OPEN ACCESS https://scidoc.org/IJDOS.php

International Journal of Dentistry and Oral Science (IJDOS)
ISSN: 2377-8075

A Histological Evaluation Of Nigella Sativa As A Direct Pulp Capping Material (An In-Vivo Study)

Research Article
Ebrahim Faour', Mohannad Laflouf?, Ahmad Manadili®, Abdullah Ateek*, Muaaz Alkhouli", Zuhair Al-Nerabieh'

! MSc in pediatric dentistry, Faculty of Dentistry, Damascus University, Syria.

2 Professor in pediatric dentistry, Faculty of Dentistry, Damascus University, Sytia.

? Professor in oral pathology, Faculty of Dentistry, Damascus University, Sytia.

* MSc in oral and maxillofacial surgery, Faculty of Dentistry, Damascus University, Syria.

Abstract

Obijective: The aim of this study is to evaluate the histological pulp response following direct pulp capping with Nigella Sativa
paste (NS)in compatison to calcium hydroxide(CH) in rabbits' teeth.

Methodology: 15-New Zealand rabbits were selected in this study and divided into 3 groups according to pulp capping
period (two days, two and four weeks). calcium hydroxide and Nigella Sativa paste were used for capping upper and lower
central incisors (4 incisors ). The teeth were restored by glass ionomer cement (GIC) as permanent restorations . After that
animal were scarificed and teeth were dissected and prepared for histological evaluation using Hematoxylin Eosin (HE) stains.
Results: The results showed that NS caused statistically significantly less severe inflammatory reactions than CH at all-time in-
tervals. Regarding the hard tissue formation, NS showed a statistically significantly thicker formation after a two-week period,
while after4 weeks period, all Nigella sativa samples showedhard tissue formation thicker than CH samples but not statistically
significant. There were statistically significant differences regarding tissue organization after a period of one and two weeks
between NS group and CH group, but after four weeks there were no statistically significant differences.

Conclusions: Nigella Sativa paste can be as a direct pulp capping material as it led to a faster hard tissue formation than
calcium hydroxide with less inflammation.
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Introduction

Pulpal vitality is critical to the maintenance of the structural integ-
rity and normal physiological function of teeth [1].

Studies demonstrated that exposed pulps possess an inherent
capacity for healing through cell reorganization and bridge for-
mation when a proper biologic seal is provided and maintained
against leakage of oral contaminants [2, 3].

Direct pulp capping is a conservative therapy frequently per-
formed for preserving pulp vitality when the pulp is exposed dut-
ing dental treatment. When the pulp tissue is propetly protected
and preserved with a capping material, the wound may heal un-
eventfully [4]. An ideal direct pulp-capping material should con-
trol infection, preserve the vitality of the pulp tissue, stimulate
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the repair process, adhere to the dentin tightly without permitting
leakage, and promote the formation of a hard tissue barrier and
a dentin bridge [5, 6]. Calcium hydroxide has been a material of
choice for direct pulp capping for several years because it inhibits
bacterial growth and exhibits reparative properties |7, 8|. How-
ever, it has several drawbacks, such as the porosity of its induced
hatd tissue, its inferior adherence to dentin, and the microleakage
produced from its decomposition [9, 10].

Many materials have been used to cover the exposed pulp, and
have been extensively histologically and clinically studied and have
achieved different success rates, such as zinc oxide eugenol (ZoE)
[11], glass ionomer cement (GIC)[12], adhesive systems [13], cal-
cium hydroxide [14], mineral trioxide aggregate (MTA)[15], Bio-
dentine [16] and calcium-enriched mixture cement CEM [17].
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Over the past decade, herbal medicine has become a topic of in-
creasing global importance. A larger number of medicinal plants
and their purified constituents have shown beneficial therapeutic
potentials [18].

Nigella sativa (NS) shows very valuable biomedical properties
such as antioxidant, antimicrobial, anticancer, anti-inflammatory
[19].

Nigella sativa is an annual flowering plant in the family Ranuncu-
laceae also called black cumin, black seed, or Habbatul Barakah is
native to the south and southwest Asia, and is cultivated in several
countries in the Mediterranean region, South Europe, Syria, Tur-
key, and Saudi Arabia |20, 21].

Researchers have attributed the health promoting benefits of the
black seed to its active components and high nutritional content.3
The seeds are composed of 28-36% fixed oils, proteins, alkaloids
and saponins, and 0.4-2.5% essential oils. Many pharmacologi-
cally active compounds have been isolated from black seeds, but
the most reported active constituents are thymoquinone (TQ),
dithymoquinone, thymol, and thymohydroquinone 22, 23].

Abd-Awn et al [24] conducted a research using an agar diffusion
test followed by a minimum bactericidal concentration (MBC) de-
termination to test the NS oil extract’s sensitivity to S. mutans
and its ability to inhibit bacterial adherence to the dental plaque
compared with chlorhexidine gluconate. The results showed that
the black seed oil extract has 10% MBC against S. mutans [24].

In the rat model proposed by Al-Wafi et al, [25] besides the anti-
caries assessment, an evaluation of the potential preventive role
of TQ on gingival inflammation was conducted. The results re-
vealed that rats treated with TQ in drinking water or an oral gel
had statistically significant lower periodontal indices and subgin-
gival bacterial counts in comparison with both the negative and
positive control groups. Additionally, their mandibular tissues,
which were taken for histological examination to determine the
degree of inflammation, demonstrated no signs of inflammation
compared with the controls.

Another study [18] searched for a new capping medicament in
pediatric dentistry to replace formocresol because of its report-
ed side effects. The study compared the histopathological pulp
response to NS oil and formocresol (FC) in dogs. The results
showed that NS specimens histologically revealed mild to moder-
ate vasodilatation with few inflammatory cells and a continuous
odontoblastic layer. On the other hand, FC specimens showed ad-
vanced inflammation with severe vasodilatation and inflammatory
cell infiltration and degeneration. Thus, application of NS main-
tained the vitality of the pulp, which makes it a good pulpotomy
agent in clinical practice [18].

Al-Douri and Al-Kazaz(206) carried out an experiment on 12 rab-
bits. The authors created the ulcers with 0.3 ml of 1% formalin
injections in the cheek mucosa of the rabbits followed by topical
application of NS twice a day for 3 days. The animals were sac-
rificed on the fifth day, and their cheek mucosae were histologi-
cally examined. The results showed a significant healing process
enhancement with NS treatment, and a marked anti-inflammatory
activity and differences in the rate of epithelization between the
NS and control groups [26].
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Therefore, the aim of this study was to evaluate the histological
response of a healthy rabbit pulp to direct pulp capping with Ni-
gella sativa compared to calcium hydroxide. The null hypothesis
was a lack of difference in the response of the pulp tissue be-
tween the two direct pulp capping material.

Materials and Method
Selection Of The Experimental Animals

Fifteen adult males of New Zealand white rabbits weighed about
2 Kg were selected. Females were excluded due to periodic hor-
monal reasons and the possibility of pregnancy during the study

period.

The animals were individually housed in animals incubator and
maintained under clean housing conditions and fed it.They were
controlled diet and received daily care in the animal house of Fac-
ulty of Veterinary Medicine, Hama University.

The necessary medical examinations were carried out by the spe-
cialized veterinarian to ensure the integrity of these animals, and
that they are free from any current medical condition that may
negatively affect the course of the experimental stages.

Ethical Regulation

The research was approved by the research ethics committee, Fac-
ulty of Dentistry, Damascus University.

Sample Size

The sample size calculation was calculated using G*Power 3.1.9
(Franz Faul, Universitit Kiel), 0.05 significance level, and 80% sta-
tistical power and effect size 0.80 . It was estimated that 21 teeth
in each group (CH , NS) were required, yet the sample size was
raised to 30 teeth in each group.

Distribution of study groups

Fifteen rabbits was randomly subdivided into three subgroups (5
rabbits each), according to the pulp capping period (two days ,two
and four weeks). Where teeth capped with calcium hydroxide for
two days in the subgroup (C.T1), capped with calcium hydroxide
for two weeks in the subgroup (C.T2) and capped with calcium
hydroxide for four weeks in the subgroup (C.T3). Meanwhile in
(N.T1) they were capped with Nagilla sativa for two days, (N.T2)
capped with Nagilla sativa for two weeks and capped with Nagilla
sativa for four weeks in the subgroup (N.T3).

Two upper and two lower central incisors were utilized in each
rabbit. Split mouth technique was utilized where the two tested
materials were used in both sides of the mouth in the same ani-
mal. One central incisor was capped with calcium hydroxide and
the other with Nagilla sativa.

Capping Materials

1. Calcium Hydroxide (Urbical, ProMedica, Germany).
2. Nigella Sativa Oil (Herb Pharm; Nigella Sativa oil Liquid Ex-
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tract; 1 fl oz; 30 ml) is a commercial product obtained from the
American iHerb website through online purchase.

Preparing the animal of the experiment

Each rabbit was anaesthetized through administration of 5 mg/
kg of xylazine solution (Xyla, Interchemie Holland) intra muscu-
lar in the quadriceps femorais muscle using needle with an appro-
priate gauge and After five minutes, the rabbit is given a muscle
injection of ketamine hydrochloride 30 mg/kg (Elsaad pharma,
Syria) in the muscle of the other extreme.

Experimental procedures

The working field was disinfected by 0.2% chlorhexidine solutio-
nand dried by cotton rolls.Then Class V cavity preparation was
done in the gingival third of the labial surface of each toothof
permanent central incisors in a standardized protocol. A class V
cavity with the dimension of 1.5 mm X 2 mm wasprepared us-
ing a sterilepear-shaped diamond bur (0.10 ISO standards). After
cavitypreparation, the pulp horn was mechanically exposed ap-
proximately 1 mm in diameter in the middle of the pulpal floor
by drilling with a sterilehigh-speed diamond bur (0.10 ISO stand-
ards) under copioussterile water irrigation.Proper hemostasis was
achieved through controlling of bleeding by pellets of cotton
moistured with sterile saline with gentle pressure. For avoidance
of cross contamination each cavity was prepared by a sterile bur.
The calcium hydroxide was mixed according the manufacturer’
instructions and applied on exposure sites in the One central inci-
sor using Liner Placement Instrument (caulk, Dentsply) and the
other with nagilla sativa oil that it was mixed with zinc oxide to a
thick consistency on a glass pad with the aid of spatula, the mix
was placed on the exposure site by means of small ball burnisher.
Then cavities were sealed with glass ionomer cement (Medifil,
ProMedica, Germany).

Animal Care

After completion of dental procedure, the animals were taken
care of according to the protocol of Canadian Council on Animal
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Care and in coherence with the Three Rs (replacement, reduction,
reinforcement) of animal ethics [27].

Animal scarification

The rabbits were scarified after 2 dayes and 2, 4weeks. Once the
rabbits were sacrificed, the teeth and the surroundingalveolar
bone were dissected en bloc and prepared for histopathologic
evaluation using Hematoxylin Eosin (HE) stains.

Histological evaluation & procedures (Passcoe and Gate-
house, 1986)

After rabbit scarification teeth were put immediately in fixative
10% formalin for 48- 72 hours. the specimens were washed under
running tap water to remove the excess of the fixative. Decalcifi-
cations of the specimens were carried out using 10% Nitric acid
(HNO3) for 3 dayes. Teeth were cut longitudinally through the
pulp in a labial-palatal plane. The samples were then washed with
a continuous water stream for 24h. Water was removed from the
tissue gradually by putting it in ascending grades of Ethyl alco-
hol; 50%, 70%, and 90% then in absolute alcohol and finally with
xylene . When xylene was completely replaced the alcohol in the
tissue, the specimens became clear, they were embedded in dish
filled with melted paraffin then removed from the dishes with a
warm forceps and placed in the a box of melted hard paraffin, the
bottom of which was the surface of cutting, Tissues were cut into
sections of 5um thickness, and then stained with Haematoxylin
and cosin (H&E) and examined by optical microscopy (Olym-
pus, Tokyo, Japan) at 10x, 40x and 100x magnifications [33]. The
sections were blindly evaluated by experienced pathologists and
calibrated according to the criteria described in tables . Evaluation
criteria for inflammatory cell response are given in Table 1, for
tissue disorganization in Table 2 and for Dentine bridge forma-
tion in Table 3.

Statistical analysis

The criteria for each specimen were determined and the results
were submitted to statistical analysis, using the software Statisti-

Figure 1. Nigella Sativa Oil.

Figure 2. Class V cavity preparation.
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cal Packages for Social Sciences (SPSS version 20). Data in the
present study assumed non-parametric distribution. Level of
significance was set at a P value of (P=<0.05). The inflammatory
response, tissue disorganization and hard tissue formation scores
were subjected to non-parametric Kruskal-Wallis test to detect
the significant differences among the groups and the Mann Whit-
ney U test was used for two-by-two comparisons.

Results
After Pulp Capping For Two Days

70% of specimens of calcium hydroxidesubgroup (C.T1) showed-
moderate inflammatory cell infiltration(score 2)(P Fig. 10), while
30% of specimens showedslight inflammatory cell infiltration(
score 1) and demonstrated slight pulp tissue disorganization at
the exposure site. As regard to Nigella Sativa group (N.T1) 100%

https://scidoc.org/IJDOS.php

of specimens showed Slight inflammatory cell infiltration (score:
1)(™ Fig. 9) and just 50% of specimens demonstrated slight pulp
tissue disorganization at the exposure site.

For this period both of (C.T1) and (N.T1) subgroups in all speci-
mens showed Absence of hard tissue deposition (score 0).

After Pulp Capping For Two Weeks

60% of specimens calcium hydroxide subgroup (C.T2 )showed
slight inflammatory cell infiltration (score: 1)and 40% of speci-
mensdemonstrated moderate pulp tissue disorganization at the
exposure site(score: 1). Meanwhile, 60% of specimens in the Ni-
gella Sativa subgroup (N.T2) showed absence of inflammatory
cells(score: 0)(PFig. 11) while the 40% of specimens showed
Slight inflammatory cell infiltration (score 1)and all specimenss-
howednormal tissue morphology.

Table 1. Evaluation criterias for the inflammatory response [28].

Grade Criteria
0 A few or no scattered inflammatory cells present at the pulp exposure site or below the hard-barrier formation
1 Slight inflammatory cell infiltration with polymorphonuclear or mononuclear leukocytes below the pulp expo-
sure site but limited to the coronal portion of the pulp.
moderate inflammatory cell infiltration below the exposure site and extended to the middle of the pulp.
severe inflammatory cell infiltration involving the whole pulp
Pulp necrosis
Table 2. Evaluation criterias for tissue disorganization [29].
Grade Criteria
0 Normal or almost normal tissue morphology below the pulp exposure site
1 Slight disorganization immediately below the pulp exposure site or adjacent to the hard-tissue formation(such
asodontoblast-like cells, odontoblasts, and pulp tissue pattern disorganization or odontoblast hyperactivity)
but central pulp normal
Total disorganization of the pulp tissue morphology
Pulp necrosis
Table 3. Evaluation criterias for hard tissue formation; dentin bridge [30].
Grade Criteria
0 Absence of hard tissue deposition
1 Mild hard tissue deposition beneath the exposed area or partially formed hard tissue
2 Moderate hard tissue deposition beneath the exposed area (the exposed area is not completely closed)
3 Heavy hard tissue deposition beneath the exposed area

Table 4. Mean ranks of different subgroups and results of Mann-Whiteny for the comparison between inflammatory re-
sponse ,Bridge Formation and Tissue Disorganization in the two groups at (2 days, 2 weeks, 4 weeks).

Inflammation Tissue Disorganization hard tissue formation
2 Days | 2 weeks | 4 weeks | 2 Days | 2 weeks | 4 weeks | 2 days | 2 weeks | 4 weeks
Mean | Calcium Hydroxide | 14.00a | 14.30a | 12.00a | 13.00a | 13.00a | 11.50a | 10.50a | 8.10a 8.75a
ranks Nigella Sativa 7.00b 6.70b 9.00b 8.00b 8.00b 9.50a | 10.50a | 12.90b | 12.25a
Mann-Whitney U test 15 12 35 25 25 40 50 26 32.5
P-Value 0.001 0.002 0.067 0.012 0.012 0.146 1 0.044 0.15

The values with the same superscript letter (a, b) within the same column are not statistically significantly different.Significant at P < 0.05
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60% of calcium hydroxidespecimens (C.T2 ) showed mild hard
tissue deposition (score 1)(PFig. 5) and 20% showedmoderate
hatd tissue deposition (score 2), while 20% showed absence of
hatd tissue deposition(score 0).

On the other hand, 60% Nigella sativa specimensshowedmoder-
ate hard tissue deposition (score 2)(® Fig. 4), and the other 40%
showedmild hard tissue deposition (score 1)(P Fig. 3).

After Four Weeks Of Pulp Capping

Just 30% of (C.T3) specimens showed slight inflammatory cell
infiltration (score:1)while the 70% of specimens showed absence
of inflammatory cell infiltration (score O)and just 20% of speci-
mensdemonstrated slight pulp tissue disorganization. As regard
to Nigella Sativa (N.T3) 100% of specimens showed absence
of inflammatory cell infiltration (score 0) and all specimenss-
howednormal tissue morphology.

For this period 30% of calcium hydroxide specimens (C.T3)
showed heavy hard tissue deposition(® Fig. 8) and 40% of the
specimens (C.T3) showed moderate hard tissue deposition (score
2)(»> Fig. 7)ywhile 30% showed mild hatd tissue deposition (score
1). As forNigella sativa specimens showed heavy hard tissue
deposition(score 3) at 50% (P Fig. 6), and moderate hard tissue
deposition (score 2) at 50%.

https://scidoc.org/IJDOS.php

On comparing subgroups for interaction between materials and
time; Kruskal-Wallis test showed significant differences between
subgroups in each group.

The Mann-Whiteny U test for pair wise comparison showed that
at 2 days interval the Nigella Sativa statistically significantly less
severe inflammatory reactions than CH at all-time intervals. Re-
garding the hard tissue formation, NS showed a statistically sig-
nificantly thicker formation after a two-week period, while after
4 weeks period, all Nigella sativa samples showed hard tissue for-
mation thicker than CH samples but not statistically significant.
There were statistically significant differences regarding tissue
organization after a period of one and two weeks between NS
group and CH group, but after four weeks there were no statisti-
cally significant differences. pair wise comparisons using Mann-
Whiteny U tests are shown in Table (4).

Discussion

Nigella sativa is a promising indigenous plant possessing several
medicinal properties have been under extensive research in recent
years. Careful scientific evaluation of the safety of essential oils
derived from the seeds of plants is mandatory before they can
be clinically applied. Experiments on animals for pre-clinical bio-
compatibility evaluation provide an accurate method of evaluat-
ing clinical response to dental materials.[18] Therefore this study

Figure 3. Two weeks post capping with Nagilla sativa showing mild hard tissue deposition (A). H&E stain x40.

Figure 4. Two weeks post capping with Nagilla sativa showing Moderate hard tissue deposition (A). H&E stain X10.

Figure 5. Tow weeks post capping with calcium hydroxide showing mild hard tissue deposition (A). H&E stain X10.
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Figure 6. Four weeks post-capping with Nagilla sativa showing heavy hard tissue deposition (A). H&E X 10.

Figure 7. Four weeks post-capping with calcium hydroxide showing moderate hard tissue deposition (A). H&E X 10.

Figure 8. Four weeks post-capping with calcium hydroxide showing heavy hard tissue deposition (A). H&E X 10.

Figure 9. Tow-days post capping with Nagilla sativa,showing mild inflammation and edema of the pulp tissues with dilata-
tion of blood vesselsand PMNS infiltration (B). H&E stain 40X.

Figure 10. Tow-days post capping with calcium hydroxide, showing moderate inflammation and PMNS infiltration extend-
ed to the middle third with dilatation of blood vessels (A). H&E stain 10X.

Figure 11. Tow-weeks post capping with Nagilla sativa showing central pulp normal.

was conducted to evaluate histopathologically the effect of NS because their pulp tissues are comparable with that of human
extract on vital pulp tissue compared to calcium hydroxide in rab- [31], The reasons that rabbits, particularly a New Zealand white
bits. species, were used in this study are because of their short life

span,|32] their larger tooth size than that of other rodents’ teeth,
The animal model selected in the present study was rabbits which is suitable for restorative procedures, and their similar tooth
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structure and jaw to human teeth.[33] In addition, several teeth
can be selected for any experiment in one rabbit so the number
of animals used in one study is reduced . also, using split mouth
technique so that both medicaments tested in the same animal in
alternate sides of the mouth.

The follow up period was short term extended only 4 weeks this
because of rapid formation of secondary and tertiary dentin in
rabbits, possibly due to open-apex tooth roots and continuous
tooth eruption throughout their life [34]. Because rabbit teeth
grow or erupt continuously, these growth or eruption is held in
balance by dental abrasion from chewing a diet high in fiber [35].
Several previous studies used comparable follow up periods 30,
35-38).

In this study, demineralization using 10% nitric acid for 3 days was
petformed based on a protocol derived from 2 previous studies,
(39, 40) whose results demonstrate quick and efficient deminerali-
zation of calcified tissues, while preserving the integrity of pulp
tissue.

In this study, the criteria for histological evaluation included in-
flammatory response, Tissue Disorganization as well as dentin
bridge formation using Hematoxylin Eosin stains.

Calcium hydroxide is considered as the gold standard for direct
pulp capping since its use in dentistry in 1921. Moreover, it is able
to discharge bioactive molecules in the dentin matrix [12]. How-
ever, it does not stimulate dentinogenesis, thus leading to ques-
tions over its biochemical suitability for pulp [12, 41].

Histological analyses suggest that calcium hydroxide creates re-
parative dentin with tunneling defects, hence increasing the sus-
ceptibility of the pulp to long-term bacterial infections [41]. In
addition, calcium hydroxide provides a poor seal, and its selfcure
preparations are soluble. Consequently, the capped zone is ex-
posed over time thus promoting the reinfection of the cavity.
Morteover, calcium hydroxide induces inflammation and is thus
likely to affect the healing process, a factor that further affects its
use [42].

Furthermore, it has a very high pH which is associated with ne-
crosis at the wound site [43]. The drawbacks of calcium hydroxide
are that it provides a poor seal, and it’s selfcure preparations are
soluble and exposed to dissolution over time [12]. Because of its
high pH level, a foci of necrosis forms at the wound site [43].

Results this study showed that calcium hydroxide group more in-
flammatory response and Tissue Disorganization compared with
Nigella Sativa group at all follow up periods.

After two days capping pulp with calcium hydroxide showed in-
flammatory response and PMNs infiltration and Slight tissue dis-
organization at all specimens . But after two weeks period inflam-
matory score gradually decreased but stayed Slightly inflammatory
response till the fourth week interval. This could be explained
by highly alkaline to Ca(OH), produces a superficial burn cover-
ing a scar at the pulp surface and producing pulpal inflammation
closely associated with the presence of necrotic area.

The findings from the calcium hydroxide group are consistent
with previousstudies [30, 35, 44, 45].
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Nigella sativa group showed Slight inflammatory response and
Slight tissue disorganization. but after two weeks period inflam-
matory score dramatically decreased, and then was observed ab-
sence any inflammatory response after four weeks capping period.

This outcome could be credited to the chemical make-up of the
Nigella Sativa especially Thymoquinone compound. Thymoqui-
none is the main active ingredient of nigella sativa seeds has oste-
ogenic, anti-inflammatory, antibacterial, antioxidant, and analgesic
effects, while having low impact on normal cells [46]. Moreover, it
was found that thymoquinone exerts its anti-inflammatory func-
tion through its effect on some mediators of inflammation as leu-
kotriene.[47|

Furthermore, Thymoquinone has an antibacterial activity and an-
tibiotics could potentiate its activity [48] Khattab and Omar study
found that NS reduced the microbial flora of the infected root
canals significantly [49].

The results of NS agree with the study of Omar and Khattab(18)
in pulp response to NS oil in dogs as a pulpotomy agent in Pediat-
ric Dentistry . Few specimens showed scattered inflammatory cell
infiltration with mild to moderate vasodilatation and the odonto-
blastic layer was continuous.

Regarding the results of hard tissue formation, no evidence of
hard tissue formation after two days periodwith both calcium hy-
droxide and Nigella sativa groups.

According to Goldberg [50] cell repair begins after inflammation
control, with replacement of the injured or necrotic region by
undifferentiated cells.

After transformation, these cells give rise to tissue similar to the
previous undamaged tissue, with three successive phases of cell
renewal: slight inflammation associated with cell recruitment, cell
proliferation filling the lesion site, and cell differentiation in the
pulp, creating neo-odontoblasts for the production of reparative
dentin.

This study showed that the Nigella sativa significantly faster
bridge formation at two and four weeks follow up intervals com-
pared to the Ca(OH),.

The ability of calcium hydroxide to allow pulp repair and hard tis-
sue formation has been reported in previous histological studies
[30, 37, 38]. The formation of the hard tissue after the application
of calcium hydroxide is mediated via the alkaline phosphatase
enzyme, stimulated by hydroxyl ions at pH 10.2 and calcium-de-
pendent pyrophosphatase [51]. The alkaline environment appears
to favor the further differentiation of pulp cells into odontoblast-
like cells, which synthesize and deposit the dentin matrix, giving
rise to the hard tissue [52, 53].

Formation of reparative dentin due to Ca(OH), application is not
due to the bio-inductive role of this material, but it is formed
as a result of a defense mechanism by the pulp due to the very
irritating nature of the material. In such a way, reparative dentin
production is much the same as scar tissue formation, during a
wound-healing process [8].
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we can explaim NS results about hard tissue formation by TQ
which has shown promising ability to produce continuous layers
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