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Abstract
Background  Several biomaterials have been employed for direct pulp capping (DPC) with varying degrees of 
success. This study evaluated the pulp response following DPC with a new material developed from glycogen 
synthase kinase-3 inhibitors (Tideglusib) and mineral trioxide aggregate (MTA).

Methods  Class V cavities with pulp exposure were conducted on 56 teeth in two adult male mongrel dogs. Based 
on the evaluation periods, these teeth were divided into two major groups at random (28 teeth/dog each). Groups 
A and B underwent histopathology evaluations three and eight weeks following DPC, respectively. Depending on 
the capping material used, each main group was further divided into two equal subgroups (14 teeth each). ProRoot 
white MTA was applied directly to the exposed vital pulps in subgroup 1. While subgroup 2’s exposed pulps were 
immediately capped with resorbable collagen that had been soaked in a freshly made 50 nM Tideglusib drug 
solution. Glass ionomer filling was then used to seal the access cavities. Every specimen underwent histological 
evaluation and was scored according to the number of inflammatory cells, the disorganization of the pulp tissue, and 
the formation of calcific bridges. All data were statistically examined.

Results  In both groups A and B, subgroup 2 showed a statistically significant increase in the number of inflammatory 
cells and pulp tissue disorganization compared to subgroup 1 (P < 0.05). In both groups A and B, there was no 
statistically significant difference in the formation of new hard tissue between subgroups 1 and 2 (P = 0.157).

Conclusion  When used as direct vital pulp capping materials in a dog model, Tideglusib causes more soft tissue 
disorganization and an inflammatory response inside the pulp cavity than ProRoot white MTA.
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Background
The creation of new biocompatible materials, along with 
a better understanding of the dentine-pulp complex’s 
ability to heal, has led to a rise in interest in vital pulp 
therapy over the past decade [1–3]. These advancements 
have enhanced the reliability and potential of vital pulp 
tissue preservation. Instead of complete pulpectomy, vital 
pulp therapies are currently endorsed by position state-
ments from both the American Association of Endodon-
tists and the European Society of Endodontists [4].

Direct pulp capping (DPC) is a noninvasive and effec-
tive procedure that entails placing a biocompatible mate-
rial on the exposed pulp tissue to seal it and stimulate 
the stem cells within the pulp to differentiate into odon-
toblast-like cells, promoting the formation of reparative 
dentine [5]. To ensure that exposed dental pulp heals cor-
rectly, an ideal pulp capping material must be bioactive, 
biocompatible, biostable, and retain antimicrobial prop-
erties against different microorganisms. Various DPC 
materials, including calcium hydroxide, MTA, and other 
calcium silicate cements, have succeeded in biological 
healing. Even though MTA is regarded as the gold stan-
dard DPC material, the majority of these materials don’t 
meet al.l of the previously listed requirements [1, 3, 5].

Following DPC, numerous materials analyzed in the lit-
erature have demonstrated improved wound healing and 
reparative dentin formation [6–12]. Restoring the normal 
dentine volume entirely and effectively is unattainable 
due to the insolubility of these materials. To substitute 
the lost dentine in a manner that promotes the natural 
mechanism of reparative dentine development by draw-
ing in local undifferentiated stem cells from the dental 
pulp, new biologically acceptable methods need to be 
created.

Glycogen synthase kinase-3 (GSK-3) is a serine/threo-
nine kinase found in all eukaryotic organisms and regu-
lates several pathways, including the Hedgehog pathway, 
which communicates signals to embryonic cells for 
proper cell differentiation, and the Wnt/β-catenin signal-
ing pathway, essential for maintaining cellular homeo-
stasis [13]. GSK-3 inhibitors, capable of speeding up the 
synthesis of reparative dentine to completely regenerate 
the harmed hard tissue, were first employed in biode-
gradable collagen sponges [14].

After tissue injury, the Wnt/β-catenin signaling path-
way is activated, which is crucial for drawing in mesen-
chymal stem cells (MSCs) and altering the formation of 
reparative dentine. Several approaches can be employed 
to trigger this system. A crucial cytoplasmic element of 
this system, GSK-3 adds phosphate groups to β-catenin 
and Axin, leading to their degradation when there is no 
interaction between Wnt ligands and receptors. Wnt 
ligands restrict the function of the GSK-3 enzyme, allow-
ing β-catenin to move into the nucleus and activate target 

genes, including Axin2. Given that it has been confirmed 
that dental injury triggers Axin2 expression and Wnt/β-
cat signaling, the inclusion of GSK-3 inhibitors or Wnt/β-
catenin agonists could promote the development of 
reparative dentine [15, 16].

Several GSK-3 inhibitor medications include Tivan-
tinib, Tideglusib, and Cromolyn. They possess the ability 
to induce reparative dentine by activating Wnt signaling 
activity [14, 17, 18]. To our knowledge, there are only a 
limited number of studies that outline the histological 
assessment of pulp tissue after DPC using GSK-3 antago-
nists such as Tideglusib. As a result, this research com-
pared the impact of Tideglusib and MTA when used as 
DPC materials in a dog model. The study’s null hypothe-
sis was that there would be no statistically significant dif-
ferences in the number of inflammatory cells, pulp tissue 
disorganization, or hard tissue formation between MTA 
and Tideglusib as DPC agents.

Methods
Ethical approval
This research received approval from the Ethical Com-
mittee at the Faculty of Dentistry, Ain Shams Univer-
sity, Egypt (Approval number: 105 − 15/07/2020). The 
research adhered to the five freedoms that define the 
key elements of animal welfare under human oversight, 
which include freedom from pain, hunger or thirst, dis-
comfort, the ability to express normal behavior, and 
fear as well as distress. Additionally, the current study 
adhered to the Animal Research: Reporting in Vivo 
Experiments (ARRIVE) guidelines.

Animals’ selection and preparation
This study involved two healthy adult male mongrel dogs 
that had a full set of intact, healthy permanent teeth. The 
dogs were acquired through commercial means from 
Al-Fahad Trading Company for Animals (Abu-Rawash, 
Giza, Egypt). The participating dogs had an average 
weight of 20 kg and a mean age of two years. Every ani-
mal was kept in an individual kennel within the animal 
house.

Before the experiment, dogs underwent clinical and 
radiographic examinations to confirm a healthy peri-
odontium. Any dog exhibiting wounds, systemic illness, 
fractures, infections, or carious lesions was discarded 
from the study. Food was provided twice a day, and clean, 
pure water was accessible ad libitum for both dogs.

Classifications of samples
Two dogs, with a combined total of 56 teeth, were ran-
domly divided (block randomization) into two pri-
mary groups (28 teeth/one dog each), according to the 
assessment periods. The histopathology assessment was 
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performed following 3 and 8 weeks of DPC in groups A 
and B, respectively.

Each primary group was additionally divided into two 
equal subgroups (14 teeth each) based on the type of cap-
ping material employed. In subgroup 1, the experimen-
tally exposed vital pulp was directly capped with Pro-root 
white MTA (ProRoot MTA®, Dentsply Tulsa Dental, 
USA). In subgroup 2, the exposed vital pulp was directly 
capped with resorbable collagen (Type I intact collagen 
sponge®, Eucare Pharmaceuticals, India) that had been 
soaked in a freshly prepared solution of 50 nM Tideglusib 
drug (Tideglusib®, Sigma Aldrich, USA). Both subgroups 
were represented in each dog.

Preparation of Tideglusib drug
Clinically validated biodegradable collagen sponges were 
utilized to administer the drug directly to the exposed 
pulp after being immersed in the freshly made Tideglusib 
solution. The appropriate quantity of Tideglusib powder 
was calculated using its molecular weight (334.39 g/mol) 
and its solubility in dimethyl sulfoxide (DMSO) solvent 
(> 15  mg/mL). Tideglusib was subsequently dissolved in 
a DMSO solution to achieve the target concentration of 
30 nM/mL.

Surgical procedure
At the Faculty of Veterinary Medicine, Cairo Univer-
sity, a proficient veterinarian offered diligent oversight 
throughout each animal’s anesthesia process. Following a 
12-hour fast, 0.05 mg/kg of body weight of subcutaneous 
atropine sulfate (Atropine sulphate®, ADWIA Co., Egypt) 
and 1  mg/kg of body weight of intramuscular xylazine 
HCl (Xylaject 2%®, ADWIA Co., Egypt) were adminis-
tered to the animal for premedication. Ketamine HCl 
(Keiran®, EIMC Pharmaceuticals Co., Egypt) was given 
intravenously at a dose of 10 mg/kg body weight to ini-
tiate general anesthesia, which was maintained during 
the procedure using additional doses of a 2.5% thiopental 
sodium solution (Thiopental sodium®, EIPICO, Egypt) at 
25 mg/kg.

Under the guidance of a specialist with thirty years of 
experience in experimental dentistry (Prof. Ashraf Abu-
Seida, at Cairo University’s Faculty of Veterinary Medi-
cine), the same endodontist (Dr. Momen M. Mhmod) 
who had previously received training performed all the 
subsequent surgeries. The teeth of the dog (second and 
third incisors, canines, and premolars) were cleaned, 
scaled with ultrasound, and polished using a rubber cup 
prior to cavity preparation [19]. The teeth were treated 
with a 0.5% povidone iodine solution (Betadine®, Nile 
Company, Egypt) for disinfection.

Class V cavities, measuring 1–2  mm above the gingi-
val margins, were created with continuous coolant and 
abundant saline irrigation on the buccal surfaces of the 

teeth involved, parallel to the cemento-enamel junction 
(CEJ). The depth of the cavity floor was increased until 
the shadow of the pulp tissue became visible, and a new 
0.5 mm diameter carbide bur was used for cavity prepa-
ration to prevent thermal injury to the pulp. A sterile 
sharp endodontic probe was utilized to intentionally cre-
ate a mechanical exposure, minimizing excessive harm 
to the pulp tissue [8, 10]. Bleeding was managed through 
continuous sterile saline irrigation until natural hemosta-
sis was achieved, then dried with sterile cotton pellets [5, 
6].

In subgroups A1 and B1, MTA was combined with a 
sterile spatula on a sterile glass slab following the manu-
facturer’s guidelines to achieve the required consistency. 
The mixture was subsequently applied to the exposure 
site with a carrier and then gently condensed using a 
moistened cotton pellet to guarantee suitable adaptation 
on the exposed vital pulp tissues [6].

In subgroups A2 and B2, the exposed vital pulp was 
capped with an absorbable collagen membrane that had 
been soaked in 30 nM Tideglusib dissolved and diluted 
in DMSO solvent [14]. The glass ionomer filling (Medi-
fill®, Promedica, Germany) was used to seal the access 
cavities.

Dogs were fed a soft, balanced diet throughout the 
experiment. Carprofen tablets (Rimadyl Chewable Tab-
lets®, Zoetis, USA) were given orally for 5 days at a dose 
of 4.4  mg/kg/ once daily as a postoperative analgesic. 
Additionally, 10 mg/kg body weight of cefotaxime (Cefo-
tax®, EPICO, Egypt) was administered intramuscularly as 
antibiotic to both dogs for five days.

Histological evaluation
At the end of every experimental phase, the dogs were 
euthanized after three and eight weeks via a rapid injec-
tion of 20  ml of 5% thiopental sodium through the 
cephalic vein [8, 10]. Maxillae and mandibles were cut 
and divided with a saw into two parts. The remains of 
the animal body were incinerated in the medical waste 
facility at the Faculty of Veterinary Medicine, Cairo 
University.

Following resection, each experimental tooth was cut 
for reduced decalcification duration. Samples were pre-
served in 10% neutral buffered formalin. The specimens 
were decalcified by being immersed in formic acid for 
two consecutive weeks, followed by an EDTA solution 
for four months. Throughout this time, the decalcifying 
solution was replaced with a new mixture every 2 days 
[6]. The decalcified samples were handled using an open 
processing system, where they were dehydrated in vari-
ous increasing concentrations of ethyl alcohol: 70%, 95%, 
and absolute alcohol over a period of eighteen hours. The 
samples were embedded in paraffin wax, and sections 
from each block were sliced with a microtome at 4 to 5 
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microns thick in the buccolingual direction relative to 
the vertical axis through the capping site and pulp tissue 
[5, 6, 10]. All samples were assessed and rated based on 
the count of inflammatory cells, the formation of calcific 
bridges, and the disorganization of pulp tissue.

Assessment of inflammatory cells count
All regions displaying pulp tissue and capping material 
were recorded using a digital camera (EOS 650D, Canon, 
Japan) that was attached to the light microscope (BX60, 
Olympus, Japan). The images that were captured were 
subsequently moved to the computer system for analy-
sis. The histomorphometric evaluation was conducted 
utilizing Image J analysis software (1.41a, NIH, USA). For 
every slide, four microscopic fields were assessed at 40x 
magnification. Chosen areas validated the subsequent 
criteria: infiltration of inflammatory cells, well-preserved 
tissue exhibiting good architecture, and absence of 
artifacts.

The dimensions of inflammatory cells were assessed, 
yielding a size range in pixel 2 and corresponding cir-
cularity measurements. The picture of all inflammatory 
cells of varying sizes was transformed into an 8-bit gray-
scale format. The threshold for color coding was adjusted 
to select the boundary of inflammatory cells to eliminate 
other unwanted structures. Subsequently, the binary 
thresholds for the identified color-coded inflammatory 
cells were modified prior to the calculation. A threshold 
was applied to the image, and the cells within the speci-
fied range of size and circularity were counted for both 
the smallest and largest inflammatory cells.

Assessment of pulp tissue disorganization
The disorganization of pulp tissue was evaluated based 
on the criteria set by Dogheim et al. [20] as outlined 
below:

Score 0: normal or near-normal tissue structure.
Score 1: disorganized odontoblastic layer surrounded 

by normal pulp in the center.
Score 2: complete disorganization of pulp tissue.
Score 3: pulp necrosis.

Evaluation of new hard tissue development
Sections were observed under a microscope at 40x mag-
nification to identify calcific bridges [6] as detailed below:

Scores of 0, 1, and 2 indicated no, partial, and full new 
hard tissue formation, respectively [21].

Statistical analysis
The mean and standard deviation values were deter-
mined for every evaluation within each group. The 
normality of the data was examined through the Kol-
mogorov-Smirnov and Shapiro-Wilk tests; pulp tissue 
disorganization and hard tissue formation data exhibited 

a non-parametric distribution, whereas the other data 
indicated a parametric distribution. The Mann Whitney 
test was employed to compare two groups in unrelated 
samples for non-parametric data.

The Wilcoxon test was utilized to compare the two 
groups in related samples. An independent sample t-test 
was employed to compare the two groups in unrelated 
samples. A paired sample t-test was conducted to com-
pare the two groups in related samples. The significance 
level was established at P ≤ 0.05. Statistical examination 
was conducted using IBM® SPSS® Statistics Version 20 for 
Windows.

Results
Results of inflammatory cells count
Statistically significant differences were observed in the 
inflammatory cell counts between subgroup A1 and sub-
group A2 (P < 0.001) as well as between subgroup B1 and 
subgroup B2 (P < 0.001) as shown in Table 1. The great-
est mean counts of inflammatory cells were observed in 
subgroups A2 and B2, while the lowest mean values were 
seen in subgroups A1 and B1.

Concerning the assessment period, there were statisti-
cally significant differences between subgroups A1 and 
B1 as well as between subgroups A2 and B2 (P < 0.001). 
The maximum mean inflammatory cell count was 
observed in subgroup B2 (224.00 ± 10.78), while the mini-
mum mean value was noted in subgroup B1 (0.00).

Results of pulp tissue disorganization
There were statistically significant differences in pulp 
tissue disorganization between subgroups A1 and A2 
(P = 0.013) and between subgroups B1 and B2 (P = 0.018) 
as shown in Table  1. The greatest mean value of pulp 
tissue disorganization was observed in subgroup B2, 
whereas the lowest mean value was noted in subgroup 
A1. The distribution of samples (n = 14) among the scores 
of pulp tissue disorganization in all subgroups is shown 
in Table 2.

Concerning the evaluation duration, statistically signif-
icant differences were observed between subgroups A1 
and B1 (P = 0.011) as well as between subgroups A2 and 
B2 (P = 0.021). The greatest mean value was identified in 
subgroup A2, whereas the lowest mean value was discov-
ered in subgroup B1.

Results of new hard tissue formation
There were no statistically significant differences in new 
hard tissue formation between subgroups A1 and A2 
as well as between subgroups B1 and B2 (P = 0.157) as 
shown in Table 1. The mean hard tissue formation scores 
for subgroups A1 and A2 were 00.00. The mean hard 
tissue formation scores for subgroups B1 and B2 were 
0.14 ± 0.10 and 00.00, respectively. The distribution of 
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samples (n = 14) among the scores of new hard tissue for-
mation in all subgroups is shown in Table 2.

There were no statistically significant differences in 
new hard tissue formation between subgroups A1 and 
B1 (P = 0.150) as well as between subgroups A2 and B2 
(P = 0.317). Subgroup B2 had the highest mean values, 
whereas subgroups A1, A2, and B1 had the lowest mean 
values (00.00). Each subgroup showed varying levels of 
pulp tissue disorganization, angiogenic activity, and infil-
tration of inflammatory cells as shown in Figs. 1 and 2.

Discussion
Direct pulp capping as a vital pulp therapy approach was 
selected in this study to evaluate the histological reaction 
of exposed healthy pulp tissue when capped with two 
DPC agents at two time intervals. This study compared 
the effects of the Tideglusib GSK-3 inhibitor Alzheimer 
medication and MTA as DPC agents. Since the current 
results showed that Tideglusib and MTA differ signifi-
cantly in terms of the inflammatory cells count and the 
disorganization of pulp tissue, the study’s null hypothesis 
was rejected.

The novel biological method, which has been docu-
mented in the literature, enables the capping agent to 
resorb over time to fully restore the lost natural den-
tine by enhancing the migration of stem cells that reside 
inside the pulp tissue to induce reparative dentine for-
mation following pulp exposure. Normal dentine vol-
ume cannot be achieved because MTA or other capping 
agents cannot be absorbed, stay stable inside the pulp 
cavity, and do not break down over time and thus normal 
dentine volume cannot be restored completely [14].

Since in vitro experiments cannot accurately assess in 
vivo tissue response, the current study was conducted 
on animals. To assess the possible hazards of introduc-
ing novel dental materials or procedures to the market, 
animal testing is required [22]. To guarantee complete 
root development and their resemblance to human teeth 
in terms of length and size, this study was conducted on 
adult dog teeth [11, 12]. Dogs are also strong animals 
that can open their mouth wide, which makes it easier to 
work on their teeth. Their teeth structure is also appro-
priate for using them as an experimental model in animal 
research [5, 6].

Table 1  Mean, standard deviation and range values of inflammatory cells count, pulp tissue disorganization and hard tissue formation
Capping agents (Subgroups) Evaluation periods (Groups) P- value

Group A (After 3 weeks) Group B (After 8 weeks)

Inflammatory cells count
Mean ± SD (Range) Mean ± SD (Range)

Subgroup 1 (MTA) 86.23 ± 1.05 (70–97) 0.00 ± 0.00 < 0.001*
Subgroup 2 (Tideglusib) 125.43 ± 8.96 (66–236) 224.00 ± 10.78 (120–334) < 0.001*
P- value < 0.001* < 0.001*
Pulp tissue disorganization
Subgroup 1 (MTA) 1.05 ± 0.23 (1–3) 0.71 ± 0.16 (0–2) 0.011*
Subgroup 2 (Tideglusib) 2.14 ± 0.18 (1–3) 1.50 ± 0.20 (1–3) 0.021*
P- value 0.013* 0.018*
Hard tissue formation
Subgroup 1 (MTA) 0.00 ± 0.00 0.14 ± 0.10 0.150ns
Subgroup 2 (Tideglusib) 0.00 ± 0.00 0.00 ± 0.00 0.317ns
P- value 0.157ns 0.157ns
*: Significant at P < 0.05

Table 2  Distributions of samples (n = 14) among the scores of pulp tissue disorganization and new hard tissue formation in different 
subgroups
Pulp tissue disorganization
Groups/ subgroups Score 0 Score 1 Score 2 Score 3
Subgroup A1 (MTA after 3 weeks) 0 10 1 3
Subgroup A2 (Tideglusib after 3 weeks) 0 2 8 4
Subgroup B1 (MTA after 8 weeks) 5 8 1 0
Subgroup B2 (Tideglusib after 8 weeks) 0 9 3 2
Hard tissue formation
Groups/ subgroups Score 0 Score 1 Score 2
Subgroup A1 (MTA after 3 weeks) 14 0 0
Subgroup A2 (Tideglusib after 3 weeks) 14 0 0
Subgroup B1 (MTA after 8 weeks) 12 2 0
Subgroup B2 (Tideglusib after 8 weeks) 14 0 0
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To avoid any cofactors that could impede pulp reaction, 
only intact, healthy teeth with healthy pulps were chosen 
for this study. When compared to carious exposures fol-
lowing DPC techniques, it is generally accepted that acci-
dental aseptic pulpal exposures yield a more predictable 
prognosis in maintaining pulp vitality [23].

In order to prevent final restoration failure under mas-
tication forces during the follow-up period, class V cavi-
ties were prepared on the buccal surfaces of a few chosen 
intact teeth. Saline irrigation was used to start physi-
ologic hemostasis and remove dentine chips that might 
impede pulp healing [1, 7].

Numerous investigations have demonstrated that the 
Wnt signaling pathway is activated instantly in response 
to tissue damage and appears to be crucial for tissue heal-
ing [24]. When GSK-3 is present and Wnt ligand/recep-
tor binding is not present, this enzyme phosphorylates 
β-catenin, which causes degradation. The Wnt/β-cat sig-
naling pathway is triggered by the addition of Wnt sig-
naling agonists, such as GSK-3 enzyme inhibitors, which 
inhibit the GSK-3 enzyme and may offer a useful method 
of promoting reparative dentine formation, thereby 
replacing lost dentine with naturally occurring new 
dentine after decay removal [14]. For DPC, the GSK-3 

inhibitor Tideglusib was chosen because, as several stud-
ies have demonstrated, it inhibits GSK-3 enzymes and 
promotes the formation of reparative dentine [14, 25]. To 
enable full formation of lost natural dentine, the diluted 
Tideglusib medication was administered to the exposure 
site using an absorbable collagen sponge [14].

Fibroblasts are the main cell type in pulp tissue and 
periodontal ligament, and Tideglusib has dose-depen-
dent cytotoxic effects on them; higher doses result in a 
lower cell viability percentage [26]. Fibroblasts do not 
proliferate when Tideglusib concentrations are increased 
from 50 nM/mL to 200 nM/mL, and cytotoxicity 
increases significantly after 24  h of high concentrations 
[14, 27]. Because Elturki et al. discovered that the maxi-
mum viability percentage of rabbit dental pulp cells at a 
dosage of 34 nM/mL Tideglusib [28], we utilized 30 nM/
mL of Tideglusib in the current investigation.

The MTA was selected as the positive control in this 
study so that it could be compared to the medication 
Tideglusib. When used for vital pulp therapy, MTA has 
been found in numerous studies to have excellent bio-
activity, biocompatibility, and sealing ability, resulting in 
favorable clinical outcomes [1, 5, 7, 9]. MTA causes an 
alkaline pH and causes growth factors and stem cells to 

Fig. 1  Representative photomicrographs of different subgroups showing noticeable angiogenic activity in subgroup B1 (A), noticeable inflammatory 
cells infiltration in subgroup B2 (B), and disorganized pulp tissue in subgroup A2 (C). (H&E stain)
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migrate, which causes the formation of a calcific barrier 
[29]. To reduce any negative effects on the pulp tissue, 
MTA was packed with a light pressure once hemostasis 
was achieved [30].

Since the majority of published animal studies in the 
literature involving vital pulp therapy used time intervals 

between four and eight weeks [1, 5, 7, 9], the enrolled 
animals in the current study were evaluated after the fol-
low-up period of three and eight weeks.

Following capping, pulp tissue reaction is primar-
ily determined by material biocompatibility, which is 
reflected in the degree of inflammation, and bioactivity, 

Fig. 2  Representative photomicrographs of different subgroups showing noticeable angiogenic activity in subgroup B1 (A), noticeable inflammatory 
cells infiltration in subgroup B2 (B), and infiltration of periodontal ligament with high number of mononuclear inflammatory cells in subgroup B2 (C). 
(H&E stain)
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which is reflected in the formation of hard tissue at the 
agent-pulp tissue interface [31]. This study used hema-
toxylin and eosin staining to perform histopathology 
assessment regarding the number of inflammatory cells, 
pulp tissue disorganization, and new hard tissue forma-
tion. This is because it is generally accepted in the lit-
erature that clinical evaluation of DPC procedures is 
inadequate due to inflammatory conditions that hinder 
healing are difficult to diagnose clinically [32].

When compared to Tideglusib after three weeks, MTA 
produced the lowest mean inflammatory cells count and 
pulp tissue disorganization, indicating mild to moderate 
inflammation with superior soft tissue preservation. After 
eight weeks, MTA revealed improved pulp tissue orga-
nization and preservation along with absence of inflam-
matory cells. In terms of pulp tissue disorganization and 
the number of inflammatory cells, MTA and Tideglusib 
demonstrated statistically significant differences during 
the first and second evaluation periods. Following tis-
sue damage, acute inflammation is a vital reaction that 
brings inflammatory cells to the site of the injury in order 
to remove the necrotic tissues. Nevertheless, inflam-
matory cells can also cause tissue damage by secreting 
enzymes, harmful oxygen radicals, and chemical media-
tors that can harm endothelium [33]. Reduced pulp tissue 
inflammation could be a sign that the DPC materials are 
biocompatible. As a result, reduced inflammation may 
be considered a pulp capping agent success [34]. These 
outcomes are completely consistent with the results of 
numerous earlier studies which found that MTA, when 
used as DPC in dogs, exhibited minimal inflammatory 
responses after 21 days [1, 35]. Furthermore, two months 
after MTA DPC, inflammatory phenomena vanish [1, 5, 
7]. These results could be interpreted as a result of MTA’s 
superior properties, which include alkaline pH after set-
ting, better marginal adaptation, and minimal cytotoxic-
ity [36, 37]. Additionally, during the second evaluation 
period, MTA revealed dilated blood vessels, which could 
be a sign of active dentinogenesis [38]. Tideglusib, on the 
other hand, demonstrated more inflammatory responses 
and soft tissue disorganization during both assessment 
periods. These results could be explained by the collagen 
sponge’s biodegradation, which weakened the bacterially 
tight seal underneath the finished restoration. Following 
DPC, bacterial infiltration has a detrimental effect on the 
pulp tissue [23]. Thus, after the final restoration is placed, 
the biostability of the capping materials is thought to be a 
crucial component in preventing bacterial penetration to 
the exposure site.

After three weeks of evaluation, neither MTA nor 
Tideglusib demonstrated any indications of calcific bar-
rier formation; however, after eight weeks, only two 
MTA specimens displayed partial hard tissue formation 
(score 1). According to various studies in the literature, 

the presence of a calcific barrier at the interface between 
the pulp and the capping material is a contentious issue 
because the development of a dentinal bridge does not 
indicate that the pulp tissue is in a healthy state or that 
an ideal seal has been achieved; rather, it may indicate 
pulp healing or a response to irritation [23, 39]. The find-
ings of this study contradicted those of another study 
that assessed the development of reparative dentine in 
rats following direct capping of exposed pulp with MTA 
and 50 nM Tideglusib. After four and six weeks of follow-
up, the authors concluded that Tideglusib causes denser 
dentine formation at the injury site than MTA [14]. This 
difference could be attributed to the different animal 
model used by Neves et al. who used rats [14]. Rats have 
wide-apex teeth that grow permanently and a quick bio-
logical reaction [40]. Neves et al.‘s findings are concern-
ing because, if this level of calcification developed inside 
the dental pulp in just four weeks, it may indicate that the 
entire pulp may calcify over time [41].

The present findings are entirely consistent with those 
of Sukajintanakarn et al., who assessed various DPC 
materials, including Tideglusib, in a human tooth cul-
ture model. The authors concluded that, in contrast to 
biodentine, 50 nM Tideglusib did not exhibit any min-
eralization formation in the pulp tissue, which may have 
been caused by the absence of blood supply in the human 
tooth culture model [42].

In the present study, absence of new hard tissue for-
mation after three weeks of DPC with MTA are com-
pletely consistent with results of previous studies after 
three weeks in a pig model [19] and four weeks in a dog 
model [43]. Moreover, only two out of fourteen samples 
(14.3%) showed partial new hard tissue formation (score 
1) following eight weeks of DPC with MTA, according to 
the current data. These results are in contrast to those 
of Tziafa et al., who observed that, following an 8-week 
follow-up period, reparative dentine formed in 85.7% of 
miniature swine teeth treated with MTA [19]. The dispar-
ity in sample sizes, methodology, and the animal model 
employed in the two investigations may be the cause of 
this contradiction. In this regard, following two months 
of DPC with MTA, 20% of dog teeth showed complete 
hard tissue formation (score 2) [9]. Furthermore, fol-
lowing 12 weeks of DPC with MTA, 87.5% of dog teeth 
exhibited complete hard tissue formation (score 2) [6].

Because it can increase the proliferation and devel-
opment of stem cells in the tooth pulp, Tideglusib may 
offer advantages beyond its conventional role as a GSK-3 
inhibitor [44]. Thus, it is proposed that future stud-
ies focus on generating novel, unique treatment ways to 
increase dentin-pulp complex regeneration and enhance 
clinical results in dental pulp therapy. Further studies 
are required to assess the cytotoxicity of GSK-3 inhibi-
tors on dental pulp cells. Future clinical studies should 
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also assess the bioactivity and biocompatibility of GSK-3 
inhibitors on the healing of exposed crucial pulps. The 
study’s main limitation is the relatively short observation 
period, which would not have given enough time for the 
full creation of a dentin bridge. Future research is there-
fore advised to evaluate the long-term outcomes of Tide-
glusib as a DPC agent.

Conclusion
Tideglusib induces higher soft tissue disorganization and 
an inflammatory reaction within the pulp cavity than 
ProRoot white MTA when applied as direct pulp capping 
materials in a dog model.

Acknowledgements
Not applicable.

Author contributions
M.M.M. and S.H.F. carried out the animal study, analyzed the data and wrote 
the original manuscript. A.M.A. conducted the animal study, wrote the final 
manuscript and supervised of the research. E.E.H. and S.H.E. Analyzed the data, 
reviewed the manuscript and supervised the research project. M.M.N. and 
E.E.E.H. analyzed the data and wrote the original manuscript. All authors read 
and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). No funding was received from any agency. This article was funded by 
the authors.

Data availability
All data used and/or analyzed during this research are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the Ethical Committee at Faculty of 
Dentistry, Ain Shams University, Egypt (Approval number: 105 − 15/07/2020).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 March 2025 / Accepted: 7 July 2025

References
1.	 Saleh R, Nagi SM, Khallaf ME, Abd El-Alim SH, Zaazou MH, Abu-Seida AM, 

et al. -Vivo assessment of dentin Bridge formation after using MTA and experi-
mental propolis paste as direct pulp capping material. Res J Pharmaceut Biol 
Chem Sci. 2016;7:1244–50.

2.	 Negm A, Hassanien E, Abu-Seida AM, Nagy M. Physical evaluation of a new 
pulp capping material developed from Portland cement. J Clin Exper Dent. 
2016;8:e278–83. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​3​1​7​​/​j​​c​e​d​.​5​2​7​4​8

3.	 Abo El-Mal EO, Abu-Seida AM, El Ashry SH. A comparative study of the physi-
cochemical properties of hesperidin, MTA-Angelus and calcium hydroxide as 
pulp capping materials. Saudi Dent J. 2019;31:219–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​
6​​/​j​​.​s​d​​e​n​t​​j​.​2​0​​1​8​​.​0​9​.​0​0​4

4.	 Jassal A, Roongta R, Seema N. Outcome of partial and full pulpotomy in 
cariously exposed mature molars with symptoms indicative of irreversible 

pulpitis: A randomized controlled trial. Int Endod J. 2023;5 6(3):331–4. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​i​​e​j​.​1​3​8​7​2

5.	 Abo El-Mal EO, Abu-Seida AM, El Ashry SH. Biological evaluation of hesperidin 
for direct pulp capping in dogs’ teeth. Int J Exper Pathol. 2021;102(1):32–44. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​i​​e​p​.​1​2​3​8​5

6.	 Negm AM, Hassanien EE, Abu-Seida AM, Nagy MM. Biological evaluation of 
a new pulp capping material developed from Portland cement. Exp Toxicol 
Pathol. 2017;69:115–22.

7.	 El Ashry SH, Abu-Seida AM, Emara RA. The influence of addition of osteo-
genic supplements to mineral trioxide aggregate on the gene expression 
level of odontoblastic markers following pulp capping in dogs. Vet Arhiv. 
2016;86:685–97.

8.	 Al-Sherbiny IM, Abu-Seida AM, Farid MH, Motawea IT. Bastawy HA histopath-
ological pulp response of dog’s teeth capped with biosealer and biodentine: 
an in vivo study. Saudi Endod J. 2020;10:226–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​s​​e​j​.​s​
e​j​_​5​1​_​2​0

9.	 Emara RA, Abu-Seida AM, El Ashry SH. Histological evaluation of the syn-
ergistic effect of Chitosan and mineral trioxide aggregate on mechanically 
exposed dental pulp following pulp capping in dogs’ teeth. Saudi Endod J. 
2022;12:25–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​s​​e​j​.​s​e​j​_​2​9​4​_​2​0

10.	 Seif H, Elbanna A, Abu-Seida AM, El-Korashy DI. Regenerative potential of a 
novel Aloe vera modified tricalcium silicate cement as a pulp capping mate-
rial: an animal study. Dent Mat J. 2023;42(6):868–77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​0​1​2​​/​d​​
m​j​.​2​0​2​3​-​1​2​9

11.	 Bastawy HA, Niazy MA, Farid MH, Harhash AY, El Abo MR, Abu-Sieda AM. 
Histological evaluation of pulp response to Pulpine NE versus Biodentine 
as direct pulp capping materials in a dog model. Int Arab J Dent. 2024;15(1) 
Article number 12.

12.	 Mohamed M, Hashem AA, Obeid MF, Abu-Seida A. Histopathological and 
immunohistochemical profiles of pulp tissues in immature dogs’ teeth to two 
recently introduced pulpotomy materials. Clin Oral Investig. 2023;27(6):3095–
103. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​7​8​4​-​0​2​3​-​0​4​9​1​5​-​5

13.	 Doble BW, Woodgett JR. GSK-3: tricks of the trade for a multi-tasking kinase. J 
Cell Sci. 2003;116(7):1175–86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​4​2​​/​j​​c​s​.​0​0​3​8​4

14.	 Neves VCM, Babb R, Chandrasekaran D, Sharpe PT. Promotion of natural tooth 
repair by small molecule GSK3 antagonists. Sci Rep. 2017;7(1):1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​r​e​p​3​9​6​5​4

15.	 Zhao Y, Yuan X, Bellido T, Helms JA. A correlation between Wnt/Beta-catenin 
signaling and the rate of dentin secretion. J Endod. 2019;45(11):1357–64. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​o​e​n​.​2​0​1​9​.​0​7​.​0​1​4

16.	 Yoshioka S, Takahashi Y, Abe M, Michikami I, Imazato S, Wakisaka S, et al. Acti-
vation of the Wnt/β-catenin pathway and tissue inhibitor of metalloprotease 
1 during tertiary dentinogenesis. J Biochem. 2013;153(1):43–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​9​3​​/​j​​b​/​m​v​s​1​1​7

17.	 Birjandi AA, Suzano FR, Sharpe PT. Drug repurposing in dentistry; towards 
application of small molecules in dentin repair. Int J Mol Sci. 2020;21(17):6394. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​m​s​2​1​1​7​6​3​9​4

18.	 Alaohali A, Salzlechner C, Zaugg LK, Suzano F, Martinez A, Gentleman E, et 
al. GSK3 inhibitor-induced dentinogenesis using a hydrogel. J Dent Res. 
2022;101(1):46–53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​0​2​2​0​3​4​5​2​1​1​0​2​0​6​5​2

19.	 Tziafa C, Koliniotou-Koumpia E, Papadimitriou S, Tziafas D. Dentinogenic 
responses after direct pulp capping of miniature swine teeth with Bioden-
tine. J Endod. 2014;40(12):1967–71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​o​e​n​.​2​0​1​4​.​0​7​.​0​2​
1

20.	 Dogheim AY, Noaman KM, Kawana KY, Mohamed W, Samolly A. Repair 
responses of pulp tissues after different direct pulp capping materials at dif-
ferent storage time. Eur J Dent Oral Heal. 2021;2(3):11–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​4​
0​1​​8​/​​e​j​d​e​n​t​.​2​0​2​1​.​2​.​3​.​5

21.	 Halaby HM, Abu-Seida AM, Fawzy MI, Farid MH, Bastawy HA. Evaluation of the 
regenerative potential of dentin conditioning and naturally derived scaffold 
for necrotic immature permanent teeth in a dog model. Int J Exp Pathol. 
2020;101(6):264–76. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​i​​e​p​.​1​2​3​7​2

22.	 Murray PE, Godoy CG, Godoy FG, Murray PE. How is the biocom-
patibilty of dental biomaterials evaluated? Med Oral Patol Oral Cir Bucal. 
2007;12(3):258–66.

23.	 Asgary S, Eghbal MJ, Parirokh M, Ghanavati F, Rahimi H. A comparative 
study of histologic response to different pulp capping materials and a novel 
endodontic cement. Oral Surg Oral Med Oral Pathol Oral Radiol Endodontol. 
2008;106(4):609–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​r​​i​p​l​​e​o​.​2​​0​0​​8​.​0​6​.​0​0​6

24.	 Tamura M, Nemoto E. Role of the Wnt signaling molecules in. Jpn Dent Sci 
Rev. 2016;52(4):75–83. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​d​s​r​.​2​0​1​6​.​0​4​.​0​0​1

https://doi.org/10.4317/jced.52748
https://doi.org/10.1016/j.sdentj.2018.09.004
https://doi.org/10.1016/j.sdentj.2018.09.004
https://doi.org/10.1111/iej.13872
https://doi.org/10.1111/iej.13872
https://doi.org/10.1111/iep.12385
https://doi.org/10.1111/iep.12385
https://doi.org/10.4103/sej.sej_51_20
https://doi.org/10.4103/sej.sej_51_20
https://doi.org/10.4103/sej.sej_294_20
https://doi.org/10.4012/dmj.2023-129
https://doi.org/10.4012/dmj.2023-129
https://doi.org/10.1007/s00784-023-04915-5
https://doi.org/10.1242/jcs.00384
https://doi.org/10.1038/srep39654
https://doi.org/10.1038/srep39654
https://doi.org/10.1016/j.joen.2019.07.014
https://doi.org/10.1016/j.joen.2019.07.014
https://doi.org/10.1093/jb/mvs117
https://doi.org/10.1093/jb/mvs117
https://doi.org/10.3390/ijms21176394
https://doi.org/10.3390/ijms21176394
https://doi.org/10.1177/00220345211020652
https://doi.org/10.1016/j.joen.2014.07.021
https://doi.org/10.1016/j.joen.2014.07.021
https://doi.org/10.24018/ejdent.2021.2.3.5
https://doi.org/10.24018/ejdent.2021.2.3.5
https://doi.org/10.1111/iep.12372
https://doi.org/10.1016/j.tripleo.2008.06.006
https://doi.org/10.1016/j.jdsr.2016.04.001


Page 10 of 10Mhmod et al. BMC Oral Health         (2025) 25:1218 

25.	 Martinez A, Alonso M, Castro A. First non-ATP competitive glycogen synthase 
kinase 3 (GSK-3) inhibitors: Thiadiazolidinones (TDZD) as potential drugs for 
the treatment of alzheimer’s disease. J Med Chem. 2002;45(6):1292–9. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​2​1​​/​j​​m​0​1​1​0​2​0​u

26.	 Mhmod MM, El Ashry SH, Hassanien EE, Nagy MM, Abu-Seida AM, Fahmy SH, 
et al. Cytotoxic effect of Tideglusib on human fibroblasts: an in vitro study. 
Ain Shams Dent J. 2024;34:215–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​6​0​​8​/​​a​s​d​​j​.​2​​0​2​4​.​​2​8​​5​3​3​
0​.​1​2​6​3.

27.	 Oncu B, Yilmaz A, Karademir B, Altunok EC, Kuru I, Ağrali OB. Cytotoxicity and 
collagen expression effects of Tideglusib administration on human periodon-
tal cells: an in-vitro study. Clin Exp Heal Sci. 2020;10(2):153–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​3​3​8​0​​8​/​​c​l​i​​n​e​x​​p​h​e​a​​l​t​​h​s​c​i​.​7​0​9​9​2​4

28.	 Elturki F, Farid M, Adawy H. The anticipated effect of glycogen synthase 
kinase 3 (GSK3) antagonist on pulp tissue repair in rabbits. Al-Azhar Dent J 
Girls. 2021;8(4):625–34. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​6​0​​8​/​​a​d​j​​g​.​2​​0​2​1​.​​2​8​​2​9​1​.​1​2​4​8

29.	 Tomson PL, Grover LM, Lumley PJ, Sloan AJ, Smith AJ, Cooper PR. Dissolution 
of bio-active dentine matrix components by mineral trioxide aggregate. J 
Dent. 2007;35(2007):636–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​d​​e​n​t​​.​2​0​0​​7​.​​0​4​.​0​0​8

30.	 Shi S, Bao ZF, Liu Y, Zhang DD, Chen X, Jiang LM, et al. Comparison of in vivo 
dental pulp responses to capping with iRoot BP plus and mineral trioxide 
aggregate. Int Endod J. 2016;49(2):154–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​i​​e​j​.​1​2​4​3​9

31.	 Alsofi L, Khalil W, Binmadi NO, Al-Habib MA, Alharbi H. Pulpal and periapical 
tissue response after direct pulp capping with endosequence root repair 
material and low-level laser application. BMC Oral Health. 2022;22(1):1–10. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​3​-​0​2​2​-​0​2​0​9​9​-​0

32.	 Okiji T, Yoshiba K. Reparative dentinogenesis induced by mineral trioxide 
aggregate: A review from the biological and physicochemical points of view. 
Int J Dent. 2009;2009:464280. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​5​​/​2​​0​0​9​/​4​6​4​2​8​0

33.	 Alaçam A, Tulunoglu Ö, Oygür T, Bilici S. Effects of topical catalase application 
on dental pulp tissue: A histopathological evaluation. J Dent. 2000;28(5):333–
9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​3​0​0​-​5​7​1​2​(​0​0​)​0​0​0​1​1​-​7

34.	 Hoseinifar R, Cement CEM, Hoseinifar R, Eskandarizadeh A, Parirokh M, Torabi 
M. Histological evaluation of human pulp response to direct pulp capping 
with MTA, CEM cement, and Biodentine. J Dent (Shiraz). 2020;21(3):177–83. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​0​4​7​​6​/​​D​E​N​​T​J​O​​D​S​.​2​​0​1​​9​.​8​1​7​9​6​.​0

35.	 Akhavan A, Arbabzadeh F, Bouzari M, Razavi SMDA. Pulp response following 
direct pulp capping with dentin adhesives and mineral trioxide aggregate; an 
animal study. Iran Endod J. 2017;12(2):226–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​0​3​​7​/​​i​e​j​.​2​0​
1​7​.​4​4

36.	 Alazrag MA, Abu-Seida AM, El-Batouty KM, El Ashry SH. Adaptability, solubil-
ity and biocompatibility of theracal LC compared with MTA-Angelus and 
Biodentine as a furcation perforation repair material. BMC Oral Health. 
2020;20:298. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​3​-​0​2​0​-​0​1​2​8​9​-​y

37.	 Badr M, Abu-Seid AM, Hashem AA, El Ashry SH. Immunohistochemical 
analysis of Biodentine versus MTA in repair of furcation perforation: an animal 
study. G Ital Endod. 2023;37(1):85–93. 10.32067GIE.2023.37.01.09.

38.	 Ali M, Okamoto M, Watanabe M, Huang H, Matsumoto S, Komichi S, et al. 
Biological properties of lithium-containing surface pre-reacted glass fillers as 
direct pulp-capping cements. Dent Mater. 2022;38(2):294–308. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​d​e​​n​t​a​​l​.​2​0​​2​1​​.​1​2​.​0​1​1

39.	 Hoseinifar R, Eskandarizadeh A, Parirokh M, Torabi M, Safarian F, Rahmanian E. 
Histological evaluation of human pulp response to direct pulp capping with 
MTA, CEM cement, and Biodentine. J Dent (Shiraz). 2020;21(3):177–83. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​0​4​7​​6​/​​D​E​N​​T​J​O​​D​S​.​2​​0​1​​9​.​8​1​7​9​6​.​0

40.	 Dammaschke T. Rat molar teeth as a study model for direct pulp capping 
research in dentistry. Lab Anim. 2010;44(1):1–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​5​8​​/​l​​a​.​2​0​0​
9​.​0​0​8​1​2​0

41.	 Sarra G, Machado ME, de Caballero-Flores L, Moreira HV, Pedroni MS, 
Marques ACF. Effect of human dental pulp stem cell conditioned medium 
in the dentin-pulp complex regeneration: A pilot in vivo study. Tissue Cell. 
2021;72(November 2020):1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​i​c​e​.​2​0​2​1​.​1​0​1​5​3​6

42.	 Sukajintanakarn C, Sritanaudomchai H, Laptanasupkun PP. Pulpal reaction to 
pulp capping material in human tooth culture model. Proc RSU Int Res Conf. 
2020;309–15.

43.	 Alnour A, Almohammad G, Abdo A, Layous K. Evaluation of the pulp 
response following direct pulp capping with exogenous nitric oxide 
and mineral trioxide aggregate (MTA) a histologic study. Heliyon. 
2023;9(7):e17458. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​l​i​y​​o​n​.​2​​0​2​​3​.​e​1​7​4​5​8

44.	 Neves VCM, Sharpe PT. Regulation of reactionary dentine formation. J Dent 
Res. 2018;97(4):416–22. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​1​​​7​7​​/​0​0​2​2​0​3​4​5​1​7​7​4​3​4​3​1

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1021/jm011020u
https://doi.org/10.1021/jm011020u
https://doi.org/10.21608/asdj.2024.285330.1263
https://doi.org/10.21608/asdj.2024.285330.1263
https://doi.org/10.33808/clinexphealthsci.709924
https://doi.org/10.33808/clinexphealthsci.709924
https://doi.org/10.21608/adjg.2021.28291.1248
https://doi.org/10.1016/j.jdent.2007.04.008
https://doi.org/10.1111/iej.12439
https://doi.org/10.1186/s12903-022-02099-0
https://doi.org/10.1186/s12903-022-02099-0
https://doi.org/10.1155/2009/464280
https://doi.org/10.1016/S0300-5712(00)00011-7
https://doi.org/10.30476/DENTJODS.2019.81796.0
https://doi.org/10.30476/DENTJODS.2019.81796.0
https://doi.org/10.22037/iej.2017.44
https://doi.org/10.22037/iej.2017.44
https://doi.org/10.1186/s12903-020-01289-y
https://doi.org/10.1016/j.dental.2021.12.011
https://doi.org/10.1016/j.dental.2021.12.011
https://doi.org/10.30476/DENTJODS.2019.81796.0
https://doi.org/10.30476/DENTJODS.2019.81796.0
https://doi.org/10.1258/la.2009.008120
https://doi.org/10.1258/la.2009.008120
https://doi.org/10.1016/j.tice.2021.101536
https://doi.org/10.1016/j.heliyon.2023.e17458
https://doi.org/10.1177/0022034517743431

	﻿Pulp response following direct pulp capping with Tideglusib and mineral trioxide aggregate: an animal study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Ethical approval
	﻿Animals’ selection and preparation
	﻿Classifications of samples
	﻿Preparation of Tideglusib drug
	﻿Surgical procedure
	﻿Histological evaluation
	﻿Assessment of inflammatory cells count
	﻿Assessment of pulp tissue disorganization
	﻿Evaluation of new hard tissue development


	﻿Statistical analysis
	﻿Results
	﻿Results of inflammatory cells count
	﻿Results of pulp tissue disorganization
	﻿Results of new hard tissue formation

	﻿Discussion
	﻿Conclusion
	﻿References


