayseri and 
its environs was investigated and MIC value against E. faecalis 
was measured as 128 μg/mL (30). In the study by Hubbezoğlu 
et al. (28), the antibacterial activity of propolis samples from 
Trabzon environs was investigated and it was found that, at 
high concentrations, it could show antibacterial activity on E. 
coli in the root canals. In contrast to similar studies, Magro-Filho 
and Carvalho (31) reported that anti-inflammatory properties 
of propolis solution were more active at a lower concentration, 
and that was because the flavonoid titers were higher in low 
concentration samples.

3. Chitosan

Chitosan is a natural polysaccharide and composed of 
a long biopolymer chain of N-acetylglucosamine. Due to its 
biocompatibility, adhesion, no toxicological activity, and no 
genotoxic effect, it has been included in research studies of 
dentistry (32,33). Chitosan is obtained by the deacetylation 
of chitin in crab and shrimp shells. Chitosan is abundant in 
nature and possible to be obtained with low production cost; 
that’s why, it has become attractive for various applications 
(34). The possible uses and advantages of chitosan have 
been discovered and identified in many fields like medicine 
and pharmacy (antibacterial and antitumor agent, drug carrier, 
wound healing accelerator), biotechnology (enzyme and cell 
carrier, chromatography resin), environmental engineering 
(water treatment), agriculture (seed preparation), cosmetics 

and food industry (iron and calcium absorption accelerator, 
fiber source), yet, studies investigating its further utilization in 
different areas are still underway (35).

In 2000, Senel et al. (36) examined the antifungal activity of 
the gel containing 2% chitosan and found that it was effective 
against C. albicans. In 2012, Silva et al. (37) evaluated the 
smear layer removal efficacy of the irrigation agents used in final 
irrigation after the root canal instrumentation through scanning 
electron microscopy (SEM) imaging and compared calcium ion 
concentrations with atomic absorption spectrophotometry. In the 
SEM analysis, it was observed that 15% EDTA, 0.2% chitosan 
and 10% citric acid removed the smear layer better than 1% 
acetic acid and control group. In other words, a 0.2% chitosan 
solution was able to remove the smear layer at low concentration 
alone, similar results were only obtained with high concentration 
solutions such as 15% EDTA and 10% acetic acid.

4. Morinda Citrifolia

Exotic Morinda Citrifolia (Rubiaceae), also known as noni, 
has been used by the Polynesians for over 2000 years in herbal 
medicine. Morinda Citrifolia Juice (MCJ) has a wide range of 
therapeutic effects, including antibacterial, antiviral, antifungal, 
antiemetic, analgesic, hypotensive, anti-inflammatory and 
immunostimulant. A number of major components have been 
identified in the Noni plant such as octoanoic acid, linoleic acid 
caproic acid, ursolic acid potassium, scopoletin terpenoids, 
vitamin C, vitamin A, alkaloids, anthraquinones (such as 
nordamnacanthal, morindone, rubiadin, and rubiadin1-methyl 
ether, anthraquinone glycoside), carotene, b-sitosterol, flavone 
glycosides, Alizarin, amino acids, acubin, L-asperuloside, caprylic 
acid, rutin, and a putative proxeronine. MCJ is demonstrated 
to be safe for human consumption through extensive chemical, 
microbiological, and toxicological analysis and evaluation (38). 
Murray et al. (39), in 2008, compared Morinda citrifolia, NaOCI, 
chlorhexidine, and other solutions according to their efficiency 
in removing the smear layer from the root canal walls. It was 
observed that the growth of E. faecialis was inhibited with 
Morinda citrifolia juice solution at a concentration of 6%. It was 
determined that the effective removal of the smear layer was 
achieved with 6% CMJ and NaOCl and with 17% EDTA for final 
irrigation. In a study by Kandaswamy et al. (40), in 2010, the 
antimicrobial activities of CHX, 2% POV-I, propolis, Morinda 
citrifolia and Ca(OH)2 were compared. CHX showed better 
antimicrobial activity and was followed by 2% POV-I, propolis, 
Morinda citrifolia and Ca(OH)2.

5. Aloe Vera

Aloe vera (Aloe barbadensis miller) is a cactus-like plant that 
belongs to the Liliaceal family. It is a perennial succulent plant 
with long and pointed leaves, without stem or with a very short 
stem, in which large amounts of water are stored in the tissue 
that is a xerophyte. There are more than 400 species of Aloe, but 
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the most popular and widely used species is Aloe barbadensis 
Miller (commonly referred to Aloe vera). Other species used in 
health and medicine are included, but are not limited to Aloe 
arborescens Miller (a member of the asphodelacea family), Aloe 
andongensis, Aloe ferox, and Aloeperryi Baker (41). Aloe vera 
has 75 active ingredients including vitamins, minerals, enzymes, 
sugars, amino acids, organic and inorganic compounds. It has 
anti-inflammatory, antibacterial, antifungal, antiviral, antioxidant 
and antiseptic properties. Several studies have shown that Aloe 
vera has antimicrobial activity against various species, such 
as S. pyogenes, E. faecalis, C. albicans and S. aureus (42). 
The study of Tonea et al. (43) showed that the experimental 
mixture extract of Aloe vera gel with Arctium lappa was able 
to inhibit highly resistant microorganisms such as E. faecalis 
(inhibition zone diameter: 5.69 mm) and C. albicans (inhibition 
zone diameter: 11.62 mm). However, in the study performed 
by Sahebi et al. (44), Aloe vera solution which cannot show a 
strong effect against E. faecalis is not recommended as a root 
canal irrigation agent. In another study, it was reported that the 
antimicrobial activity of Aloe vera progressed slowly and after a 
longer contact, it had the same level of antimicrobial activity with 
Ca(OH)2 and Zataria multiflora against E. faecalis (45).

6. Triphala

Triphala (an Ayurvedic herbal medicine) is a combination of 
three different medicinal herbs, which are Terminalia bellerica 
(Bibhitaki), Terminalia chebula (Haritaki) and Emblica officinalis 
(Amalaki), and it is obtained by drying and powdering those 
three plants. Triphala contains major four phenolics chemical 
constituents such as syringic acid, gallic acid, tannic acid 
and epicatechin along with ascorbic acid (46) In the study of 
Prabhakar et al. (11), triphala, MTAD, 5% NaOCI and green 
tea polyphenols were evaluated according to their antimicrobial 
activities on the biofilm layer containing E. faecalis. The inhibition 
zone of Triphala against E. faecalis was 24 mm, the MIC was 
3.125 mg/mL, and it was found to have antimicrobial activity.

7. Salvadora Persica (Miswak)

It is a chewing stick known by different names in different 
cultures. Its main components include a high ratio of alkaloids, 
such as salvadorine, trimethylamine, chlorides and fluorides; mid 
concentrations of silica, sulfur, and vitamin C; and small amount 
of flavonoids, sterols tannins and saponins. Chemical analysis 
of S. persica has demonstrated the organic compounds, such as 
pyrrolidine, pyrrole, and piperidine derivatives; glycosides, such 
as salvadoside and salvadoraside; b-sitosterol and m-anisic acid 
chlorides, salvadourea, and gypsum; and flavonoids, including 
kaempferol, quercetin, quercetin rutin, and quercetin glucoside 
(47). As stated in the 2000 World Health Organization (WHO) 
consensus report on oral hygiene, miswak (chewing sticks) can 
be used in oral hygiene motivation (WHO 2000). In the study of 
Al-Salman et al. (48), it was suggested that 10% water extract 

of miswak showed antibacterial effect against both aerobic and 
anaerobic bacteria in necrotic pulp teeth and thereby could be 
used as a root canal irrigation solution. Also, in the study by 
Shingare and Chaugule (49), it was reported that Miswak had 
antimicrobial properties that could make it an alternative to 
NaOCI.

Conclusion
Until now, various synthetic irrigation agents have been 

investigated and they are still being studied. However, as in 
medicine, there is an endeavor to return to natural solutions 
in dentistry and endodontics. In this sense, herbal irrigation 
solutions also seem to be promising. However, in order to 
develop ideal herbal irrigation solutions, there is a need for a 
review of the current literature and more extensive research 
both in vitro and in vivo types.
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