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Background: Endodontic research has always focused on developing methods or endodontic irrigants to remove the bacteria with minimal side effects. 
Root Canal Persistent Infection microbiome observation advocated the important role of E. faecalis in secondary infections. Due to the survival 
mechanism of resistant endo pathogen - Enterococcus feacalis- our research aims to recommend the plant Cotinus coggygria Scop. leaves Polyphenolic 
Extract (CCPE) solutions as an alternative effective antimicrobial endodontic irrigation solution. At the same time, to achieve successful long-term 
endodontic outcomes, the fluid chemistry of endodontic irrigants represents the most important challenge. 
Objectives: The present study aimed to reveal the chemical compatibility of CCPE solution (experimental sample) with the most commonly used irrigants 
in endodontic practice. 
Methods: The evaluation was conducted ex vivo and in vitro by immediately visualizing mixtures of different types of endodontic irrigation solutions. 
Results: Chemical Interaction Observation of experimental CCPE solution suggests that cultivated in Georgia, Cotinus coggygria Scop. polyphenol extract 
solution is a chemically compatible and safe endodontic irrigant. 
Conclusions: Identified antibacterial activity,  unique formulation rich with tannins, and safe interaction with all types of intercanal solutions allow  CCPE 
to provide a uniform irrigation protocol with optimal disinfection effect and maximal safety margins. The in vivo study is in progress, and this novel 
herbal/bio preparation is recommended as an alternative antimicrobial endodontic irrigant for effective and safe endodontic irrigant for secondary 
infection prevention. 
Keywords: Chemical compatibility; Cotinus coggygria; E. Faecalis; Endodontic irrigant.

BACKGROUND 
oot canal therapy (RCT) eliminates microorganisms 
from the root canal system and prevents re-
infection. One of the most crucial techniques for 
efficient root canal cleaning and disinfection is root 
canal irrigation.1 According to Literature data, the 

resistance of microbe Enterococcus faecalis to the most widely 
used, "rated" root canal disinfection irrigant - sodium 
hypochlorite (NaOCl) is a prerequisite for persistent 
endodontic infection.2,3 

In this sense, we recommend the plant Cotinus coggygria 
Scop. polyphenolic extract solutions (CCPE) as alternative 
herbal/bio antimicrobial endodontic irrigating solution.4-8  The 
cultivated in Georgia Cotinus coggygria Scop. leaves 
polyphenol extract (CCPE) by the special, patented technology 
of obtaining biologically active substances was developed at 
Tbilisi State Medical University (TSMU) Iovel Kutateladze 
Institute of Pharmacochemistry.9 The unique formulation and 
its purified fraction of various concentrations of aqueous 
solutions were developed exclusively for endodontic purposes 
for our research.6-9   Our microbial and safety study established 
a broad spectrum of antimicrobial activity of even 10% CCPE 
solution and exhibited the least cytotoxicity.6-8  But as the 
important part of the irrigation protocol of RCT, the most 
interesting part of this research step is to determine the 
chemical interaction of CCPE solution with the most commonly 

used irrigants in endodontic practice.10 Due to the complexity 
of root canal system morphology and survival mechanism of 
endo pathogens, the goals of endo irrigation are still complex, 
including not only antimicrobial, as well as smear layer removal 
and inorganic and organic tissue-dissolution actions. However, 
no single irrigant covers all of these functions demanded.11 
Thus, irrigation of the canals with different at list two distinct 
solutions throughout the treatment is beneficial. At the same 
time, to achieve successful long-term endodontic outcomes, 
the fluid chemistry of endodontic irrigants represents the most 
important challenge. Practically all of them, to some extent, 
have several unfavorable characteristics when combined. The 
interaction of solutions can be followed by buffering 
antimicrobial effectiveness and, in some cases, by forming 
toxic, carcinogenic precipitates. Nowadays, it is known that, 
during chemical disinfection of the root canal, consecutive 
application of sodium hypochlorite and chlorhexidine 
digluconate leads to the formation of an orange-brown 
precipitate,11 confirmed in our experiment condition (Fig.1). 
This precipitate is chemically similar to para-chloroaniline 
(PCA), suspected to have cytotoxic and carcinogenic effects 
(International Agency for Research on Cancer group 2B)12 and 
damages the immune system.13 In addition, it is challenging to 
remove precipitate and can compromise the seal of the 
obturated canal.14 
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Thus, it is paramount to study the chemical 

reactions/interactions of the experimental CCPE solution with 

commonly used irrigants (NaOCl, EDTA, CHX, Citric Acid) in the 

context of chemical compatibility.  

FIGURE 1. Brown precipitate formation after consequent use of sodium 

hypochlorite and chlorhexidine in experimental conditions 

The present study aimed to reveal the chemical 

compatibility of CCPE solution (experimental sample) with the 

most commonly used irrigants in endodontic practice.  

METHODS 

The 5ml of experimental 10% CCPE  solutions were mixed in 

glass tubes in a 1:1 ratio with commercially available 5% 

sodium hypochlorite (NaOCl), 2% chlorhexidine (CHX), 18% 

ethylenediaminetetraacetic acid (EDTA), 10% citric acid and 

95% ethanol at room temperature (230 C) at the preclinical 

research laboratory of TSMU Iovel Kutateladze Institute of 

Pharmacochemistry. The tubes with solutions were evaluated 

visually for color changes, the presence of bubbles, and 

precipitate formation after being mixed (Fig.2). 

FIGURE 2. The visual aspect of the Interaction of CCPE (Cotinus coggygria scop. 

leaves polyphenolic extract) with NaOCl (sodium hypochlorite), EDTA 

(ethylenediaminetetraacetic acid), CHX (chlorhexidine), citric acid and ethanol 

The evaluation was conducted immediately, after 5 

minutes, and after 45 minutes. After that, for the ex-vivo 

experiment, extracted human teeth were used as a substrate 

to evaluate the outcome of the interaction of NAOCl, EDTA, 

CHX, and citric acid. After the tooth was sequentially irrigated 

with respective irrigants, samples were longitudinally 

sectioned and observed visually to evaluate the appearance of 

the mixture in the coronal, middle, and apical thirds. There 

were no differences in the data compared with the in vitro 

studies (Fig.3). 

FIGURE 3. Ex vivo study of the interaction of CCPE with widely used irrigants 

 

In addition, an ex vivo study revealed that when various 

irrigants (NaOCl and CHX) are used sequentially in combination 

to enhance their antimicrobial effect, the precipitation 

generated in the coronal, middle, and apical thirds has 

significantly different thicknesses, with a lower rate in the 

apical third compared to the coronal and middle regions. In the 

case of CCPE, interaction with any other precipitate irrigant 

formation was not observed.    

RESULTS 

Within the limitation of the present study, CCPE, when 

associated with NaOCl, did not form a toxic, carcinogenic 

orange-brown precipitate known as parachloroaniline (PCA). 

Also, no visible precipitate was found in any of the irrigant 

mixtures tested, except the CCPE and CHX mixture—the mix of 

CCPE and CHX results in a nondangerous white salty 

precipitate. Regarding "Iatrogenic Esthetic Endodontics," it 

must be taken into account that NaOCl violently reacts with 

organic chemical constituents (biologically active compounds) 

of CCPE, producing a visible shift to dark color. On the other 

hand, a mixture of CCPE and ethanol manifests visible 

translucency and transparency. All the above changes were 

constant and exhibited instantly after the irrigant's chemical 

interaction (Tab.1).  
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TABLE 1. Products formed by the interaction of different types of Irrigants 

 
Solution 1 Solution 2 

Appearance of 
byproduct 

1 5.25% NaOCl 2% CHX Orange-brown precipitate 

2 5.25% NaOCl 17% EDTA Bubble formation 

3 10% CCPE 5.25% NaOCl Dark solution 

4 10% CCPE 2% CHX White salt precipitate 

5 10% CCPE 17% EDTA Slight yellow-brown solution 

6 10% CCPE 95% Ethanol Transparent, clear solution  

7 10% CCPE 0.9% NaCl Unchanged 

Abbreviations: CCPE: cotinus coggygria scop. leaves polyphenolic extract; CHX: 
chlorhexidine; EDTA: ethylenediaminetetraacetic acid; NaOCl: sodium 
hypochlorite. 

DISCUSSION 
Understanding the interaction of various available and 
commonly used solutions is important for optimal irrigation. 
The precipitation or discoloration caused by the association of 
various irrigants can lead to unfavorable endodontic treatment 
outcomes. To avoid the buffering effect and formation of 
unfavorable (cytotoxic, carcinogenic) compounds that 
potentially compromise root canal fillings,15 current 
Endodontic Irrigation protocols recommend using 
intermediate sterile water rinses. Irrigation protocol with 
multiple irrigation increases chair time and the number of 
disposable endodontic syringes.16 Accordingly, Endodontic 
research must consider refinement of current protocols to 
achieve easily adaptable, safe, and high-quality cleaning and 
disinfection of complex root canal system.17 

Respectively, knowing how experimental solutions interact 
with other proven, commonly used irrigants, chemistry, and 
characteristics of byproducts can significantly impact designing 
the procedural guideline. Ultimately, including this experiment 
step in the suggested solution's overall research is paramount. 

CONCLUSIONS 
The ex vivo and in vitro study seems encouraging as the 
antimicrobial 10% CCPE solution (test sample) compatibly 
blends with lubricants and chelating agents and has no 
potential to produce dangerous compounds. These results 
allow a uniform irrigation protocol to achieve an optimal 
cleansing and disinfection effect with maximal safety margins 
and discoloration prevention. The in vivo study is in progress 
for recommending this novel, effective, herbal/bio, safe, 
biocompatible, and cost-effective preparation for clinical 
endodontics. 
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