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Introduction

Management of  a young permanent tooth with non vital pulp 
poses a challenge. The presence of  a blunderbuss canal with a 
wide apical opening and thin dentinal walls pose the biggest chal-
lenge as inadequate disinfection of  the canal space and difficulty 
in obturation due to lack of  an apical stop is evident [1]. Con-
ventionally, a necrotic immature permanent tooth is managed by 
either apexification using calcium hydroxide or by placing a MTA 
apical plug. [2]. These approaches are successful in the long run 
as they resolve the clinical signs and symptoms of  the disease 
but have got no benefits in the improvisation of  the root length, 
thickness, return of  the pulp vitality and nociception etc [3].

Regenerative attempts have not been new to medicine and den-
tistry. Iwaya et al and Banchs-Trope have demonstrated the suc-
cessful regeneration of  an immature tooth with not just the reso-
lution of  disease but also the increase in the length and thickness 
of  the root and apical closure [4, 5]. Regenerative endodontics are 
procedures that are designed to replace damaged tooth structures 
and are biologically based [6]. The protocol for the regenerative 
endodontic procedures have been formulated based on the find-
ings of  many clinicians. The current protocol that is being fol-
lowed has been chalked out by AAE and it has been revised most 
recently in 2018. According to the current protocol, in the first 
appointment, isolation and pain management is done and disin-
fection using copious gentle irrigation of  the canal space with a 
lower concentration (1.5%) and 20 ml of  NaOCl with preven-
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tion of  its extrusion is performed. A closed dressing with either 
calcium hydroxide or TAP or DAP is given and a temporary re-
storative material is used to seal the access cavity. The patient is 
recalled for the second visit 1-4 weeks after the first and isolation 
and LA without vasoconstrictor is used to anesthetize the tooth. 
Copious gentle irrigation with 17% EDTA is done and bleed-
ing is induced by filing beyond the apex. An alternative such as 
autologous platelet concentrate can be used and MTA is used as 
a capping material. GIC is placed above the capping material and 
the access cavity is sealed off. A follow up that consists of  a check 
for clinical symptoms and radiographic examination is done after 
6,12, and 24 months. [7]

The regeneration of  the tissue requires three components- stem 
cells, scaffolds and growth factors [8]. The absence or late delivery 
of  any one of  the factors would fail the regeneration to occur. 
It has been suggested to use the term revitalization instead of  
regeneration as the tissue formed in the root canal space is vital 
but the nature of  which is different from the original lost tissue 
[9]. Thus, revascularization as a regenerative modality can shift the 
entire paradigm in the management of  a young permanent teeth 
with necrotic pulp as it can not only resolve the clinical signs and 
symptoms but also can aim in the restoration of  the tissues in the 
root canal space that are of  great importance to the clinician and 
scientific world. 

Previously our team has a rich experience in working on vari-
ous research projects across multiple disciplines [10-24] Now the 
growing trend in this area motivated us to pursue this project. 

Our aim was to check if  a novel proposed irrigant like Farnesol 
with good antimicrobial properties as checked in in-vitro environ-
ment [25] can be used as a potential irrigant for the management 
of  the necrotic immature permanent teeth by a relatively newer 
technique of  revascularization.

Materials And Methods

Stem cells from Apical Papilla (SCAP)

The cryopreserved stem cells from apical papilla (SCAP) (AXOL 
bioscience Ltd., UK) was derived and plated at a density of  7x103 
cells per well in 96-well plates with DMEM/F12 supplemented 
with 10% FBS and 2 mM L-glutamine, 100 UI/ml penicillin and 
100 μg/ml streptomycin. Cell growth was assessed by the Neu-
bauer counting chamber method. Every 24 hours, the cells were 
harvested by trypsin EDTA treatment and then were counted 
with a hemocytometer. After 72 h, the culture medium was re-
placed with a fresh one, and unattached cells were also removed. 
When 80-90% confluency was reached, cells were routinely sub-
cultured and counted using a microscope.

Chemicals

Bromodeoxyuridine, Sulforhodamine, haematoxylin, and other 
chemicals were purchased from Rankem laboratories (Ludhiana, 
India).

Cytotoxicity test by sulforhodamine assay

The microtiter plates were added with culture medium (DMEM 

supplemented with 10% fetal bovine serum, 100 μL/well) was 
added and incubated for 24 h at 37 °C in the incubator with 5% 
CO2. After 24 h of  incubation, cell growth was observed using 
a microscope. Cellular concentration used was 1.4 x 104 cells/
mL. Then, the medium was discarded and Farnesol with various 
concentrations, negative control and DMEM without fetal bovine 
serum were added in each well. After 24 h of  incubation, the cells 
were fixed with trichloroacetic acid (100 μL/well) and placed un-
der time and dried. Then the plates were stained for 20 min at 
room temperature with SRB 0.4% (50 μL/well). The plates were 
washed with 1% acetic acid solution and dried at room tempera-
ture. The unbound dye was removed after washing, the dyestuff  
bound to the protein was solubilized in a basic medium to deter-
mine the optical density in a plate reader at 570 nm. 

The average absorbance of  the negative control (AbsNC), for 
each concentration of  the tested substances (absT) and positive 
control (absPC) was calculated. The percentage of  living cells was 
given by: 

% survival = [(AbsT - AbsNC)/(AbsNC)] x 100

Transwell Migration assay

Cell migration was quantitated using 24-well Transwell inserts (6.5 
mm) with polycarbonate filters (5-μm pore size). SCAP cells (0.5 
× 106 in 100 μl of  RPMI 1640 medium/1% human albumin) 
were added to the well. Transwell and 700ml of  serum free MEM 
with or without Farnesol (25-100µM/ml) was added to the lower 
chambers. The plates were incubated at 37°C in 5% CO2 for 24h 
and cells remaining on the top of  the surface of  the filter were 
removed with a cotton swab and the cells that had traversed from 
the membrane to the bottom chamber were for 10mins with 4% 
paraformaldehyde and stained with haematoxylin for 30 mins. To 
quantify the migrated cells, 10 random microscopic fields per fil-
ter at 200x magnification were selected for a cell count measure-
ment were done in triplicates and results calculated as mean in 
each experiment. 

In vitro Bromodeoxyuridine cell proliferation Assay

A 10 mM stock solution of  BrdU was prepared by dissolving 3 
mg of  BrdU in 1 mL water. The 10 mM BrdU stock solution in 
cell culture medium was diluted to make a 10 µM BrdU labeling 
solution. SCAP (2500-100000 cells/well) in 100 μl medium were 
plated in 96-well plate and incubated with the respective test sub-
stance Farnesol (25, 50 and 100 µM/ml) for 72 hr. The prepared 
solution of  BrdU with SCAP cells served as a negative control.
 
A prepared 10 μl of  10X BrdU solution per well were added. 
The cells were placed in an incubator for 24 hr. For suspension 
cells, centrifugation of  the plate at 300xg for 10 min was done 
and then the medium was removed. 100 μl/well of  the fixing so-
lution was added to each well at room temperature for 30 min. 
Then after the solution was removed, 100 μl/well prepared 1X 
detection antibody solution was added and placed at room tem-
perature for 1 hour. The solution was discarded and the plates 
were washed 3 times with 1X Wash Buffer. 100 μl of  prepared 1X 
HRP-conjugated secondary antibody solution was added in each 
well , and incubated at room temperature for 30 min. Then 100 
μl TMB Substrate was added and incubated for 30 min at room 
temperature, The 100 μl STOP Solution was added and the solu-
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tion’s absorbance at 450 nm was read.

Statistical Analysis

The experiments were carried out in triplicates, the results were 
represented as Mean ± Standard error of  mean (SEM). Statisti-
cal differences were determined by one-way analysis of  variance 
(ANOVA) and post hoc comparison test. P-values <0.05 were 
considered statistically significant. Data were analysed using the 
SPSS 22.0 package (Chicago, IL, USA).

Results 

The Sulforhodamine assay, Transwell migration assay, Bromod-
eoxyuridine immunohistochemistry indicated towards the use of  
Farnesol as an effective irrigant for necrotic immature permanent 
tooth in the in vitro scenario. The concentration of  Farnesol at 
25µM/ml shows the greatest potential. The graphical representa-
tion of  the results have been done in Figures 1,2 and 3 evaluat-
ing cytotoxicity, proliferation and migration of  SCAP cells in the 
presence of  Farnesol at various concentrations respectively. 

Discussion

Our institution is passionate about high quality evidence based 
research and has excelled in various fields [26-36].

The American Association of  Endodontists (AAE) identifies the 
prospects of  regenerative endodontics. Disinfection holds a very 

important place in the success of  the procedure. Due to the pres-
ence of  thin dentinal walls, minimal instrumentation of  the ca-
nal must be ensured. The focus of  regenerative endodontics has 
shifted to proper disinfection. Aurora et al suggested that tissue 
healing whether regeneration or repair occurs in a sterile or highly 
disinfected environment as the host immune defense system fails 
to promote tissue- destruction by inflammatory responsive pro-
cesses [37]. Trevino et al, [38] evaluated the survival of  SCAP cells 
which are supposed to be a source of  stem cells in regenerative 
endodontic procedures as reported by Sonoyama et al, 2008 [39]. 
They suggested the use of  EDTA promoted greater survival of  
SCAP cells and also had the property to reverse effects of  sodium 
hypochlorite which is used to debride the canal space off  necrotic 
tissue. Hence. 17% EDTA is recommended to be used as the final 
irrigant so as to allow the release of  growth factors from dentin 
[38].1.5% Sodium hypochlorite has the least effect on the survival 
and proliferation of  SCAP cells and hence it was used in copious 
amounts for irrigation [40].

The use of  calcium hydroxide as an intracanal medicament has 
been suggested as it is non discolouring, can be easily removed 
from the canal space and has no detrimental effect on the survival 
of  SCAP which is not seen when TAP was used [41].

Farnesol is a natural product that structurally exists as a sesquit-
erpene alcohol commonly found in propolis and essential oils 
of  citrus fruits. The antimicrobial and anti-biofilm activity of  
Farnesol has attracted the attention of  researchers in recent times. 
Farnesol was seen to affect the biomass and biofilm composi-

Figure 1. Graph representing cytotoxicity of  SCAP cells: This figure depicts the percentage of  cytotoxicity upon treatment 
with Farnesol . The X axis represents the concentration of  Farnesol used for testing and negative control (NC) while the 
Y axis represents the % of  cytotoxicity. Results are represented as a Mean ± SEM of  three independent experiments. It 

can be inferred that least cytotoxicity to SCAP cells is seen when the concentration is 25µM/ml (p value <0.05; statistically 
significant; One-Way ANOVA).

Figure 2. Graph representing the migration of  SCAP cells; This figure depicts the relative migration of  SCAP cells upon 
treatment with Farnesol . The X axis represents the concentration of  Farnesol used for testing and negative control (NC) 

while the Y axis represents the relative migration rate of  the SCAP cells. Results are represented as a Mean ± SEM of  three 
independent experiments. It can be inferred that the relative migration rate of  SCAP cells is the greatest when 25µM/ml 
is used as the test agent and the rate decreases with increase in the concentration of  Farnesol. (p value <0.05; statistically 

significant; One-Way ANOVA)
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tion of  dual species biofilm. It also effectively blocks the quorum 
sensing amongst multi-species biofilm which helps in fighting the 
resistance [25, 42-44] . An in-vivo evaluation of  Ti6Al4V implants 
treated with Farnesol has shown a decreased rate of  colonisation 
of  S.aureus and the dental implant commonly used is of  the same 
composition [45]. Farnesol has suggested an effective induced 
cell cycle arrest and apoptosis of  tumor cells in carcinoma like 
pancreatic cancer [46, 47]. Farnesol by preventing the conversion 
of  fungi to hyphae seems to decrease the pathogenicity of  vulvo-
vaginal candidiasis [48] and oral candidiasis in mice [49]. Farnesol 
is also reported to have low cytotoxic effects and no genotoxicity 
towards fibroblasts [44].

Given the wide array of  use of  Farnesol, antimicrobial nature 
and low cytotoxicity and genotoxic effects of  Farnesol, current 
study was designed to check if  Farnesol can effectively be used as 
an irrigant for necrotic immature permanent teeth ,based on the 
results of  in-vitro analysis done by Andrade et al, 2017 in which 
they suggested that it can be used as a potential irrigant for root 
canal treatment [44].

The Sulforhodamine assay was developed by Skehan and col-
leagues in 1990 for anticancer drug screening [50]. It is a colori-
metric technique, with results as sensitive as obtained from other 
cytotoxicity assays like the MTT. This assay is based on the ability 
of  a protein dye ( sulforhodamine B) to bind electrostatically to 
the basic protein amino acid residues of  acetic acid fixed cells 
[51]. The cytotoxic effect of  Farnesol on SCAP cells can be seen 
to be increasing with an increase in the concentration. The least 
cytotoxic effect was seen when Farnesol at a concentration of  
25µM/ml was used as the test product (Figure 1).

Transwell migration assay provides an analysis to check for the 
ability of  a particular group of  cells to sense the presence of  a 
chemoattractant and to migrate towards it through a physical bar-
rier that is present [52]. In this study, the migration of  SCAP in 
the presence of  Farnesol was checked as without the migration of  
the stem cells to the canal space, the regeneration cannot occur. 
The number of  migrated cells was quantified by counting them 
underneath a microscope or by taking pictures and evaluating 
them. The chemotaxis and directional cell migration of  any group 
of  cells in an in-vitro setup can be checked through this assay. In 
the present study, greatest amounts of  cell migration was appreci-
ated when Farnesol in the concentration of  25µM/ml was used 
as the test product. The relationship between the cell migration 
and concentration of  farnesol can thus be considered as inversely 

proportional, with the least migration in higher concentration of  
the product (Figure 2).

Bromodeoxyuridine immunohistochemistry in the 1980s was 
used to examine the proliferation and migration of  cells of  CNS 
[53]. BrdU competes with thymidine and gets incorporated into 
the nuclear DNA. The presence of  BrdU marks DNA synthesis 
and this DNA when fixed, incubated and treated with anti-BrdU 
monoclonal antibodies produce a colorimetric reaction when the 
secondary antibody gets exposed to an added substrate. This can 
be visualised under a microscope [54]. In the present study, maxi-
mum proliferation of  SCAP was seen when Farnesol was used in 
the concentration of  25µM/ml (Fig.3). As the concentration of  
Farnesol increased, the rate of  proliferation of  SCAP cells was 
seen to decrease.

With the current study, a concentration of  25µM/ml of  Farnesol 
may be tried to be used as a potential irrigant for regenerative en-
dodontics as it not only provides good antimicrobial efficacy and 
the cyotoxicity, cell migration and proliferation of  SCAP is seen 
under in-vitro conditions.

Although Regenerative endodontic procedures have provided 
clinical success, the tissue formed in the pulp canal space is of  
varying nature. Hence, the regeneration of  the tissues still remain 
bleak and it is the repair that is being induced. More advanced 
bioengineering approaches may in future lead to the achieving of  
predictable regeneration of  vital and natural pulp-like tissue. 

Conclusion

Farnesol 95% ( Sigma Aldrich, US ) at a concentration of  about 
25µM/ml, can be used as a potential irrigant for the management 
of  the necrotic immature permanent teeth by revascularization 
technique. However, clinical studies need to be done to extrapo-
late this finding in reality.
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