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Introduction  

  
Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodonic therapy. 
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Curious learning not only makes unpleasant things pleasant 

 but also makes pleasant things more pleasant. 
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Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodonic therapy. 

 

INTRODUCTION 

 

The success in endodontic treatment depends on the chemo-mechanical debridement 

of canals [1, 2, 3]. The complex root canal systems make it impossible for 

instrumentation of the canals to reach all aspects of its anatomy [4].  Anatomical 

complexities of root canals make it impossible for mechanical procedures alone to 

remove remnants of pulp tissue, reduce microbial population and leave surface free of 

smear layer [5, 6, 7, 8, 9]. The tissue remnants may provide a source of nutrition for 

outlived bacteria which develops biofilm and ultimately affecting root canal treatment 

[10, 11, 12].   

Ex-vivo and clinical evidences have shown that the mechanical instrumentation leave 

portions of root canal untouched and the tissue may remain in untouched areas [13, 

14, 15]. Hence, mechanical practices, unassisted are insufficient in full measure for 

absolute cleaning of the root canal. Therefore irrigation is necessary to remove 

residual tissue and microorganisms. Many studies demonstrated the importance of 

solvent ability of endodontic irrigant and emphasized the removal of pulp tissue from 

the root canal.  

On account of that, irrigating solutions are expected to support and complement 

endodontic preparation. These irrigating agents should have ideal properties like 

flushing action, tissue dissolving ability, antimicrobial effect and provide lubrication 

during instrumentation without irritating the surrounding tissues [16].
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One of the most neglected phases of endodontic treatment is the removal of the 

minute fragments of the organic debris and dentinal shavings from the root canal. 

Many dentists fail to appreciate the importance of the basic principle of surgery, that, 

before a wound is ready for disinfection, all necrotic material and debris must be 

removed. They rely principally on drug therapy, rather than on thorough cleaning and 

irrigation of the root canal [17]. In cleaning and shaping removal of debris alongwith 

pulp remnants are often ignored [17] actually,
 
which has utmost importance in 

successful endodontic treatment.     
 

Though there are several advancements in improving the root canal instruments, 

instrumentation techniques and root canal obturating materials; unfortunately all these 

advances are focused on the technical aspects of root canal treatment [18]. 

Biologically based approach
 
i.e. cleaning and shaping of root canal has received less 

importance which contributes to the success of endodontic therapy [18].
 
Thus the 

tissue dissolving property of solutions is of great concern when choosing an 

endodontic irrigant.  

Irrigation is based on the combined use of two or several irrigating solutions, in a 

specific sequence, to obtain the goals of safe and effective irrigation [19]. Many 

irrigating solutions and varying concentrations of materials to achieve these goals are 

described in the literature [20]. Some of these solutions used are sterile saline, 

alcohol, hydrogen peroxide, NaOCl, and detergents like quaternary ammonium 

compounds, chlorhexidine, citric acid, and EDTA [19].
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The solubility of pulp in sodium hypochlorite and various other irrigants have been 

extensively investigated [21, 22, 23].
 
There are several studies which have examined 

ability of endodontic irrigants to dissolve pulp fragments and debris are well known 

and documented [20]. 

Amongst all listed irrigants, Sodium hypochlorite is considered as the most ideal 

irrigant due to its antimicrobial action and ability to dissolve organic tissue debris 

[24]. Unlike other irrigants, NaOCl has the unique ability to dissolve pulp tissue 

fragment as a result  it is the most favored irrigant of choice in vogue [5].
 
The 

solubility of dental pulp tissue in sodium hypochlorite has been extensively 

investigated [24, 25]. It is seen that its effective concentrations (2.5-5.2%) are 

cytotoxic [21,26]. It is important to note, though this cytotoxicity of NaOCl is reduced 

at lower concentrations its dilution impairs tissue dissolution and antimicrobial 

properties [22, 23].
 

Even though, Sodium hypochlorite shows excellent solvent properties against vital, 

necrotic & fixed tissues and an effective antimicrobial agent, its concomitant, 

universally recognized untoward effects like tissue necrosis, violent tissue response 

and inability to remove smear layer cannot be ignored [27,28,29,30,31]. 

Callahan and Grossman demonstrated the importance of solvent ability of endodontic 

irrigants and emphasized the elimination of pulp tissue from root canal [32]. 

According to Strindberg, in vital root canal therapy, presence of pulp remnants may 

lead to post operative pain and may form periapical lesion [33].  
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In the studies assessing the tissue dissolving ability of sodium hypochlorite and other 

irrigants, the tissues from number of different sources have been used. Bovine muscle 

tissue [22], porcine muscle tissue[34], rabbit liver [35],  rat connective tissue [36], pig 

palatal mucosa[5],  bovine pulp[37,38,39], human umbilical cord[40] have been used 

to determine tissue dissolution ability of different irrigants. Because of the use of 

different tissues and other variables other than dental pulp tissue, results of these 

studies cannot be accurately compared or related directly to the clinical conditions 

[23].  

Very few studies have been done on solubilizing action of irrigants directly on human 

dental pulp tissue [41].  In most of the studies tissues used were other than human 

dental pulp tissue and were fairly dense with high content of connective tissue fibres 

[41].  A pilot study [5] with human dental pulp tissues from freshly extracted teeth 

and porcine mucosal tissue specimens showed that it took more time for  hypochlorite 

solution to completely dissolve the mucosa than dental pulp tissue at the same 

mass/liquid ratio.  Hence, there is necessity for research on human dental pulp tissue. 

Components of human dental pulp tissue are cells, (such as- fibroblasts, odontoblasts, 

undifferentiated mesenchymal cells, defense cells) along with ground substances and 

neurovascular structure embedded in the matrix.  

The matrix composed of a reticular network of collagen fibers (Type I and small 

amount of Type III and Type V)
 
[42] which support the pulp tissue along with its 

other structural elements and eventually form the integrity of pulp organ [42, 43].  
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Collagen is a family of highly characteristic fibre proteins found in all multicellular 

animals.  Collagen is triple helix domain consists ‘3’ polypeptide chains bonded by 

hydrogen linkages.  Connective tissue fibers of pulp are collagen and elastin. Large 

collagen fiber bundles are numerous in the radicular pulp than in coronal pulp [42].  

 Collagen has great tensile strength which makes firm foundation to all contents of 

pulp and it is the integral part of maintenance of whole structure. If we break or 

dissolve this collagen complete structure will collapse, so there is need of an irrigant 

that will destroy this foundation of collagen i.e. dissolution of pulp tissue.  

Protease is a descriptive term for proteolytic enzymes and generally named according 

to the substrate on which the enzymes acts [44].
 
These proteases act on proteins. 

Collagen is the most abundant and major protein of the vertebrates and almost occurs 

in every tissue. Collagen is the main component of connective tissue, skin, bone, 

cartilages, teeth, and tendons [43, 44].  

Various methods have been proposed for obtaining pulpal cells for culture. These 

methods comprise two major categories viz. 1) Explants (outgrowth) method and 2) 

Enzymatic digestion (dissociation) method. 

Amongst these two methods, Enzymatic digestion method (i.e. dissolution of strong 

collagen by using collagenase, dispase and trypsin etc.) is a common method to obtain 

single cell suspension from primary tissues and consist of exposing the tissue to 

enzymes for minimum period of time in order to preserve maximum cell viability 

[45]. 
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Various in-vitro studies [45, 46, 47, 48] have used proteases for isolation of pulp 

fibroblast cells. This process involves dissolution of extracellular collagen matrix 

before the cells can be isolated. 

The complex composition of connective tissue of pulp has to be taken into account 

when tissues need to be dissociated in research or clinical situation. 
 

Hence, this study evaluated the efficacy of proteases (such as Collagenase, Trypsin 

and Dispase) in dissolving human dental pulp tissue during in-vitro endodontic 

therapy.  

* * * * * * * 
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Nothing gets done, unless it is believed to be possible and to be worth doing. 
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AIM AND OBJECTIVES 

 

 

AIM:  

 

 

 To evaluate the use of proteases for human vital dental pulp tissue dissolution 

and hence as a root canal irrigant. 

 

OBJECTIVES: 

 

 To validate the presumptive efficacy of proteases like collagenase, and their 

combination in dissolving dental pulp tissue. 

  

 To observe the time taken by proteases used for absolute cleaning of root 

canal. 

 

 To determine the effective concentration and combination of proteases in 

dissolving dental pulp tissue for absolute cleaning of root canal.  

 
 

* * * * * * * 
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REVIEW OF LITERATURE 

 

I)  HUMAN DENTAL PULP  

1. Introduction: [49] 

Pulp tissue is encased in dentin with limited portals of entry and exit: the apical and 

accessory foramina. The feature limits the vascular supply and drainage of pulp. 

Starting at periphery, the pulp is divided into odontoblastic zone, cell-free zone, cell-

rich zone and central zone.  

The dental pulp tissue consists of vascular connective tissue contained within rigid 

dental walls; it is similar to other connective tissue in human body. It is specialized 

tissue owing to its functions i.e. formative, protective and nutritive preserving the 

vitality of cellular elements. [49] 

Dental pulp is a connective tissue within the rigid encasement of mineralized dentin. 

The composition and structure of pulp are quite different from those of dentin. These 

two tissues exist in intimate embryologic and functional relation so they are 

considered together as an un-dissociable functional complex known as pulpo-dentin 

complex.[50] 

 

2. Brief anatomy of Human Dental Pulp:[ 19] 

A) Cells 

a. Odontoblasts  

b. Fibroblasts  

c. Undifferentiated mesenchymal cells  

d. Defense cells  

B)  Matrix-Collagen fibers-Type I, III &small amount of Type V 
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C) Ground substances – Glycosaminoglycans, glycoprotein, water 

D)  Blood vessels 

E)  Lymphatics  

F)  Nerves  

 
3. Architecture of pulp:-[51] 

Pulp is described as having two defined regions, Central and Peripheral. Peripheral 

zone is on the periphery of pulp adjacent to the calcified dentin. Next to pre-dentin 

lies the palisade of columnar odontoblast cells. The peripheral aspect of dental pulp, 

referred to as the odontogenic zone, differentiates into a layer of dentin-forming 

odontoblasts. 

Immediately subjacent to the odontoblast layer is the cell-free zone (of Weil). This 

region contains numerous bundles of reticular (Korff's) fibers. These fibers pass from 

the central pulp region, across the cell-free zone and between the odontoblasts, their 

distal ends incorporated into the matrix of the dentin layer. Numerous capillaries and 

nerves are also found in this zone. 

Just under the cell-free zone is the cell-rich zone containing numerous fibroblasts - the 

predominant cell type of pulp. Fibroblasts of the pulp have demonstrated the ability to 

degrade collagen as well as form it. Perivascular cells (undifferentiated mesenchymal 

cells) are present in the pulp and can give rise to odontoblasts, fibroblasts or 

macrophages. Since odontoblasts themselves are incapable of cell division, any dental 

procedure that relies on the formation of new dentin after destruction of odontoblasts 

depends on the differentiation of new odontoblasts from these multi-potential cells of 

the pulp. Lymphocytes, plasma cells and eosinophils are other cell types also common 

in dental pulp. 

Medial to the cell-rich zone is the deep pulp cavity that contains subodontoblastic 

plexus (of Raschkow; parietal layer) of nerves. 
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The principal cells are fibroblasts, principal extracellular components are ground 

substances and collagen.  

The dental pulp has most of its volume composed of collagen fibres and ground 

substances. These form body and integrity of pulp. 

 

4. Dictionary meaning of Collagen:-[42] 

Collagen (G. Koila- glue + gen- producing) is a major protein of the white fibers of 

connective tissue, cartilage and bones. It is insoluble in water, altered to easily 

digestible, soluble gelatine boiling in water, acids and alkalis. It comprises of half the 

protein of mammals and high in glycine, alanine, proline and hydroxyproline. 

 

5. Connective tissue fibres of the pulp.[51] 

Two types of structural proteins are found in the pulp: collagen and elastin. Elastic 

fibers are confined to the walls of arterioles and unlike collagen is not a part of the 

extra cellular matrix (ECM).  

A single collagen molecule, referred to as tropocolllagen, consists of three 

polypeptide chains bound by hydrogen bonds, designed as either alpha -1 or alpha 2 

depending on their amino acid composition and sequence. Chemically, collagen 

contains two amino acids 1) hydroxyproline 2) hydroxylysine. Glysine, proline and 

hydroxyproline are three main amino acid components.  

In the human pulp, the amount of collagen reported to be 26% to 32% of dry weight 

in premolars and molars.  

Type I and type II collagen represent the major subtypes of collagen in the pulp and 

type I is found in thick striated fibrils throughout the pulp tissue. The different 

combinations and linkages of chains making up the tropocollagen molecule have 

allowed collagen fibers and fibrils to be classified in to number of types.  
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• Type-I: (represent 90% of body collagen) skin, bone, tendon cartilage fascia, 

cornea and teeth. 

• Type-II: found in cartilage, intervertebral disc, notochord, vitreous humor in the 

eye 

• Type-III: skin, blood vessels and internal organs 

• Type-IV and VII:     Network forming collagens  

– network basal lamellae and  

– anchoring fibril beneath stratified Squamous epithelia. 

• Type-V:   Collagen is constituent of interstitial tissues.  

• Type-VI:  is a hetero trimmer of three distinct chains, alpha 2 and alpha -3.  

 

6. General properties of connective tissue [50] 

Connective tissue is the supporting tissue distributed throughout the body. 

Constituents of connective tissue are extracellular matrix and ground substances. 

Extracellular matrix composed of fibrillar proteins and cells.  

There are two types of fibrillar proteins 1) collagen and 2) elastin. Collagen is more 

abundant type and gives strength to the tissue. Elastin is the main component of 

elastic fibres which gives elasticity to the tissue.  

Ground substances are responsible for viscoelasticity and filtration function of 

connective tissue. It is composed of macromolecules called proteoglycans (protein 

core) glycosaminoglycans (varying number of large, unbranched polysaccharide side 

chains)  

Extracellular matrix also contains adhesive glycoprotein such as fibronectin, function 

of which is to mediate cell-matrix interactions.  
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Cells of connective tissue –1) fibroblasts- principle cell which forms network and 

produce wide range of extracellular matrix. They are responsible for degrading 

extracellular elements and so essential for remodeling of connective tissue. 2) Defense 

cells – includes blood derived cells, such as macrophages, function is to cope with 

infection. Connective tissue proper is divided into two classes 1) Loose connective 

tissue rich in ground substances and contain relatively fewer fibers 2) Dense 

connective tissue characterized by predominance of collagen fibers and fewer cells. 

The major function of connective tissue is to provide a matrix that binds cells and 

organs and ultimately gives support to the body.  

7. Collagen in pulp tissue [50] 

Collagen – Type-I is predominant type and may contribute to the establishment of 

architecture of the pulp.  Type III provides certain measures of elasticity, usually 

thinner fibrils than collagen I. In both cell-free and cell rich zones, type III collagen is 

richly distributed. Small amount of Type V is also present.  

It is loose reticular network to support other structural elements of the pulp. Collagen 

is synthesized by odontoblasts and fibroblasts. Type I collagen is synthesized by 

odontoblast and osteoblasts which mineralize. But collagen produced by fibroblast 

does not calcify. They differ in degree of cross linking. 

Single collagen molecule is tropocollagen. Tropocollagen aggregate into large fibers 

i.e. collagen fibers. Collagen fibers aggregate & grow denser to form collagen 

bundles. Large collagen fiber bundles are numerous in the radicular pulp than in 

coronal pulp. The highest concentration of these fiber bundles is usually found near 

the apex. Collagen bundles are having unique arrangement in the peripheral pulp i.e. 

Von Korff’s fibers. 

Elastin, the fibrous connective tissue protein, is found only in the walls of pulp 

arterioles. 

Fibronectin is a multifunctional stromal glycoprotein that exists as 1) circulating 

plasma protein 2) protein that attaches on the surface of cells 3) insoluble fibrils 

forming part of the extracellular matrix.  
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It has binding sites for collagen, glycosaminoglycans and several cell adhesions. Thus 

it acts as a mediator for cell- cell and cell- matrix adhesion. It is ubiquitously 

distributed in the extracellular matrix of the pulp. It forms reticular network of fibrils 

in pulp proper with increased concentration around the blood vessels. It is believed 

that fibronectin may contribute to the maintenance of specific morphology of 

odontoblasts and maintenance of tight seal at predentin. [50] 

At the epithelial- mesenchymal interface, there exist a sheet-like arrangement of 

extracellular matrix proteins known as the basement membrane. It is a combined 

product of connective tissue and epithelium and mainly composed of type IV 

collagen, the adhesive glycoprotein laminin, fibronectin and heparin sulfate. Type IV 

collagen molecules aggregate to form a flexible meshwork with binding for rest of the 

basement membrane component and form skeleton for several adhesive proteins. 

Laminin binds to basement membrane components and also to epithelial cells thereby 

anchoring these cells to the sheet of type IV collagen. In mature pulp, basement 

membranes are distributed at the cell-connective tissue interfaces of endothelial cells. 

[50] 

II] ROOT CANAL IRRIGANTS 

Grossman has given importance of debridement. He stated that the first principle of 

surgery is cleansing of infected wound mechanically which is equally related to the 

root canal. Debris in the root canal must be removed as soon as possible with irrigants 

preferably irrigated with NaOCl. Combination of biomechanical and chemical means 

i.e. instrumentation and irrigation is necessary for complete debridement and cleaning 

of root canal. He also mentioned that it is not so much what you put into the canal, but 

what you take out those counts. [17] 

While giving importance of cleaning and shaping he mentioned that it is necessary in 

endodontic treatment as in surgery. Removal minute fragments of organic debris and 

dentinal shavings from root canal are the most neglected phases of endodontic 

treatment. The irregularities in dentin provides areas in which bacteria live and tissue 

tags provide pabulum on which they thrive, so to remove these tissue tags root canal  
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should be irrigated with solutions. Unless irrigation is a part of canal cleaning process 

debris will be left behind.  

 

Grossman stated that 5.2% solution of NaOCl is more effective than any other 

solution in dissolving pulp tissue in 20 min to 2 hrs. And next effective solutions 

required 24 hrs. It is less effective in narrow canals. On the basis of published data he 

mentioned that 2.6 to 5.2% solution is an effective concentration for use as a solvent 

of organic tissue in root canal. [17] 

None of the currently available irrigating solutions have all the properties needed. A 

combined use of separate irrigants is the clinical protocol recommended to ensure 

success in endodontic treatment. They stated the effective concentration of NaOCl 

having drawback of cytotoxicity, caustic effect on healthy tissue and unpleasant test. 

Also some investigators have found NaOCl less effective in narrow canals compared 

to wide canals [52]. 

Peters and Cristine reported that studies have demonstrated conclusively that 

mechanical instrumentation whether it is stainless steel or NiTi instruments, can not 

sufficiently disinfect and remove debris form the root canal. The ideal irrigant or 

combination of irrigants kills bacteria, dissolves necrotic tissue, lubricates the canal, 

removes smear layer and does not irritate healthy tissues. Some solutions used in the 

past were sterile saline, alcohol, hydrogen peroxide, NaOCl and detergents 

(quaternary ammonium compound, chlorhexidine, citric acid and EDTA) [53]. 

NaOCl has many desirable properties as a main root canal irrigant, so described as 

ideal of all irrigating agents. It has been used from almost a century. A 0.5% of 

NaOCl was used during World War I to clean contaminated wound. It has 

antimicrobial property and also dissolves organic matter such as pulp tissue and 

collagen. Higher concentrations dissolve both necrotic and vital tissue which is not 

always a desirable effect. [53] 

Weine stated that irrigation perform important physical and biologic functions during 

endodontic therapy. The action of irrigants is more significant than the use of 

intracanal medicament. He also quoted that NaOCl is the most widely used irrigant in  
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endodontics and effectively supported the canal preparation procedures for many 

years [54, 55]. 

 

The ideal properties of irrigants listed by Torabinejad are organic and inorganic tissue 

solvent, antimicrobial action, non-toxic, low surface tension and lubricant. But, stated 

that no solution meet all the requirements outlined. Irrigation does not completely 

debride the canal.  NaOCl is commonly used irrigant. NaOCl does not remove tissue 

from areas that are not touched by files and no techniques able to completely clean the 

root canal [56]. 

 Although instrumentation of the canal is primary method of canal debridement, 

irrigation is a critical adjunct. Irregularities in the canal such as narrow isthmus and 

apical deltas prevent complete debridement by mechanical instrumentation alone. 

Irrigation removes and dissolves debris and bactericidal. Ingle stated that varieties of 

irrigating agents are available. It is essential to understand the potential advantages 

and disadvantages of the agent to be used. [57] 

During World War I, chemist Henry Drysdale Dakin (1915) [12] and the surgeon 

Alexis Carrel used buffered 0.5% sodium hypochlorite solution to the irrigation of 

infected wounds and was first to recommend Sodium Hypochlorite (NaOCI) as an 

antiseptic solution.  

 
Austin and Taylor (1918)

 
[58] demonstrated the solvent action of NaOCI (Dakin's 

Solution 0.5%) on non-vital tissue. He used rabbit skin for study. He stated that 

hypochlorite solution is superior in its cleansing ability on necrotic tissue and only 

mildly inflammatory to normal tissue. 

 
Hand et al (1978)

 
[59] investigated dissolution of rat epithelium and underlying 

connective tissue in 5.25% and 2.5% NaOCl in which 5.25% showed greater 

dissolution than 2.5%. In this study they used large samples and were continuously 

agitated in the solution.  
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S. D. The (1979)
 
[60] carried out the study to see percentage of sodium hypochlorite 

needed to dissolve necrotic tissue, parachlorophenol- or formaldehyde-fixed necrotic 

tissue, effect of the combined use of sodium hypochlorite and hydrogen peroxide.  He 

stated that 3% sodium hypochlorite is optimum for adequate solvent action on 

necrotic tissue. Sodium hypochlorite + 3% hydrogen peroxide did not result in an 

increased solvent action so their simultaneous use is not recommended.  

Kokinsen et al in (1980)
 
[61] exposed the minced bovine incisor pulp to hypochlorite 

solution for 10 min., the dissolved tissue was examined for hydroxyproline (HYP) and 

total phosphate. 2.5% and 5% NaOCl showed more solvent ability measured as loss 

of HYP and weight from tissue. 0.5% NaOCl was not effective. He also stated that 

measurement of phosphate extracts may not reflect the dissolution of whole tissue and 

not to be regarded as reliable method.   

Cunningham et al (1980)
 
[62] assessed the collagen-dissolving ability of 2.6% and 

5.2% sodium hypochlorite and was compared at 21° C and 37° C. The 2.6% at 37° C 

was found to be equally effective as a collagen-dissolving agent when compared to 

5.2 % at either 21° C or 37° C.   

Terence Gorden et al (1981)
 
[26] studied the dissolution of vital and necrotic bovine 

tooth pulp when exposed to 1, 3, and 5% NaOCI for 2 to 10 minutes and concluded 

that 3 and 5% NaOCl were equally effective in dissolving about three fourths of the 

vital pulp after 2 minutes exposure. 1, 3 and 5% of NaOCl were effective in 

dissolving 90% of the necrotic pulp after five minutes.  

Abou-Rass et al (1981)
 

[63] assessed the effect of 2.6 and 5.25% NaOCl on 

dissolution of  fresh, fixed and necrotic tissue . Each solution was heated to one of the 

two temperatures, 73.2
O
 F and 140

O
 F.  Dissolution was considered complete when no 

visible tissue was seen. Heated solutions remove organic debris more efficiently than 

unheated counterpart. He stated that regardless of concentration, solution heated to 

140
O
 F was more than same solution at73.2

O
 F. He also suggested that, in vital cases 

pulp tissue may remain in the root canal leading to periapical lesion, in non vital cases 

canal is easier to clean or flush.  
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Moorer and Wesselink(1982)
 
[64] used different sized pieces of rabbit liver as a 

substrate, measured weight loss on dissolution by NaOCl. The purpose of study was 

to discuss effect of fluid flow, pH and surface area on tissue dissolution capacity of 

NaOCl. They concluded that the tissue dissolution capacity of NaOCl depends on 

amount of organic matter in the tissue, mechanical agitation and available surface area 

of tissue. He suggested that mechanical debridement with frequent changes of 

solution and a lower concentration of irrigant may be safe for thorough debridement. 

This is nice article gave the reasons for conflicting results.  

Bystrom and Sundqvist (1985)
 
[65] mentioned in his article while analyzing the 

antibacterial action of sodium hypochlorite that the most potent and universally 

adopted irrigant is sodium hypochlorite solution, an inexpensive, readily available 

agent having soft tissue dissolving capacities and profound antimicrobial action.  

Hasselgren et al (1988)
 
[4] stated the importance of chemo-mechanical debridement 

of the canals in success of endodontic treatment. He stated that complexity of root 

canal anatomy makes it impossible for the instrumentation of the canals to reach all 

aspects of its anatomy. 

Johnson et al(1993)
 
[66] investigated the variables of storage conditions and time on 

the tissue-dissolving capacity of three different concentrations of sodium 

hypochlorite. Fresh frozen human umbilical cord was used as the tissue sample. They 

measured the time taken for complete dissolution. Fresh frozen human umbilical cord 

was used as the tissue sample for this experiment. Tissue samples were dissolved at 

time intervals ranging from 1 day to 10 week in 5.25%, 2.62%, and 1.0% solutions of 

NaOCl. The tissue-dissolving ability of 5.25% sodium Hypochlorite remains stable 

for at least 10 week. The tissue-dissolving ability of 2.62% and 1.0% sodium 

hypochlorite remains relatively stable for 1 week, significant decrease in tissue-

dissolving ability at 2 week and beyond.  

Turkun et al (1997)
 
[41] investigated the effects of sodium hypochlorite and calcium 

hydroxide on bovine muscle tissue dissolution and stated that 5% NaOCl was more 

effective as a solvent of necrotic tissue than 0.5% NaOCl.  Calcium hydroxide in a 

paste form was more effective as a solvent for necrotic tissue than a solution.  Pre- 



Review Of Literature   

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodonic therapy. 

21 

 

treatment of necrotic tissue with Ca(OH)2  increased its solubility in 0.5% NaOCl.  

5% NaOCl plus ultrasonic irrigation produced cleaner root canal walls. 

Gambargini et al (1998)
 
[67] investigated the effect of heating NaOCl to 50 ° C on 

chemical stability of the irrigating solution. Study evaluated the decomposition rates 

of heated and non heated solutions over 30 days. Results showed that all specimens 

exhibited a minimum, gradual degradation versus time. No statistical difference 

between two groups. After 30 days both heated and non heated solutions maintained 

high available chlorine content and pH values consistent with excellent tissue 

dissolving and antimicrobial properties.  

Love et al (2001)
 
[10] while demonstrating the role of enterococcus faecalis and its 

mechanism in endodontic failure he explained that the tissue remnants may provide a 

source of nutrition for bacteria that develops biofilm and ultimately affecting the 

success root canal treatment. 

Spano et al (2001)
 
[68] studied the level of residual chlorine, pH and surface tension 

before and after dissolution of tissues using four concentrations of NaOCl on bovine 

pulp tissue. The higher concentrations of NaOCl were more rapid on dissolution of 

pulp tissue, and showed decrease in chlorine concentration.  

Zender et al (2002)
 
[69] demonstrated the effect of unbuffered -- 2.5% and 0.5% 

NaOCl solution & buffered  0.5% solution at pH 12 and pH 9 on fresh and decayed 

tissue. Tissue specimens were pig palates. Tissues were incubated in the solution for 

15, 30, 60, 90 and 120 min. then samples were blotted dry and weighted by precision 

balance. Results of the study stated that 2.5% NaOCl was more effective than 0.5% 

solution in dissolving the test tissue. Buffering has less effect on tissue dissolution. 

Irrigating solution with less solvent effect can be obtained by diluting NaOCl with 

water.  

M. G. Al-Kilani et al (2003)
 
[70] evaluated Carisolv, phosphate buffered saline (PBS) 

solution and NaOCl for removal of organic debris when used as root canal irrigant. 

Sheep mandibular incisors were used. Gross pulp tissue was removed and irrigants 

were used with and without ultrasonic agitation. SEM analysis was done for debris in  
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apical, middle and coronal areas. They concluded NaOCl was better than   Carisolv 

and PBS in cleaning root canals. The action of Carisolv is enhanced by incubation 

times beyond 20 min. whether or not ultrasound is applied.  

 

Beltz et al (2003)
 
[71] analysed quantitatively the dissolution of sodium hypochlorite, 

MTAD and EDTA on bovine pulp and dentin. The weight loss of their pulp samples 

was noted. They found same rates of tissue dissolution by 2.6% and 5.25% NaOCl 

after 2 hrs at 37°C and 1.3% nearly as efficient.   

 

Ronald et al (2003)
 
[72] compared the cleaning efficiency of sonic and ultra sonic 

irrigation after hand instrumentation in molar root canal. After the instrumentation, 

roots were split longitudinally and photographed with digital camera. Debris score 

calculated reported that ultrasonic passive irrigation produced cleaner canal than 

passive sonic irrigation.  

Okino et al (2004)
 
[32] analyzed the activity of chlorhexidine digluconate gel and 

solution and sodium hypochlorite on bovine pulp tissue. Dissolution speed was 

calculated and reported that both chlorhexidine preparations and distilled water were 

not able to dissolve pulp tissue. Sodium hypochlorite solutions were able to dissolve 

pulp tissue. Dissolution speed varied with concentration.  

Naenni et al (2004)
 
[5] assessed the necrotic tissue dissolution capacity of 1% sodium 

hypochlorite, 10% chlorhexidine, 3% and 30% hydrogen peroxide, 10% peracetic 

acid, 5% dichloroisocyanurate (NaDCC), and 10% citric acid. Tissue samples 

obtained from pig palates were incubated in these solutions, and their weight loss was 

measured over time. None of the test solutions except sodium hypochlorite had tissue 

dissolution capacity. After 30 min. tissue immersed in peroxide solutions gained 

weight, explanation give was protein denaturing and increased water absorption. 

Same observed with peracetic or citric acid. Also review that sodium hypochlorite 

solution took three times longer to completely dissolve the porcine mucosa than the 

pulp tissue as mucosa was dense with high content of connective tissue fibers.  

S. Rahman et al (2005)
 
[73] conducted a study on whether Carisolv can be used 

instead of sodium hypochlorite in immature root canals. Immature ovine incisors were  
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used for study. After gross pulp extirpation, canals were flooded with normal saline 

(negative control), 1% NaOCl, Carisolv or 5% NaOCl (positive control) and 

incubated for 10 min, 20 min, 30 min and 30 min, refreshing irrigant at 10 and 20 

min. SEM photomicrographs of canal wall debris in the apical, middle and coronal 

thirds were scored. They concluded saying that refreshment of NaOCl (1%) enhances 

its cleaning ability above that of Carisolv. 

 
Sirtes et al (2005)

 
[74] evaluated the effect temperature on sodium hypochlorite 

solution. He tested the effect of preheating the solution using syringe heating device 

and noted that the capacity of a 1% NaOCl at 45
o
C to dissolve human dental pulps 

and was found to be equal to that of a 5.25% solution at 20
o
 C.  

Mamata et al (2006)
 
[75] compared the effect of sodium hypochorite and EDTA with 

indigenous solution ( Doxycycline, citric acid and Tween 80) on removal of debris. 

After instrumentation and irrigation, teeth were split longitudinally and SEM analysis 

was done. They concluded on results of this study that it appears indigenous mixture 

is effective as canal irrigant in coronal, middle as well as apical third area of root 

canal.  

Clarkson et al (2006)
 
[25] conducted a study on dissolution of porcine incisor pulps in 

varying compositions and concentrations of sodium hypochlorite. This is an excellent 

article that reviewed previous studies and compared previous studies of tissue 

dissolution in various concentrations of sodium hypochlorite. Conclusions of the 

study were that the composition and content of sodium hypochlorite solutions had 

profound effect on ability to dissolve pulp tissue in vitro. Rapid dissolution of tissue 

was seen in greater concentration of solution. One percent solution with added 

surfactant was more effective in dissolution of porcine pulp tissue.  

Abbasali Khademi(2007)
 
[38] studied tissue dissolution ability of irrigants on bovine 

pulp tissue. Tissue dissolution effect of 5.25% NaOCl (85.98%) was statistically 

greater than that of all other solutions. Chlorhexidine gluconate had the weakest 

dissolution effect, and dissolved only 9.36% of the sample tissue. No significant 

differences were observed between the dissolution effects of normal saline or MTAD.  
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Christensen et al (2008)
 
[76] examined the porcine muscle tissue dissolution by 

NaOCl at varying pH, concentration and times. There was no significant difference 

between the pH 12 and 9 groups, significant level was found between pH12 and 9 

versus pH 6 groups. A greater amount of tissue dissolution was seen in higher 

concentration and greater time. 

 

Mohammadi et al (2008)
 
[77] reviewed different aspects of sodium hypochlorite used 

in endodontics and reported that the effectiveness of sodium hypochlorite depends on 

its concentration, volume, contact time and surface area of exposed tissue. Higher 

concentrations dissolve vital and necrotic remnants more easily but increase the risk 

of damage to the periradicular tissues and oral mucosa.  

Gustavo et al (2009)
 

[78] described the influence of NiTi rotary system on 

debridement of root canal space. The specimens were histologically prepared. The 

remaining pulp tissue was measured using morphometric analysis. Cross sectional 

area of root canal and remaining tissue were measured and percentage of remaining 

tissue was calculated. Pulp tissue was remaining in all specimens. There was no 

difference in quality of debridement between NiTi rotary systems used.  

 
Sonja et al (2010)

 
[16] while investigating tissue dissolution capacity of sodium 

hypochlorite, he mentioned that mechanical instrumentation alone is insufficient to 

remove remnants of pulp tissue and reduce microbial population. Various 

concentrations of NaOCl were tested at temperature of 37°C and 45°C, with and 

without agitation. Bovine muscle tissue was used. The tissue was weighted before and 

after the treatment and weight loss was calculated in percentage. Results stated that 

increased concentration increased the tissue dissolution. Higher temperature and 

agitation increases the efficiency of sodium hypochlorite. Continuous agitation 

resulted in faster tissue dissolution. Added surfactant showed more dissolution. Thus, 

it was concluded that tissue dissolution property of sodium hypochlorite is potentiated 

by increased concentration, high volume exchange, heating and agitation. 

Taneja et al (2010)
 
[79] compared quantitative dissolution of human pulp in different 

irrigation solutions. Pulp tissue from freshly extracted intact vital premolar was  
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removed and cut in pieces and placed in irrigating solution according to the time 

interval, 10, 15, 20, 30min. and then filtered. Residual tissue weight was calculated.  

The most effective pulp solubiliser was   5.25% NaOCl followed by MTAD and 17% 

EDTA. MTAD and 17% EDTA had almost similar dissolution. Distilled water was an 

ineffective solvent of pulp tissue. The amount of pulp tissue dissolved increased with 

the time. Minimum pulp tissue dissolution in10 min and maximum in 30min 

 

 Luis Irala et al (2010)
 
[39] observed the dissolution of bovine pulp tissue in NaOCl 

and combined with EDTA and measured the pH before and after the experiment.  

When NaOCl, in any concentration and volume tested, was combined with EDTA, the 

solution was unable to dissolve the bovine pulp tissue in 48hrs. 1% and 2.5% NaOCl 

not combined with EDTA were able to dissolve the pulp tissue. More dissolution was 

observed in higher concentration. 

Cobankara et al (2010)
 
[80] assessed the tissue dissolution capacity of sodium 

hypochlorite and chlorine dioxide. Bovine pulp tissue was used and immersed in 

solutions. Percentage of weight loss was measured by filtration method. Both 5.25% 

NaOCl and 13.8% ClO2 dissolved the tissue efficiently. They were equally efficient 

for dissolving tissue.  

Marcus et al (2011)
 
[81] evaluated the pulp tissue dissolution of sodium hypochlorite 

alone or when associated with EDTA. Bovine pulp fragments were used in this study 

and conclusion after the filtration method was that, NaOCl reduced tissue dissolving 

capacity when used with EDTA than used alone regardless of concentration.  

Marion et al (2012)
 
[23] analyzed various concentrations of sodium hypochlorite 

during endodontic treatment through literature review. 0.5% NaOCl needs more time 

to dissolve tissue and is less irritating to periapical tissue. 5.25% NaOCl showed more 

tissue dissolution potential but this concentration is more toxic to periapical tissues. 

Based on literature review can be said that 2.5%NaOCl is more suitable for 

endodontic treatment as it has less cytotoxic properties.  

Zaia et al (2013)
 
[82] evaluated dissolution of tissue by different concentrations of 

sodium hypochlorite on apical portion of mesial root of human mandibular molars  
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with isthmuses .Also observed the dissolution time of dissolution of bovine pulp 

tissue. They revealed that NaOCl dissolve the tissue when it is in direct contact with 

tissue. Even different concentrations of NaOCl were not able to dissolve remnants of 

pulp tissue in root isthmus.  

Taneja et al (2014)
 
[33]

 
evaluated human pulp tissue dissolution in vitro study by 

different concentrations of chlorine dioxide, calcium hypochlorite and sodium 

hypochlorite.  They standardized the pulp tissue to a weigh of 9mg and incubated in 

5ml of irrigant for 30 and 60 min. The solution was filtered and residual weight was 

calculated. Results showed 5.25% NaOCl to be most effective at both intervals 

followed by 2.5% NaOCl at 60 min., 10%Ca(OCL)2   and 13%ClO2 at 60 min. Least 

amount of tissue dissolving ability was demonstrated by 5% Ca(OCL)2   and 5% ClO2  

at 30 min. Mean dissolution increase with time and with increase in concentration.  

Renata et al (2015)
 
[83] evaluated the tissue dissolution ability of NaOCl, certimide 

and sterilox solutions associated and not to ultrasound agitation. Dissolution speed 

was calculated by initial pulp weight by the period until complete dissolution. and 

concluded that only groups containing NaOCl were capable of dissolving pulp tissue 

with use of ultrasonic agitation. Cetrimide alone and with NaOCl has no ability to 

dissolve tissue and ultrasound does not improve its action, sterilox also was 

ineffective in dissolving tissue.  

Khalap et al (2016)
 
[84] conducted a study on debris removal in root canal by using 

rotary protaper NEXT and Wave One using sonic and ultrasonic activation of NaOCl 

for irrigation. Complete cleanliness was not achieved by any groups. Instrumentation 

with protaper NEXT combined with sonic activation was more effective in debris 

removal than Wave On. 

Anita Rao et al (2017)
 
[85] assessed and compare human pulp dissolution capacity of 

2.5% sodium hypochlorite and garlic extract. Human pulp tissue obtained from 

extracted teeth. Tissue immersed in test solution for 30, 60 and 90 minute.  Weight 

loss of tissue was calculated in percentage by formula Weight Loss % =   Initial 

weight – final weight / initial weight × 100.  2.5% NaOCl showed maximum tissue  
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dissolution and maximum dissolution observed at 90minute. Garlic extract showed 

little pulp dissolution at all time period.  

III) PROTEASES 

Protease is a descriptive term for proteolytic enzymes both endopeptidase 

(proteinases) and exopeptidase (carboxy and amino peptidase, dipeptidase.) [44]  

 

Enzymes, with the exception of those discovered long ago (e.g. Pepsin, emulsion) are 

generally named by adding –ase to the name of the substrate on which the enzymes 

acts ( e.g. Glucosidase, nuclease) or the substances activated ( e.g. Hydrogenase) or 

type of the reaction e.g. oxidoreductase, transferase, hydrolase etc.[44] 

1. Introduction of proteases [86, 87, 88, 89, 90] 

Enzymes are nature’s catalysts. Their role is to speed up reactions that would 

otherwise be too slow for normal metabolic processes.  Being catalysts, they 

participate in a reaction, but are not consumed. However, their effectiveness can be 

reduced by changes in temperature and pH. These characteristics make them very 

interesting to study, but they can be difficult to deal with.  

Nomenclature and Classification 

Except for some of the originally studied enzymes such as pepsin, rennin, and trypsin, 

most enzyme names end with “ase".  The  International  Union  of  Biochemistry  

(I.U.B.)  initiated standards of enzyme nomenclature which recommend that enzyme 

names indicate both the substrate acted  upon  and  the type  of  reaction  catalyzed.   

Basic Enzyme Reactions 

Enzymes are catalysts and increase the speed of a chemical reaction without 

themselves undergoing any permanent chemical change. They are neither used up in 

the reaction nor do they appear as reaction products. Equilibrium, a steady state 

condition, is reached when the forward reaction rates equal the backward rates. This is 

the basic equation upon which most enzyme activity studies are based. 
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How Enzymes Work 

Essentially, enzymes lower the activation energy of a biochemical reaction, thus 

increasing the rate at which it occurs. There are various mechanisms by which they 

can do this, but the common factors for the enzyme to form a complex with the 

substrate by binding to it in some way. In this situation, the reaction proceeds quickly 

and the reaction products are released, thus freeing the enzyme to bind to another unit 

of substrate for the process to be repeated. 

 

Types and Sources of Enzymes 

 Enzymes are proteins that can vary in structure and the way they fulfill their catalytic 

purpose. Most commercial enzymes these days are derived from bacterial or fungal 

cultures that can be grown in large bioreactors to maximize the yield. Rather than 

purifying the product to a high degree, commercial enzymes are usually mixed with 

inert diluents to minimize variation between batches. The efficacy of enzymes is 

usually described in terms of their “activity”, or the quantity of substrate they can 

convert in a given time.  

Protein Structure, Stability and Denaturation 

The three dimensional folded structure of enzymes can be disrupted in some 

circumstances. In many cases, minor structural change occurs when the enzyme binds 

to the substrate. The enzyme unfolds to some extent in order to form a complex that 

has a lower energy state. Once the reaction is over, the reaction products leave the site 

and the enzyme reverts to its original shape until its next encounter with a substrate 

molecule, when the process repeats. When the three dimensional shape of a protein is 

disrupted, it is said to have been denatured. When the structural change is permanent, 

it is described as irreversible denaturation. However, when the structural change is 

temporary, it is described a reversible denaturation. This can occur with small shifts in 

pH or temperature. 

Denaturation is the reason that enzymes have a particular temperature and pH range at 

which they function optimally. Once the conditions move outside the optimal range,  
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the enzymes have been denatured to such an extent that they are no longer able to 

bind to the substrate. 

Monitoring the Progress of Enzyme Reactions 

Reactions involving enzymes can be monitored by following disappearance of the 

substrate  and / or the appearance of the reaction products. 

 

Chemical Nature of Enzymes 

All known enzymes are proteins.  They are high molecular weight compounds made 

up principally of chains of amino acids linked together by peptide bonds. Enzymes 

can be denatured and precipitated with salts, solvents and other reagents. They have 

molecular weights ranging from 10,000 to 2,000,000. . 

Specificity of Enzymes 

One of the properties of enzymes that makes them so important as diagnostic and 

research tools is the specificity they exhibit relative to the reactions they catalyze. A 

few enzymes exhibit absolute specificity; that is, they will catalyze only one particular 

reaction.  Other enzymes will be specific for a particular type of chemical bond or 

functional group [86, 87, 88, 89 & 90]. 

2. Collagenase  

The native collagen fiber is extremely resistant to proteolytic degradation at 

physiological pH. Under certain physiological conditions previously stable collagen 

fibres are rapidly removed by specific enzymes which appear to operate in a selective 

and conservative manner. The different physiological events in which collagenolysis 

i.e. causing lysis of collagen, gelatine and other protein containing proline occurs 

have been grouped by Woessner (1968) into three classes-i) normal, ii) pathological, 

or iii) induced.[91] 

Collagenases are proteolytic enzymes that break the peptide bonds in collagen. 

Bacterial collagenases are metalloproteinase involved in the degradation of the 

extracellular matrices of animal cells, due to their ability to digest native collagen.  
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These enzymes are important virulence factors in a variety of pathogenic bacteria. 

Clostridial collagenases were the first ones to be identified and characterized and are 

the reference enzymes for comparison of newly discovered collagenolytic enzymes. 

[92, 93] 

True collagenase cleaves helical regions of collagen molecules in fibrillar form under 

physiological conditions of pH and temperature. However, it is known that numerous 

mammalian proteases including pepsin, trypsin, chymotrypsin, papain, and other 

tissue enzymes can degrade gelatin and the non-helical regions of collagen molecules.  

 

The study of collagenase started at the end of the last century with recognition of the 

involvement of proteolytic clostridia in tissue putrefaction and the subsequent 

isolation of an extracellular enzyme of Clostridium histolyticum that was able to 

digest tendons. Since then a number of other collagenase of both bacterial and 

mammalian origin have been identified and characterized. [94] 

Collagenase, enzymes that break down the native collagen that holds animal tissues 

together, are made by a variety of microorganisms and by many different animal cells. 

The most potent collagenase is the "crude" collagenase secreted by the anaerobic 

bacteria Clostridium histolyticum. “Crude” collagenase refers to the fact that the 

material is actually a mixture of several different enzymes besides collagenase that act 

together to break down tissue. With a few exceptions different commercial 

collagenase are all made from C. histolyticum, or are recombinant versions 

where Escherichia coli expresses a gene cloned from C. histolyticum.[94]  

Collagenase used for tissue dissociation for cell culture. Isolation of pancreatic islets 

cells of Langerhans, cardiomyocytes, hepatocytes, tumor cells and for tissue 

engineering and transplantations.[95]  

They are soluble in water and diluted salt solutions. These products are delivered as 

lyophilized powders and remain stable without loss of activity for one year when 

stored at 2-8° C. it is recommended that dissolved enzymes should be used 

immediately and not to store because of autolysis and significant loss of activity.[96]   
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Collagenase enzyme digest intercellular matrix, neutral proteases act synergistically 

with collagenase. Neutral proteases damage cell surface proteins. Time of 

dissociation, enzyme ratio and enzyme concentration all affects tissue dissociation 

outcomes.  [97] 

3. Dispase  

Dispase-I is a protease which cleaves fibronectin, collagen IV and to a lesser extent 

collagen-I.  Dispase-I is a rapid, effective, gentle and neutral protease that can 

separate intact epidermis from the dermis. Dispase, a neutral protease isolated from 

culture filtrates of Bacillus polymyxa. It can also separate intact epithelial sheets in 

culture from the substratum. The enzyme preserves the viability of the epithelial cells 

while cleaving the basement membrane zone region. It can also be used to prevent 

clumping in suspension cultures. This protease cleaves fibronectin and type IV 

collagen. It hydrolyzes N-terminal peptide bonds of non-polar amino acid residues. It 

preferentially attacks denatured and intercellular proteins with exposed hydrophobic 

amino acid residues. The action of Dispase on collagen appears to be selective for 

type IV collagen in that several stable degradation products are formed, whereas the 

enzyme degrades type I collagen only minimally. Because its action is so selective, it 

suggests that Dispase can serve as a powerful tool for dissecting epithelial-

mesenchymal interactions [95,98] 

 

4. Trypsin  

Trypsin is an enzyme. It is found in small intestine. It breaks down proteins into 

smaller peptides which is necessary step in protein absorption and thus the digestion. 

It can also be made from fungus, plants and bacteria. But it is usually made for 

commercial purposes from pancreas of livestock. Trypsin will cleave peptides on the 

C-terminal side of lysine and arginine amino acid residues. The rate of hydrolysis is 

slower if an acidic residue is on either side of the cleavage site and no cleavage occurs 

if a proline residue is on the carboxyl side of the cleavage site. 
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Trypsin will hydrolyze ester and amide linkages of several synthetic substrates. 

Trypsin can be used to dissociate dissected cells, various biotechnological processes, 

biological research, in tissue culture lab to re-suspend cells adherent to cell culture 

dish wall, to dissolve blood clot and also in food processing.  

Trypsin solutions in 1 mM HCl (pH 3) are stable for approximately 1 year when 

aliquoted and stored at -20 °C. this retard trypsin's ability to self-digest itself 

(autolysis) and will maintain the stability of the trypsin in solution. Trypsin is 

reversibly denatured at high pH (above 11) Trypsinogen solutions are stable in acidic 

buffers (pH 2 - 4), while in neutral buffers the autocatalytic activation to trypsin 

occurs. [95, 99] 

Following in- vitro studies have used proteases for isolation of pulp fibroblast cells. 

These methods comprise two major categories that are explant and enzymatic 

digestion or dissociation. Enzymatic digestion i.e., dissolution of strong collagen by 

using collagenase and other enzymes is a common method to obtain single cell 

suspensions from primary tissues. It consists of exposing the tissue to proteases for 

minimum period of time in order to preserve maximum cell viability.  

Levin et al (1988) [48] stated a simple reliable technique for establishing cultures of 

human fibroblasts. The technique relies on a sequential digestion of minced pulpal 

tissue with collagenase and trypsin.  

Gronthos et al (2000)
 
[100] isolated postnatal human dental pulp stem cells that have 

the ability to form a dentin/pulp like complex. Normal human impacted third molars 

were collected from adults (19–29 years of age). The pulp tissue was gently separated 

from the crown and root and then digested in a solution of 3 mg/ml collagenase type I 

and 4 mg/ml dispase for 1 h at 37°C.  

Wang Feng et al (2005)
 

[101] analyzed the alkaline phosphatase activity of 

enzymatically released human dental pulp cells with collagenase-I in vitro. In this 

study human dental pulp cells were cultivated from connective tissue explants 

digested with collagenase –I. Study suggested that human dental pulp cells can be  
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cultivated preferably from tissue explants digested with Collagenase-I in vitro and 

useful in studying biological behavior of pulp cells.    

Mauth et al (2007)
 
[102]  in his chapter summarizes selected research methods, 

current findings in the differentiation of dental pulp stem cells and overview of 

potential filling material studied to regenerate dentin-pulp complex. In the methods 

for studies of dental pulp cells in vitro, he mentioned the isolation procedures, 1) by 

enzymatic digestion method in which the pulp tissue can be digested in a solution of 

Collagenase-I and Dispase and 2) by out grown method.  

Brandon et al (2008)
 
[103] isolated the human dental pulp derived mesenchymal stem 

cell for banking and clinical use. The pulp was placed into an enzymatic bath 

consisting of type-I and type-II Collagenase with thermolysin as the neutral protease.  

Pulps were allowed to incubate at 37
°
C for 40 min to digest the tissue and liberate the 

cells. 

Leliance et al (2010)
 

[45] compared the morphological, proliferative and 

immunophenotypic profiles of pulp cells from permanent and primary teeth, obtained 

by two isolation methods. Normal human impacted third molars and exfoliated 

primary teeth were collected and cut around the cement-enamel junction. Pulp cells 

cultures were established by two approaches: enzyme digestion (3 mg/mL type-I 

Collagenase and 4 mg/mL Dispase), or culture of the tissue explants in cell culture 

dishes. Morphological and proliferative analyses, as well as immunophenotype 

characterization with monoclonal antibodies were performed.  The findings of this 

study indicated that both isolation methods can be efficiently used.  

Bakopoulou  et al (2011) [104]  reported the use of  two  different isolation  methods  

and  culturing  environments for analysis of  the  immunophenotypic,  morphologic  

and  growth  characteristics  associated  with  osteo / odontogenic  differentiation  

potential . The methods are  enzymatic dissociation  and  by  direct  outgrowth  from  

pulp  tissue explants. Both isolation methods displayed an active potential for cellular 

migration and bio-mineralization. He observed that  in  cultures  obtained  by  

enzymatic dissociation,  the  rate  of  mineralization  was  higher  than  in outgrowths,   
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and  there  was  more  mineralized  matrix  produced,  which  may  be  advantageous  

for  applications  in clinical  therapy.  

Gambarini et al (2011) [105]  investigated the cytotoxicity of Fotosan light activated 

disinfection on human fibroblasts. Fibroblasts from periodontal ligament were 

obtained by enzymatically digesting it in a solution of type-I Collagenase (3mg/ml) 

and Dispase (4mg/ml). He concluded that since the toxicity of Fotosan photosensitizer 

is similar to common endodontic irrigants used, it can be clinically used with 

precautions.  

Nikolić et al (2011)
 
[106] in his study deciduous incisors were extracted under local 

anesthesia. The pulp tissue was separated from the tooth crown with the appropriate 

dental instruments.  Isolated pulp tissues were kept in Dulbecco’s modified Eagle’s 

medium supplemented with 10% Fetal Bovine Serum and delivered to the laboratory 

for the isolation of DP-MSCs. After centrifugation for 10 min at 1800 rpm and 

supernatant removal,  extracted  pulp  tissues  were  subsequently digested  in  a  

solution  of  3  mg/ml  Collagenase  type-I in Phosphate-Buffered Saline 

supplemented with 20% FBS for 45 min at C. Afterwards, PBS containing 2% FBS 

was added to cell suspensions and further research carried out.  The results 

demonstrated that DP-MSCs offer a valuable, readily accessible source to obtain and 

store adult stem cells for future use.  

Seyed et al (2011)
 
[107] analyzed the characteristics of Stem Cells obtained from 

Human Dental Pulp Dental pulp and dental follicle.   Pulp tissues of third molars  

were  subjected  to  enzymatic  digestion  by  enzyme  solution  containing  4  mg/ml  

Collagenase  type-I   and 4 mg/ml Dispase  for 45 minutes at 37° C. Dental  Pulp  

Stem  Cells (DPSCs)  and  Dental  Follicle  Stem  Cells  (DFSCs)  were cultivated  by 

standard method  under temperature  of  37° C  in  fresh  proliferation  medium 

enriched  with  10%  FBS, 100µg/ml  streptomycin  and  100 IU/ml  penicillin . Stem 

cells isolated from human dental follicle and dental pulp tissues were evaluated to 

determine their mesenchymal nature before differentiation. 
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Zheng et al (2011)
 
[47] studied the proliferation and mineralization ability of dental 

pulp cells. After extraction of vital teeth; tooth surfaces were cleaned with 70% 

alcohol and then cuts around the cementum-enamel junction by using sterilized dental 

fissure burs to reveal the pulp chamber. The pulp tissue was gently separated and 

minced. The minced pulp tissues were digested in a mixture of 3 mg/ml Collagenase 

type-I and 4 mg/ml Dispase for 30-60 min in a 37° C water-bath.  

Lan Ma et al (2012)
 
[46] evaluated the feasibility of cryopreserved dental pulp tissues 

of exfoliated deciduous teeth as stem cell resource for regenerative medicine.  Dental 

pulp tissues were separated from exfoliated deciduous teeth. Half of the samples were 

mixed with a cryopreserved medium. The other half of fresh deciduous dental pulp 

tissues was treated to isolate stem cells. Both cryopreserved and fresh dental pulp 

tissues were digested with 0.3 % Collagenase type-I and 0.4 % dispase II in phosphate 

buffered saline (PBS, pH 7.4) for 60 min at 37
O
 C. In the conclusion they suggested 

that cryopreservation of dental pulp tissue provide desirable approach for stem cell 

based immune therapy and tissue engineering in regenerative medicine. 

Orapin et al (2012)
 
[108] stated that dental caries and periodontal diseases are most 

common diseases resulting in tissue loss. To replace or regenerate new tissues, 

various stem cells have been identified including somatic, adult and induced 

pluripotent stem cells. Mesenchymal stem cells isolated from dental pulp of 

permanent teeth by enzymatic dissociation.  

Razieh Karamzade et al (2012)
 

[109] described the method for isolation and 

characterization of human dental pulp stem cells by using either enzymatic 

dissociation of pulp or direct outgrowth of stem cells from pulp tissue explants. He 

used human pulp tissue from impacted third molar teeth and used both existing 

protocols based on literature for isolating human dental pulp stem cells.  

Zhi Song et al (2012)
 
[110] carried out the study to elucidate the possible expression 

and distribution of NLRP3 in dental pulp tissue and pulp cells to provide basis for 

further investigation in immune response. In this study they obtained the dental pulp 

tissue from human third molars. Dental pulp cells from each patient were established  
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by growing the minced explants. In this study the confluent cells were detached by 

incubation with 0.25% Trypsin and 0.05% EDTA for 5 min. Nakashima et al (2013)
 

[111]  reviewed the recent progress in dental derived stem cells biology, he described 

the method of isolation of these cells by enzymatic digestion.  

Jabari et al (2013)
 
[112] described the cell isolation methods. The isolation process 

would take place in 2 different methods one of the method is the enzymatic digestion 

method:- in this method the tissue sample is placed in 3 mg/ml type-I Collagenase 

plus 4 mg/ml Dispase, For“ 30-60 ”minutes at 37° C after cutting into small slices. 

The resulting cell suspension is then passed through a 0.2 micrometer filter and 

cultured with 20 % Fetal Bovine Serum (FBS) supplemented with 100µmol of 

ascorbic acid 2-phosphate and 100 unit/ml penicillin in a CO2 cell culture incubator. 

Solmaz et al (2014)
 
[113] described the different isolation methods of dental pulp 

stem cells.  In enzymatic digestion method, teeth were fractured with a hammer and 

dental pulp tissue was kept in PBS or medium containing at least 2 % (w/v) 

antibiotics until isolation procedure. Tissue  pieces  were washed  six  times  with  

sterile  PBS  containing  1%  antibiotic  and  1%  amphotericin and placed in 1 ml a 

solution of Trypsin for 15 min in 37°C.. There are some variations in the  method,  

that is  using  different  enzymatic  combination  of  Collagenase  type-I  and Dispase 

instead of Trypsin.  In outgrowth method, pulp tissue placed directly in a cell culture 

plate with the growth medium after washing with sterile PBS and cutting into small 

pieces. In the present review, the most significant differences in enzymatic digestion 

and outgrowth methods are in reported cell number and homogeneity.   Isolated dental 

pulp stem cell in outgrowth  method  was  lower  than  enzymatic  digestion  in  

number  but  in  homogeneity  is  higher  than enzymatic digestion.  

Ahmed et al (2015)
 
[114] done a study to isolate and characterize human dental pulp 

stem cells and  induce their in-vitro differentiation into odontoblast and nerve-like 

cells. In this study, human dental pulp tissues were collected from impacted third 

molars immediately after extraction. The collected pulp tissues were then 

enzymatically digested using 0.2 % Collagenase type II to release the primary total 

pulp cells. The obtained cells were cultured for study.  
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Derakhshani  et al (2015)
 
[115] conducted a study on,  whether cells retrieved from 

teeth extracted due to advanced periodontal disease present mesenchymal stem cell-

like properties. He used solution of 1 to 3 mg/mL Collagenase / Dispase for digestion 

of pulp tissue.  The results of this study indicated the successful isolation of 

mesenchymal stem cells from the pulp tissue of hopeless periodontally involved teeth. 

Volponi et al (2015)
 
[116]  examined the composition of mineralized nodules formed 

in vitro from six types of cells isolated from human teeth and supporting tissues and 

compared with dentin, enamel and cementum. In this experiment tissue was digested 

in a solution of Collagenase-I and Dispase for 1hr. at 37° C. The results reveal 

differences in the material formed and may have consequences for their use in tissue 

engineering.   

Kyu Kwack et al (2017)
 
[117] stated that human dental pulp stem cells are ideal 

candidates for regenerating damaged dental tissue. To examine the possibility that 

these cells may be used to regenerate pulp, he tested in vitro effects on acute 

allogeneic immune responses. Cell preparations was enzymatically purified from 

dental pulp possess the generic mesenchymal stem cell phenotype. This study 

provides an insight into the potential clinical use of human dental pulp stem cells for 

allogeneic transplantation. 

 

Soo-Kyung Jun (2017)
 

[118] investigated the bio-mineralization of a newly 

introduced bioactive glass-incorporated light-curable pulp capping material using 

human dental pulp stem cells (hDPSCs). The product was compared with a 

conventional calcium hydroxide-incorporated and a light-curable counterpart. Pulp 

tissues were antiseptically collected and added to phosphate-buffered solution (PBS) 

containing 1% penicillin/streptomycin. After the addition of 0.08 % Collagenase type 

I the solution was incubated for 30 minutes with tapping every 10 minutes. Following 

enzymatic digestion, the HDPSCs were recovered by centrifugation at 1,500 rpm for 3 

minutes. The cells were cultured for study. In conclusion, the bioactive glass was 

similar to, yet more cytotoxic to HhDPSCs than, its conventional calcium hydroxide-

incorporated and a light-curable counterpart.  

* * * * * * * 
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PHASE – I Experiment  (Page no. 39 To 45) 

To find out minimum effective concentration (MEC) of proteases. 

A) Material &  B) Method 

 

 

PHASE – II Experiment  (Page no.  46 To 54) 

To evaluate the time taken for dissolving dental pulp tissue by various combinations 

of proteases with MEC.  

A) Material &  B) Method 

 

 

PHASE – III Experiment  (Page no.  55 To 62) 

To validate the minimum effective concentration (MEC) along with combination of 

proteases and time taken by them for dissolving dental pulp tissue when used as an 

irrigant in endodontic therapy in extracted teeth. 

A) Material &  B) Method 
 

 

Invention is a combination of brains and materials.  

The more brains you use, the less materials you need. 

I hear and I forget. I see and I remember. I do and I understand 
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MATERIALS AND METHOD 

 

 

Present study was conducted in the Department of Conservative Dentistry and 

Endodontics of BVDU Dental College and hospital, Pune.  

The protocol of this study was approved and permission was taken from the Research 

and Ethics Committee, of Bharati Vidyapeeth Deemed University Dental College 

and Hospital, Pune. (Ref. Project no. - Cons-II-1/2013-14 dated- 08-08-2014).  

The part of the study was carried out in the Interactive Research School for Health 

Affairs (IRSHA) of Bharati Vidyapeeth Deemed University, Pune. [See appendix 

No.1] 

Histological analysis was executed in the Department of Oral Pathology and 

Microbiology of Sinhgad Dental College and Hospital, Pune. [See appendix No. 2] 

For validation of the presumptive efficacy of proteases (Collagenase-I, Trypsin and 

Dispase-I and their combination) in dissolving dental pulp tissue, researcher had to 

determine the effective concentration and combination of proteases and time taken by 

proteases in dissolving dental pulp tissue.  

 

Hence, experiment of this study was framed in ‘3’ phases. 

* * * * * * * 
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PHASE-I – EXPERIMENT 
AT A GLANCE 

 

To find out minimum effective concentration (MEC) of proteases. 

 

MATERIALS:  

1) For preparation of A) Tris buffer and B) Stock of proteases  

A) For Tris buffer  

B) For Proteases   

    

2) For Gelatinase spot assay for proteases to determine minimum effective     

concentration of proteases.  

 

METHOD: 

1) Preparation of A) Tris buffer and B) Stock proteases  solution  

A) Tris buffer preparation  

B) Preparation of stock proteases solution 

 

2) Gelatinase spot assay for proteases to determine Minimum Effective   

Concentration (MEC) of proteases 

* * * * * * * 
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COLOUR PHOTO PLATE NO. I 
MATERIALS AND METHOD  

PHASE- I EXPERIMENT 

 
 

Photograph no. 01 :  
PIPPETES 

 
Photograph no. 02 :  

PROTEASES BOTTLES 

 
Photograph no. 03 :  

X-RAY FILM  
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COLOUR PHOTO PLATE NO. II 
GELATINASE ASSAY OF PROTEASES - BY X-RAY FILM 

Photograph no. 04 :  

Placement of Collagenase-I on X-ray film 

 
Photograph no. 05 :  

MEC of Collagenase-I at 0.125 % 

 
Photograph no. 06 :  

Placement of Trypsin on X-ray film 

 
Photograph no. 07 :   

MEC of Trypsin at 0.0078 % 

 
Photograph no. 08 :  

Placement of Dispase-I on X-ray film 

 
Photograph no. 09 :  

MEC of Dispase - I at 0.125 % 
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PHASE-I – EXPERIMENT 

(In Detail) 
 To find out minimum effective concentration  (MEC) of proteases 

In this study the proteases solutions were prepared to determine minimum effective 

concentration (MEC) of all proteases i.e. Collagenase-I, Trypsin and Dispase-I by 

gelatinase spot assay method.  

MATERIALS: ( See colour photo plate no. I) 

1) For preparation of A) Tris buffer and B) Stock of proteases  

A) For Tris buffer – (50 mM Tris HCL buffer, pH 6.8) 

 TRIS powder 

 Hydrochloric acid 

 Distilled water 

 pH meter 

 Glassware 
 

B) For Proteases-   

  i) Collagenase - I ----Sigma Aldrich (Clostridium hystolyticum) 

      Batch no. 035M4008V 

 

  ii) Trypsin ---- ----Sigma Aldrich (Bovine pancreas) 

      Batch no.SLBG6452 

 

  iii) Dispase-I ------- --Sigma Aldrich (Bacillus polymixa) 

      Batch no. SLBJ3138V 

 

2) For Gelatinase spot assay for proteases to determine minimum effective     

concentration of proteases.  

 X-ray film 

 Proteases 

 Pipettes 

 

 Distilled Water  
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METHOD: ( See colour photo plate no. II) 

1) Preparation of A) Tris buffer and B) Stock proteases  solution  

A) Tris buffer preparation –  

 6.056 gm Tris was dissolved in 50 ml distilled water. pH adjusted to 

the 6.8 using conc. HCL and checked with pH meter.  

 Total volume made up to 100ml with distilled water and stored the 

buffer at 2-8°C. 

50 mM Tris from 1M Tris buffer was prepared 

            Table No.:- 01 Preparation of Tris buffer 

SOLUTIONS 100 ml 25 ml 

1 m Tris 5 ml 1.25 ml 

D/W 95 ml 23.75 ml 

 

B) Preparation of stock proteases solution – 

1 mg of respective protease added to 1 ml of 50 mM Tris buffer that gave 1mg/ml 

solution.  

Concentrations of proteases should be prepared by the following formula: 

 N1 V1= N2V2  

 Where 

        N1- Concentration of main stock  

                  V1 – Volume of main stock  

                  N2- Concentration of Required stock  

       V2- Volume of Required stock  
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2) Gelatinase spot assay for proteases to determine Minimum Effective   

Concentration (MEC) of proteases: (Table nos. 3 to 8) 

The gelatinase activities of proteases (Collagenase-I, Trypsin and Dispase-I) 

were measured using validated X-ray film based assay.  

Collagenase-I, Trypsin and Dispase-I (50 mM Tris buffer pH 6.8) were 

assayed with different concentrations for 5minute.  This procedure was done 

on three separate X-ray films, one for each protease. Serial dilutions of each 

protease were taken i.e. 1mg, 0.5, 0.25, 0.125....and 2 µl spots of each protease 

were pipette and placed onto x-ray film in duplicate for 5minute at room 

temperature. After exposure for 5 minute films were washed to visualize 

proteases activity as indicated by clear spots of hydrolyzed gelatine. 

* * * * * * * 
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PHASE-II – EXPERIMENT 
AT A GLANCE 

To evaluate the time taken for dissolving dental pulp tissue by various combinations 

of proteases with MEC. 
 

MATERIALS: 

 

Samples 

Number  

Inclusion criteria:  

Exclusion criteria: 

Other materials used 

 

 

METHOD: 

 

1) Teeth collection  

2) Tissue preparation  

3) Dissolution Assay  

4) Groups formation  

5) Dissolution of pulp tissue in the solution  

6) Measure of dry weight of residue of each solution  

7) Calculations of weight of  residual pulp tissue  

8) Statistical analysis of data  

* * * * * * * 



Materials and Method 47 
 

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue      

when used as an irrigant in endodontic therapy. 

 

COLOUR PHOTO PLATE NO. III 
MATERIALS & METHOD 

PHASE II : EXPERIMENT 

Photograph no.10 : 
GROOVE PREPARATION 

Photograph no.11 : 
LONGITUDINAL GROOVE  

  
Photograph no.12 : 

SPLITTING OF TOOTH 

Photograph no.13 : 
SPLIT OPEN TOOTH 

  
Photograph no.14 : 

REMOVAL OF HDPT 
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COLOUR PHOTO PLATE NO. IV 

Photograph no.15 : 
WHATMAN PAPER 

Photograph no.16 : 
ANALYTIC BALANCE 

  
Photograph no.17 : 

HDPT IN EPPENDORF TUBE 

Photograph no.18 : 
HDPT IN SOLUTION FOR DIFFERENT TIME  

  

Photograph no.19 : 
VORTEX MACHINE 
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COLOUR PHOTO PLATE NO. V 

Photograph no.20 : 
FILTRATION OF HDPT 

 

Photograph no.21 : 
RESIDUAL HDPT AFTER 

FILTRATION 

  

Photograph no.22 : A & B 
A: INCUBATOR 

  

B: ARMAMENTARIUM  
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PHASE-II – EXPERIMENT 

(In detail) 
 To evaluate the time taken for dissolving dental pulp tissue by 

various combinations of proteases 

 

In this study, human dental pulp tissue samples were standardized and divided 

into groups according to the different combinations of proteases. Sample was 

placed in each test tube carrying protease solutions of measured volume and 

kept for specified time interval. The weight loss of samples was calculated by 

filtration method. 

 

MATERIALS:  (Colour photo plate no. III, IV and V) 

Samples: Human dental pulp tissue (HDPT) from extracted teeth 

Number: 228  

Inclusion criteria:  

Freshly extracted 

Intact vital premolars for orthodontic reason 

Mal-positioned 3
rd

 molars 

Exclusion criteria: 

Carious   

Fractured teeth  

Other materials used:  

a. Eppendorf   tubes  

b. Pipettes  

c. Test tubes 

d. funnel  

e. Stand  

f. Whatman  filter paper No. 1 

g. Analytic balance  
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h. Incubator  

i. Protease  solutions  

j. NaOCl  

k. Distilled water   

METHOD: (Colour photo plate no. III, IV and V) 

1. Teeth collection  

 Freshly extracted vital molars and premolars were collected from the 

department of oral and maxillofacial surgery.  

 The teeth were cleaned of debris and blood clot with distilled water  

 The teeth stored at minus 20° C until further use. 

 

2. Sample (Tissue) preparation  

 The teeth were thawed to room temperature after removal from refrigerator. 

 Two longitudinal grooves were prepared on proximal surfaces of the 

 teeth with diamond bur without reaching the pulp.  

 The teeth were split into two halves with chisel and mallet.  

 The pulp tissue was removed carefully in toto and washed with   distilled 

water. 

 The pulp tissue was cut into small pieces with the 15 no. scalpel blade. 

 

3. Dissolution Assay  

  The specimen pulp tissue was placed on pre weighed filter paper.   

 The  weight of the pulp tissue was standardized to 7 mg. with analytic 

 balance in an air tight container.  

 Two hundred and twenty eight (228) samples of standardized weight (7 mg) 

 were taken and placed in 1ml of each solution.  
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4. Groups formation –  
 

Total ‘8’ groups including ‘2’ groups of control of the samples (n=228) were 

formed.  

The samples were divided into ‘6’  groups of different proteases solutions and 

in ‘6’ subgroups of different time period in minutes viz. a) 5,  b) 10, c) 15, d) 

20, e) 25, and f) 30 min. Details are as follows:- 

Table No. 02 Formation of Groups of proteases & controls based on different 

time period 

GROUPS (N) SOLUTIONS 
SUBGROUPS FOR 

5,10,15,20,25,30 min. 

Group I 36 
Collagenase-I + Trypsin + Dispase-I 

= 1:1:1 
a, b, c, d, e, f 

Group II 36 
Collagenase-I + Trypsin + Dispase-I 

= 2:1:0.5 
a, b, c, d, e, f 

Group III 36 Collagenase-I + Trypsin = 1:1 a, b, c, d, e, f 

Group IV 36 Collagenase-I +Dispase-I = 1:1 a, b, c, d, e, f 

Group V 36 Only Collagenase-I a, b, c, d, e, f 

Group VI 36 0.5% Sodium hypochlorite a, b, c, d, e, f 

Group VII 06 
5.25 % Sodium hypochlorite (Positive 

control) 
a, b, c, d, e, f 

Group VIII 06 
Normal Saline  

(Negative control) 
a, b, c, d, e, f 
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 The MEC of proteases was taken and different combinations with different 

ratios that have been chosen depending on the importance of the role played 

by each ingredient were tried for different period of time viz. a) 5,  b) 10, c) 

15, d) 20, e) 25, and f) 30 min. 

 

5. Dissolution of pulp tissue in the solution (i.e. value X) 

 Standardized pulp tissue (7 mg) was placed into each test tube that contains 

protease, combinations of proteases as well as NaOCl of measured volume (1 

ml) and mixed by vortexing.  

 The pulp tissues were immersed in the respective solution of proteases as well 

as NaOCl for specified subgroups time interval i.e. a) 5,  b) 10, c) 15, d) 20, e) 

25, and f) 30 min.  

 After the passage of specified time, the solution from each sample tube was 

filtered through pre-weighed Whatman filter paper no.1.  

 This was followed by drying at 37° C in an incubator and weight of dried filter 

paper was measured.  

 The difference in weight of dried filter paper (with residue) and initial filter 

paper (before filtration) gave us the weight of residue left subsequent to 

filtration. 

  The weight of residue is the sum of weight of pulp tissue residue and solution 

residue.  

 Measure of dry weight of residue of each solution (i.e. value Y)  

 Each solution (combinations of proteases as well as NaOCl) (1ml) was filtered 

through a pre-weighed filter paper then filter paper was dried at 37 °C in 

incubator. Weight of filter paper was taken.  

 The difference in the weight of dried filter paper and initial paper gave the 

weight of residue of that solution.  
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 This procedure was repeated for the solutions of all groups.  

 

6. Calculations of weight of  residual pulp tissue (i.e. value Z) 

 Weight of residual pulp left on filter paper of each sample was calculated by 

subtracting the weight of residue of respective solution (value Y) from weight 

of total residue on filter paper (value X), measured earlier.  

                                                     Z = Y - X 

(i.e. Amount of pulp dissolved  = Weight of pulp tissue before immersion – 

weight of residual pulp) 

 Similarly readings of all samples of each subgroup were taken.  

7. Statistical analysis of data  

 The percentage of weight loss of pulp tissue was calculated for each sample at 

different time intervals.  

 Then the means were calculated and  compared. 

 Formula:  

Weight Loss % =   Initial weight – final weight / initial weight × 100  

 Thus by filtration method, amount of pulp dissolved by various solutions at 

different time interval was measured quantitatively.  

* * * * * * * 
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PHASE-III – EXPERIMENT 
AT A GLANCE 

To validate the MEC (minimum effective concentration) along with 

combination of proteases and time taken by them for dissolving 

dental pulp tissue when used as an irrigant in endodontic therapy in 

extracted teeth. 

 

MATERIALS: 

 

Samples 

Number  

Inclusion criteria:  

Exclusion criteria: 

Other material used 

 

 

METHOD: 

1) Teeth collection  

2) Specimen preparation  

3) Groups formation  

4) Tissue dissolution procedure 

5) Histological assessment 

6) Evaluation of the specimen for residual debris in the R.C. 

7) Statistical analysis of data  

* * * * * * * 
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COLOUR PHOTO PLATE NO. VI 
MATERIALS & METHOD - PHASE – III : EXPERIMENT 

 
Photograph no. 23 :  

VITAL EXTRACTED TEETH 

Photograph no. 24 : 
DECORONATION  

  
Photograph no. 25 : 

DECORONATED TOOTH 
Photograph no. 26 : 
HDPT REMOVAL  

  

Photograph no. 27 : 
IRRIGATION OF RC 

Photograph no. 28 : 

FLUSHING OF RC 
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COLOUR PHOTO PLATE NO. VII 
 

Photograph no. 29 : 
LEICA RESEARCH MICROSCOPE SYSTEM 

 
Photograph no. 30 : 

LEICA APPLICATION SUITE SOFTWARE 

 
Photograph no. 31 : 

MEASURING OF RESIDUAL HDPT WITH SOFTWARE 
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PHASE-III –EXPERIMENT 

(In detail) 
To validate the MEC (minimum effective concentration) along with 

combination of proteases and time taken by them for dissolving 

dental pulp tissue when used as an irrigant in endodontic therapy in 

extracted teeth. 

The MEC (minimum effective concentration) of proteases, their ratio which is capable 

of dissolution of pulp tissue and time at which these proteases gave maximum activity 

in phase I and II experiments was taken into consideration in this Phase III –

experiment to evaluate tissue dissolution in extracted teeth.  

In this phase III experiment, ‘80’ extracted human teeth were used. The teeth were 

decoronated and pulp tissue was grossly removed with barbed broach. Root canals 

were exposed to irrigants for specified time and flushed with normal saline. After this 

procedure, roots were immersed in formalin and submitted to histological processing.  

MATERIALS:  (Colour photo plate no. VI and VII) 

Samples:  Extracted premolars 

Number: 80  

 Inclusion criteria 

Human 

Vital premolars 

 Exclusion criteria  

Fractured  

Carious premolars   

 Other Materials: 

1. Barbed broaches  

2. Reamers   
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3. Irrigating needle  

4. Proteases solutions  

5. NaOCl  

6. Normal saline  

7. Distilled water  

8. 10 % Formalin 

METHOD: (Colour photo plate no. VI and VII) 

 

1. Teeth collection  

Eighty freshly extracted intact human vital premolars were collected from the 

department of oral and maxillofacial surgery and freeze at minus 20°C until required.  

Vital premolars with single root were selected. Any carious or fractured teeth were 

discarded.  

2. Specimen preparation  

Before use, the teeth were decoronated at CEJ level with diamond disk to yield 

uniform root specimens of approximately 12 mm length.  

Immediately before investigation, the pulp of each root was grossly removed with a 

new medium sized barbed broach.  

The root specimens were randomly divided into the four groups of 80 teeth. 

 

3. Groups formation (Group-I, II, III and IV) 

Group-I: Collagenase-I    (30 samples) 

 I-A) 10 minutes incubation period  

I-B) 20 minutes incubation period 

I-C) 20 minutes incubation, with the irrigant refreshed at 10 minutes  
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Group-II: Combination of Collagenase-I+ Trypsin + Dispase-I (1:1:1)  (30 

samples) 

II-A) 10 minutes incubation period  

II-B) 20 minutes incubation period 

II-C) 20 minutes incubation, with the irrigant refreshed at 10 minutes 

     Group-III:   5.25 % Sodium hypochlorite   (15 samples) (Positive control) 

III-A) 10 minutes incubation period  

III-B) 20 minutes incubation period 

III-C) 20 minutes incubation, with the irrigant refreshed at 10 minutes 

Group-IV: Normal Saline (5 samples)  

(Negative control)  

4. Tissue dissolution procedure 
 

The proteases solutions were freshly prepared from refrigerated stock solutions at the 

time of its utilization. 

 

Loosely fitted reamer was used to check patency and working length of root canal 

where the tip of reamer was just visible at apical foramen.   

 

Irrigants were carefully introduced into the canals with side vented needle.  

The needle was inserted to the apical limit of the root and the canal back-filled with 

irrigant until brim-full.  

 

Irrigants were allowed to remain in root canals for stipulated period i.e. for 10 

minutes, 20 minutes and 20 minutes (in which the irrigating solution was refreshed 

after 10 minutes and incubated for further 10 minutes).  
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After stipulated period, each root canal received a final flush of 2 ml of normal saline 

to halt any further action of test materials and dried with sterile absorbent paper 

points.  

5. Histological assessment   

After the procedure, roots were immersed in 10 % formalin and submitted to 

histological processing.  

The specimens were decalcified in a solution of 7 % nitric acid for 7 days. 

After this the specimens were dehydrated and processed for routine histological 

examination.  

Teeth were embedded in paraffin wax and oriented parallel to the long axis of the root 

canal. 

The specimens were sectioned in a microtome into serial cuts of 5 µm to 6 µm thick 

in the longitudinal direction.  

Five sections stained with haematoxylin and eosin, i.e. five slides were prepared per 

tooth and placed on glass slides to get total 400 slides.  

6. Evaluation of the specimen for remaining debris in the root canal (RC).    

Specimens (histology slides) were visualized under Leica research microscope at 40 

X magnification. Image analysis and processing was performed using Leica 

application suite software program, Version 4.1.0 (LEICA Microsystems limited 

Switzerland) and calculated the amount of debris remaining in the root canal.  

 

The images of root canal cross-sections were captured and displayed on monitor. 

Precision optical computer mouse was used to trace the outline of area of interest. In 

this way the cross-sectional area of each root canal and remaining pulp tissue were 

measured (µm²) in apical, middle and coronal third of each tooth.  

 

The percentages of residual pulp tissue were calculated for each root canal.  Then the 

means were calculated and compared. 
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The data for computer assisted assessment were done twice to ensure reproducibility.  

The results were subjected to statistical analysis.  

 

7. Statistical analysis of data  

Data presented on the basis of percentage of remaining pulp tissue.  

Two appropriate statistical means were applied to analyze the data.  

1. The average percentage of area occupied by residual pulp tissue in the canal and 

comparison amongst four groups was statistically analyzed by ANOVA test. 

  
2. For pair wise comparison BONFERONI correction method was used.   

* * * * * * * 
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Observation constitutes the most important factor in efficient thinking and reasoning. 

No. SPECIFICATION PAGE NUMBERS 

1 Results & Observations of Phase I :       64 to 69 

2 
  

Results & Observations of Phase II:       70 to 77 

      Master Chart:    71 to 72   

3 
  
  
  
  
  
  
  
  
  
  
  

Results & Observations of Phase III:       78 to 101 

    Analysis of residual tissue data     

  

          I) At 10 minutes:---------------------------   82 to 98 

                  1. Apical third area:  82-85 

  

                  2. Middle third area:  86-89 

                  3. Cervical third area:  90-93 

                  Comparison between ‘3’ areas:  94 

                  Results of Phase III at 10 minutes:  95 

                  Master Chart:  96-98 
        II) At 20 minutes: --------------------------- 

  
  

101        III) At 10 + 10 minutes: -------------------- 

4 Results of  Phase I, II, III: At a glance:      102-103 
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PHASE-I 

 

To find out MEC’s (Minimum effective concentrations) of proteases. 

 

 In Phase-I, the proteases solutions were prepared to determine MEC’s (minimum 

effective concentrations) of all proteases i.e. Collagenase-I, Trypsin and Dispase-I by 

gelatinase spot assay method.  

 Gelatinase spot assay is a validated ‘X-ray film-based’ assay used to measure 

gelatinase activity of proteases thus MEC of proteases was determined by assay 

through this study.    

 After exposure for 5 min. films were washed to visualize protease activity as 

indicated by clear spots of hydrolysed gelatine 

 

* * * * * * * 
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COLOUR PHOTO PLATE NO. VIII 
GELATINASE ASSAY OF PROTEASES 

BY X-RAY FILM 

Photograph no. 04 :  

Placement of Collagenase-I on X-ray film 

 
Photograph no. 05 :  

MEC of Collagenase-I at 0.125 % 

 
Photograph no. 06 :  

Placement of Trypsin on X-ray film 

 
Photograph no. 07 :   

MEC of Trypsin at 0.0078 % 

 
Photograph no. 08 :  

Placement of Dispase-I on X-ray film 

 
Photograph no. 09 :  

MEC of Dispase - I at 0.125 % 
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Table No. 03: Schematic presentation of placement of COLLAGENASE-I spots 

 COLLAGENASE-I 

Sr. No. 1 2 3 4 5 6 7 8 9 10 

Dilution 

percentage 

1 

% 

0.5 

% 

0.25 

% 

0.125 

% 

0.0625 

% 

0.0312 

% 

0.0156 

% 

0.0078 

% 

0.0039 

% 

0.0019 

% 

Spot 

Placement I 
          

Spot 

placement 

II 

          

Note: Collagenase - I spots of 10 serial dilutions 1 % to 0.0019 % placed in 

duplicate. 

 

After keeping Collagenase-I spots in situ on X-ray film for 5 minutes period, X-ray 

film was washed with lukewarm water. And observed by naked eye for Collagenase-I 

activity on gelatin (which act as a substrate for Collagenase) layer coated on the film. 

Following scenario was seen.  

Table No. 04: Activity of various dilutions on the X-ray film 

 COLLAGENASE-I 

Sr. No. 1 2 3 4 5 6 7 8 9 10 

Dilution 

percentage 

1 

% 

0.5 

% 

0.25 

% 

0.125 

% 

0.0625 

% 

0.0312 

% 

0.0156 

% 

0.0078 

% 

0.0039 

% 

0.0019 

% 

Spot 

Placement I 
          

Spot 

placement 

II 

          

 

OBSERVATIONS:-  

Observation from above film, it is clearly seen that ‘4’ dilutions of Collagenase-I viz. 

1) 1 %, 2) 0.5 %, 3) 0.25 % and 4) 0.125 % has shown absolute hydrolysing  activity. 

This hydrolysing activity of Collagenase-I on the gelatin coat of the X-ray film 

revealed circular spots of base colour along with transparency of the film at the site of 

Collagenase-I spots. All remaining dilutions (No. 5 to 10) didn’t show any such 

hydrolysing effect on gelatin coat of the film, hence, the colour and opacity of the film 

remained as it is. 

RESULTS: 

From above observation it is seen that minimum effective concentration (MEC) of 

Collagenase-I, which shows hydrolysing activity is 0.125 %. 
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Table No. 05: Schematic presentation of placement of TRYPSIN spots 

 TRYPSIN 

Sr. No. 1 2 3 4 5 6 7 8 9 10 

Dilution 

percentage 

1 

% 

0.5 

% 

0.25 

% 

0.125 

% 

0.0625 

% 

0.0312 

% 

0.0156 

% 

0.0078 

% 

0.0039 

% 

0.0019 

% 

Spot 

Placement I 
          

Spot 

placement 

II 

          

Note: Trypsin spots of 10 serial dilutions 1 % to 0.0019 % placed in duplicate. 

After keeping Trypsin spots in situ on X-ray film for 5 minutes period, X-ray film was 

washed with lukewarm water. And observed by naked eye for Trypsin activity on 

gelatin (which act as a substrate for Trypsin) layer coated on the film. Following 

scenario was seen.  

Table No. 06: Activity of various dilutions of TRYPSIN on the X-ray film 

 TRYPSIN 

Sr. No. 1 2 3 4 5 6 7 8 9 10 

Dilution 

percentage 

1 

% 

0.5 

% 

0.25 

% 

0.125 

% 

0.0625 

% 

0.0312 

% 

0.0156 

% 

0.0078 

% 

0.0039 

% 

0.0019 

% 

Spot 

Placement I 
          

Spot 

placement 

II 

          

 

OBSERVATIONS: 

Observation from above film, it is clearly seen that ‘8’ dilutions of Trypsin viz. 1) 1 

%, 2) 0.5 %, 3) 0.25 % and 4) 0.125 % 5) 0.0625 %, 6) 0.0312 %, 7) 0.0156 % and  8) 

0.0078 % has shown absolute hydrolysing  activity. This hydrolysing activity of 

Trypsin on the gelatin coat of the X-ray film revealed circular spots of base colour 

along with transparency of the film at the site of Trypsin spots. Two remaining 

dilutions (No. 9  and 10) didn’t show any such hydrolysing effect on gelatin coat of 

the film, hence, the colour and opacity of the film remained as it is. 

RESULTS: 

From above observation it is seen that minimum effective concentration (MEC) of 

Trypsin, which shows hydrolysing activity is 0.0078 %. 
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Table No. 07: Schematic presentation of placement of DISPASE-I spots 

 DISPASE-I 

Sr. No. 1 2 3 4 5 6 7 8 9 10 

Dilution 

percentage 

1 

% 

0.5 

% 

0.25 

% 

0.125 

% 

0.0625 

% 

0.0312 

% 

0.0156 

% 

0.0078 

% 

0.0039 

% 

0.0019 

% 

Spot 

Placement I 
          

Spot 

placement 

II 

          

Note: Dispase spots of 10 serial dilutions 1 % to 0.0019 % placed in duplicate. 

After keeping Dispase-I spots in situ on X-ray film for 5 minutes period, X-ray film 

was washed with lukewarm water. And observed by naked eye for Dispase-I activity 

on gelatin (which act as a substrate for Dispase-I) layer coated on the film. Following 

scenario was seen.  

Table No. 08: Activity of various dilutions of DISPASE-I on the X-ray film 

 DISPASE - I 

Sr. No. 1 2 3 4 5 6 7 8 9 10 

Dilution 

percentage 

1 

% 

0.5 

% 

0.25 

% 

0.125 

% 

0.0625 

% 

0.0312 

% 

0.0156 

% 

0.0078 

% 

0.0039 

% 

0.0019 

% 

Spot 

Placement I 
          

Spot 

placement 

II 

          

 
OBSERVATIONS: 

Observation from above film, it is clearly seen that ‘4’ dilutions of Dispase-I  viz. 1) 1 

%, 2) 0.5 %, 3) 0.25 % and 4) 0.125 % has shown absolute hydrolysing  activity. This 

hydrolysing activity of Dispase-I on the gelatin coat of the X-ray film revealed 

circular spots of base colour along with transparency of the film at the site of Dispase-

I spots. All remaining dilutions (No. 5 to 10) didn’t show any such hydrolysing effect 

on gelatin coat of the film, hence, the colour and opacity of the film remained intact. 

RESULTS: 

From above observation it is seen that minimum effective concentration (MEC) of 

Dispase-I, which shows hydrolysing activity is 0.125 %. 
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TABLE NO.: 09 

MINIMUM EFFECTIVE CONCENTRATIONS OF PROTEASES 

SR. NO. PROTEASES MEC 

1 COLLAGENASE-I 0.125 % 

2 TRYPSIN 0.0078 % 

3 DISPASE-I 0.125 % 

 

 

Results:  

MEC’s (Minimum Effective concentrations) of proteases which shows gelatenase 

activity on X’ray film was for Collagenase-I = 0.125 %, Trypsin = 0.0078 % and 

Dispase-I = 0.125 %. 

Note:- Above MEC’s of these proteases were utilized for experiment conducted in 

Phase-II and Phase-III. 

* * * * * * * 
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Graph No. 01: Minimum Effective Concentrations 

of Proteases 
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PHASE-II 

To evaluate the time taken for dissolution of HDP tissue by various 

combinations of proteases (with MEC). 

 

# Total 8 groups for 6 different time period with 6 samples for each time period   

evaluated. 

 

Table No. 10: Initial weight of each sample 

Groups 

‘6’ Time periods 

a b c d e f 
5 

minutes 

10 

minutes 

15 

minutes 

20 

minutes 

25 

minutes 

30 

minutes 

I 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

II 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

III 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

IV 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

V 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

VI 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

VII 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 

VIII 7 mg 7 mg 7 mg 7 mg 7 mg 7 mg 
 

At the end of specific time period of experiment HDPT filtered and residual HDPT 

weighed. Mean weight was calculated of ‘6’ residual HDPT of each group for each 

time period and same was noted as given in the following tables of each group. 

By filtration method amount of pulp dissolved by various solutions used at different 

time interval was measured quantitatively by following formula-. 

FORMULA:  

Percentage of Weight loss (dissolved HDPT) = Initial weight – Residual weight   X 100  

                                                                                              Initial weight 
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Tables 11 to 18 

MASTER CHART – PHASE-II 

(RESIDUAL HDPT WEIGHT VALUES OF ‘8’ GROUPS) 

                               

Table No. 11: GROUP-I:  (Collagenase-I +Trypsin + Dispase-I) = 1:1:1 

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 6.1082 5.6959 4.5745   3.1850 5.0421 6.0634 

2 6.1124 5.6077 4.6739 3.1556 4.9994 6.0305 

3 6.1201 5.6644 4.6487 3.1829 4.9749 6.1089 

4 6.0942 5.6917 4.6914 3.1822 4.9945 6.0515 

5 6.0606 5.7071 4.6725 3.1409 4.9812     6.0270 

6 6.1152 5.7253     4.7180 3.1934 5.0323 6.0564 

Total weight of residual HDPT   36.6107   34.0921  27.979 19.04 30.0244 36.3377 

Mean weight of residual HDPT 6.101783 5.682017 4.663167 3.173333 5.004067 6.056283 

Note:- Values in above  table of Group-I indicates partial  dissolution of  HDPT all time period.   

Table No. 12: GROUP-II:  (Collagenase-I +Trypsin + Dispase-I) = 2:1:0.5 

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 7 7 7 7 7 7 

2 7 7 7 7 7 7 

3 7 7 7 7 7 7 

4 7 7 7 7 7 7 

5 7 7 7 7 7 7 

6 7 7 7 7 7 7 

Total weight of residual HDPT 42 42 42 42 42 42 

Mean weight of residual HDPT 7 7 7 7 7 7 

Note:- Values in above  table of Group II indicates no  dissolution of HDPT at all time period.   

Table No. 13: GROUP-III:  (Collagenase-I +Trypsin) = 1:1 

Sample No 
Time in minutes 

Weight in mg of residual HDPT with different time period 

1 7 7 7 7 7 7 

2 7 7 7 7 7 7 

3 7 7 7 7 7 7 

4 7 7 7 7 7 7 

5 7 7 7 7 7 7 

6 7 7 7 7 7 7 

Total weight of residual HDPT 42 42 42 42 42 42 

Mean weight of residual HDPT 7 7 7 7 7 7 

Note:- Values in above  table of Group III indicates no  dissolution of HDPT at all time period.   

Table No. 14: GROUP-IV:  (Collagenase-I + Dispase-I) = 1:1 

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 7 7 7 7 7 7 

2 7 7 7 7 7 7 

3 7 7 7 7 7 7 

4 7 7 7 7 7 7 

5 7 7 7 7 7 7 

6 7 7 7 7 7 7 

Total weight of residual HDPT 42 42 42 42 42 42 

Mean weight of residual HDPT 7 7 7 7 7 7 

Note:- Values in above  table of Group IV indicates no  dissolution of HDPT at all time period.   
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Table No. 15: GROUP-V:  (Collagenase-I)  

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 5.2059 4.7593 4.5703 4.1027 5.6028 7 

2 5.2682 4.8566 4.641 4.1384 5.5909 7 

3 5.2346 4.8055 4.6193 4.1076 5.5643 7 

4 5.2234 4.8741 4.641 4.0705 5.6287 6.405 

5 5.2094 4.7691 4.7068 4.1118 5.6427 6.3476 

6 5.1926 4.8097 4.5815 4.1069 5.6259 6.286 

Total weight of residual HDPT 31.3341 28.8743 27.7599 24.6379 33.6553 40.0386 

Mean weight of residual HDPT 5.22235 4.812383 4.62665 4.106317 5.609217 6.6731 

Note:- Values in above  table of Group V indicates partial  dissolution of  HDPT all time period.   

 

Table No. 16: GROUP-VI:  (0.5 % Sodium Hypochlorite)  

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 7 7 7 7 7 7 

2 7 7 7 7 7 7 

3 7 7 7 7 7 7 

4 7 7 7 7 7 7 

5 7 7 7 7 7 7 

6 7 7 7 7 7 7 

Total weight of residual HDPT 42 42 42 42 42 42 

Mean weight of residual HDPT 7 7 7 7 7 7 

Note:- Values in above  table of Group VI indicates no  dissolution of HDPT at all time period.   

 

Table No. 17: GROUP-VII:  (5.25 % Sodium Hypochlorite) Positive control 

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 

5 0 0 0 0 0 0 

6 0 0 0 0 0 0 

Total weight of residual HDPT 0 0 0 0 0 0 

Mean weight of residual HDPT 0 0 0 0 0 0 
Note:- Values in above table of Group VII(+ve control) indicates complete dissolution of  HDPT at all time period.   

 

Table No. 18: GROUP-VIII:  (Normal Saline) Negative Control 

Sample No 

Time in minutes 

5 10 15 20 25 30 

Weight in mg of residual HDPT with different time period 

1 7 7 7 7 7 7 

2 7 7 7 7 7 7 

3 7 7 7 7 7 7 

4 7 7 7 7 7 7 

5 7 7 7 7 7 7 

6 7 7 7 7 7 7 

Total weight of residual HDPT 42 42 42 42 42 42 

Mean weight of residual HDPT 7 7 7 7 7 7 
Note:- Values in above  table of Group VIII (-ve Control)  indicates  no  dissolution of HDPT at all time period.   

 



Results & Observations 73 

 

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue  

when used as an irrigant in endodontic therapy. 

 

 

OBSERVATIONS OF MASTER CHART  

 

By observation of residual HDPT weight values from above tables for Group-I to 

VIII, it is clearly seen that there are only two groups viz. Group-I  and  V have shown 

dissolution of HDPT. 

Group-VII: of positive control has shown 100 % dissolution of HDPT 

Group-VIII: of negative control has not shown any dissolution of HDPT. 

Groups-II, III, IV, VI and VIII did not show any dissolution at any time period.  5.25 

% NaOCl dissolved the tissue completely at all time period.  

Groups capable of tissue dissolution were Group-I: (Collagenase-I +Trypsin 

+Dispase-I = 1:1:1), Group-V: (Only Collagenase-I) of proteases and positive control 

Group-VII: (5.25 % Sodium hypochlorite).   

* * * * * * *   
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Table No. 19: Percentage of residual tissue in samples of Group-I 

 

Mean percentage of pulp dissolution by Group-I: (Collagenase-I + Trypsin + 

Dispase-I  = 1:1:1) was about 12.83 % after 5 minutes, 18.82 % after 10 minutes,  

33.38 % after 15 minutes, 54.67 % after 20 minutes, 28.51 %  after 25 minutes, 13.48 

% after 30 minutes.  

 

12.74 12.68 12.57 12.94 13.42 12.64 

18.63 19.89 19.08 18.69 18.47 18.21 

34.65 
33.23 33.59 32.98 33.25 32.6 

54.5 54.92 54.53 54.54 55.13 54.38 

27.97 28.58 28.93 28.65 28.84 28.11 

13.38 13.85 12.73 13.55 13.9 13.48 
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Graph No. 02 
% of HDPT dissolution in Combination  (CTD1:1:1) 

5 Min 10 Min 15 Min 20 Min 25 Min 30 Min

TIME 

PERIOD 

IN 

MINUTES 

Group I: Combination (C + T + D 1:1:1)  

PERCENTAGE OF RESIDUAL TISSUE IN SAMPLES AVARAGE 

%  

WT. LOSS 
1 2 3 4 5 6 

5 Min. 12.74 12.68 12.57 12.94 13.42 12.64 12.96 

10 Min. 18.63 19.89 19.08 18.69 18.47 18.21 18.44 

15 Min. 34.65 33.23 33.59 32.98 33.25 32.60 34 

20 Min. 54.50 54.92 54.53 54.54 55.13 54.38 54.75 

25 Min. 27.97 28.58 28.93 28.65 28.84 28.11 28.83 

30 Min. 13.38 13.85 12.73 13.55 13.90 13.48 13.52 
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Table No. 20: Percentage of residual tissue in samples of Group-V 

 

Mean percentage of pulp dissolution by Group-V: (Collagenase-I) was about 

25.40%  after 5 minutes 31.25 % after 10 minutes, 33.90 % after 15 minutes, 41.34 % 

after 20 minutes, 19.87 % after 25 minutes, 4.67 % after 30 minutes.  
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32.01 
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31.87 31.29 
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Graph No. 03 

% of HDPT dissolution in Collagenase - I 

5 min. 10 min. 15 min. 20 min. 25 min. 30 min.

TIME 

PERIOD 

IN 

MINUTES 

Group V: Collagenase-I  

PERCENTAGE OF RESIDUAL TISSUE IN SAMPLES AVARAGE 

%  

WT. LOSS 
1 2 3 4 5 6 

5 Min. 25.63 24.75 25.22 25.38 25.58 25.82 25.33 

10 Min. 32.01 30.62 31.35 30.37 31.87 31.29 31.41 

15 Min. 34.71 33.70 34.01 33.70 32.76 34.55 34.04 

20 Min. 41.39 40.88 41.32 41.85 41.26 41.33 41.25 

25 Min. 19.96 20.13 20.51 19.59 19.39 19.63 20.08 

30 Min. 0.00 0.00 0.00 8.50 9.32 10.20 4.67 
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Hence, percentage of dissolved HDPT calculated  only of Group I and V for 

comparative study with the help of following formula and noted in the  table no.21  

 

FORMULA:  

 

Percentage of Weight loss (dissolved HDPT) = Initial weight – Residual weight   X 100  

                                                                                         Initial weight 

 

 

 
Table No. 21:  Comparison of HDPT dissolution on Group I & V 

Sr. No. MINUTES 

GROUP-I GROUP-V 

Combination of Proteases Single Protease 

(C + T + D) = 1:1:1 Collagenase-I 

Mean % weight loss Mean % weight loss 

1 5 12.83167 25.39667 

2 10 18.82833 31.25167 

3 15 33.38333 33.905 

4 20 54.66667 41.33833 

5 25 28.51333 19.86833 

6 30 13.48167 4.67 
 

 

Group-I: Combination (Collagenase-I + Trypsin + Dispase-I  = 1:1:1) and Group-V: 

Collagenase-I showed  increased  pulp  tissue  dissolution  with passage  of  time  and  

maximum  pulp  tissue  dissolution  activity  at  20 minutes was  54.67% and 41.34 % 

respectively. The amount of pulp dissolved increased up to the period of 20 minutes 

which was at its zenith but it declined as time passes beyond 20 minutes. 
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Graph No. 04 
Comparison of % of tissue dissolution in 

Group: I & V 

Combination (CTD 1:1:1) Collagenase - I
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Graph No. 05 
Comparison of % of tissue dissolution in 

Group: I & V 

Combination (CTD 1:1:1) Collagenase - I
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PHASE-III 

In this experiment ‘80’ extracted teeth were used. The teeth were decoronated and 

pulp tissue was grossly removed with barbed broach. Canals were exposed to irrigants 

for specified time then root canals were flushed with Normal Saline. After this 

procedure, roots were immersed in formalin and submitted to histological processing. 

Five slides per tooth (i.e. total 400 slides) were prepared and stained. 

Histology slides images analysis was performed using Leica application suite 

software program. Data presented as percentage of residual tissue in APICAL, 

MIDDLE and CERVICAL third area of each specimen. Then means were 

calculated.  

Statistical analysis was done by using ANOVA for comparison amongst groups and 

BONFERRONI method for pair wise comparison as follows- 

Table No. 22:  Statistical methods for analysis of residual tissue data 

ANALYSIS OF RESIDUAL TISSUE DATA 

No Period AREA Statistical Analysis Methods 

I 
10 

minutes 

1. Apical third A) ANOVA & B) Bonferroni 

2. Middle third A) ANOVA & B) Bonferroni 

3. Cervical third B) ANOVA & B) Bonferroni 

II 
20 

minutes 

1. Apical third B) ANOVA & B) Bonferroni 

2. Middle third C) ANOVA & B) Bonferroni 

3. Cervical third C) ANOVA & B) Bonferroni 

III 
10 + 10 

minutes 

1. Apical third D) ANOVA & B) Bonferroni 

2. Middle third D) ANOVA & B) Bonferroni 

3. Cervical third E) ANOVA & B) Bonferroni 
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COLOUR PHOTO PLATE NO. IX                  

HISTOLOGICAL ANALYSIS OF NORMAL HDPT 

 

HISTOLOGICAL APPEARANCE OF  NORMAL HDPT IN RC 

Photograph no.32:   
APICAL 

Photograph no.33: 
MIDDLE 

Photograph no.34: 
CERVICAL 

   

HISTOLOGY APPEARANCE OF RC AFTER GROSS REMOVAL OF 

HDPT WITHOUT IRRIGATION 
Photograph no.35: 

ENTIRE RC – SAMPLE 1 
Photograph no.36: 

ENTIRE RC – SAMPLE 2 

  



Results and Observations 80 

 

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodontic therapy. 

COLOUR PHOTO PLATE NO. X 
HISTOLOGICAL ANALYSIS  

 At 10 MINUTES TIME PERIOD 

 

Different areas of RC showing residual HDPT after irrigation 

1) COLLAGENASE-I 2) COMBINATION 
Photograph no. 37: 

APICAL 
Photograph no. 38: 

APICAL 

  

Photograph no. 39: 
MIDDLE 

Photograph no. 40: 
MIDDLE 

  

Photograph no. 41: 
CERVICAL 

Photograph no. 42: 
CERVICAL 
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COLOUR PHOTO PLATE NO. XI 
Different areas of RC showing residual HDPT after irrigation 

3) SODIUM HYPOCHLORITE 4) NORMAL SALINE 

Photograph no. 43: 
APICAL 

Photograph no. 44: 
APICAL 

 
  

Photograph no. 45: 
MIDDLE 

Photograph no. 46: 
MIDDLE 

  

Photograph no. 47: 
CERVICAL 

Photograph no. 48: 
CERVICAL 
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ANALYSIS OF RESIDUAL TISSUE DATA 

I) AT 10 MINUTES 

 

1. APICAL THIRD AREA 

A) ANOVA method:- 

TABLE NO.:  23 

Mean  percentage of residual tissue  at 10 minutes (Apical third area) 

 APICAL THIRD 

AREA 
N 

Mean % of 

Residual 

tissue 

SD SE 

Combination 

(C=T=D 1:1:1) 
50 1.32 1.49 0.47 

Collagenase-I 50 3.09 2.20 0.70 

5.25 % NaOCl 25 11.05 15.25 6.82 

Normal Saline 25 41.58 4.65 2.08 

Total 150 10.24 15.87 2.90 

 

In evaluation of residual pulp tissue in Apical third area of root canal at 10 minutes 

period showed that the average percentage of residual tissue in group of Combination 

1.32%, Collagenase-I 3.09%, ,  NaOCl  11.05% and Normal Saline 41.58%.  

 

Mean percentage of residual tissue in Apical third area at 10 minutes.  
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Graph No. 06 
Mean % of Residual tissue at 10 minutes 



Results and Observations 83 

 

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodontic therapy. 

 

TABLE NO.: 24 

The comparison amongst four groups at 10 minutes (Apical third area) 

  
SUM OF 

SQUARES 
df 

Mean 

Square 
F P-Value 

Between Groups 6221.655 3 2073.885 49.940 0.000 

Within Groups 1079.705 146 41.527     

Total 7301.360 149       

 

The comparison amongst four groups at 10 minutes period for evaluation of residual 

tissue in Apical third area showed that P-Value is less than 0.05 hence there is 

statistical significant difference amongst four groups.  

B) BONFERRONI METHOD:- 

 

TABLE NO.: 25  

Comparison of Collagenase-I with other irrigants (Apical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Collagenase-I 

Combination 

(C+T+D 1:1:1) 
1.76600 2.88191 1.000 

5.25% NaOCl  -7.95600 3.52961 0.197 

Normal Saline -38.49400
*
 3.52961 0.000 

 

The comparison of Collagenase-I with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Apical third area with 

1) Combination  showed  no statistical significant difference (p >0.001) 

2) 5.25 % NaOCl showed no statistical significant difference (p > 0.001) 

3) Normal Saline showed  statistical significant difference (p < 0.001) 
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TABLE NO.: 26 

Comparison of Combination (C+T+D 1:1:1) with other irrigants (Apical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Combination 

(C+T+D 1:1:1) 

Collagenase-I -1.76600 2.88191 1.000 

5.25 % NaOCl -9.72200 3.52961 0.064 

Normal Saline -40.26000
*
 3.52961 0.000 

 

The comparison of Combination with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Apical third area with 

1) Collagenase-I  showed  no statistical significant difference (p >0.001) 

2) 5.25 % NaOCl showed no statistical significant difference (p > 0.001) 

3) Normal Saline showed  statistical significant difference (p < 0.001) 

 

TABLE NO.:  27 

 

Comparison of 5.25 % NaOCl with other irrigants (Apical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

5.25 % NaOCl 

Collagenase-I 7.95600 3.52961 0.197 

Combination 

 (C+ T+D 1:1:1) 
9.72200 3.52961 0.064 

Normal Saline -30.53800
*
 4.07564 0.000 

 

The comparison of 5.25 % NaOCl with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Apical third area with 

1)  Collagenase-I showed  no statistical significant difference (p >0.001) 
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2) Combination showed no statistical significant difference (p > 0.001) 

3) Normal Saline showed  statistical significant difference (p < 0.001) 

 

TABLE NO.:  28 

Comparison of Normal Saline with other irrigants (Apical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Normal Saline 

Collagenase-I 38.49400
*
 3.52961 0.000 

Combination 

 (C+ T+D 1:1:1) 
40.26000

*
 3.52961 0.000 

5.25 % NaOCl 30.53800
*
 4.07564 0.000 

 

The comparison of Normal Saline with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Apical third area with 

1) Collagenase-I showed   statistical significant difference (p < 0.001) 

2) Combination showed statistical significant difference (p < 0.001) 

3) 5.25 % NaOCl showed  statistical significant difference (p < 0.001) 

 

SUMMARY - RESULTS OF RESIDUAL TISSUE – at APICAL THIRD AREA 

In present study, Collagenase-I, Combination of proteases (Collagenase-I + Trypsin + 

Dispase-I = 1:1:1) and NaOCl showed no significant difference in residual tissue in 

apical third area at 10 minute. Mean percentage of residual tissue with Normal Saline 

was significantly more as compared with Collagenase-I, Combinations of proteases 

and Sodium hypochlorite. 

* * * * * * * 
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2. MIDDLE THIRD AREA 
 

A) ANOVA method:- 

TABLE NO.: 29 

 Mean percentage of residual tissue at 10 minutes (Middle third area) 

 MIDDLE THIRD 

AREA 
N 

Mean % of 

Residual 

tissue 

SD SE 

Combination (C+T+D 

1:1:1) 
50 0.01 0.03 0.01 

Collagenase-I 50 0.14 0.29 0.09 

5.25% NaOCl 25 1.57 2.35 1.05 

Normal Saline 25 15.46 7.94 3.55 

Total 150 2.89 6.52 1.19 

 

Evaluation of residual pulp tissue in Middle third area of root canal at 10 miutes. 

period showed that the average percentage of residual tissue in group of Combination  

0.01%,  Collagenase-I 0.14 %, NaOCl  1.57 % and  Normal Saline  15.46%.  

 

 

Mean   percentage of residual tissue in Middle third area at 10 minutes. 
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Graph No. 07 
Mean % of Residual tissue  at 10 

minutes 
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TABLE NO.: 30 

The comparison amongst four groups at 10 minutes (Middle third area) 

  
Sum of 

Squares 
df 

Mean 

Square 
F P-Value 

Between Groups 957.751 3 319.250 30.175 0.000 

Within Groups 275.080 146 10.580     

Total 1232.831 149       

 

The comparison amongst four groups at 10 minutes period for evaluation of residual 

tissue in Middle third area showed that P-Value is less than 0.05 hence there is 

statistical significant difference amongst four groups.  

 

B) BONFERRONI method:- 

 

TABLE NO.: 31 

Comparison of Collagenase-I with other irrigants (Middle third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Collagenase-I 

Combination 

(C+T+D 1:1:1) 
.12900 1.45465 1.000 

5.25% NaOCl  -1.43000 1.78157 1.000 

Normal Saline -15.32400
*
 1.78157 0.000 

 

The comparison of Collagenase-I with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Middle third area with 

1. Combination  showed  no statistical significant difference (p >0.001) 

2. 5.25 % NaOCl showed no statistical significant difference (p > 0.001) 

3. Normal Saline showed  statistical significant difference (p < 0.001) 
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TABLE NO.: 32 

Comparison of Combination (C+T+D 1:1:1) with other irrigants (Middle third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Combination 

(C+T+D 1:1:1) 

Collagenase-I -.12900 1.45465 1.000 

5.25 % NaOCl -1.55900 1.78157 1.000 

Normal Saline -15.45300
*
 1.78157 0.000 

 

The comparison of Combination with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Middle third area with 

1. Collagenase-I  showed  no statistical significant difference (p >0.001) 

2. 5.25 % NaOCl showed no statistical significant difference (p > 0.001) 

3. Normal Saline showed  statistical significant difference (p < 0.001) 

TABLE NO.:  33 

Comparison of 5.25 % NaOCl with other irrigants (Middle third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

5.25 % NaOCl 

Collagenase-I 1.43000 1.78157 1.000 

Combination 

 (C+ T+D 1:1:1) 
1.55900 1.78157 1.000 

Normal Saline -13.89400
*
 2.05718 0.000 

 

The comparison of 5.25 % NaOCl with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Middle third area with 

1. Collagenase-I showed  no statistical significant difference (p >0.001) 
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2. Combination showed no statistical significant difference (p > 0.001) 

3. Normal Saline showed  statistical significant difference (p < 0.001) 

 

TABLE NO.: 34 

Comparison of Normal Saline with other irrigants (Middle third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Normal Saline 

Collagenase-I 15.32400
*
 1.78157 0.000 

Combination 

 (C+ T+D 1:1:1) 
15.45300

*
 1.78157 0.000 

5.25 % NaOCl 13.89400
*
 2.05718 0.000 

 

The comparison of Normal Saline with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Middle third area with 

1. Collagenase-I showed   statistical significant difference (p < 0.001) 

2. Combination showed statistical significant difference (p < 0.001) 

3. 5.25 % NaOCl showed  statistical significant difference (p < 0.001) 

 

SUMMARY - RESULTS OF RESIDUAL TISSUE – at MIDDLE THIRD AREA  

 

Collagenase-I, Combination of proteases (Collagenase-I+ Trypsin + Dispase-I = 

1:1:1) and NaOCl showed no significant difference in residual tissue in middle third 

area at 10 minutes. Mean percentage of residual tissue with Normal Saline was 

significantly more as compared with Collagenase-I, Combinations of proteases and 

sodium hypochlorite. 

* * * * * * * 
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3. CERVICAL THIRD AREA 

 

A) ANOVA method 

TABLE NO.:  35 

Mean  percentage of residual tissue at 10 minutes (Cervical third area)  

 CERVICAL THIRD 

AREA 
N 

Mean % of 

Residual 

tissue 

SD SE 

Combination (C+T+D 

1:1:1) 
50 0.00 0.00 0.00 

Collagenase-I 50 0.00 0.00 0.00 

5.25% NaOCl 25 0.00 0.00 0.00 

Normal Saline 25 1.62 2.56 1.15 

Total 150 0.27 1.13 0.21 

 

In evaluation of residual pulp tissue in Cervical third area of root canal at 10 

minutes period showed that the average percentage of residual tissue in group of 

Combination 0.00%, Collagenase-I  0.00%, NaOCl  0.00% and Normal Saline 

1.62%.  

 

Mean percentage of residual tissue in Cervical third area at 10 minutes. 
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Graph No. 08 
Mean % of Residual tissue at 10 minute 
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TABLE NO.: 36 

The comparison amongst four groups at 10 minutes (Cervical third area) 

  
Sum of 

Squares 
df 

Mean 

Square 
F P-Value 

Between Groups 10.962 3 3.654 3.612 0.026 

Within Groups 26.301 146 1.012     

Total 37.263 149       

 

The comparison amongst four groups at 10 minutes period for evaluation of residual 

tissue in Cervical third area showed that P-Value is less than 0.05 hence there is 

statistical significant difference amongst four groups.  

 

B) BONFERRONI method:- 

 

TABLE NO.: 37 

Comparison of Collagenase-I with other irrigants (Cervical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Collagenase-I 

Combination 

(C+T+D 1:1:1) 
.00000 .44980 1.000 

5.25% NaOCl  .00000 .55089 1.000 

Normal Saline -1.62200
*
 .55089 0.040 

 

The comparison of Collagenase-I with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Cervical third area with 

1. Combination  showed  no statistical significant difference (p >0.001) 

2. 5.25 % NaOCl showed no statistical significant difference (p > 0.001) 

3. Normal Saline showed  statistical significant difference (p < 0.001) 
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TABLE NO.: 38 

Comparison of Combination (C+T+D 1:1:1) with other irrigants (Cervical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Combination 

(C+T+D 1:1:1) 

Collagenase-I .00000 .44980 1.000 

5.25 % NaOCl .00000 .55089 1.000 

Normal Saline -1.62200
*
 .55089 0.040 

 

The comparison of Combination with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Cervical third area with 

1. Collagenase-I  showed  no statistical significant difference (p >0.001) 

2. 5.25 % NaOCl showed no statistical significant difference (p > 0.001) 

3. Normal Saline showed  statistical significant difference (p < 0.001) 

 

TABLE NO.:  39 
 

Comparison of 5.25 % NaOCl with other irrigants (Cervical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

5.25 % NaOCl 

Collagenase-I .00000 .55089 1.000 

Combination 

 (C+ T+D 1:1:1) 
.00000 .55089 1.000 

Normal Saline -1.62200 .63611 0.102 

 

The comparison of 5.25 % NaOCl with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Cervical third area with 

1. Collagenase-I showed  no statistical significant difference (p >0.001) 

2. Combination showed no statistical significant difference (p > 0.001) 

3. Normal Saline showed  statistical significant difference (p < 0.001) 



Results and Observations 93 

 

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodontic therapy. 

 

TABLE NO.:  40 

Comparison of Normal Saline with other irrigants (Cervical third area) 

IRRIGANT to be 

compared 

With other 

IRRIGANTS  

Mean 

Difference  
Std. Error P-Value 

Normal Saline 

Collagenase-I 1.62200
*
 .55089 0.040 

Combination 

 (C+ T+D 1:1:1) 
1.62200

*
 .55089 0.040 

5.25 % NaOCl 1.62200 .63611 0.102 

 

The comparison of Normal Saline with other ‘3’ irrigants at ‘10’ minutes period for 

evaluation of residual tissue in Cervical third area with 

1. Collagenase-I showed   statistical significant difference (p < 0.001) 

2. Combination showed statistical significant difference (p < 0.001) 

3. 5.25 % NaOCl showed  statistical significant difference (p < 0.001) 

 

SUMMARY RESULTS OF RESIDUAL TISSUE at CERVICAL THIRD AREA 

In brief, the results of our study showed that Collagenase-I, Combination of proteases 

(Collagenase-I + Trypsin + Dispase-I = 1:1:1) and NaOCl showed no significant 

difference in residual tissue in cervical third area at 10 minutes. Mean percentage of 

residual tissue with Normal Saline was more as compared with Collagenase-I, 

Combinations of proteases and Sodium hypochlorite. 

* * * * * * * 
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COMPARISON OF PERCENTAGE RESIDUAL TISSUE  
(IN APICAL, MIDDLE & CERVICAL THIRD AREAS) 

 AT 10 MINUTES 

 

Table No.: 41 

PERCENTAGE OF RESIDUAL TISSUE  AT 10 MINUTES 

No. IRRIGANTS 
APICAL 

3rd  AREA 

MIDDLE 

3rd AREA 

CERVICAL 

3rd AREA 

1 
COMBINATION 

(C+T+D=1:1:1) 
1.32 0.01 0.00 

2 COLLAGENASE-I 3.09 0.14 0.00 

3 5.25 % NaOCl 11.05 1.57 0.00 

4 NORMAL SALINE 41.58 15.46 1.62 
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Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue 

when used as an irrigant in endodontic therapy. 

 

 

RESULTS OF PHASE-III  

 (AT 10 MINUTES) 

 

(Colour photo plate nos. IX, X & XI) 

 

 

1) APICAL  THIRD AREA  

In present study, Collagenase-I, Combination of proteases (Collagenase-I+ Trypsin + 

Dispase-I = 1:1:1)  and NaOCl showed no significant difference in residual tissue in 

apical third area at 10 minutes. Mean percentage of residual tissue with Normal Saline 

was significantly more as compared with Collagenase-I, Combinations of proteases 

and Sodium hypochlorite. 

 

2) MIDDLE THIRD AREA  

 

Collagenase-I, Combination of proteases (Collagenase-I+ Trypsin + Dispase-I = 

1:1:1) and NaOCl showed no significant difference in residual tissue in middle third 

area at 10 minutes. Mean percentage of residual tissue with Normal Saline was 

significantly more as compared with Collagenase-I, Combinations of proteases and 

Sodium hypochlorite. 

 

3)  CERVICAL THIRD AREA   

The results of this study showed that Collagenase-I, Combination of proteases 

(Collagenase-I + Trypsin + Dispase-I = 1:1:1) and NaOCl showed no significant 

difference in residual tissue in cervical third area at 10 minute. Mean percentage of 

residual tissue with Normal Saline was more as compared with Collagenase-I, 

Combinations of proteases and Sodium hypochlorite. 

 

* * * * * * * 
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Table Nos. 42, 43, 44 and 45 

MASTER CHART – PHASE - III 
SHOWING PERCENTAGE OF RESIDUAL TISSUE AT 10 MINUTES IN APICAL, MIDDLE & CERVICAL AREAS 

 

TABLE NO.: 42 

COLLAGENASE – I 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

SR. 
NO. 

APICAL AREA MIDDLE AREA CERVICAL AREA 
Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual  
tissue % 

1 1122934 48530 4.321714366 1333431 0 0 2562884 0 0 

2 1740556 61580 3.537949942 2480607 8312 0.335079277 2915960 0 0 

3 774051 2874 0.371293364 1197030 0 0 2108095 0 0 

4 735034 1241 0.168835727 820550 0 0 1032025 0 0 

5 1782927 52590 2.94964404 1948080 0 0 2600177 0 0 

6 804405 5773 0.717673311 1289312 0 0 2305371 0 0 

7 829652 55961 6.74511723 1456151 13008 0.893313949 1866896 0 0 

8 853235 48212 5.650494881 1320306 1942 0.147087115 1812052 0 0 

9 1118355 40020 3.578470164 1002543 0 0 1933693 0 0 

10 2110032 60241 2.854980398 107490 0 0 2193550 0 0 

11 1647294 6116.403 0.371300023 1284210 4302.103 0.334999961 132968 0 0 

12 758274 32770.33 4.321700335 1073340 1577.81 0.147000019 2387162 0 0 

13 1446121 81713.07 5.6505002 2440957 0 0 1567819 0 0 

14 1293166 87225.34 6.74510001 2047830 18287.12 0.892999907 761226 0 0 

15 1582128 11354.93 0.717699832 538306 791.3098 0.146999996 1967404 0 0 

16 1295798 87402.87 6.745099931 2075488 0 0 607107 0 0 

17 1763098 52004.34 2.949600079 832604 2789.223 0.334999952 401975 0 0 

18 1468045 5450.851 0.371299994 120083 176.522 0.146999992 430053 0 0 

19 1802525 3042.662 0.168799989 1827091 0 0 269826 0 0 

20 2080118 140306 6.745098115 147437 0 0 2458376 0 0 

21 1549883 55462.56 3.578499796 1363518 0 0 1075878 0 0 

22 1549324 87544.55 5.650499831 2044520 0 0 2694336 0 0 

23 1302574 38420.72 2.949599792 1327344 4446.602 0.33499997 2365088 0 0 

24 1130151 1907.695 0.16880001 1096407 0 0 2689651 0 0 

25 1236954 44264.4 3.57850009 2362391 0 0 734558 0 0 

26 1257714 9026.613 0.71769997 820113 0 0 2890844 0 0 

27 1563750 2639.61 0.1688 1955225 0 0 2132470 0 0 

28 916188 39594.9 4.32170035 845714 0 0 2561519 0 0 

29 1361422 91829.28 6.745100344 2444366 0 0 1551730 0 0 

30 1786488 100945.5 5.650499751 165402 0 0 227143 0 0 

31 1800738 121461.6 6.745101175 518831 0 0 701434 0 0 

32 943648 63650 6.745099868 1121373 0 0 2284462 0 0 

33 787977 34054 4.321699745 1819067 16244.27 0.893000093 2572881 0 0 

34 1816284 64995.72 3.578499838 1589677 0 0 1827225 0 0 

35 1751885 6504.749 0.3713 1358887 0 0 2283091 0 0 

36 1687310 59695.34 3.537899971 2315327 0 0 1186019 0 0 

37 2057464 14766.42 0.717700042 1125853 3771.608 0.33500004 2287265 0 0 

38 1395954 60328.94 4.321699712 2226983 0 0 2561708 0 0 

39 1021199 57702.85 5.650500049 664063 0 0 130940 0 0 

40 1234185 2083.304 0.168799977 697011 0 0 1808530 0 0 

41 1576165 44999.51 2.854999952 741408 2483.717 0.335000027 514445 0 0 

42 1034301 58443.18 5.650500193 686475 1009.118 0.146999964 1780561 0 0 

43 1262126 36033.7 2.855000214 1486145 4978.586 0.335000017 167268 0 0 

44 1670460 47691.63 2.85499982 2474663 3637.755 0.147000016 1687996 0 0 

45 1723766 60985.12 3.537900156 2180542 7304.816 0.335000014 241333 0 0 

46 1628168 2748.348 0.168800026 2268533 7599.586 0.33500002 1091880 0 0 

47 1893697 54065.05 2.855000034 2007068 0 0 521992 0 0 

48 1791634 120847.5 6.745099725 1405020 0 0 1938595 0 0 

49 1898820 128077.3 6.745099588 1652390 0 0 2623710 0 0 

50 1318810 37652.03 2.855000341 1325262 0 0 1073857 0 0 
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TABLE NO.: 43  

COMBINATION (C+T+D=1:1:1) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

SR. 
NO. 

APICAL AREA MIDDLE AREA CERVICAL AREA 
Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual  
tissue % 

1 2136680 32045 1.499756632 3169702 0 0 3741071 0 0 

2 1937570 29732 1.534499399 2703808 2519 0.093164899 3918441 0 0 

3 678554 0 0 652037 0 0 2138720 0 0 

4 1503383 2730 0.181590453 1668529 0 0 2071828 0 0 

5 1790035 45745 2.555536624 2484199 0 0 3166721 0 0 

6 1639361 13410 0.818001648 2950996 0 0 3567913 0 0 

7 1201312 3954 0.32914014 1363161 0 0 2118220 0 0 

8 812438 2109 0.259589039 1323182 0 0 1544254 0 0 

9 1937560 22182 1.144841966 2108714 0 0 2912031 0 0 

10 827356 40723 4.922064988 885237 0 0 1282479 0 0 

11 987010 48580.63 4.921999777 826594 0 0 1553921 0 0 

12 944278 10811.98 1.144999672 3064968 0 0 3817227 0 0 

13 1364729 2483.807 0.182000016 2436196 0 0 1774355 0 0 

14 1998223 22879.65 1.144999832 1248675 0 0 2775033 0 0 

15 1911033 94061.04 4.921999777 1406045 0 0 2903455 0 0 

16 2090950 31364.25 1.5 695288 0 0 1865361 0 0 

17 1942236 29793.9 1.533999988 1349008 0 0 3638168 0 0 

18 1442917 3751.584 0.259999986 1734578 0 0 1786021 0 0 

19 1970318 29554.77 1.5 1499257 1394.309 0.092999999 3244648 0 0 

20 1783438 26751.57 1.5 2105551 0 0 3121085 0 0 

21 2061022 23598.7 1.144999908 2204525 0 0 1632832 0 0 

22 1346124 11011.29 0.817999679 2997735 0 0 1894824 0 0 

23 1664125 25527.68 1.53400015 2471585 0 0 3479441 0 0 

24 1393082 4583.24 0.329000016 1728710 0 0 2931374 0 0 

25 984363 2559.344 0.26000002 750903 0 0 2287163 0 0 

26 2063981 0 0 2710433 0 0 2276875 0 0 

27 1528131 5027.551 0.329000001 2490849 0 0 3690213 0 0 

28 761081 8714.377 1.144999941 2187472 0 0 1346102 0 0 

29 1090267 1984.286 0.182000006 2514362 2338.357 0.093000014 3646382 0 0 

30 2113726 5495.688 0.260000019 2175876 2023.565 0.093000015 3855149 0 0 

31 1069594 8749.279 0.818000007 2479331 0 0 2347232 0 0 

32 1972913 97106.78 4.922000108 2878320 2676.838 0.093000014 2904838 0 0 

33 1602414 18347.64 1.144999981 2705652 0 0 2839774 0 0 

34 1455149 3783.387 0.259999973 1984078 0 0 3397580 0 0 

35 888476 7267.734 0.818000036 999534 0 0 3763866 0 0 

36 2109125 32353.98 1.534000119 2982711 0 0 2872562 0 0 

37 1425906 16326.62 1.144999741 2966169 0 0 2853377 0 0 

38 1883394 92700.65 4.921999858 737597 0 0 3614159 0 0 

39 1722237 5666.16 0.329000016 1773903 0 0 3226569 0 0 

40 2065212 30978.18 1.5 2009814 0 0 1381083 0 0 

41 1687093 83038.72 4.922000151 1243810 0 0 1996198 0 0 

42 815080 12503.33 1.534000344 1315069 0 0 2177009 0 0 

43 709799 34936.31 4.922000454 869688 808.8098 0.092999995 2395422 0 0 

44 1664242 19055.57 1.144999946 1013795 0 0 3765660 0 0 

45 1628177 13318.49 0.818000131 2266536 0 0 2031918 0 0 

46 1864330 21346.58 1.14500008 1585215 0 0 2192633 0 0 

47 1369600 21009.66 1.533999708 1028733 0 0 1886730 0 0 

48 2015046 0 0 826367 0 0 3196092 0 0 

49 1256462 2286.761 0.182000013 2764357 0 0 3759244 0 0 

50 1395234 0 0 1681953 0 0 3463757 0 0 
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TABLE NO.: 44  
 5.25 %  NaOCl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

TABLE NO.: 45  

NORMAL SALINE 
 

 

SR. 
NO. 

APICAL AREA MIDDLE AREA CERVICAL AREA 
Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual  
tissue % 

1 1583816 36389 2.297552241 2943464 9628 0.3270976 3865239 0 0 

2 1221488 32298 2.644152051 1962676 20541 1.0465813 1959716 0 0 

3 1655571 51629 3.118501109 1808099 1816 0.10043698 2270100 0 0 

4 1304639 493426 37.82088378 1771483 11329 0.63952067 1813590 0 0 

5 1347386 125973 9.349436613 1738187 99433 5.72050073 2004821 0 0 

6 1628039 615739 37.82089987 2123623 22225.84 1.04660008 2349798 0 0 

7 1595225 603328.5 37.82090301 2372425 15171.66 0.63950009 2093931 0 0 

8 1600486 42320.05 2.644199949 2003317 20966.72 1.04660021 2813051 0 0 

9 1605137 42443.03 2.644199841 2627454 16802.57 0.63950006 1848916 0 0 

10 1402971 37097.36 2.644200058 2200922 14074.9 0.63950017 2796011 0 0 

11 1549509 144869.8 9.349400358 2465925 15769.59 0.63949998 1973786 0 0 

12 1525499 576957.5 37.82090319 2052816 21484.77 1.04659989 2603028 0 0 

13 1481161 39164.86 2.644200057 2650312 27738.17 1.04660017 2201057 0 0 

14 1619915 50517.05 3.118500045 1810887 11580.62 0.63949987 3373401 0 0 

15 1478655 46111.86 3.118500259 2624970 27472.94 1.04660015 3778088 0 0 

16 1293524 120936.7 9.34939746 2590998 27117.39 1.04660019 2963217 0 0 

17 1474243 557572 37.82090198 2846662 29793.16 1.04659984 3099425 0 0 

18 1416806 132462.9 9.349402812 2523304 8253.727 0.32709998 2586552 0 0 

19 1411369 44013.54 3.11849984 2886668 30211.87 1.04660009 3306579 0 0 

20 1523962 40296.6 2.64419979 2124892 6950.522 0.32710001 3128665 0 0 

21 1336310 505404.5 37.82090234 2222851 127158.2 5.72050038 2481170 0 0 

22 1458375 551570.6 37.8209034 2374957 2384.457 0.10040001 1857780 0 0 

23 1475650 39019.14 2.644200183 2647164 151431 5.72049937 2704949 0 0 

24 1425749 133299 9.349401613 2761995 17662.96 0.63950007 3540123 0 0 

25 1258257 475884.1 37.82089827 2449348 15663.58 0.63949998 2035274 0 0 

SR. 
NO. 

APICAL AREA MIDDLE AREA CERVICAL AREA 
Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual 
tissue % 

Total 
Area 
µm2 

Residual  
tissue area  

µm2 

Residual  
tissue % 

1 1423447 563045 39.55503788 1956959 220032 11.24356719 2304845 2521 0.109378288 

2 1166047 480392 41.19833935 1817925 236581 13.0137932 2072824 2731 0.131752623 

3 1110052 452064 40.72457867 1600845 391187 24.43628209 2114724 130094 6.151819339 

4 1726189 639550 37.04982479 268490 61296 22.82990055 3292365 20216 0.614026695 

5 1310074 647020 49.38804984 1957316 113297 5.788385728 2845287 31632 1.111733192 

6 1557180 769060.1 49.38800267 778938 190343.6 24.4362966 2735247 3605.056 0.131800017 

7 1229751 455620.3 37.04980114 1408365 81521.8 5.788400024 3107829 191187.4 6.151799214 

8 1465233 579572.9 39.5549991 1539940 200404.7 13.01379924 2448741 3227.441 0.131800015 

9 1371158 542361.5 39.55499658 1361521 332705.4 24.43630322 2690127 165491.2 6.151798781 

10 1205899 476993.3 39.5549959 1768501 403747 22.82989945 2424860 2652.797 0.109400007 

11 1131783 558965 49.38800106 706861 79476.62 11.24359952 2461881 27368.73 1.111699956 

12 1500364 611017.2 40.7245975 1947643 112737.4 5.788401673 2269993 2483.372 0.109399985 

13 1654149 673645.6 40.7246022 1549342 353713.2 22.82989811 2580813 2823.409 0.109399984 

14 1206521 595876.6 49.38800071 944089 54647.65 5.788400246 2950703 3228.069 0.109399997 

15 1286446 476625.7 37.04980232 1847031 451346 24.43629804 3267291 3574.416 0.109399989 

16 1395513 574927.6 41.19829769 1410483 158589.1 11.24360237 3075615 3364.723 0.109400006 

17 1631458 805744.5 49.38800141 429992 48346.58 11.24359988 2131035 23690.72 1.111700183 

18 1401757 554465 39.55500133 1333726 304488.3 22.82989909 2249344 2460.782 0.109399985 

19 1266500 500964.1 39.55500197 679744 76427.7 11.24360053 2819737 31347.02 1.111700134 

20 1211894 493539 40.72460133 794506 194147.9 24.43630382 2392389 14689.27 0.614000064 

21 1218523 496238.6 40.72459855 511198 66526.29 13.01380091 3251441 4285.399 0.131799993 

22 1330068 526108.4 39.5550002 1109174 271041.1 24.43630125 3000392 18422.41 0.614000104 

23 1631736 664518 40.72460251 1494358 365165.8 24.43629974 2648894 162954.7 6.151801469 

24 1182337 487102.7 41.19829626 1005877 229640.7 22.82989869 2769280 3649.911 0.131799999 

25 1503353 612234.5 40.72460028 1481947 192857.6 13.01379874 3126767 3420.683 0.109399997 
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COLOUR PHOTO PLATE NO. XII 
HISTOLOGICAL EVALUATION  
AT 10 + 10 MINUTES TIME PERIOD 

 

Different areas of RC showing destruction of dentin 

1) COLLAGENASE-I 2) COMBINATION(C+T+D) 

Photograph no. 49: 
APICAL 

Photograph no. 50: 
APICAL 

  
Photograph no. 51: 

MIDDLE 
Photograph no. 52: 

MIDDLE 

  
Photograph no. 53: 

CERVICAL 
Photograph no. 54: 

CERVICAL 
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COLOUR PHOTO PLATE NO. XIII 
HISTOLOGICAL EVALUATION  

AT 20 MINUTES TIME PERIOD 

 

Different areas of RC showing destruction of dentin 

1) COLLAGENASE-I 2) COMBINATION(C+T+D) 

Photograph no. 55: 
APICAL 

Photograph no. 56: 
APICAL 

  
Photograph no. 57: 

MIDDLE 
Photograph no. 58: 

MIDDLE 

  

Photograph no. 59: 
CERVICAL 

Photograph no. 60: 
CERVICAL 
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ANALYSIS OF RESIDUAL TISSUE DATA 

II) AT 20 MINUTES    

III) AT 10 + 10 MINUTES 

 

 

During evaluation of residual pulp tissue in the root canal at 20 minutes and 10 +10 

minutes period, it was observed that all the dentinal structure was destroyed and 

collapsed by Collagenase-I and combination of proteases but not in 5. 25 % NaOCl 

and Normal Saline.  

Degradation of dentin was observed under the microscope analysis. Dentine matrix 

was severely altered. Structure less tissue was observed due to destruction and 

disintegration of dentin. No demarcation line seen between damaged and healthy 

tissue. So could not measure the pulp tissue. (Colour photo plate no. XII & XIII) 

 

Hence, comparison amongst the groups could not be possible. 

 

* * * * * * * 
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RESULTS - PHASE –I, II & III 

(AT A GLANCE) 

Phase-I 

Minimum effective concentrations of proteases which showed gelatinase activity is 

for Collagenase-I = 0.125 %, Trypsin = .0078% and Dispase-I = 0.125%  

Phase-II 

Only groups capable of tissue dissolution were -  

 Group-I: (Combination = Collagenase-I +Trypsin + Dispase = 1:1:1 ), Group-V: ( 

Only Collagenase-I ), Group-VII: ( 5.25 % Sodium hypochlorite) 

 No other groups (II, III, IV, VI and VIII) showed tissue dissolution at any time 

period. 

 Group-I:  (Combination = Collagenase I + Trypsin + Dispase-I  = 1:1:1) and 

Group-V: (Collagenase-I) showed  increased  pulp  tissue  dissolution  with 

passage  of  time  and  maximum  pulp  tissue  dissolution  activity  at  20 minutes  

54.75 % and 41.25 % respectively. 

 The amount of pulp dissolved increased with passage of time and maximum at 20 

minutes beyond which decreased gradually up to 30 minutes period.  

 5.25 % NaOCl dissolved the tissue completely at all time periods.  

Phase-III 

Results of the present study showed that - 

Group-I: (Combination C+T+D 1:1:1) and Group-V: (Collagenase-I) at 10 minutes 

were effective in dissolving pulp tissue from the canal.  

 There was no statistically significant difference between Combination(C+T+D 

1:1:1), Collagenase-I and 5.25 % NaOCL in dissolution of pulp tissue. 

 There was statistically significant difference between Normal Saline against all ‘3’ 

irrigants viz. Combination (C+T+D 1:1:1), Collagenase-I, and 5.25 % NaOCL in 

dissolution of pulp tissue.  

 In apical third for 10 minutes period in Collagenase-I, study group the average 

percentage of residual tissue was 3.09 %, Combination group was 1.32%, NaOCl 

group was 11.05% and for Normal Saline group it was 41.58 %. Statistical analysis  
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showed that there is significant difference among four groups and saline was 

significantly different from other solutions.  

 

 In middle third for 10 minutes period in Collagenase-I study group the average 

percentage of residual tissue was 0.14 %, Combination group was 0.01 %, NaOCl 

group was 1.57 % and for Normal Saline group it was 15.46 %. Statistical analysis 

showed that there is significant difference among four groups and saline was 

significantly different from other solutions.  

 In cervical third for Collagenase-I group the  average percentage of residual tissue 

was 0.00 %, Combination group was 0.00 %, NaOCl group  was 0.00 % and for 

Normal Saline group it was 1.62 %. Statistical analysis showed that there is no 

significant difference among four groups and saline was significantly different 

from other solutions. 

 Average percentage of residual pulp tissue in apical third area at 10 minutes period 

was more than in middle and cervical third area in all the groups. 

 During histological evaluation of residual pulp tissue in the root canal at 20 & 

10+10 minutes period, it was observed that all the dentinal structure was destroyed 

and collapsed by Collagenase-I and Combination (CTD1:1:1) so was not possible 

to measure tissue and report the same.  

 

* * * * * * * 
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Wisdom comes not from extensive reading but from an inward inspection and reflection. 
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DISCUSSION 

 

 

The mechanical and chemical debridement of the root canal is the main requisite for 

success of endodontic treatment.  The complex root canal system makes it impossible 

for the instrumentation of the canals to reach all of the fine aspects of its anatomy. So 

the organic residue and bacteria located in the canal cannot be sufficiently cleaned 

even after meticulous mechanical procedures which lead to failure of endodontic 

treatment [4, 5, & 10]. Ex-vivo and clinical evidences have shown that the 

mechanical instrumentation leave portions of root canal untouched and the tissue may 

remain in situ in untouched areas. Peters et al [119] and Paque et al [120] reported 

using microscopic computerized tomography that around 30% of root canal area was 

untreated after instrumentation. Van der Sluis et al evaluated efficacy of ultrasonic 

irrigation to remove artificially placed debris from human root canals prepared using 

instruments of varying tapers and stated that debris was not removed completely and 

could   interfere with quality of root canal filling [121,122]. 

 

G R Young at al briefly reviewed the biologic principles of chemo-mechanical root 

canal preparation using current nickel titanium techniques and systems.  He also 

reviewed the role of root canal irrigants and highlighted the limited efficiency of 

endodontic instruments to clean the root canal [123]. 

 

 Thus it is observed that though there is technological advancement in the 

instruments, instrumentation techniques and systems. None of the systems were 100 

% effective in cleaning the root canal space and that debridement is more dependent 

on irrigation protocol than any instrument systems used [124]. This shows that 

irrigation has fundamental role in endodontic treatment.  

 

Gustavo et al examined the debridement quality of different nickel titanium rotary 

systems using 5.25 % NaOCl for irrigation and well controlled parameter viz.  
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concentration, volume, flow of irrigant. He noted that there was significant amount of 

residual pulp tissue found in canals, also stated the limitations of irrigation protocol 

and thus suggested scientific efforts to be taken for improving efficiency of irrigation 

solution [78]. Thus the tissue dissolving property of solutions is of great concern 

while selecting an endodontic irrigant. 

 

The tissue remnants in root canal may serve as a source of nutrition for outlived 

bacteria which develop into biofilm and ultimately affecting the success of root canal 

treatment [10].  Hence, mechanical practices alone are insufficient in full measure for 

absolute cleaning of the root canal. Therefore irrigation is necessary to remove 

residual tissue and microorganisms.  

 

Many studies demonstrated the importance of solvent ability of endodontic irrigant 

and emphasized the removal of pulp tissue from the root canal.   On account of that, 

irrigating solutions are expected to support and complement endodontic preparation 

[16].
    

In vital root canal therapy the presence of pulp tissue remnants may lead to 

post operative pain and may form periapical lesion as stated by Strindberg [33]. The 

contact time of an irrigant is limited in root canal, which is the most important criteria 

for dissolution of pulp tissue and vascularity of vital tissue resists the action of certain 

irrigants. Therefore time of dissolution of vital tissue by different irrigants is an 

important factor [33].    

 

NaOCl is the most favored endodontic irrigant in practice because of its tissue-

dissolving, antibacterial and lubricant properties [25]. 
 
When different concentrations 

of NaOCl were assessed  in various studies, it was noted that higher the 

concentration, greater the ability to dissolve pulp tissue [63, 82].
  

 

Many studies assessing different instrumentation techniques showed that when canal 

anatomy is not favourable, the NaOCl becomes less effective in dissolving organic 

tissue [125, 126].  Also in some cases no tissue dissolution is observed in difficult 

anatomical areas like isthmus even when 5.25 % NaOCl was used [127].  
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NaOCl is malodorous, caustic and  although, it shows excellent tissue dissolution 

properties and its cytotoxicity with effective concentration (2.6 to 5.25 %) can not be 

neglected [128]. Also it’s universally recognized untoward effects like tissue 

necrosis, violent tissue response cannot be ignored [27]. Hulsmann et al, in his 

literature review and elaborating on many case reports stated that higher 

concentrations of NaOCl can cause violent tissue response characterized by pain, 

swelling, haemorrahage and development of secondary infection in some cases and 

parasthesia when it is injected beyond the apex [129, 130, 131]. Hypersensitivity 

reaction has also been reported [132].
 
 It has some adverse effects  like corrosion of 

endodontic instruments [28].  

 

Cytotoxicity of NaOCl is reduced at lower concentrations  but dilution impairs its 

tissue dissolution and canal debridement properties [23]. So there is need of an 

alternative appropriate irrigant which fulfils all the expectations and concurrently 

without any sort of adverse effect.  

 

By observing above scenario of root canal therapy in vogue, it is clear that there is 

every need and further scope for research to check efficacy of new irrigants for 

dissolution of human pulp tissue. 

 

Various in-vitro studies have used proteases only for isolation of pulp fibroblast cells 

and which involves dissolution of extracellular collagen matrix by exposing the tissue 

to proteases before the cells can be isolated [45, 46, 47, & 48]. For aforesaid reason 

present study assessed the dental pulp tissue dissolution capability of different 

concentrations of proteases.
 

Collagen has great tensile strength which makes firm foundation to all contents of 

pulp; it is the integral part of maintenance of whole structure. Because of the complex 

composition of connective tissue of pulp it is very difficult to dissociate this tissue for 

research.   If this collagen is broken, complete structure will collapse, so there is need 

of an irrigant that will destroy this foundation of collagen i.e. dissolution of pulp 

tissue.   
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Various methods have been proposed for obtaining pulpal cells for culture. These 

methods comprise two major categories these are 1) explants (outgrowth) and 2) 

enzymatic digestion (dissociation) method. Digestion by proteases method i.e. 

dissolution of strong collagen by using Collagenase, Trypsin and Dispase etc. is a 

common method to obtain single cell suspension from primary tissues [45].
  

 

Hence, this study evaluated proteases such as Collagenase, Trypsin and Dispase 

for dissolution of dental pulp tissue during in vitro endodontic therapy.  

 

In studies of assessing the pulp tissue dissolutions, different methods have been used. 

One of the methods in assessing pulp tissue dissolution was evaluation of the 

hydroxyproline content, measuring the total phosphate extracted suggestive of tissue 

dissolution. As hydroyproline content is only 13 % of collagen content of pulp which 

did not reflect the complete tissue dissolution [79].  

 

In various studies assessing the tissue dissolving ability of sodium hypochlorite and 

various irrigants, the tissues from different sources have been used to check 

dissolution other than dental pulp tissue. Tissues used in those studies were bovine 

pulp [23], human umbilical cord [40], porcine muscle [34], rat dermal tissue [35] and 

rabbit liver [36].   As the tissues used were different from the dental pulp tissue, the 

results of these studies cannot be directly applicable with the clinical conditions.  

Very few studies have been conducted on direct human dental pulp tissue dissolution 

by irrigant but without any significant output. So, in this study, vital human dental 

pulp tissue was used for its dissolution. 

 

For validation of the presumptive efficacy of proteases i.e. Collagenase-I, Trypsin 

and Dispase-I and their combination in dissolving dental pulp tissue, this study 

determined 1) the effective concentration 2) combination of proteases and 3) time 

taken by proteases in dissolution of dental pulp tissue.  

 

For validation of proteases in dissolution of pulp tissue, this study was done in three 

phases. Phase-I was experiment to find out minimum effective concentration (MEC) 
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of proteases. Phase-II was the experiment to evaluate the time taken by various 

combinations of proteases (MEC) in dissolving dental pulp tissue by filtration 

method. Phase-III was the experiment to validate the proteases (with their MEC) and 

their time taken for dissolving dental pulp tissue when used as an irrigant in 

endodontic therapy in extracted teeth.  

 

In Phase-I, the experiment was carried out to find out minimum effective 

concentration (MEC) of proteases. Protease solutions were prepared and gelatinase 

spot assay was used to find out minimum effective concentration (MEC) of proteases. 

All the protease solutions i.e. Collagenase-I, Trypsin and Dispase-I were freshly 

prepared (50 mM Tris buffer pH 6.8). Aqueous solutions are unstable because of 

autolysis and significant loss of activity, so use of fresh solution preparations is 

inevitable.  

 

Gelatinase spot assay was used to determine Minimum Effective   Concentration 

(MEC) of proteases.  Since gelatine is a substrate for proteases and gelatinase spot 

assay is a validated X-ray film based assay, so the gelatinase activities of proteases 

were measured appropriately by this x-ray film based assay [133,134].  

 

Collagenase-I, Trypsin and Dispase-I were assayed with different concentrations to 

visualize proteases activity as indicated by clear spots of hydrolyzed gelatine on X-

ray film [133, 134] (See Table no. 4, 6 & 8). Surface of the film in the application 

area was removed, revealing the base color of the film and making it transparent. This 

was the minimum effective concentration of proteases which shows gelatinase 

activity. MEC for   Collagenase-I, Trypsin and Dispase-I is 0.125 %, 0.0078 % and 

0.125 % respectively (see Table no. 9, Photo plate no. VIII and Graph no.1).These 

MECs of proteases were used in our study for phase-II and phase-III.  

 

In Phase-II experiment evaluated the time taken by various combinations of 

proteases (with their minimum effective concentration) for dissolving dental 

pulp tissue by filtration method (see Photo plate III, IV & V). In this study, human 

dental pulp tissue samples were standardized and divided into groups according to 

different combinations of proteases (see Table no. 10). Samples were placed in each 
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test tube carrying protease solutions of measured volume and kept for specified time 

interval. The weight loss of samples was calculated by filtration method. The 

solutions from all samples were filtered through a pre weighed filter paper followed 

by drying 37 °C in an incubator and weight of dried filter paper was measured. In this 

study analytical balance was used  for measurement of weight because of its high 

degree precision. 

  

Irrigating solutions themselves leaves considerable residue, which needs to be 

reduced from total residue obtained to get accurate reading of residual pulp.  Weight 

of residual pulp tissue left on filter paper of each sample was calculated by 

subtracting the weight of residue of respective solution from weight of total residue 

on filter paper, measured earlier. This procedure was repeated for all the samples for 

three times.  Formula for Amount of pulp dissolved = Weight of pulp tissue before 

immersion – weight of residual pulp. Thus by filtration method, amount of pulp 

dissolved by various solutions used at different time interval was measured 

quantitatively. i.e. Wt. Loss %    =  initial wt. – final wt. / initial wt. × 100  [35] 

    

Samples were divided into different groups of proteases solutions and subgroups of 

different time period i.e. 5, 10, 15, 20, 25, 30 min and six samples for each period of 

time ( Table no. 2). Details of groups are as follows- 

 

Group-I: Collagenase-I + Trypsin +Dispase-I = 1:1:1, Group-II: Collagenase I + 

Trypsin + Dispase-I = 2:1:0.5, Group-III: Collagenase I + Trypsin = 1:1, Group- 

IV: Collagenase-I + Dispase-I = 1:1, Group-V:  Only Collagenase-I, Group-VI:  0.5 

% Sodium hypochlorite, Group-VII:   5.25% Sodium hypochlorite( Positive 

control), Group-VIII:   Normal saline (Negative control) 

 

Groups capable of tissue dissolution were Group-I: (Collagenase-I + Trypsin + 

Dispase-I = 1:1:1), Group-V: (Only Collagenase-I) and Group-VII: (5.25 % Sodium 

hypochlorite) (see Table no. 11, 15 &17). 

 

Groups-II, III, IV, VI and VIII did not show any dissolution at any time period. (see 

Table no. 12, 13, 14, 16 &18) 
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Mean percentage of pulp dissolution by Group-I: Combination (Collagenase-I + 

Trypsin + Dispase-I  = 1:1:1)  and Group-V: (Collagenase-I) were about 12.96 %, 

25.33 % respectively after 5 minutes, 18.44 %, 31.41 % after 10 minutes, 34 %, 34.04 

% after 15 minutes, 54.75 %, 41.25 % after 20 minutes, 28.83 %, 20.08 % after 25 

minutes, 13.52 %, 0 % after 30 minutes (see Table no. 19, 20 and Graph no. 2,3). 

 

Group-I: Combination (Collagenase-I + Trypsin + Dispase-I  = 1:1:1) and Group-V: 

Collagenase-I showed  increased  pulp  tissue  dissolution  with passage  of  time  and  

maximum  pulp  tissue  dissolution  activity  at  20 minutes was  54.75 % and 41.25 

% respectively (see Table no. 21 and Graph no.4 & 5). The amount of pulp dissolved 

increased with passage of time and maximum at 20 minutes period. This may be 

because of the combination of proteases and Collagenase-I which shows maximum 

activity on collagen fibres of pulp at 20 minutes in the MEC and that is the saturation 

point of protease.  

 

Saturation of proteases occurs when all active sites are already occupied by substrate 

and rate of reaction reaches maximum with no further increase at particular substrate 

concentration.  During saturation at particular concentration of enzymes and at 

particular concentration of substrate, all enzymes molecules get engaged with 

substrate and no more free enzymes available for any further substrate for binding, at 

this point the enzyme is termed to be saturated [135].  

 

Their pulp dissolution decreased at 25 and 30 minutes, this might be because 

proteases are not stable and their activity reduced after longer period of time. 

Proteases solutions undergo autolysis and significant loss of activity [136].  

  

At 25 and 30 minutes of incubation, tissue specimens immersed in protease solutions 

gained  weight,  this may be explained by protein denaturation, enzyme binding sites 

are occupied, autolysis starts and coagulation of tissue with increased water sorption. 

The study done by Naenni et al on soft tissue dissolution capacity of endodontic 

irrigants found same increase in weight in tissue specimen [5]. He evaluated 1 %  
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NaOCl, 10 % Chlorhexidine, 30 % Hydrogen peroxide, 10 % Peracetic acid & 10 % 

citric acid and he found out that none of the test solution except NaOCl had any 

substantial tissue dissolution and specimens dissolved in peroxide solutions and in 

citric acid gained weight after 30 minutes [5].
  
  

 

Group-VIII: Normal Saline, which is utilized as a negative control, showed no 

dissolution of pulp tissue at all time period. This is similar with the study by Naenni 

et al which showed that saline is an ineffective solvent of vital pulp [5]. 

 

Considering the factors affecting tissue dissociation, which are time of dissociation, 

enzyme ratio and enzyme concentrations, the Groups - II, III & IV might not have 

shown any tissue dissolution for that particular combinations and concentrations at 

any time period.  

 

In Phase-III researcher has validated the minimum effective concentration and 

combination of proteases and time taken in dissolving dental pulp tissue when 

used as an irrigant in endodontic therapy in extracted teeth (Photo plate no. VI & 

VII). 

 

In this study, extracted human teeth were used. The teeth were decoronated and pulp 

tissue was grossly removed with barbed broach. Root canals were exposed to 

irrigants for specified time then root canals were flushed with normal saline. After 

this procedure, roots were immersed in formalin for fixation of tissue and submitted 

to histological processing. 

  

The root specimens were randomly divided into the four groups – Group-I: 

Collagenase-I, Group-II: Combination of Collagenase-I + Trypsin + Dispase-I, 

Group-III: Sodium hypochlorite (positive control), Group-IV: Normal Saline 

(negative control). Irrigants were allowed to remain in root canals for stipulated 

period i.e. for 10 minutes, 20 minutes and 20 minutes (in which the irrigating solution 

was refreshed after 10 minutes and incubated for further 10 minutes). 

 
 



Discussion 113 
 

 

Validation of the contingency of proteases like collagenase, in dissolving the dental pulp tissue 

when used as an irrigant in endodontic therapy. 

 

 

The MEC (minimum effective concentration) of Collagenase-I, combination of 

proteases and time at which these proteases gave maximum activity in phase I was 

taken to evaluate tissue dissolution.  

 

Maximum activity of tissue dissolution with minimum concentration was seen in 20 

minutes period of time in phase-I, so we have taken 20 minutes period and 10 +10 

minutes i.e. after 10 minutes solution was replenished and kept for next 10 minutes to 

determine whether this action would enhance the activity. 10 minutes time period is 

taken into consideration as it is the minimum appointment duration [59].  

 

This study compared all the irrigants in comparable way by flooding the canals and 

allowing them to work on pulp tissue without intervention. After the procedure the 

teeth were fixed in formalin and given for histological processing.  

 

Thin sections were mounted on glass slab and stained. Images were analyzed using 

Leica research microscope and residual tissue was measured by using LEICA 

application suite software program (see Photo plate no. VII). Data was presented as 

percentage of residual tissue in apical, middle and coronal third of each specimen.  

Statistical analysis of data was done by using ANOVA for comparison amongst 

groups and BONFERONI method for pair wise comparison (see Table no. 22). 

 

The results of our study with respect to evaluation of residual pulp tissue in Apical 

third area of root canal at 10 minutes period showed that the average percentage of 

residual tissue in group of Collagenase-I group was 3.09 %, in Combination group 

1.32 %, in NaOCl group 11.05 % and for Normal Saline group it was 41.58 % (see 

table no. 23, Graph no. 6). 

 

The comparison amongst four groups at 10 minutes period for evaluation of residual 

tissue in Apical third area showed that P-Value was less than 0.05 hence there was 

statistical significant difference amongst four groups (see table no. 24). 

 

The comparison between study groups of Collagenase-I, Combination of proteases 

(Collagenase-I+ Trypsin + Dispase-I 1:1:1), NaOCl and normal saline at 10 minutes  
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period for evaluation of residual tissue in apical third area showed no statistical 

significant difference (p>0.001) in Collagenase-I, Combination of proteases 

(Collagenase-I+ Trypsin + Dispase-I 1:1:1) and NaOCl but saline was significantly 

different (<0.001) from other groups and more residual tissue was observed in saline 

(see Table no. 24).  

 

In brief, in present study, Collagenase-I, Combination of proteases (Collagenase-I + 

Trypsin + Dispase-I = 1:1:1) and NaOCl showed no significant difference in residual 

tissue in apical third area at 10 minutes. Mean percentage of residual tissue with 

saline was significantly more as compared with Collagenase-I, Combinations of 

proteases and Sodium hypochlorite groups (see Table no. 25 - 28).  

 

The results of this study in evaluation of residual pulp tissue in Middle third area of 

root canal at 10 minutes period showed that the average percentage of residual tissue 

in group of Collagenase-I was 0.14 %, in Combination 0.01 %, in NaOCl 1.57 % and 

for Normal Saline it was 15.46 % ( see Table no. 29 & Graph no. 7). 

  

The comparison amongst four groups at 10 minutes period for evaluation of residual 

tissue in Middle third area showed that P-Value is less than 0.05 hence there is 

statistical significant difference amongst the four groups. ( see Table no. 30)  

 

The comparison between Collagenase-I, Combination of proteases (Collagenase-I + 

Trypsin + Dispase-I  = 1:1:1), NaOCl and normal saline at 10 min. period for 

evaluation of residual tissue in middle third area showed no statistical significant 

difference (p>0.001) in Collagenase-I, Combination of proteases (Collagenase-I + 

Trypsin + Dispase-I  = 1:1:1) and NaOCl but saline was significantly different 

(<0.001) from other groups and more residual tissue was observed in saline. ( see 

Table No. 31-34)  

 

In brief, Collagenase-I, Combination of proteases (Collagenase-I + Trypsin + 

Dispase-I = 1:1:1) and NaOCl showed no significant difference in residual tissue in 

middle third area at 10 minutes. Mean percentage of residual tissue with saline was  
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significantly more as compared with Collagenase-I, Combinations of proteases and 

Sodium hypochlorite. 

 

The results of this study in evaluation of residual pulp tissue in Cervical third area 

at 10 minutes period showed that the average percentage of residual tissue in group of 

Collagenase-I was 0.00 %, in Combination 0.00%, in NaOCl 0.00 % and for Normal 

Saline it was 1.62 %. (see Table no. 35, Graph no. 8) 

  
 

The comparison amongst four groups at 10 minutes period for evaluation of residual 

tissue in cervical third area showed that P-Value is greater than 0.05 hence there is no 

statistical significant difference amongst four groups ( see Table no. 36).  

 

The comparison between Collagenase-I, Combination of proteases (Collagenase-I + 

Trypsin + Dispase-I = 1:1:1) NaOCl and normal saline at 10 minutes period for 

evaluation of residual tissue in cervical third area showed no statistical significant 

difference (p > 0.001) in Collagenase-I, Combination of proteases (Collagenase-I + 

Trypsin + Dispase-I  = 1:1:1) and NaOCl but saline was significantly different (< 

0.001) from other groups and more residual tissue was observed in saline ( see Table 

no. 37- 40).  

 

In brief, the results of this study showed that Collagenase-I, Combination of 

proteases (Collagenase-I + Trypsin + Dispase-I = 1:1:1) and NaOCl showed no 

significant difference in residual tissue in Cervical third area at 10 minutes. Mean 

percentage of residual tissue with saline was more as compared with Collagenase-I, 

Combinations of proteases and Sodium hypochlorite. 

 

In this study, it was observed in normal saline group that the average percentage of 

residual pulp tissue in apical third, middle third and cervical third was 41.58 %, 15.46 

% and 1.62 % respectively which shows that even after gross removal of tissue from 

root canal of tooth some tissue remains in the canal. Also, the photo plate no. IX 

shows remaining tissue in the root canal after histological analysis in which gross 

tissue was removed from canal and no irrigation was performed on these teeth.  
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Normal saline solution (negative control) is a flushing agent and effective in 

eliminating loose debris from root canal and not having tissue solvent action [128, 

137]. Whitworth et al stated normal saline is merely a flushing agent. It is   effective 

in eliminating loose debris from root canal and not having tissue solvent action. 

Mahima et al in his study mentioned that saline has a flushing action to remove 

material from root canal, gross debridement. It has been recommended that saline 

should be used as the final irrigant after using sodium hypochlorite which is most 

commonly used irrigant [128, 137]. 

.   

The results of this study suggest that Collagenase-I and Combination is as effective as 

NaOCl at 10 minutes period in removing pulp tissue. In coronal third area, remaining 

tissue was 0 % in all these three groups, in middle third almost negligible and in 

apical third area remaining tissue was, with Collagenase-I 3.09%, in Combination 

1.32 %, in NaOCl 11.05 %. (see Table no. 41 & Graph no. 9) 

 

To summarize, residual tissue in apical, middle and cervical third area in 

Combination of proteases, Collagenase-I, NaOCl and Normal Saline was 1.32 %, 

3.09 %, 11.05 %, 41.58 %, respectively in Apical third area.  

 

Remaining tissue in Combination of proteases, Collagenase-I, NaOCl and Normal 

Saline was 0.01 %, 0.14 %, 1.57 %, 15.46 %, respectively in Middle third area.  

 

Remaining tissue in Combination of proteases, Collagenase-I, NaOCl and Normal 

Saline was 0.00 %, 0.00 %, 0.00 %, 1.62 %, respectively in Cervical third area. 

  

This shows that average percentage of residual pulp tissue in apical third area at 10 

minute period was more than in middle and cervical third area in all the groups. (see 

Table no. 41, Graph no. 9 & Photo plate no. XI) 

 

The apical third area of root canal system is the most difficult area to clean. Assessing 

the debridement of root canal, Littman, Evans and Gutarts analyzed in their study that 

considerable amount of remaining tissue was found in almost all samples in apical 

third area after preparation of canal by rotary instruments [138, 139, 140]. The  
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success of endodontic treatment depends on removal of tissue by irrigation protocol 

than NiTi rotary systems used [6, 13].   Irregularities of root canal wall, fins, 

isthmuses and apical deltas are major concern as these areas are inaccessible to 

conventional hand and rotary instruments [141].  Therefore irrigation is necessary as 

it allows for cleaning beyond the reach of root canal instrument.  

 

In present study, though tissue solvent 5.25 % NaOCl was not able to completely 

dissolve remnants of pulp tissue in apical third area. Similar findings have been 

reported in the study done by Zaia [82]. He reported that despite being a tissue 

solvent, NaOCl is not competent to dissolve pulp tissue in difficult areas during 

endodontic treatment.   

 

Some studies evaluated different instrumentation techniques and showed that when 

canal anatomy is not favourable, the NaOCl becomes less effective in dissolving 

organic tissue and in some cases no tissue dissolution is observed in difficult areas. 

Even when 5.25 % of NaOCl was used, it was not able to dissolve tissue completely. 

Presence of pulp tissue was observed in areas where endodontic files were not able to 

reach and carry out cleaning [142, 143]. 

  
 It is also observed in this study that there was no statistically significant difference 

between Combination of proteases, Collagenase-I and 5.25 % NaOCl.  

 

5.25 % Sodium hypochlorite showed pulp tissue dissolution. This is because 

ionization  of  NaOCl  to  liberate  hypochlorous  acid  (HOCL)  and  hydroxyl (OH)  

ions.  When hydroxyl ion levels decreases as a result of saponification and amino 

acid neutralization reactions, the pH also decreases thereby favouring the formation 

of HOCL molecules. The chloramination reaction initiated which results in 

degradation and hydrolysis of amino acids. This result is in agreement with other 

studies that reported 5.25 % NaOCl as an effective solvent of human pulp tissue [35, 

71, 144 & 145].  

 

To understand the dissolution of pulp by proteases it is necessary to know the 

composition of pulp tissue and action of proteases on it. 
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Components of human dental pulp tissue are cells, ground substances and 

neurovascular   structure embedded in the matrix. This matrix composed of collagen 

fibers i.e. Type-I collagen is predominant and Type-III and Type-V collagen in small 

amounts in dental pulp. Type-I is thick striated distributed in varying numbers 

throughout connective tissue of pulp. Type-III are thin fibrils, fine branched filaments 

provide elasticity to pulp. Type-V forms dense meshwork of thin microfibrils 

throughout the stroma of connective tissue of the pulp [50].
 

 This complex 

composition of connective tissue gives strength and firm foundation to all content of 

pulp.  

 

The proteases are very specific in their function like Collagenase-I will act on 

collagen Type-I which is abundant in pulp and able to cleave the peptide bonds in the 

triple helical molecule.  Type-III thin fibrils give elasticity, mostly elastin appears in 

elastic fibres of connective tissue and frequently trypsin with collagenase is used to 

dissociate such tissue [146]. Dispase releases the cells by breaking down the 

attachment of fibroblast to collagen fibers because these enzyme hydrolyses peptides 

bound to non polar amino acids found in collagen [147]. 
 
Collagen which gives firm 

foundation to pulp destroyed and collapsed by action of these proteases and thus the 

dissociation of pulp tissue might have occurred in this study. 

  

The results of this study in evaluation of residual pulp tissue in the root canal at 20 

minutes and 10 +10 minutes period, it was observed that all the dentinal structure was 

destroyed and collapsed by Collagenase-I and combination of proteases. So could not 

measure the residual pulp tissue (See Photo plate no. XII & XIII)  

 

At 20 minutes period and 10+10 minutes period, degradation of dentin was observed 

under the microscope analysis. Dentine matrix was severely altered. Structure less 

tissue was observed due to destruction and disintegration of dentin. No demarcation 

line seen between damaged and healthy tissue (See Photo plate no. XII & XIII).  

 

Dentin composed of approximately 22 % of organic material and mostly consists of 

Collagen-I which contributes to mechanical properties of dentin. Some studies of  
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NaOCl have noted the destruction and severely altered dentin structure in their study. 

Marending et al in 2007 studied the effect of NaOCl on human root dentin he 

evaluated flexural strength and modulus of elasticity of dentin after immersion in 

different concentrations of NaOCl for 2 hours and concluded that  NaOCl caused 

concentration dependent reduction of elastic modulus and flexural strength in dentin. 

And 5 % NaOCl severely altered peripheral dentine matrix [148].   Goldberg et al 

evaluated the effect of 2.5 % and 6 % NaOCl on root dentine for various irrigation 

periods and found that there is decrease in micro hardness of dentin with 6 % NaOCl 

than 2.5 % NaOCl [29, 149].
 
   

 

 In this study, observations of decomposed dentin, showed that Collagenase-I and 

Combination of proteases (Collagenase-I + Trypsin + Dispase-I  = 1:1:1) must be 

detrimental to dentin at 20 minutes and 10+10 minutes period and concluded that 

these solutions of proteases may affect the mechanical properties of dentine by 

degradation of organic dentine component.    

  

This is the first report showing use of proteases in dissolution of dental pulp tissue. 

This is the first report showing the effective concentration and combination of 

proteases in dissolving dental pulp tissue when used as an endodontic irrigant in 

extracted teeth.  These findings become important in future when complete 

dissolution of pulp tissue during endodontic treatment is inevitable. 

  

After analyzing above results of the present study it can be stated that the 

Combination i.e. Collagenase-I + Trypsin + Dispase-I = 1:1:1 ratio and Collagenase-I 

at 10 minutes period were effective in dissolving pulp tissue in the canal. There was 

no statistical significant difference between Combination of proteases, 

Collagenase-I and NaOCl.  

 

There was statistical significant difference between Normal Saline against all three 

irrigants Viz. Combination of proteases, Collagenase-I and NaOCl.  Normal saline 

showed no tissue solvent action so used as flushing agent and should be used for 

effective elimination of loose debris and residual irrigating solution in root canal. 



Discussion 120 
 

 

Validation of the contingency of proteases like collagenase, in dissolving the dental pulp tissue 

when used as an irrigant in endodontic therapy. 

 

 

Average percentage of residual pulp tissue in apical third area at 10 minute period 

was more than in middle and cervical third area. 

 

In time period of 20 minutes and 20 minutes in which solution was replenished after 

10 minutes period, it was observed that all the dentinal structure was destroyed by 

Collagenase-I and combination of proteases. So could not measure the tissue. 

 

FUTURE DIRECTIONS (Pronouncement) 

Though the proteases (Combination and Collagenase-I) are effective in dissolution  of  

pulp tissue,  further studies like effect of  Collagenase-I, Trypsin and Dispase-I on 

micro hardness of dentin using the protocol of this research are required before the 

clinical use of these proteases as a root canal  irrigant.   

 

LIMITATIONS OF THE STUDY 

 

 This study did not correlate with the age of the pulp tissue.  

 This study performed on the pulp of healthy human vital teeth without caries 

or any restorations. Hence, these pulps can be considered to be free of 

inflammation and this study may not reflect clinical situation.  

 

* * * * * * * 



Summary 121 

 

 

Validation of the contingency of proteases like collagenase in dissolving the dental pulp tissue  

when used as an irrigant in endodontic therapy. 

 

8 

 

 

 

(PAGE NUMBERS 121 TO 123) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Great is the art of beginning; greater is the art of ending. 
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SUMMARY 

 

 

Only mechanical practices alone are insufficient in full measure for absolute cleaning 

of the root canal. Hence, success in endodontic treatment depends upon the 

mechanical along with chemical debridement of the root canals. 

 
 

Though NaOCl is the most favoured endodontic irrigant in modern practice its 

cytotoxicity with effective concentration (2.6–5.25%) can not be ignored. So there is a 

need for the alternative appropriate irrigant which fulfils all the expectations and 

concurrently, without any adverse effect. 

 

Various in- vitro studies
 
which utilised proteases for isolation of pulp fibroblast cells 

by dissolving the extracellular collagen matrix triggered this study to try out proteases 

like collagenase etc. and their combination for dissolving the vital dental pulp tissue 

during in vitro endodontic therapy under the title “Validation of the contingency of 

proteases like Collagenase in dissolving the dental pulp when used as an irrigant 

in endodontic therapy”. 

 

The protocol of this study was approved by the Research and Ethics Committee, of 

BVDU Dental College and Hospital, Pune.  

 

In this study, following proteases and their combinations were evaluated for their 

efficacy as in irrigant i.e. Collagenase-I, Trypsin and Dispase-I along with NaOCl 

and Normal Saline as a positive & negative controls respectively.   

 

The experiment of study was carried out in three phases.  

 

Phase-I) Experiment to find out minimum effective concentration (MEC) of 

proteases.  

 

Phase-II) Experiment carried out to evaluate the time taken for dissolution of isolated 

dental pulp tissue by MEC’s of various proteases & their combinations.  

 

Results of Phase-I & II were utilized for Main experiment Phase-III 
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Phase-III) Validation of effects of MEC’s of proteases and their combination when 

used as an irrigant in root canals of vital extracted teeth after removal of pulp by 

broach.  

About total 400 specimens in form of histology slides were observed in this 

experiment. Histology images were processed with ‘LEICA application suite software 

program’ and data analysed statistically by ANOVA and BONFERONI method.  

 

RESULTS - IN BRIEF: 

Phase- I 

Minimum Effective Concentrations (MEC) of proteases were - I) Collagenase-I: 

0.125 %, II) Trypsin: 0.0078 % and III) Dispase-I: 0.125 %  

Phase- II 

Only ‘3’ groups capable of tissue dissolution were – Group-I: (Combination = 

Collagenase-I + Trypsin + Dispase-I = 1:1:1), Group-V: (Only Collagenase-I), Group-

VII: (5.25 % Sodium hypochlorite). 

Phase-III 

Results of the present study showed that the Group-I: (Combination C+T+D 1:1:1) 

and Group-V: (Collagenase-I) at 10 minutes were effective in dissolving pulp tissue 

from the canal.  

There was no statistically significant difference between Combination(C+T+D 1:1:1), 

Collagenase-I, and 5.25 % NaOCL in dissolution of pulp tissue. 

There was statistically significant difference between Normal Saline and all ‘3’ 

irrigants viz. Combination(C+T+D 1:1:1), Collagenase-I, and 5.25 % NaOCL in 

dissolution of pulp tissue.  

During histological evaluation of residual pulp tissue in the root canal at 20 & 10+10 

minutes period, it was observed that all the dentinal structure was destroyed and 

collapsed by Collagenase-I and Combination (CTD1:1:1); so was not possible to 

measure tissue and report the same.  

Results, observations and statistical analysis were discussed with reviewed 

information (i.e. References)  

Conclusions were drawn subsequently based on thorough discussion. 

All the references utilized for this discussion were well acknowledged.  

* * * * * * 
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Today’s good medicine was yesterday’s research. 
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 CONCLUSION  

 

Following conclusions were drawn from the present study:-  

 

1) Minimum Effective Concentration (MEC) of proteases which shown gelatinase 

activity was (phase-I) -    

  

       I) Collagenase-I:  0.125 %,  

 II) Trypsin:   0.0078 % and 

III) Dispase-I:  0.125 %  

 

2) The conclusions were drawn by filtration method (phase-II) –   

 Only groups capable of tissue dissolution were – Group-I: (Combination = 

Collagenase-I + Trypsin + Dispase-I = 1:1:1 ), Group-V: ( Only Collagenase-I ), 

Group-VII: ( 5.25 % Sodium hypochlorite) 

 No other groups (II, III, IV, VI and VIII) showed tissue dissolution at any time 

period. 

 Group-I: and Group-V:  showed  increased  pulp  tissue  dissolution  with passage  

of  time  and  maximum  pulp  tissue  dissolution  activity  at  20minutes.  54.75 % 

and 41.25 % respectively. 

 The amount of pulp dissolved increased with passage of time and maximum at 20 

minutes beyond which decreased gradually up to 30 minutes period.  

 5.25 % NaOCl dissolved the tissue completely at all time period.  

   

3) Results of the present study showed that the (phase-III)-   

 Group-I: (Combination C+T+D 1:1:1) and Group-V: (Collagenase-I) at 10 minutes 

were effective in dissolving pulp tissue from the canal.  

 There was no statistical significance difference between Combination (C+T+D 

1:1:1), Collagenase-I, and 5.25 % NaOCL in dissolution of pulp tissue. 
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 There was statistical significant difference between Normal Saline against all ‘3’ 

irrigants viz. Combination (C+T+D 1:1:1), Collagenase-I, and 5.25 % NaOCL in 

dissolution of pulp tissue.  

 Average percentage of residual pulp tissue in apical third area at 10 minutes period 

was more than in middle and cervical third area in all the groups. 

 During histological evaluation of residual pulp tissue in the root canal at 20 & 

10+10 minutes period, it was observed that all the dentinal structure was destroyed 

and collapsed by Collagenase-I and Combination (CTD1:1:1)  

 
This is the first report showing the effective concentration and combination of 

proteases in dissolving dental pulp tissue when used as an endodontic irrigant in 

extracted vital teeth.  

 

FUTURE DIRECTIONS:- 

 

Though the proteases ( Collagenase-I and Combination of proteases) are effective in 

dissolution  of  pulp tissue,  further studies like, effect of  Collagenase-I, Trypsin and 

Dispase-I on micro hardness of dentin using the protocol of this research are required 

before the clinical use of these proteases as a root canal  irrigant.   

 

* * * * * * * 
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