
___________________________________________________JRAD____________________ 

_______________________________________________________________________________________
Received: Oct. 12, 2019:  Accepted: Jan. 5, 2020 
*Correspondence Dr. Ekta Singh Suneja. 
Department of Conservative Dentistry & Endodontics, BJS Dental College, Ludhiana, Punjab, India. 
Email: Not Disclosed 

 
Copyright ©2020 
 

 
 
 

www.jrad.co.in 
pISSN 2278-0076 

eISSN 2321-9270 

Journal of Research and 
Advancement in Dentistry Research Article 

J Res Adv Dent 2020;10:2:92-97. 

Comparative Evaluation of the Cytotoxicity of 5.25% Sodium 

Hypochlorite, Triphala, 2% Chlorhexidine on Human Red Blood 

Corpuscles: An In-Vitro Study 

 

Ekta Singh Suneja1* Parvinder Singh Baweja2 Pooja Sood3 Bhuvanesh Tandon4 Abhinav Sagar5 

Bharat Suneja6 

 
1Professor and Head, Department of Conservative Dentistry & Endodontics, BJS Dental College, Ludhiana, Punjab, India. 

2Professor, Department of Conservative Dentistry & Endodontics, BJS Dental College, Ludhiana, Punjab, India. 
3Reader, Department of Conservative Dentistry & Endodontics, BJS Dental College, Ludhiana, Punjab, India. 
4Reader, Department of Conservative Dentistry & Endodontics, BJS Dental College, Ludhiana, Punjab, India. 

5PG Student, Department of Conservative Dentistry & Endodontics, BJS Dental College, Ludhiana, Punjab, India. 
6Professor and Head, Department of Pedodontics, BJS Dental College, Ludhiana, Punjab, India. 

 

ABSTRACT  

Background:  The aim of this study was to analyze the cytotoxicity of various volumes of irrigants i.e, 5.25% 

Sodium hypochlorite, Triphala, 2% Chlorhexidine by checking for hemolysis of human red blood corpuscles. 

Material & Methods: A total volume of 100 ul of diluted red blood corpuscles obtained through centrifugation 

was added to three irrigating solutions (5.25% sodium hypochlorite, Triphala, 2% Chlorhexidine) of six test 

tubes each. Individual irrigants per group were added in increasing volume starting from the second test tube 

keeping first as the control. After incubation for 3 minutes hemoglobin content was measured using an 

automated hemoanalyzer. Data obtained was analyzed statistically. 

Results: 5.25% NaOCl was most cytotoxic at cellular level compared to other irrigants and it should be used with 

high caution. 

Conclusion: Triphala can be a valuable herbal alternative as a root canal irrigant. 
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INTRODUCTION 

Successful endodontic treatment depends on 

effective mechanical and chemical cleaning of the 

root canal system and subsequently filling it in 

three dimension1.Endodontic therapy is primarily 

based on the removal of potentially noxious stimuli 

from the complex root canal system2. The 

complexity of the root canal system is, however,  

one of the determining factors in the failure of root 

canal treatment even in properly treated teeth, due 

to irregular characteristic of the root canals 

system3,4.The persistence of residual pulp tissue, 

infected dentin or bacteria in the root canal system 

is responsible for treatment failure5. Irrigation 

dynamics plays a significant role during root canal 

treatment and the effectiveness depends on the 

working mechanism of the irrigant and the ability to 

bring the irrigant in contact with the 

microorganisms and tissue debris in the root canal 

system4. Several irrigating solution have been used 

during root canal treatment. 

Sodium hypochlorite is the most commonly used 

irrigant in endodontics. It has an antimicrobial as 

well as solvent activity for both necrotic and vital 
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tissues.2 Severe irritations of the periradicular 

tissue usually resulted if concentrated solution is 

forced beyond the apex of the tooth5. Chlorhexidine 

is a cationic biguanide that possesses broad 

antibacterial activity in combination with relatively 

low toxicity. Nearly 2% has been suggested as an 

irrigant for the root canal system, which lacks the 

ability to dissolve the organic and inorganic 

material6. 

An endodontic irrigant should be non toxic when it 

comes in contact with vital tissues and non caustic 

to the periodontal tissues. A potential complication 

of irrigation is the forced extrusion of the irrigant 

and debris through the apex. Tissue cytotoxicity is 

therefore a major concern when choosing an 

endodontic irrigant for root canal treatment. 

Various methods have been employed to evaluate 

the cytotoxicity of endodontic irrigants. Pashley et 

al.19857evaluated the cytotoxicity on red blood 

corpuscles, Faria et al.20078and Zhang et 

al.20039 evaluated the cytotoxicity on L929 

fibroblasts and Barnhart et al.2005 10 on gingival 

fibroblasts. Triphala [three (tri) fruit(phala)] is one 

of the well known Indian ayurvedic herbal 

formulation consisting of dried and powdered fruits 

of three medicinal plants namely Terminalia 

Bellerica, Terminalia Chebula and Emblica 

Officinalis with tannic acid being its main 

constitiuent. Triphala shows bacteriostatic or 

bacteriocidal effect on gram-positive and gram 

negative pathogens. Compared to commonly used 

chemical root canal irrigants, it is safe and is 

composed of compounds with proper physiologic 

effects in addition to its anti-oxidative and anti-

inflammatory properties. The most important 

advantages of triphala include: easy availability, low 

cost, long-term substantivity,less toxicity and 

absence of microbial resistance.  Triphala’s fruit is 

rich in citric acid, shows the property of chelation 

and helps in the removal of smear layer from the 

walls of the root canal.Dimethylsulfoxide (DMSO) 

was used as a solvent for triphala and it is a clean, 

safe, highly polar, aprotic solvent that helps in 

bringing out the pure properties of all the 

components of the herb being dissolved. J. 

Prabhakar et al 11 conducted a study on the 

antimicrobial efficacy of herbal root canal irrigants 

and found that Triphala exhibited significant 

antimicrobial activity. Therefore, the aim of this 

study was to analyze the cytotoxicity of various 

volumes of 5.25% sodium hypochlorite, 2% 

chlorhexidine gluconate and Triphala by checking 

for hemolysis of human red blood corpuscles. 

MATERIAL & METHODS 

RBCs were chosen as the convenient cell type as it is 

readily available and whose intracellular 

hemoglobin content can be easily measured. Fresh 

blood was drawn from a human volunteer and 

collected in EDTA bottles, its hemoglobin content 

was measured . Blood was spun in centrifuge, 

plasma removed and packed cell volume of RBCs 

obtained. RBCs were washed with saline and 

centrifuged several times to remove white cells and 

any traces of plasma. 1ml of packed cell volume 

added to 4 ml of saline to increase volume of blood 

to 5ml. Its hemoglobin content was measured using 

Siali’s method. 100 μl of this diluted RBCs is added 

to 18 test tubes with six test tubes in each group 

Containing 5 ml of saline and mixed by shaking. 

Group I : 5.25% Sodium hypochlorite 

Group II : 2% Chlorhexidine 

Group III :Triphala 

Group I (5.25% Sodium Hypochlorite) : The first 

test tube was kept as a control no irrigant was 

added. In the second test tube 10 μl of the irrigant 

was added. 20 μl was added to third test tube. 30 μl 

was added to fourth test tube. 40μl was added to 

fifth test tube. 50μl was added to sixth test tube. 

Group II (2% Chlorhexidine) : The first test tube 

was kept as a control and  no irrigant was added. In 

the second test tube 10 μl of the irrigant was added. 

20 μl was added to third test tube. 30 μl was added 

to fourth test tube. 40μl was added to fifth test tube. 

50μl was added to sixth test tube. 

Group III (Triphala) : The first test tube was kept 

as a control and  no irrigant was added. In the 

second test tube 10 μl of the irrigant was added. 20 

μl was added to third test tube. 30 μl was added to 

fourth test tube. 40μl was added to fifth test tube. 

50μl was added to sixth test tube. After incubation 

of three minutes all the test tubes were subjected to 

calorimetric assay to analyse for hemolysis and 

hemoglobin content of each test tube of every group 

was measured. 
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RESULTS 

Table 1: Comparison at 0 ul volume among the 

groups 

 

Table 2: Comparison at 10 ul volume among the 

groups  

 

Table 3: Comparison at 20 ul volume among the 

groups  

 

Table 4: Comparison at 30 ul volume among the 

groups. 

 

Table 5: Comparison at 40 ul volume among the 

groups. 

 

Table 6: Comparison at 50 ul volume among the 

groups  

 

DISCUSSION 

Ideally an endodontic irrigant should be 

systemically non toxic when they come in contact 

with vital tissues , non caustic to periodontal tissues 

with little potential to cause anaphylactic reaction 

and act as an antimicrobial agent12. Root canals 

have complex anatomy because of which 

approximately 50 % of canal walls remain 

uninstrumented during preparation which results 

in insufficient debridement of necrotic tissue 

remnants13. Drug induced hemolysis is a relatively 

rare, but serious toxicity liability. It occurs by two 

mechanisms, toxic hemolysis and allergic hemolysis. 

The toxic hemolysis referred to the direct toxicity of 

the drug, its metabolite, or an excipient in the 

formulation. It evaluates hemoglobin release in the 



JRAD  

95 
 

Journal of Research and 
Advancement in Dentistry         Suneja ES et al. 

plasma (as an indicator of red blood cell lysis) 

following test agent exposure. The US FDA 

recommended it for haemolytic potential14.So This 

method was used in this in vitro study. 

The irrigating solutions used in this study were 

isotonic and thus excluded an osmotic pressure 

gradient, so the observed hemolysis and loss of 

cellular protein was due to the oxidizing effect of 

the solutions on the cell membrane of red blood 

corpuscles. Based on the classic studies of pulp 

tissue dissolution of Sodium hypochlorite by 

Grossman and Meiman and because of their wide – 

spectrum antimicrobial efficacy Sodium 

hypochlorite is considered the ideal irrigant in 

endodontics 15 Controversy exists regarding the 

toxic and irritating potential of sodium 

hypochlorite16. Sodium hypochlorite is very caustic, 

non specific agent whose action is not limited to 

necrotic tissue but is cytotoxic to all except heavily 

keratinized epithelia17. 

One of the most serious complications of sodium 

hypochlorite is the passage of some solutions 

through the foramina which sometimes occurs 

when the needle is wedged tightly into canal or in 

the case of blunderbuss canals, perforations and in 

case of improper techniques . Pashley et al 17 

evaluated the cytotoxicity of various dilutions of 

sodium hypochlorite on red blood cells and found 

that 5.25% sodium hypochlorite in 1:1000 dilution 

caused complete hemolysis of Red blood cells in 

vitro. Studies by Spangberg et al 18 reported the 

irritating effect of Sodium hypochlorite at high 

concentration. He recommended 0.5% to be an 

acceptable non cytotoxic solution. Hypochlorite 

preparations are sporicidal, virucidal and show far 

greater tissue dissolving effects on necrotic than on 

vital tissues. Various concentrations of sodium 

hypochlorite from 0.5% to 5.25% have been tried 

out19. The higher the concentration the better will 

be the antimicrobial effect and the tissue dissolving 

capacity. So, higher concentration of sodium 

hypochlorite was used for the study. Chlorhexidine 

is recommended as an endodontic irrigant because 

of its antimicrobial activity, presumed non toxicity 

and intracanal substantivity20.At higher 

concentrations, chlorhexidine results in extensive 

cell damage, coagulation of cytoplasm and 

precipitation of proteins and nucleic acids21. The 

concentration often used in endodontic therapy is 

2% as it is more effective in less time when 

compared to other concentrations  of chlorhexidine 

ranging from 0.002%to 2%. Chlorhexidine was 

reported to be toxic to human gingival cells and red 

blood cells in culture and the toxic potency is 

dependent on  the length of exposure and the 

composition of the exposure medium. Our results 

were in accordance with Giannelli et al 22.They 

attributed its toxic effect to be consisted in the 

induction of apoptotic and autophagic/necrotic cell 

deaths and involved disturbance of mitochondrial 

function, intracellular Ca2 + increase and oxidative 

stress. In addition, its lytic properties could be the 

reason for hemolysis. Chlorhexidine has been 

recommended as an Endodontic irrigant because of 

its antimicrobial activity and presumed non toxicity 

and intracanal substantivity 23. They showed that 

0.12% chlorhexidine solution inhibited macrophage 

adherence however at lower intensity than 5.25 % 

sodium hypochlorite. 

Morever a recent study by Yu-Chao et al on showed 

that sodium hypochlorite and chlorhexidine to be 

cytotoxic to human PDL cells in a time and dose 

dependent manner by using fluorescent assay 24. 

Mechanisms proposed by which chlorhexidine is 

cytotoxic to human PDL cells is by inhibiting double 

stranded nucleic acid content, protein synthesis and 

mitochondrial activity.Previous studies have shown 

that chlorhexidine was cytotoxic to human 

fibroblasts via inhibition of protein synthesis 25. 

However studies have shown sodium hypochlorite 

to posses the property to dissolve pulp which 

chlorhexidine lacks26. Hence making Sodium 

Hypochlorite the irrigant of choice. Chlorhexidine 

has been recommended as an alternative in patients 

allergic to sodium hypochlorite or in teeth with 

incomplete root formation and crestal perforations 

to prevent inflammatory response in proximity to 

the epithelial attachment27. 

Triphala is equally effective as Sodium hypochlorite 

in the present study against both C. albicans and E. 

faecalis biofilm. The studies conducted by Pujar et 

al. and Prahakar et al.28 have also proved the 

efficacy of Triphala against E. faecalis biofilm.  

Antimicrobial activity of Triphala is attributed to its 

formulation which contains three different 

medicinal plants in equal proportions – Terminalia 

bellerica, Terminalia chebula, Emblica 

officinalis resulting in an additive or synergistic 

positive effect. The strong antioxidant activity may 
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be partially responsible for many of the biological 

properties. 

CONCLUSION 

From the present study, 5.25% NaOCl is most 

cytotoxic at cellular level compared to other 

irrigants and it should be used with high 

caution.Triphala is well known in India as one of the 

most versatile medicinal plants having a wide 

spectrum of biological activity. Several studies have 

proven that triphala extract is effective against 

E.faecalis and C.albicans & as a irrigating solution. 

The major advantages of using herbal alternatives 

are easy availability, cost-effectiveness, increased 

shelf-life, low toxicity. Considering factors such as 

high antimicrobial efficacy with least cytotoxicity 

even on fragile RBC, Triphala at higher 

concentration could be potential alternative to 

conventional root canal irrigants and might be an 

adjunctive to the mechanical debridement in 

endodontic procedures. 
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