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ABSTRACT 
Introduction: Oxygen, an essential ingredient for life, has the ability to both enhance and degrade 

physical health. The deadly effects of oxygen were unknown until Gershman's free radical hypothesis 

of oxygen toxicity was published in 1954.OS and RNS are widely known for serving a dual function 

as both harmful and beneficial species.ROS are extremely reactive molecules produced by the 

metabolism of oxygen.During oxidative stress, ROS levels rise dramatically, causing severe damage 

to cell components. ROS are cytotoxic and have been linked to the pathogenesis of a number of human 

disorders.Chitosan has been shown to effectively scavenge various types of radical species, indicating 

a broad range of uses.  

Materials and Methods: The chitosan was obtained and plain chitosan with chlorhexidine, chitosan 

nanoparticles with chlorhexidine was prepared.To measure the antioxidant activity 10 µL-50µL ( 

increasing the quantity by 10µL) of  the nanoparticles were added to five separate test tubes. To every 

test tube, DPPH of 1ml quantity was added. Next, a 50% methanol solution containing 10 µL-50µL 

(increasing the quantity by 10µL) chitosan solution was added to the five test tubes containing chitosan 

solution respectively and % of inhibition was calculated 

Results: Nanochitosan with chlorhexidine shows higher anti-oxidant activity when compared to plain 

chitosan.Its activity increases  with increase in dosage.Antioxidant activity of chitosan  nanoparticles 

and plain chitosan exhibit a pattern of increasing activity with increasing concentration, with the 

highest percentage of inhibition observed at a concentration of 50 μl. The antioxidant activity of the 

nanoparticles also increases as the dosage increases. 

Conclusion: The use of this novel irrigant in the field of endodontics would reduce the postoperative 

pain and overall improve the experience of the patients undergoing endodontic treatment in the future. 

 

Keywords: Endodontic Irrigants, Root Canal Treatment,Chitosan, Chitosan nanoparticles , Natural 
Irrigant, Anti oxidant, free radical species, oxidative stress 
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INTRODUCTION 

Oxygen, an essential ingredient for life, has the 

ability to both enhance and degrade physical 

health. The deadly effects of oxygen were 

unknown until Gershman's free radical 

hypothesis of oxygen toxicity was published in 

1954, which says that oxygen toxicity is caused 

by partly reduced forms of oxygen.(1,2) Free 

radicals are produced when cells utilise oxygen 

to generate energy in the form of ATP in the 

mitochondria.(3,4)(5) Free radicals are 

chemically active atoms with a charge caused by 

an excess or deficiency of electrons. They can be 

reactive oxygen or reactive nitrogen species 

(ROS or RNS).(6,7)(8) 

OS and RNS are widely known for serving a dual 

function as both harmful and beneficial 

species.(9,10) ROS are extremely reactive 

molecules produced by the metabolism of 

oxygen.(11–14) Some of these ROS serve 

constructive functions in cell physiology in vivo; 

nevertheless, they may also cause significant 

damage to cell membranes and DNA by 

producing membrane lipid peroxidation, reduced 

membrane fluidity, and DNA alterations that lead 

to cancer, degenerative, and other 

disorders.(15,16)(17) 

During oxidative stress, ROS levels rise 

dramatically, causing severe damage to cell 

components. ROS are cytotoxic and have been 

linked to the pathogenesis of a number of human 

disorders.(9,10) Thus, ROS can kill bacteria 

while also destroying infected host tissues.(18) 

ROS scavengers/antioxidants are critical for 

preventing and regulating human illnesses by 

preventing ROS production. By interacting with 

oxygen, antioxidants assist to avoid the damaging 

effects of ROS.(19,20) Antioxidants stop free 

radicals from stealing electrons by giving one of 

their electrons. Because antioxidants are stable in 

any form, giving an electron does not cause them 

to become free radicals. (21) 

Metabolic reactions in the human body produce 

reactive free radicles which can cause oxidative 

stress by damaging biomolecules like lipids, 

proteins, carbohydrates, and DNA.(22)(23),(24)  

The sources of ROS include oxygen-derived free 

radicals (like superoxide, hydroxyl radical, and 

nitric oxide) and catalytically oxygen compounds 

(like hydrogen peroxide, peroxynitrite singlet 

oxygen and hypochlorite), which are primarily 

generated by mitochondria during physiological 

and pathological states. ROS can also be 

produced externally such as, exposure to ozone, 

hyperoxia, ionising radiation, and heavy metal 

ions(22,25) 

Several enzymes, such as superoxide dismutase, 

catalase, and glutathione peroxidase, play a role 

in the cellular defence system against ROS-

mediated cellular damage during cell 

metabolism.(26)  However, excessive production 

of ROS can overwhelm the defence mechanism 

and lead to oxidative stress.(27) Oxidative stress 

is associated with a range of health conditions, 

including aging, cancer, inflammation, 

hypertension,myocardial infraction, Alzheimer's 

disease, Parkinson's disease.  (28–31)) Therefore, 

the interest in antioxidant agents is increasing as 

a potential solution to combat oxidative stress 

As a result, numerous scientists have been paying 

a lot of attention to chitosan's antioxidant 

function. Chitosan has been shown to effectively 

scavenge various types of radical species, 

indicating a broad range of uses. Therefore, the 

aim of this study is to understand the antioxidant 

activity of plain chitosan with Chlorhexidine and 

chitosan nanoparticles with Chlorhexidine. 

 

MATERIALS AND METHODS 

Chitosan Synthesis 

For this study the chitosan powder was obtained 

from dried exoskeleton of marine shrimps. 

 

Preparation of Chitosan Nanoparticles 

To prepare a solution of chitosan for use in a 

coating process,the dissolution mixture (500 mg 

of chitosan and 50 ml of 1% acetic acid solution) 

is stirred to get a clear solution at room 

temperature (1000 rpm for 25 minutes). To 

achieve a neutral pH of 5,the prepared solution 

was sonicated and titrated by adding either NaOH 

or HCl. The solution was then filtered using a 0.2 

µ mesh. For the coating process, a solution of 5 

ml of nano-magnetic solution was added to 75 

mL of deionized water and sonicated for 10 

minutes.The nanoparticle solution is further 

sonicated for 5mins until a clear solution is 

obtained. 

 

Preparation of Nanochitosan with 

Chlorhexidine solution 

50ml of 2% Chlorhexidiene was added to 50 ml 

of the prepared nano chitosan solution. The 

https://paperpile.com/c/OQjpFX/Ners+PVdX
https://paperpile.com/c/OQjpFX/Y7tH+N9LN
https://paperpile.com/c/OQjpFX/uWJF
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https://paperpile.com/c/OQjpFX/5WZE
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resulting solution was sonicated for 10 mins until 

the solution was clear. 

 

Preparation of plain chitosan nanoparticles 

with chlorhexidine 

To prepare a solution of chitosan and 

chlorhexidine, the dissolution mixture (500 mg of 

chitosan and 50 ml of 1% acetic acid solution) is 

stirred to get a clear solution at room temperature 

(1000 rpm for 25 minutes). The prepared solution 

was titrated and sonicated by adding either NaOH 

or HCl solution until a pH of 5 was achieved. The 

solution was then filtered using a 0.2 µ mesh. 

Next, 50 ml of 2% chlorhexidine was added to 50 

ml of the prepared chitosan solution, and the 

resulting solution was sonicated for 10 minutes 

until it became clear. 

 

Antioxidant Activity 

Test Group 1 

To measure the antioxidant activity of the 

nanoparticles, 10 µL-50µL ( increasing the 

quantity by 10µL) of  the nanoparticles were 

added to five separate test tubes. To every test 

tube, DPPH of 1ml quantity was added. Next, a 

50% methanol solution containing dilutions from 

10- 50 µL of nanoparticles was incorporated to 

the five test tubes containing chitosan 

nanoparticle solution respectively 

Test Group 2 

To measure the antioxidant activity of the 

nanoparticles, 10 µL-50µL ( increasing the 

quantity by 10µL) of  the nanoparticles were 

added to five separate test tubes. To every test 

tube, DPPH of 1ml quantity was added. Next, a 

50% methanol solution containing 10 µL-50µL 

(increasing the quantity by 10µL) chitosan 

solution was added to the five test tubes 

containing chitosan solution respectively 

 

For the control  

A 2 mL methanol solution was added to a 1 mL 

solution of DPPH. 

 

Standard Group 

As a control, ascorbic acid was utilised. 

 

% Inhibition was calculated using the following 

formula 

% of inhibition is Control Absorbance − Sample 

Absorbance /Control Absorbance x 100 

 

RESULTS  

 

 

FIG 1: Antioxidant activity of chitosan  nanoparticles exhibit a pattern of increasing activity with 

increasing concentration, with the highest percentage of inhibition observed at a concentration of 50 

μl. The antioxidant activity of the nanoparticles also increases as the dosage increases. 
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FIG 2: Antioxidant activity of plain chitosan shows that as the concentration of nanoparticles 

increases, their antioxidant activity also increases in a gradual manner. The highest percentage of 

inhibition, which refers to the ability of the nanoparticles to neutralize the DPPH radical, is observed 

at a concentration of 50 μl. Additionally, the antioxidant activity of the nanoparticles also increases 

as the dosage, or the amount of nanoparticles used, increases. 

 

 

FIG 3: Nanochitosan with chlorhexidine shows higher anti-oxidant activity when compared to plain 

chitosan.Its activity increases  with increase in dosage. 

 

DISCUSSION 

Chitosan has been found to effectively neutralise 

various types of free radicals, which implies that 

it has a wide range of potential applications. Xie 

et al. suggested many hypotheses to explain how 

derivatives scavenge the free radicals by 

donating hydrogen atoms. The DDA and MW of 

chitosan are also important parameters in 

determining its scavenging capacity.(32,33) 

Unlike chitosan,Chitin is a type of polymer that 

is not soluble in water, which is a fundamental 

constraint for it to be a viable antioxidant agent. 

Chitosan has amine groups which have the ability 

to scavenge free radicals, and these groups can be 

protonated in acidic solutions. There have been 

several studies on the influence of DDA and MW 

on the capability to scavenge free radicals.(34) 

Mahdy Samar et al investigated the antioxidant 

ability of several chitosan samples having 

varying MW and DDA and discovered that 

chitosan with a high DDA rate and a low MW 

had stronger antioxidant ability.(35) 

Hajji and colleagues conducted research on  

strains of chitosan obtained from marine sources 

https://paperpile.com/c/OQjpFX/dn9Z+Tndm
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in Tunisia: Penaeus kerathurus waste (88% 

DDA), Carcinus mediterraneus(crab) shells 

(83% DDA), and Sepia officinalis(cuttlefish) 

bones (95% DDA). (36,37).95% DDA showed 

the most effective DPPH-free radical scavenging 

ability in an experiment to assess antioxidant 

activity of chitosan from cuttlefish.Thomas and 

Kim investigated  chitosan’s antioxidant activity 

with varying molecular weights (MW) of 30, 90, 

and 120 kDa and found that chitosan with lower 

MW (30 kDa) exhibited better antioxidant 

activity.(38)(14)(39) 

Sun and colleagues investigated various MW 

chitosan oligomers and examined their 

scavenging ability against hydroxyl radical and 

superoxide anion[88]. Chitosan oligomers with 

lower MW shown relative greater scavenging 

efficacy in both superoxide anion and hydroxyl 

radical. Chang et al.(40) discovered that 

enzymatically degraded chitosan had antioxidant 

action against 2, 2-diphenyl-1-picrylhydrazyl 

radical, hydrogen peroxide and ferrous ion 

chelation.(41) The study results revealed that 

chitosan with a lower 2.2 kDa MW has the 

greatest influence on its scavenging 

capacity.Another study by Li et al. used hydrogen 

peroxide to synthesise low MW chitosan and 

investigated its scavenging ability against 

hydroxyl radicals.(42) The results showed that 

chitosan MW (greater activity seen in lower 

MW) and concentration was related to the free 

radical scavenging action.(12) Although 

numerous studies have demonstrated chitosan's 

antioxidant activity, the level of activity is not 

particularly satisfying due to the absence of a 

donor H-atom to function as a suitable (chain-

breaking) antioxidant.(43,44) The ability of free 

radicals to scavenge is in relation to the stability 

of the generated radicals and the bond 

dissociation energy of N–H or O–H. The strong 

hydrogen bonding of the OH and amine groups 

in chitosan molecules makes it difficult to 

dissociate them and react with hydroxyl 

radicals(45). The molecular structure of chitosan 

was modified to increase its activity by 

incorporating functional groups into it. The 

addition of the functional group of polyphenols 

onto chitosan was the most actively researched 

among the many attempts.(46)(39) 

Chitosan and its metabolites are being studied 

extensively for medical and pharmacological 

applications. In situ and in vitro testing have 

shown their distinct and intriguing bioactivities. 

They are easily synthesised by natural products 

through low-cost alkaline deacetylation of chitin 

mechanisms (47). Our team has extensive 

knowledge and research experience  that has 

translated into high quality publications (48–57) 

Given their multiple advantages, chitosan and its 

derivatives may continue to pique people's 

interest. The commercial utilisation of 

derivatives of chitosan is not yet common or easy 

to get by (58). More study on natural 

polysaccharides with beneficial bioactivities, 

including the mechanism of chitosan molecules' 

bioactivities, may be conducted in the future. 

 

CONCLUSION 

The use of this novel irrigant in the field of 

endodontics would reduce the postoperative pain 

and overall improve the experience of the 

patients undergoing endodontic treatment in the 

future. 
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