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Abstract Aim: This study compared the setting time, radiopacity, solubility and pH changes
between Hisperidin cement, MTA-Angelus and Calcium hydroxide cements.

Methods: The study was conducted on 3 equal groups of samples of the evaluated capping mate-
rials including; Hisperidin (group I, N = 24), MTA-Angelus (group II, N = 24) and Dycal (group
III, N = 24). According to the assessed property, these groups were further subdivided into three
equal subgroups (8 samples each) including; subgroup A for assessment of the setting time, sub-
group B for assessment of radiopacity and subgroup C for assessment of the solubility of the mate-
rial and evaluation of pH. All recorded data were tabulated and statistically analyzed.

Results: The highest mean value of setting time was for the MTA-Angelus followed by Hes-
peridin and Calcium hydroxide with 72.83, 48.26 and 1.58 min, respectively. MTA-Angelus had
the highest radiopacity value and followed by Calcium hydroxide then Hesperidin. Hesperidin
showed the solubility in distilled water (=~45% mass loss) in relation to Calcium hydroxide
(=19% mass loss). On the other hand, MTA-Angelus showed 9% increase in weight. On contrast
to MTA and Calcium hydroxide, Hesperidin showed decrease in pH value throughout the evalua-
tion periods. Higher pH values in MTA-Angelus and Calcium hydroxide were reported in compar-
ison with Hesperidin.
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Conclusion: Despite its slight acidic nature, lower radiopacity and longer initial setting time,
Hesperidin, as a natural product, is a promising pulp capping material. Further research on Hes-
peridin powder is recommended to improve its physicochemical properties and to assess its biolog-

ical actions.

© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Historically, various materials such as ivory, gold-beaters skin,
Canada Balsam, oiled skin, quill, plaster of Paris, paper, oxy-
chloride, oxyphosphate, asbestos, gutta percha, lactophos-
phate of lime and oxyxulphate of zinc cement have been
used in pulp capping (Dominguez et al., 2003).

In the past, Eugenol and Zinc oxide had the best outcomes
after several comparative researches on different capping
materials. Then Calcium hydroxide was successfully applied
due to its good biocompatibility (Dammaschke, 2008).

Therefore, Calcium hydroxide became the pulp capping
material of choice for several decades. By the time, the studies
have been continued on new materials as pulp capping agents
therefore new materials such as Mineral Trioxide Aggregate
(MTA), composite resin, Propolis, Portland cement and finally
Bioaggregate were introduced to the markets (Almas and
Mahmoud, 2000; Accorinte et al., 2008; Asgary et al., 2008;
Borges et al., 2010; Barbosa Silva et al., 2000; Bavana et al.,
2015; Bollu et al., 2016; El Ashry et al., 2016; Negm et al.,
2017).

In earliest ancestors, natural materials have often used as a
sole therapy for both injuries and diseases. Nowadays, the
medicinal use of natural agents gains a great renewed interest
for treatment of several diseases (Abu-Seida, 2015). During the
last few years, several dental studies had been carried out on
Propolis, a resinous material collected by honey bees from dif-
ferent plants (Barbosa Silva et al., 2000; Saleh et al., 2016).
Propolis had been applied as an antimicrobial and anti-
inflammatory material for many decades. One of the main
components of Propolis is flavonoids that have several thera-
peutic actions including; reduction of free radicals release, inhi-
bition of bacterial and fungal growth, and regulation of the
immune response. These therapeutic actions suggested that fla-
vonoids have natural antimicrobial, anti-inflammatory and
immuno-regulatoy proprieties. Hesperidin is one of the most
important flavonoids (Burdock, 1998).

Table 1

For any pulp capping material, the most important physical
and chemical characteristics are setting time, radio-opacity,
solubility and pH value (Camilleri, 2010; Borges et al., 2011;
Negm et al., 2016).

The authors hypothesized that Hesperidin — as a flavonoid
— could be a beneficial natural new pulp capping material.
Therefore, this part of the study evaluated the physicochemical
properties including; setting time, radiopacity, solubility and
pH value of Hesperidin in comparison with MTA-Angelus
and Calcium hydroxide.

2. Materials and methods

2.1. Materials

The materials used in the present study are listed in Table 1.

2.2. Samples

Seventy-two samples were divided into three main groups (24
samples each) according to the evaluated material. These
groups included; group I (Hisperidin), group II (MTA Ange-
lus) and group III (Dycal). These groups were further subdi-
vided into three equal subgroups (8 samples each) according
to the tested property; subgroup A: for evaluation of the set-
ting time, subgroup B: for evaluation of the radiopacity and
subgroup C: for evaluation of the solubility of the material
and determining the pH.

2.3. Methods of evaluation

2.3.1. Determination of the setting time of the tested materials

Hesperidin was mixed at water to powder ratio of 1:3
(Camilleri, 2010). MTA-Angelus and Dycal were mixed
according to the manufacturer’s instructions. The mixture
was placed in a ring mold with an internal diameter of

Tested materials and their composition according to the manufacturers.

Materials Composition

Manufacturer

MTA-Angelus

Silicon dioxide or silica (SiO,), potassium oxide (K,0), aluminum
oxide (Al,03), sodium oxide (Na,0), iron oxide (Fe,O3), sulfur

QED Ltd., Bakewell Road, Orton Southgate;
Peterborough, Brazil

trioxide (SO3), calcium oxide (CaQ), bismuth trioxide (Bi,O3),
magnesium oxide (MgO), potassium sulphate (KSO,), sodium

sulphate (NaSOy,), crystalline silica.
Hesperidin Pure Hesperidin powder

Dycal Base paste:

SEDICO Pharmaceutical Company, 6th October
City, Egypt
Dentsply Caulk Milford, DE, USA

Disalicylate ester of 1, 3 butylene glycol, calcium phosphate,

calcium tungstate, zinc oxide, iron oxide.
Catalyst paste:

Calcium hydroxide, ethyl toluenesulfonamide, zinc state, titanium

dioxide, zinc oxide, iron oxide.
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10 mm #+ 0.1 mm and a thickness of 2mm =+ 0.1 (Fig. la).
For each material, 8 specimens were fabricated. At 150
+ 10s from the commencement of mixing (Borges et al.,
2010), a Gilmore needle (100 + 0.5 g with a flat end diameter
of 2mm + 0.1 mm) was vertically lowered onto the horizontal
surface of the tested material and allowed there for 5s
(Fig. 1b). This procedure was repeated at 30 s intervals until
the needle failed to make a complete circular indentation in
the material (Kataia, 2011). The indenter was wiped clean
between indentations. After assessment of the initial setting
time, a 456 £ 0.5 g Gilmore needle with a flat end diameter
of 1.0 £ 0.1 mm was used to evaluate the final setting time
(Fig. lc). The needle was inserted at 60 s regular intervals until
complete circular indentations could not be observed on the
surface of the evaluated capping material (Borges et al.,
2010). The setting time was calculated as the time passed from
the beginning of mixing to the time of absence of indentation
on the surface of tested material.

2.3.2. Radiopacity evaluation using digital radiographic system

Four acrylic plates (2.2 cm X 4.5 cm x 1 mm) with 6 holes of
I mm in depth and 5mm in diameter were placed between
two glass plates covered with cellophane sheets. Each tested
material was placed immediately in eight holes. Any excess
material was removed once set then the plates were stored at
room temperature during the setting time of all tested materi-

als. The radiographic evaluation was conducted after the final
setting. To standardize and locate the tested materials during
radiopacity evaluation, the tested materials were placed on
the acrylic plates in the same position (Borges et al., 2011).

At the time of radiographic exposure, each acrylic plate
with the contained material was positioned alongside with
another acrylic plate (1.3 cm x 4.5cm x 1 mm) containing a
graduated aluminum step-wedge with a thickness varied from
1 to 10 mm in uniform steps of 1 mm each (American National
Standard Institute (ANSI/American Dental Association,
2000). This set of acrylic plates had a similar size of a digital
radiography phosphor plate of the Digora system (Sordex
Orion Corporation, Helsinki, Finland). For digital radiogra-
phy, the set of acrylic plates was placed in front of this phos-
phoric plate with placing the samples in the middle of the
phosphor plate and next to the aluminum step-wedge. Radio-
graphic unit (MINRAY®, Soredex, Tuusula, Finland) was
applied for radiography of the samples and the aluminum
step-wedge. The exposure time was set at 0.04 s and the radio-
graphic setting factors were 65 kVp, 7 mA and 30 cm focal dis-
tance (ANSI/ADA, 2000).

The same radiographic setting factors were used for expo-
sure of the phosphor plate and the plate was scanned using a
suitable tool from the Digora system. The same phosphor
plate was used for all exposure to avoid the possible differences
between plates. An acrylic device was prepared for positioning

Fig. 1
needle for determination of final setting time.

(a) Ring mold used for measurement of the setting time. (b) Gillmore needle for determination of initial setting time. (c¢) Gillmore
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of the phosphor plate and assuring standard focal distance
(Fig. 2). The imaged plates of the tested materials were
scanned just after the exposure using the Digora plate scanner
according to the manufacturer’s standard instructions for
obtaining gold standard images (Martins et al., 2006). Then
the phosphor plate was cleaned and re-used. The radiographs
were viewed using Digora for Windows 1.51 software. The
grey-scale values of the materials and the aluminum step-
wedge corresponded to 30 x 30 pixels, identified by the coordi-
nates dX and dY. For each analyzed area of interest, the initial
coordinates were observed and the average measures of grey
levels were described by the function ’density mean’. The
regions with air bubbles inside the evaluated material were
avoided. This procedure was repeated three times and the aver-
age was calculated for each specimen.

2.3.3. Evaluation of the solubility of tested materials

The tested materials were placed in split Teflon ring molds
with 20 mm internal diameter and 1.5 £ 0.5 mm thickness

(Fig. 3a) and were placed on thin polyethylene sheets backed
by glass plates (Kataia, 2011). Each mold was filled to a slight
excess with the tested material. Eight discs were fabricated and
evaluated for each material. Before setting, an impermeable
nylon thread was inserted through the cement for hanging of
the samples and immersion in solution throughout the experi-
mental time. Another glass plate faced with polyethylene sheet
was placed on top of the filled rings. After three times of the
setting time, the samples of tested materials were removed
from the molds and any loose material particles were removed
from the surface using a soft brush (Ricci Vivan et al., 2010).
The samples were weighed in an analytical balance with
0.001 g precision, then the net weight of each sample was
recorded (My). The samples suspended by the nylon threads
were immersed in a wide-mouthed glass bottles containing
50 = 1 mL distilled water with keeping the samples not touch-
ing the bottles® walls (Fig. 3b). The bottles were kept hermiti-
cally closed for 28 days at constant temperature of 37 + 1 °C.
Samples were then removed from the bottles, gently washed

Fig. 3

(a) Ring molds used for determination of solubility. (b) Disc of a capping material hung in distilled water to measure solubility.



A comparative study of the physicochemical properties

223

with distilled water, dried with filter paper and desiccated for
1h at 37°C (Torabinejad et al., 1995). Each disc was
reweighed to the nearest micro-gram for the second time
(M ). The material’s solubility was measured as the percentage
of lost mass compared to the initial mass according to
Carvalho et al. (2003) as follows:

My—M,
=0 Tl

0

% Mass loss = 100

The solubility of each material was calculated as the mean
percent mass loss of the eight samples.

2.3.4. Determination of the pH values of tested materials

The recovered solutions of solubility test were used for mea-
surement of pH changes using pH meter (Orion PerpHect
Log R meter, Orion Research Inc., USA). Measurement of
pH was carried out at 7, 14, 21 and 28 days from mixing
according to Camilleri (2010). During the evaluation periods,
each disc was re-placed in the same glass bottle without any
change in the water. The pH was measured eight times for each
tested material.

2.4. Statistical analysis

All data were collected and statistically analyzed. Values of the
physical properties were presented as mean and standard devi-
ation (SD) values. Data were explored for normality using
Kolmogorov-Smirnov test of normality. The results of
Kolmogorov-Smirnov test showed that most of data were nor-
mally distributed (parametric data), so one way analysis of
variance ANOVA test was applied for comparison between
groups and different pH within the same group, followed by
Tukey’s post hoc test when the difference was significant.
The significance level was set at P < .05. Statistical analysis
was performed using SPSS 16.0 (Statistical Package for Scien-
tific Studies, SPSS, Inc., Chicago, IL, USA) for Windows.

3. Results

3.1. Setting times

The data are tabulated and statistically analyzed in Table 2.

Regarding the initial setting time, the greatest mean value
was recorded in Hesperidin (15.64 £ 0.38 min), followed by
MTA (13.33 £ 2.18 min), with the least value recorded in
Dycal (0.85 £ 015 min).

Regarding the final setting time, the greatest mean value
was recorded in MTA (72.83 £+ 17.29 min)_followed by Hes-
peridin (48.26 + 3.47 min), with the least value recorded in
Dycal (1.58 £+ 0.26 min).

3.2. Radiopacity

The data are tabulated and statistically analyzed in Table 3.
The greatest mean value was recorded in MTA (179.85
+ 7.78) followed by Dycal (135.56 £ 9.78) overcoming the
value of three steps of aluminum step-wedge which was the
minimum radio-opacity recommended by the ANSI/ADA
specification number 57. The least value was recorded in Hes-
peridin (72.63 £ 7.38) and it was less than three steps of alu-
minum step wedge.

Table 2
Hesperidin, MTA and Dycal.

Initial and final setting times (in minutes) of

Capping materials

Initial setting

Final setting

time (min.) time (min.)
Hesperidin Mean = SD 15.64* + 0.38 48.26° + 3.47
Min 15.10 45.95
Max 16.13 56.68
MTA Mean + SD 13.33% + 2.18 72.83* £ 17.29
Min 11.03 57.65
Max 17.62 112.83
Dycal Mean + SD 0.85° = 0.15 1.58° £ 0.26
Min 0.50 1.38
Max 0.98 2.20
F value 308.99 101.08
P value <0.0001" <0.0001"

Significance level P < .05, “Significant. Tukey’s post hoc test:
means with different superscript letters (within the same setting

time) are significantly different.

Table 3 Radiopacity of Hesperidin, MTA and Dycal.

Values Hesperidin MTA Dycal

Mean + SD  72.63* + 7.38  179.85° + 7.78  135.56° + 9.78
Min 64.20 171.07 122.27

Max 81.86 188.89 146.92

F value 319.71

P value <0.0001°

Significance level P < .05. “Significant. Tukey’s post hoc test:
means with different superscript letters are significantly different.

3.3. Solubility (% of mass change)

The data are tabulated and statistically analyzed in Table 4.

The greatest mean percent decrease was
(—44.76 £ 11.53 g),

Hesperidin

followed

recorded in
by  Dycal

(—18.87 £+ 5.17 g). while MTA recorded a percent increase of
9.41 + 1.36 g. One way analysis of variance (ANOVA) test
of the initial and final setting times, radiopacity and solubility
revealed a significant difference between different groups
(P < .0001). Tukey’s post hoc test revealed a significant differ-
ence between each two groups.

Table 4 Solubility (percentage of mass change) of Hesperidin,
MTA and Dycal.

Values Hesperidin MTA Dycal

Mean + SD  —44.76° + 11.53  9.41* + 1.36 —18.87° + 5.17
Min 34.98 7.89 7.58

Max 62.86 12.11 28.11

F value 216.11

P value <0.0001"

Significance level P < .05. “Significant, — = weight loss. Tukey’s

post hoc test: means with different superscript letters are signifi-
cantly different.
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3.4. The pH values

3.4.1. Within the same group

The data are collected, tabulated and statistically analyzed in
Table 5.

In Hesperidin group, the pH values were 5.71 &+ 0.37, 5.58
+ 0.07, 5.4 £ 0.10 and 5.37 + 0.17 at 7, 14, 21 and 28 days,
respectively. The mean value decreased with increasing the
evaluation period. One way analysis of variance revealed that
the difference was statistically significant (P = 0.0138).
Tukey’s post hoc test revealed a significant difference between
pH value at 7 and 28 days.

In MTA group at 7, 14,21 and 28 days, the mean value of pH
was 11.48 + 0.11,11.56 = 0.15,11.82 = 0.21and 11.12 + 0.14
respectively. The mean value increased with increasing pH eval-
uation period from 7 days to 21 days, then decreased at 28 days.
One way analysis of variance revealed a statistically significant
difference (P < .0001). Tukey’s post hoc test revealed a non-
significant difference between pH value at 7 and 14 days.

In Dycal group, the mean value of pH at 7 days was 11.40
+ 0.06, it increased to 11.49 £ 0.08 and 11.53 &+ 0.11 at 14
and 21 days respectively. At 28 days, the mean value decreased
to 11.33 = 0.15. One way analysis of variance revealed that
the difference was statistically significant (P = .0028). Tukey’s
post hoc test revealed a significant difference between pH value
at 28 days and each of 14 and 21 days.

3.4.2. Comparison between groups at different observation
periods

The data are collected in Table 6. At each pH evaluation per-
iod, significantly higher values were recorded in MTA and
Dycal groups in comparison with Hesperidin group. A Statis-
tically significant difference was recorded between groups at
the same evaluation period (P < .0001).

4. Discussion

Several studies have been carried out to discover new pulp cap-
ping materials for preservation of vitality and function of the
dental pulp. The present study investigated the possible appli-
cation of Hesperidin as a new natural pulp capping material.
To achieve this target, the study was divided into two parts,
the first part dealt with the physical and chemical properties
of Hesperidin and the second part dealt with its biological
properties as a direct pulp capping material in dogs teeth.
Despite its slight acidic nature, longer initial setting time and
lower radiopacity, Hesperidin is a promising pulp capping
material and further studies are recommended to improve its
physicochemical properties.

In the present study, Hesperidin was compared with both
MTA and Calcium hydroxide, commonly used pulp capping
materials. Calcium hydroxide was most common direct pulp
capping material in 1940s and mid 1950s because it was
thought to be biologically acceptable, has antibacterial prop-
erty, enhances dentin bridge formation and keeps pulp vitality
(Dominguez et al., 2003; Asgary et al., 2006). However, there
are several disadvantages of Calcium hydroxide such as its
degeneration over time, poor sealing ability and tunnel defects
and necrosis in dentinal bridges formed under Calcium
hydroxide leading to bacterial micro-leakage and impeding
dentinal bridge formation (El-Ashry et al., 2013).

The success rate of cases directly capped with Calcium
hydroxide in ten-year follow-up studies was 30-85% (Jitaru
et al., 2016). Therefore, MTA was applied in 1995 and intro-
duced to the market in 1998 to overcome the aforementioned
disadvantages of Calcium hydroxide (Torabinejad et al.,
1995). MTA is a non-resorbable biocompatible filling material
composed of fine hydrophilic particles that set in the presence
of moisture. Due to MTA has excellent sealing ability, high

Table 5 pH values of Hesperidin, MTA and Dycal within the same group.

Materials Values pH at 7 days pH at 14 days pH at 21 days pH at 28 days F value P value
Hesperidin Mean + SD 5.71* + 0.37 5.58%° + 0.07 5.43%° +0.10 5.37° + 0.17 4.23 0.0138"
Min 5.26 5.40 5.25 5.23
Max 6.18 5.63 5.60 5.76
MTA Mean + SD 11.48° + 0.11 11.56° + 0.15 11.82* + 0.21 11.12° + 0.14 26.6 <0.0001"
Min 11.32 11.48 11.72 11.04
Max 11.58 11.94 12.34 11.46
Dycal Mean + SD 11.40%° + 0.06 11.49* + 0.08 11.53* + 0.11 11.33° + 0.15 5.94 0.0028"
Min 11.32 11.37 11.40 11.18
Max 11.48 11.59 11.69 11.54

Significance level P < .05, “Significant. Tukey’s post hoc test: means sharing the same superscript letter (within the same group) are not

significantly different.

Table 6 Comparison of pH values of Hesperidin, MTA and Dycal between all groups at different evaluation periods.

Materials Values pH at 7 days pH at 14 days pH at 21 days pH at 28 days
Hesperidin Mean + SD 5.71° + 0.37 5.58° + 0.07 5.43% £ 0.10 5.37° + 0.17
MTA Mean = SD 11.48% + 0.11 11.56* + 0.15 11.82% + 0.21 11.12% + 0.14
Dycal Mean = SD 11.40° £ 0.06 11.49* + 0.08 11.53* + 0.11 11.33* £ 0.15
F value 1726.43 7987.04 4679.69 3833.95

P value <0.0001" <0.0001" <0.0001" <0.0001"

Significance level P < .05, “Significant. Tukey’s post hoc test: means sharing the same superscript letter (within the same pH period) are not

significantly different.
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ability of induction hard tissue formation and antibacterial
effects, its biological properties are excellent. Direct pulp
capping using MTA had a higher success rate (80.5%) than
Calcium hydroxide (59%) at 24-123 months period (Mente
et al., 2014). However, MTA also has few disadvantages such
as a delayed setting time; poor handling characteristics and
high expensiveness which are limiting its use (Asgary et al.,
2007). Therefore the studies on new pulp capping materials —
of lesser cost- are continued.

Propolis (bee glue) has a beneficial role in many dental dis-
eases because it has a regenerative effect on dental pulp through
prevention of microbial infection, inflammation and pulp necro-
sis. Moreover, it stimulates the stem cells to form an efficient
tubular dentin (Kumar, 2014). These advantages of Propolis
are mainly related to its content of flavonoids and derivatives
of hydroxycinnamic acids (Sabir et al., 2005). Therefore, the
hypothesis of the present study was that Hesperidin as a flavo-
noid could be a beneficial natural material for pulp capping.

Regarding the setting time evaluation, the highest mean
value of initial setting time was recorded for Hesperidin group
followed by MTA and Dycal. For the final setting time, the
highest mean value was for the MTA followed by Hesperidin
and Dycal. The longer setting time of MTA after mixing could
be attributed to its content of gypsum and tricalcium alumino-
ferrate which are important factors of setting time (Roberts
et al., 2008). Although Calcium sulphate had been removed
in MTA-Angelus to decrease the setting time (Salehimehr
et al., 2014), it still requires a longer setting time than Hes-
peridin and Dycal. These results are in agreement with
Salehimehr et al. (2014).

Ideal capping materials should have a sufficient radiopacity
for differentiation from dental tissues. Radiopacity is evalu-
ated by an aluminium step-wedge according to ANSI/ADA
specification #57 and an endodontic sealing material should
present radiopacity correspondent to at least 3 mm Aluminium
steps (Tagger and Katz, 2004; Tanomaru-Filho et al., 2007).
Recently, digital methods have been used for evaluation of
the grey-tones values measured in pixels by using specific soft-
ware. X-ray digital periodontal phosphor plate enhanced with
Digora software was applied for obtaining an immediate image
on the screen eliminating the need of conventional radio-
graphic film and its chemical processing thus saving time
(McDonnell and Price, 1993) and decreasing the interference
factors of the radiographic quality (Syriopoulos et al., 2000).
Another disadvantage of the digital software are the detailed
analysis of the digital image and evaluation of it by a numer-
ical value (Nummikoski et al., 1992). The acrylic device with
holders keeps the same object-to-focus distance. Transparent
radiolucent plates with 5 mm wells were applied in sample
preparation, according to ANSI/ADA specification # 57, thus
decreasing volume of the used sample and allowing several
samples to be placed in the central part of the X-ray phosphor
plate. To balance out the effect of localized irregularities not
seen by the naked eye, three different regions were assessed
as mentioned before (Caravalho et al., 2007).

Among the tested materials, MTA-Angelus had higher
radiopacity values than Dycal. This is in agreement with
(McComb, 1983; Borges et al., 2012). On the contrary, Hes-
peridin had not sufficient radiopacity to be distinguished on
a digital radiograph. This is due to the radiopacifying materi-
als present in both MTA-Angelus (Bismuth trioxide) and
Dycal (Titanium dioxide), while pure Hesperidin powder lacks

any radiopacifier. Therefore, future studies dealing with addi-
tion of radiopacifier to Hesperidin are recommended.

Solubility or % of mass change was also measured accord-
ing to ANSI/ADA specification # 57. Dycal showed a distinct
dissolution in distilled water that was necessary for Calcium
hydroxide to be released for the development of therapeutic
actions as reported before (McComb, 1983). Hesperidin
showed a higher solubility of the pure powder in distilled water
after 28 days due to the presence of hydroxyl rings that com-
bine with those of water. Although solubility of a material is
important for the development of its therapeutic actions, it
should not be high but the ideal solubility is not documented.
In contrast, MTA showed increase in weight because it has a
hydrophilic property resulted from capillary action of the
pores present in the set cement. These pores result from the
incorporation of air bubbles during mixing. Similar findings
were recorded by Borges et al. (2012). On the contrary, Ceci
et al. (2015) recorded a slight solubility of MTA. This differ-
ence in solubility might be due to the differences in the method
and time used of evaluation where this loss in weight might be
due to solubility of the radiopacifier and ions leached in the
solution; however in this study, solubility was evaluated at
7 days interval and by weighing the original mass in the mold.

High pH and released Calcium and Phosphorous ions are
essential in the hard tissue healing. Furthermore; high pH
assists in antibacterial action which is also a critical factor
for pulp healing and new hard tissue formation (McHugh
et al., 2004). Close similarity of the media to the oral tissue
fluid may be a source of Calcium and Phosphate nucleation;
hence distilled water was selected as a storage media for mea-
surement of pH of the tested materials. The pH greater than 9
can inactivate the bacterial cell wall. Calcium hydroxide ion-
ization results in high pH, thus MTA had a higher pH than
Dycal due to its contents of Tricalcium silicate (C3S) and
Dicalcium silicate (C2S) where the hydration reaction of C3S
results in more Calcium hydroxide than C2S. Our results indi-
cated that both MTA and Dycal produced an alkaline environ-
ment of pH less than 12 but greater than 9. These results are
nearly similar to the previous findings of Salehimehr et al.
(2014) who reported a higher pH of MTA above 12. This
might be due to the difference in the method used of evaluation
where Salehimehr et al. (2014) measured the pH directly from
the set cement mass using a temperature compensated elec-
trode rather than immersing the samples in distilled water as
in our study. Measurement of pH at long time represents the
ability of the cements to increase pH thus increasing hydroxya-
patite formation with good hard tissue deposition. Therefore,
pH was measured in this study during 4 periods up to 28 days.

In all periods of evaluation, pH remained high indicating
the continual reactions of MTA and Dycal and continual set-
ting of MTA concurring with results obtained by Ghazivini
et al. (2009). On the contrary, Hesperidin had acidic pH values
during all evaluation periods. This might be due to the fact
that Hesperidin was obtained from citrus fruits that are
slightly acidic in nature. Therefore, further studies to improve
the properties of Hesperidin are recommended.

5. Conclusions

Despite its slight acidic nature, longer initial setting time and
lower radiopacity, Hesperidin, as a natural product, is a
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promising pulp capping material. Further studies on Hes-
peridin powder are recommended to improve its physicochem-
ical properties and to evaluate its biological properties.
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