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Abstract
Background  AH Plus, an epoxy resin-based sealer, is widely used in endodontic practice, owing to its good physical 
properties that confers longstanding dimensional stability and good adhesion to dentin. Nevertheless, its propensity 
to trigger inflammation, especially in its freshly mixed state, has been extensively documented. Phytochemicals such 
as Petasin, Pachymic acid, Curcumin, and Shilajit are known for their anti-inflammatory and analgesic effects. This 
study aimed to analyze and determine the effect of these natural products on the physical properties of AH Plus 
sealer when incorporated with the sealer.

Methods  AH Plus (AHR) sealer was mixed with 10% petasin, 0.75% pachymic, 0.5% and 6%shilajit to obtain AHP, 
AHA, AHC and AHS in the ratio of 10:1 and 5:1 respectively. Five samples of each material were assessed for setting 
time, solubility, flow, and dimensional stability in accordance with the ISO 6876:2012 standardization. Sealers were 
characterized through scanning electron microscopy (SEM), X-ray energy dispersive spectroscopy, X-ray diffraction 
(XRD), and Fourier transform infrared (FTIR) spectroscopy. Statistical evaluation involved the Kolmogorov-Smirnov and 
Shapiro-Wilks tests for normality and the one-way ANOVA test for analysis.

Results  In this investigation, the characterisation analysis revealed a relatively similar microstructure in all the 
experimental root canal sealers. All experimental groups, excluding the control group, exhibited an increase in flow 
ranging from 11.9 to 31.4% at a 10:1 ratio. Similarly, for the 5:1 ratio, the increase ranged from 12.02 to 31.83%. In terms 
of dimensional stability, all groups at the 10:1 ratio showed a decrease compared to the control group. The addition 
of natural agents to AHR in 10:1 ratio led to a reduction in setting time by 8.9–31.6%, and at a 5:1 ratio, the reduction 
ranged from 8.1 to 31.5%. However, regarding solubility, the addition of natural agents did not induce any significant 
alterations.

Conclusion  Based on the results of this study, it can be concluded that all tested root canal sealers exhibited 
properties that met the acceptable criteria outlined in the ISO 6876:2012 standardization.
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Background
The success of an endodontic treatment hinges on thor-
ough root canal debridement, complemented by three-
dimensional obturation using a core material and sealer 
that are both dimensionally stable and biocompatible 
[1, 2]. Gutta-percha is the most commonly utilized core 
material in this context. The necessity for root canal seal-
ers (RCSs) arises from the limitation of gutta-percha to 
adhere to the root canal walls and effectively seal the 
anatomic irregularities of the canal. RCSs are available in 
various types, classified based on their chemical compo-
sition. These include zinc oxide eugenol-based, calcium 
hydroxide-based, glass ionomer-based, resin-based, and 
bioceramic sealers [3, 4]. Among these, AH Plus resin 
sealer (AHR; Dentsply DeTrey GmbH, Konstanz, Ger-
many), a two-paste system is widely used and extensively 
studied. AHR is often regarded as the “gold standard” 
sealer due to its excellent adhesion to dentin, biocompat-
ibility, and favorable physical properties [4, 5]. However, 
if the sealer is inadvertently extruded into the periapical 
region through the apical foramen, studies have indicated 
that the cytotoxic effects tend to be higher before the 
sealer sets [6–8]. Sousa CJ et al. (2006) stated that toxic-
ity induced by sealers plays a significant role in initiating 
destruction at the periapical tissues which in turn, has 
a substantial impact on alveolar bone resorption, ulti-
mately leading to a poor prognosis [9].

Since the introduction of AHR, ongoing research has 
focused on modifying it with various agents such as 
Hinokitiol, amoxicillin, chlorhexidine, Cetrimide, cal-
cium hydroxide, simvastatin and others [10–15]. Indeed, 
phytochemicals like petasin, pachymic acid, curcumin, 
and shilajit have garnered attention for their significant 
anti-inflammatory properties. Petasin, derived from the 
Petasites hybridus (butterbur) plant, is well-documented 
for its wide-ranging anti-inflammatory and analgesic 
effects, and its applications in the treatment of various 
conditions, including migraines, urogenital inflamma-
tions, digestive tract infections, asthma, allergic rhinitis, 
allergic skin disease, gastric ulcers, ocular allergy, and 
wounds [16, 17]. Pachymic acid, a triterpenoid extracted 
from the fruiting body of Fomitopsis nigra mushrooms, 
has demonstrated anti-inflammatory properties and is 
non-cytotoxic when added to AHR as demonstrated 
by Arun S et al. (2017) and various authors [8, 18, 19]. 
Curcumin, known chemically as 1,7-bis(4-hydroxy-
3-methoxyphenyl)-1,6-heptadiene-3,5-dione, possesses 
anti-inflammatory, antioxidant, anti-tumor, and various 
other biological activities [20–22]. Shilajit (asphaltum) 
is produced by the long term humification of dead plant 

material and organic vegetable matter by different micro-
organisms and has great potential for the treatment of a 
variety of human conditions as reviewed by Besedovsky, 
exerting an influence on endocrine, autonomic, and brain 
functional changes [23–25].

Previous studies by various authors using these phyto-
chemicals individually have assessed their physicochemi-
cal properties and optimized the concentrations of 15% 
petasin, 0.5% pachymic acid, 1% curcumin and 4% shilajit 
respectively [8, 17, 21, 25]. In case of petasin-modified 
zinc oxide eugenol sealer (ZOEs), evaluations of setting 
time and solubility revealed that the addition of petasin 
in a 5:1 ratio significantly reduced the setting time of 
ZOEs, although it did not markedly affect the solubil-
ity of the sealer [17]. The physico chemical properties 
of resin based sealer incorporated with pachymic acid 
did not alter significantly and were found to be within 
the standards outlined by ISO 6876:2012 [8]. Sahebalam 
et al. explored the solubility of zinc oxide eugenol com-
bined with varying concentrations of nano-curcumin. 
Their findings indicated that solubility increased with 
higher curcumin concentrations [20]. Sarah et al. evalu-
ated the cytotoxicity and antiinflammatory properties of 
shilajit nutraceutical and concluded that it can be a viable 
alternative to conventional antiinflammatory drugs in the 
field of medicine and dentistry [25].

With the above evidenced research, the incorporation 
of either of these phytochemicals to AHR sealer could 
be an effective modification that may subdue the detri-
mental effects caused by it. However, any additive to the 
existing composition of AHR will alter the formulation 
of the original sealer. Though modifications with indi-
vidual components have been attempted so far, there are 
very few studies that give a detailed analysis of the physi-
cochemical properties of the modified AHR. To further 
optimize the appropriate concentration of the phyto-
chemical to be added to the sealer, a pilot study was con-
ducted with the above mentioned concemtrations along 
with a higher and lower concentration. The concentra-
tion with the most optimal setting time and dimensional 
stability were considered for this study. Hence the con-
centrations of 10% petasin, 0.75% pachymic acid, 0.5% 
Curcumin and 6% Shilajit was used for this study.

The current study was thus aimed to characterise and 
investigate the setting time, solubility, flow and dimen-
sional stability of AHR with and without incorporation 
of petasin, pachymic acid, curcumin and shilajit. In the 
present study, setting time, solubility, flow and dimen-
sional stability of AHR and its modifications were mea-
sured as outlined in the International Standard ISO 
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6876:2012 for dental root canal sealing materials [26]. 
The null hypothesis was that, the incorporation of these 
phytochemicals to AHR shall not significantly change the 
above mentioned properties.

Methods
The research protocol was presented to Institutional 
Review Board (IRB) at SRM institute of science and tech-
nology and approval was obtained SRMDC/IRB/2019/
PhD/No.112.

Preparation of the experimental materials
Conventional sealer AHR (Dentsply DeTrey in Konstanz, 
Germany Lot No: 2,204,000,072) was mixed according 
to the manufacturer’s instructions. 0.l mL of 10% pet-
asin (Vedic, Noida, India Lot No: 244,001) solution was 
mixed thoroughly with the 0.9 mL of freshly mixed AHR 
sealer to obtain AHP; similarly 0.1mL each of 0.75% 
pachymic acid (Bio Corporals Co., Ltd, Chennai, India, 
Lot No: 113,870,974), 0.5% curcumin (High Purity Lab-
oratory Chemicals Pvt. Ltd., Mumbai, India, Lot No: 
K085/0241120II09) and 6%shilajit (Kishore Pharma Ltd, 
Punjab, India, Lot No:) was mixed with 0.9 mL of AHR 
to obtain AHA, AHC and AHS in the ratio of 10:1. Simi-
larly each 0.2mL phytochemical was mixed with 0.8mL of 
AHR in the ratio 5:1 respectively.

All the groups except the conventional sealer group 
AHR were designated with 10 or 5 depending on the spe-
cific ratio (10:1 or 5:1) of the modified sealer. For exam-
ple, AHP5, AHP10 etc.

Evaluation of physical properties
The sample size was determined using G*power ver-
sion 3.0. According to the parent article, the sample size 
was calculated using One- way ANOVA, keeping the 
effect size as 1.13 with an alpha error level of 0.05 and 
achieving a power of 0.90, the total sample size was as 
N = 20, with n = 5 for each group. The following physical 
properties were evaluated according to ISO 6876:2012 
standardisation.

Setting time
The experimental sealers were manipulated and placed 
inside polytetrafluoroethylene molds with an internal 
diameter of 10 mm and a height of 2 mm. The molds were 
positioned on a glass plate, and the sealer was filled up to 
the brim. This entire setup was then stored in a cabinet 
at 37 ± 1 °C and > 95% relative humidity. The experiment 
was started as the manufacturer’s specified setting time 
of 8 h approached, wherein a Vicat’s indenter—weighing 
100 ± 0.5 g and equipped with a flat-ended needle tip with 
a diameter of 2 ± 0.1 mm was brought into contact with 
the sealer surface. This process was repeated at a new 
location every hour up to 20  h and then at five-minute 

intervals until no further indentations was observed. The 
procedure was stopped when indentations became invis-
ible on the sealer surface. The time elapsed from the ini-
tiation of sealer manipulation until the point where no 
indentations were produced was recorded as the setting 
time for that specific sample. The mean of these recorded 
times was then considered as the setting time for the 
experimental sealer.

Solubility
The sealers were mixed and placed into polytetrafluoro-
ethylene molds with a diameter of 20 ± 1 mm and a height 
of 1.5 ± 0.1 mm and allowed to set in an incubator main-
tained at 37 °C under 95% relative humidity. Once set, the 
sealer samples were removed from their molds, weighed 
using an analytical balance (W1), and then immersed in 
test tubes containing 10 mL of distilled water. The sam-
ples were then retrieved at 1, 3, 7, and 14 days, and dried 
using absorbent paper and stored inside a desiccator. 
Following the drying process the samples were weighed 
again (W2). The solubility (S) was calculated using the 
formula.

	 S = (W1 − W2) /W1 × 100

The mean value was taken as the solubility of that sample.

Flow
Using a 1 mL graduated disposable syringe, 0.05 ± 0.005 
mL of the mixed sealer was dispensed onto a glass plate. 
Approximately 3  min from the onset of manipulation, 
another glass plate was centrally placed on top of the 
sealer, and a weighing stone of 100  g was positioned 
to maintain a total mass of 120 ± 2  g. The weight was 
removed after 10  min from the beginning of manipula-
tion. Using a digital vernier caliper with a resolution of 
0.01 mm, the largest and smallest diameters of the com-
pressed sealer disc were measured. The mean of these 
diameters was recorded as the flow value when the diam-
eters were within 1 mm of each other. If not, the test was 
repeated. This experiment was conducted three times, 
and the mean was calculated. The result was then cor-
rected to the nearest integer and documented as the flow 
in millimeters.

Dimensional change
The mixed material was placed into cylindrical silicon 
molds with an internal diameter of 6  mm and a height 
of 12  mm (n = 5). Once set, the distance between the 
flat ends (M1) was measured with an accuracy of 10 μm 
using a digital caliper. Subsequently, the materials were 
stored in distilled water at 37 ± 1  °C. Similar measure-
ments of the distance (M2) were taken again after 7, 14, 
and 21 days. The test was repeated three times, and the 
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mean change in length was calculated as the dimensional 
change (D) using the formula, D= (M2 – M1)/M1 × 100.

Characterisation
Surface morphology and elemental analysis
Disc-shaped specimens (10  mm in diameter and 2  mm 
high) were prepared and immersed in Hank’s Balanced 
Salt Solution (HBSS) for a total of 28 days. Following 
immersion, the samples were taken out and placed in 
acetone for 48 h, and dessicated in a vacuum desiccator 
for an additional 24 h. Subsequently, the surfaces of the 
samples were ground with progressively finer diamond 
discs using an automatic polishing machine. Both control 
and experimental groups were coated with carbon using 
a CC7650 SEM Carbon Coater Unit (Quorum Technolo-
gies Ltd.). The superficial surface morphology and the 
element distribution of the coated discs was individually 
examined at two time intervals of one day and 28 days, 
using a scanning electron microscopy (SEM) unit (Jeol 
6100 EDAX; Jeol Inc.) at 150X magnification, coupled 
with an energy-dispersive spectroscopy (EDS) system 
(INCA 350 EDS; Oxford Instruments) for elemental 
analysis.

Phase identification of crystalline material
The set experimental sealers were crushed to a fine pow-
der using a mortar and pestle. Phase analysis was con-
ducted using a Bruker D8 diffractometer. X-ray patterns 
were acquired with a step size of 0.02 and a duration of 
0.6 s per step. Phase identification was carried out using 
search-match software with the International Centre for 
Diffraction Data database (ICDD) to assess the composi-
tion and identify the phases present in the material.

Analysis of functional groups
A FTIR spectrometer (model 8700; Shimatzu, Tokyo, 
Japan) equipped with a micro-MIR cell was utilized under 
the following conditions: a range of 4,000 to 400 cm^-1, 

a resolution of 4 cm^-1, 60 scans co-addition, and a 45° 
angle edge KRS-5 crystal (10 × 5 × 1 mm) with 7 internal 
reflections is used in this study to analyze the presence 
of functional groups at a depth of 3 μm at 1,000 cm^-1. 
Throughout the storage period, all specimens were main-
tained at 37 °C and 100% relative humidity. Set materials 
were pressed against the KRS-5 crystal using the torque-
wrench device of the micro-MIR cell. The reaction rate 
was calculated from the peak absorbance area. The reac-
tion rates of all the tested materials were expressed as a 
percentage to assess the different functional groups pres-
ent in the given sample.

Statistical analysis
For the physical properties, namely setting time, solubil-
ity, flow, and dimensional stability, normality tests such 
as Kolmogorov-Smirnov and Shapiro-Wilks indicated 
that the study data followed a normal distribution. Con-
sequently, parametric tests were applied for data analysis. 
Descriptive statistics were employed to assess the mean 
among the study variables. Inferential statistics involved 
the use of one-way ANOVA tests to evaluate compari-
sons within groups, while unpaired t-tests were per-
formed for comparisons between two groups. The data 
were analyzed using SPSS (IBM SPSS Statistics for Win-
dows, Version 26.0, Armonk, NY: IBM Corp. Released 
2019). The significance level was set at 5% (α = 0.05), with 
a p-value < 0.05 considered statistically significant.

Results
Characterisation analysis
The SEM image of control group (Fig.  1a) exhibits dis-
tinctive surface morphology with crystalline structures. 
AHP and AHC showed clusters on the surface with AHS 
showing presence of globules. Addition of pachymic acid 
has produced a smoother surface similar to that of AHR. 
Quantitative results of elements obtained through EDX 
microanalysis revealed the presence of carbon, oxygen, 

Fig. 1  (a) The scanning electron micrographs of the experimental samples at 150× magnification. (b) EDX microanalysis graphs of the experimental 
samples
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tungsten, and calcium in all the tested groups (Fig.  1b). 
The additional elements depicted by the different groups 
included sulfur and sodium (control group), zirconium 
(AHP), nickel and titanium (AHC). Notably, none of the 
tested sealers contained bismuth or other heavy met-
als such as lead, chromium, cobalt, copper, zinc, and 
manganese.

The FTIR spectra of AHR and the experimental sealer 
reveal strong absorption bands at approximately 749 
cm−1, 829 cm−1, 918 cm−1, 1037 cm−1, 1179 cm−1, 1249 cm−1, 
1509 cm−1, and 1608 cm−1 (Fig. 2). These bands correspond 
to specific functional groups, including the -C-H bending 
group indicative of the compound class strong 1,2 disub-
stituted (cis) or monosubstituted benzene derivative, 
-C-H bending group denoting strong 1,4 disubstituted or 
1,2,3,4-tetrasubstituted compound class, -C = C- bending 
group indicating the presence of monosubstituted alkene, 
-S = O stretching group corresponding to the presence of 
sulfoxide, medium stretching -C-N denoting the presence 
of an amine, strong aromatic ester in the form of -C-O 
stretching, strong stretching of -N-O indicating the pres-
ence of nitro compounds, and stretching of -C = O denot-
ing the presence of α-β-unsaturated ketone. Apart from 

this, there is transmittance peak 3459 cm-1 correspond-
ing to -OH stretching presented in the AHR. In case of 
AHA and AHC there is transmittance peak at 1701 cm-1 
corresponding to conjugated carbon group. While com-
paring to other samples these peak intensities is low and 
confirms the absence of new functional groups present in 
any of the experimental sealers.

The peaks in the X-ray diffraction (XRD) patterns, as 
illustrated in Fig. 3, were measured within the 2θ range 
scale from 10 to 80°. The measurements were conducted 
using Cu Kα1 radiation at a scan rate of 0.02°/s. The pres-
ence of 11.4% of crystalline and 88.6% of amorphous 
components was present in AHR. In AHP there is pres-
ence of 39.9% of crystalline and 60.1% of amorphous 
components with 50.9% of crystalline and 49.1% of amor-
phous components in AHA, 36.5% of crystalline and 
63.5% of amorphous components and in AHS with 32.6% 
of crystalline and 67.4% of amorphous components. The 
obtained results match with previous reference of Joint 
Committee on Powder Diffraction Standards (JCPDS) 
[96-152-8786].The presence of Calcium Tungsten Oxide 
was present in all the experimental groups. There are 
no new compounds formed in the new sealers. Thus, 
the addition of these phytochemicals does not alter the 

Fig. 3  The peaks of XRD diffraction plots of experimental sealers mea-
sured in the θ-2θ range

 

Fig. 2  The FTIR spectrum of the experimental sealers revealing strong ab-
sorption bands between 749 cm−1 and 1608cm − 1
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composition of the sealer since no new compounds are 
formed.

Physical properties
The mean values with standard deviation for dimensional 
stability, solubility, setting time and flow are given in 
Tables 1 and 2 for all the groups at different time inter-
vals and different ratios.

Setting time
The average setting time of conventional AHR is 
1105 min. Addition of phytochemicals to AHR in a 10:1 
ratio resulted in reduction of setting time by 8.9–31.6%. 
In the case of 5:1 ratio, experimental samples demon-
strated a decrease in setting time ranging from 8.1 to 

31.5% (Fig.  4). Specifically, for groups AHP, the experi-
mental samples in 5:1 ratio showed decreased setting 
time compared to 10:1 ratio, while for AHC and AHS, the 
trend was vice versa. Notably, AHA values remained the 
same. However, intergroup comparison revealed statisti-
cally insignificant differences in setting time values.

Solubility
The solubility of curcumin group was higher compared 
to the other groups, though not statistically significant 
(Fig.  5). For the ratio 10:1, on days 1, 3, 7 and 14 there 
was a gradual percentage increase in solubility. Addition 
of phytochemicals did not alter the solubility of the AHR 
sealer.

Table 1  The mean values and standard deviation of dimensional stability, solubility, setting time and flow of all the samples for both 
the ratios at different time intervals for 10:1 ratio
Groups
10:1

DIMENSIONAL STABILITY SOLUBILITY SETTING TIME FLOW
DAY 7 DAY 14 DAY 21 DAY 1 DAY 3 DAY 7 DAY 14

AHP 10% 13.5 ± 2.4 23.6 ± 3.9 28.7 ± 3.1 0.04 ± 0.003 0.33 ± 0.07 0.4 ± 0.004 0.93 ± 0.01 846.6 ± 102.1 30.13 ± 5.2
AHA 0.75% 8.3 ± 1.3 13.3 ± 2.4 18.3 ± 2.2 0.11 ± 0.024 0.28 ± 0.02 0.58 ± 0.03 2.93 ± 0.09 905 ± 121.4 26.43 ± 3.5
AHC 0.5% 20.3 ± 2.4 25.4 ± 1.5 30.5 ± 5.7 0.07 ± 0.002 1.32 ± 0.3 1.93 ± 0.12 2.2 ± 0.4 736.6 ± 93.8 25.28 ± 3.9
AHS 6% 22.2 ± 3.5 29.1 ± 1.9 34.3 ± 3.4 0.03 ± 0.001 0.2 ± 0.01 0.3 ± 0.006 0.5 ± 0.009 1006.6 ± 128.3 32.47 ± 3.1

Table 2  The mean values and standard deviation of dimensional stability, solubility, setting time and flow of all the samples for both 
the ratios at different time intervals for 5:1 ratio
Groups
5:1

DIMENSIONAL STABILITY SOLUBILITY SETTING TIME FLOW
DAY 7 DAY 14 DAY 21 DAY 1 DAY 3 DAY 7 DAY 14

AHP 10% 13.4 ± 2.1 12 ± 2.3 15.4 ± 2.4 0.04 ± 0.001 0.17 ± 0.015 0.28 ± 0.011 0.66 ± 0.011 845 ± 42.8 30.22 ± 3.4
AHA 0.75% 5.1 ± 1.3 8.6 ± 1.5 13.8 ± 2.8 0.11 ± 0.021 0.2 ± 0.011 0.37 ± 0.041 0.75 ± 0.001 905 ± 48.1 26.25 ± 3.1
AHC 0.5% 6.7 ± 1.4 15.2 ± 1.1 17 ± 2.1 0.04 ± 0.014 0.9 ± 0.0041 1.13 ± 0.015 1.7 ± 0.23 746.6 ± 41.4 25.15 ± 2.8
AHS 6% 13.6 ± 2.8 20.4 ± 2.8 25.4 ± 4.5 1.08 ± 0.2 0.4 ± 0.019 0.6 ± 0.051 0.77 ± 0.041 1015 ± 203.5 32.42 ± 4.1

Fig. 4  Bar diagram – comparison of mean setting time (min)
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Dimensional stability
Compared to the control group, all the other groups of 
10:1 ratio showed a decrease in the dimensional stabil-
ity at day 7 that gradually reduced at day 21 (Fig. 6). The 
experimental samples in ratio 5:1 showed decreased 
dimensional stability compared to 10:1. The intergroup 
comparison showed statistically insignificant values.

Flow
All the experimental groups other than the control group, 
showed an increase in flow from 11.9 to 31.4% at 10:1 
ratio, while for the 5:1 ratio, the increase was from 12.02 

to 31.83% (Fig. 7). The experimental samples in ratio 5:1 
showed decreased flow compared to 10:1. The intergroup 
comparison showed statistically insignificant values.

Discussion
Root canal sealers (RCSs) play a crucial role in endodon-
tic therapy by sealing the root canal GP interface, thereby 
preventing recurrent infection and promoting healing 
of periapical tissues [27]. In their freshly mixed state, 
most of the sealers elicit inflammatory reaction in the 
periapical region [28, 29]. Addition of modifiers to the 
sealer influence their physical, chemical, and biological 

Fig. 6  Bar diagram – comparison of Dimensional stability Day 3, 7, 14 and 21

 

Fig. 5  Bar diagram – comparison of mean solubility values of 1, 3, 7 and 14
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properties and understanding these factors is essen-
tial for their effective use in clinical practice. Thus this 
study was designed with the objective of characterizing 
and evaluating the physical properties of the resin sealer 
modified with various phytochemicals. The phytochemi-
cals target various inflammatory mediators such as cyclo-
oxygenase-2, inducible nitric oxide synthase, and nuclear 
factor κB (NF-κB), thereby attenuating the release of pro-
inflammatory and profibrotic cytokines, and suppressing 
chronic production of free radicals, which culminates in 
the amelioration of tissue toxicity [30–32].

As stated by Vinola et al., and various authors 15% 
petasin demonstrated potent anti-inflammatory, anal-
gesic, and anti-spasmodic properties attributed to its 
sequiterpene content [17, 33, 34]. Regarding pachymic 
acid, Arun et al. found that 0.5% exhibited profound anti-
inflammatory effects by acting on reactive oxygen species 
(ROS) formation, thereby reducing sealer-induced cyto-
toxicity [8]. Jacob et al. reported that 1% curcumin exerts 
anti-inflammatory effects mediated by the upregulation 
of peroxisome proliferator-activated receptor-gamma 
(PPAR-γ) activation [21, 35]. Additionally, 4% shilajit, 
containing the biologically active compound fulvic acid, 
is recognized for its therapeutic properties, including 
antioxidant, anti-inflammatory, anti-allergic, immuno-
modulatory, antidiabetic, anxiolytic effects, and cognitive 
enhancement, with positive interactions with other drugs 
[24, 36]. A pilot study was conducted for these materi-
als, examining three different concentrations for each, 
including an upper limit concentration, a lower limit, and 
a middle limit based on literature. The best-optimized 
concentration from the pilot study was then selected for 
this study. To ensure that the material does not alter the 

constituents of the original sealers, minimum concentra-
tions were added to the AHR. Thus the study investigated 
two different ratios, 10:1 and 5:1, to determine the most 
effective ratio.

Setting time is a critical factor in the clinical applica-
tion of sealers, as it influences the working time dur-
ing the procedure and the sealers’ physical properties, 
including their solubility and dimensional stability [37]. A 
significant limitation of AHR sealer is its extended setting 
duration, which surpasses that of other sealers. However 
our results suggest that though 5:1 ratio facilitated faster 
setting for AHP, while 10:1 ratio led to quicker setting for 
AHS and AHC, with AHA showing the same setting time 
in both ratios (Fig. 4). The addition of phytochemicals did 
not improve the setting time of the sealer to a clinically 
acceptable range, which may be considered as a limita-
tion of the study. When a sealer remains unset or only 
partially sets, there is an increased risk of more rapid 
infiltration by irritants and their byproducts to the peri-
apical region [38].

When compared to the previous studies there is vari-
ation in the setting time of AHR in this study, which is 
less, compared to the study done by Preethi et al. (2020) 
whereas it is the same compared to the study done by 
Koo et al. (2023) [39, 40]. The observed variability might 
be attributed to variation in mold used, handling, tem-
perature, relative humidity and manipulation of the 
sealer. The setting time using a stainless-steel mold was 
significantly longer than using gypsum mold (Koo et al. 
2023) [39]. Non uniform dispensing of the components 
within the tube, specific segment of the tube in use, may 
also influence the result [41]. Furthermore, the values 
obtained fall within the 10% variation range deemed 

Fig. 7  Bar diagram – comparison of mean flow values
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acceptable by ANSI/ADA standards. Given that there is 
no statistically significant difference between the ratios, 
either the 10:1 or 5:1 ratio can be utilized for the modi-
fied sealer, though a lower concentration and volume of 
the modifier is preferred.

The solubility of the sealers not only affects their deg-
radation rate but also has implications on their biocom-
patibility, owing to the leaching of the components into 
the periapical tissues [42]. It also influences their long-
term stability and performance within the root canal 
system [43, 44]. Our results suggest that the solubility 
of all experimental sealers was higher than that of the 
control, but these differences were statistically insignifi-
cant. Notably, the groups with 5:1 ratio exhibited lower 
solubility compared to the 10:1 ratio. According to ISO 
standards, the solubility of root canal sealers should not 
surpass 3% with our results being within these limits [26]. 
Nevertheless, variations in the surface-to-volume ratios 
of the specimens and other experimental configurations, 
such as the types of molds used and setting times, may 
contribute to the observed differences in the results com-
pared to the other studies [39, 45, 46].

Dimensional stability of a material when placed in situ 
is mandatory for success of any procedure; in root canal 
treatment it provides integrity and hermetic seal of the 
root canal system, thereby minimizing the risk of micro-
leakage and secondary infection [47]. The study results 
suggest that incorporating phytochemicals in 5:1 ratio 
may be advantageous to enhance dimensional stability 
since there was a significant increase in the dimensional 
stability of the experimental sealers as days progressed.

Satisfactory distribution of the sealer into narrow irreg-
ularities, lateral canals, and the apical foramen requires 
adequate flowability and an optimal film thickness. While 
high flow properties are desirable, they should be care-
fully balanced to avoid the risk of material extrusion 
beyond the apical foramen, which may compromise peri-
apical healing. The American National Standards Insti-
tute (ANSI) and the American Dental Association (ADA) 
specifications indicate that sealers, when subjected 
to a flow test, should exhibit a diameter not less than 
20 mm. In this study, compared to the control group, all 
the experimental groups showed increase in flow. AHS 
exhibited a higher flow of 32.47 mm and 32.42 mm com-
pared to the other experimental sealers in both tested 
ratios. This could be attributed to the presence of solid 
paraffin hydrocarbons present in the shilajit and its like-
ness to be readily soluble in water but insoluble in etha-
nol [48, 49]. The incorporation of phytochemicals to the 
sealers in 5:1 ratio could be advantageous for improving 
the flow properties.

As per our SEM findings, all the modified sealers exhib-
ited micro-sized particles with particle sizes ranging 
from 25 to 100 μm. Numerous studies support the notion 

that the use of smaller sealer particles can result in a thin-
ner film thickness and enhance penetration into den-
tinal tubules. This could be the reason why AHS with a 
smaller particle size of 50 μm is found to have more flow 
property. The clusters observed on the surface of AHP 
and AHC may be attributed to the crystalline nature of 
the material, its immiscibility, and the increased particle 
size compared to the other two groups. The globular sur-
face in AHS may result from the crystalline property of 
the material, given its origin from powdered rock. The 
smooth surface in AHA can be attributedto the smallest 
particle size of 25 μm and the miscibility of pachymic acid 
to AHR compared to other phytochemicals. Quantitative 
results of elements obtained through EDX microanalysis 
revealed the presence of sulfur and sodium in the con-
trol group, zirconium in AHP, and nickel and titanium 
in AHC. Furthermore, no new elements were formed in 
combination with the sealer and the experimental mate-
rials, confirming the integrity of AHR’s components.

FTIR is a powerful analytical technique used to char-
acterize the chemical composition of materials. In this 
study, FTIR reveals strong absorption bands at approxi-
mately 749 cm−1, 829 cm−1, 918 cm−1, 1037 cm−1, 1179 cm−1, 
1249 cm−1, 1509 cm−1, and 1608 cm−1that correspond to 
benzene derivative, presence of monosubstituted alkene, 
sulfoxide, and presence of an amine, strong aromatic 
ester, nitro compounds and the presence of unsaturated 
ketones. Similar findings were observed in the study by 
Maharti et al. [50]. Upon comparison with other samples, 
it is evident that the intensities of the observed peaks, 
such as the transmittance peak at 3459 cm-1 correspond-
ing to -OH stretching in AHR and the peak at 1701 cm-1 
related to the conjugated carbon group in AHA and 
AHC, are relatively low. The similarity in peaks observed 
in the FTIR spectroscopic data indicates that the experi-
mental sealers maintain the integrity of AHR, with only 
minor modifications and trace compounds.

The XRD results of this study exhibited diffraction 
peaks for the various percentages of Crystalline (C) and 
Amorphous (A) compounds. AHR [C -11.4%, A- 88.6%], 
AHP [C -39.9%, A- 60.1%], AHA[C − 50.9%, A- 49.1%], 
AHC [C -36.5%, A- 63.5%] and AHS [C -32.6%, A- 67.4%] 
exhibited Calcium Tungsten Oxide (JCPDS: 41-1431). 
The XRD analysis also confirmed the presence of the 
same compound, confirming minimal or no changes in 
the modified sealer compared to the control. The altera-
tion in the crystalline and amorphous composition 
observed in the experimental sealers in comparison to 
AHR could be ascribed to the miscibility of the phyto-
chemicals. All root canal sealers showed acceptable prop-
erties based on ISO 6876 standards.

The characterization studies have affirmed that 
the addition of the mentioned phytochemicals to the 
sealer did not induce significant changes. Thus the null 
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hypothesis was thus accepted. Therefore, the addition of 
10% petasin, 0.75% pachymic acid, 0.5% Curcumin and 
6% Shilajit to AH Plus sealer in the ratio 5:1 is expected to 
have satisfactory physicochemical properties. Despite the 
favorable outcomes observed in the tested materials, fur-
ther investigations are necessary to gain valuable insights 
into the cytotoxic and anti-inflammatory behavior of this 
modified sealer formulation to ensure its appropriateness 
for clinical use.

Conclusions
The findings of the current study indicate that the addi-
tion of 10% petasin, 0.75% pachymic acid, 0.5% Curcumin 
and 6% Shilajit to AH Plus sealer in the ratio of 5:1 sig-
nificantly decreased the setting time and flow of AH Plus 
sealer, without substantially altering its dimensional sta-
bility and solubility. Therefore, further in vitro and in vivo 
studies on cytotoxicity and anti-inflammatory property 
can indicate whether these can be beneficial for applica-
tion in clinical practice.
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