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A B S T R A C T   

Background: Dental tissue engineering is an alternative procedure for restoring damaged dental tissues. Adipose- 
derived stem cells are a new source of cells for regenerative endodontics in combination with scaffold materials. 
The descriptive data about this regenerative process is still insufficient. 
Objective: To evaluate the regenerative potential of Adipose-derived stem cells using a self-assembling poly-
peptide scaffold for the dentin-pulp complex in an emptied root canal space. 
Material and Methods: 40 root segments of human single-rooted teeth were transplanted into the albino rats’ 
dorsal subcutaneous tissue. Root segments were divided into two groups: group I contained only a self- 
assembling polypeptide scaffold, and group II contained fluorescent-labeled Adipose-derived stem cells 
embedded in a self-assembling polypeptide scaffold. The newly formed tissues were assessed on the 60th and 90th 

days post-transplantation using routine histological examination, Masson trichrome staining, and scanning 
electron microscopy. 
Results: Group I showed granulation tissue without any signs of predentin formation or odontoblast-like cells. 
Group II revealed the presence of predentin tissue along the dentin margin, with arranged odontoblast-like cells. 
An organized connective tissue with abundant vasculature and calcific masses was observed in the pulp space. 
Conclusion: Adipose-derived stem cells can be considered as alternative stem cells for regenerating the dentin- 
pulp complex. Dentin pulp complex regeneration utilizing a self-assembling polypeptide scaffold alone would 
not yield successful results.   

1. Introduction 

The restoration of dental tissues by traditional procedures has many 
limitations caused by the complex organization and different biological 
properties of dental tissues. Tissue engineering (TE) targets to overcome 
these limitations by stimulating the dental tissues’ growth and regen-
eration and by developing biomimetic functional substitutes that can 
integrate with the original tissues (Kim et al., 2023; Matichescu et al., 
2020). 

TE is defined as a multidisciplinary field that implements the prin-
ciples of engineering and life sciences to develop biological substitutions 
to restore, maintain, and enhance tissue function. TE is based on three 
main components: cells (e.g., stem cells) for matrix formation, scaffolds 

for transplantation and support, and signaling molecules for induction 
and modulatory functions. These three constituents may be used sepa-
rately or combined to regenerate the tissues (de Isla et al., 2010). 

Scaffolds are three-dimensional constructions that give support and 
manage the growth and organization of cultured cells (Fahimipour et al., 
2019). Hydrogel scaffolds have received noticeable interest because 
they are similar to the extracellular matrix in composition and structure. 
Additionally, they have an appropriate framework, allowing cell pro-
liferation (El-Sherbiny et al., 2013). Hydrogel scaffolds act as trans-
porters for vital cells and growth factors because of their 
biocompatibility, increased permeability, and their great capacity to 
hold water. Cell-loaded hydrogels are able to restore damaged tissues 
and give opportunities for cell-based treatments (Li et al., 2023). 
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Stem cell-based treatment has recently been considered a key factor 
in tissue engineering (Hoang et al., 2022). Adipose tissue stem cells 
(ADSCs) belong to the mesenchymal stem cells that were first isolated 
from the stromal vascular fraction attained via processing adipose tissue 
(Zuk et al., 2001). ADSCs have self-renewal and multipotency, giving 
several cell lineages, including adipocytes, osteoblasts, and nerve cells 
(Miana et al., 2018). Over the past decade, ADSCs have gained increased 
consideration in tissue engineering. ADSCs are considered the most 
valuable cells for regenerative medicine due to their minimal invasive 
accessibility, multipotency, and their active paracrine activity (Qin 
et al., 2023). 

ADSCs have differentiation potential that can be maintained with 
aging. They could also be induced into odontogenic lineage (Jing et al., 
2008). Previous studies reported the development of tissues resembling 
dentin-pulp complex with blood vessels and nerves, using ADSCs with a 
collagen scaffold (Iohara et al., 2011; Ishizaka et al., 2012). Further-
more, Khazaei et al., (2021) isolated ADSCs and reported their capability 
of differentiating into odontoblast-like cells. However, other studies 
reported relatively weak ADSCs’ odontogenic and angiogenic differen-
tiation potential (Davies et al., 2014; Murakami et al., 2015). More 
descriptive studies are needed to evaluate the odontogenic and angio-
genic capacity of ADSCs and the hydrogel scaffolds. This work aimed to 
evaluate the dentin-pulp complex regeneration potential of the ADSCs 
accompanied with a self-assembling polypeptide scaffold. 

2. Materials and methods 

2.1. Experimental design 

The present work is a cross-sectional animal study performed on 
twenty male albino rats weighing 200–250 g at the Medical Research 
Center, Ain Shams University after ethical approval from the Bioethical 
Committee in the Faculty of Dentistry - Ain Shams University (Approval 
ID: FDASU Rec-D140521). 

Forty roots of recently extracted human single-rooted teeth were 
horizontally sectioned in the mid-root region to obtain 6–7 mm seg-
ments. The root canals were widened to a diameter of 1–2.5 mm and 
sealed on one side with 1 mm mineral trioxide aggregate (MTA). Sam-
ples were immersed in 17 % ethylenediaminetetraacetic acid (EDTA) 
(10 min) at room temperature and 19 % citric acid (1 min) to eliminate 
the smear layer. The samples were sterilized with Betadine (30 min) and 
5.25 % sodium hypochlorite (10–15 min), rinsed, and immersed in 
phosphate-buffered saline (PBS), then incubated at 37–38 ◦C for 3–7 
days to eliminate the residual sterilizing agents and microbial contam-
ination (Huang et al., 2010). 

Root segments were implanted into the dorsal subcutaneous region 
of rats, with 2 segments in each rat, and divided into two groups (n = 20 
root segments in each group): 

Group I (control) received a self-assembling polypeptide scaffold. 
Group II (experimental) received fluorescent-labeled adipose- 

derived stem cells (ADSCs) embedded in a self-assembling polypeptide 
scaffold. Each group was equally subdivided into two subgroups (A and 
B) according to the time of segment collection (60 and 90 days after 
transplantation, respectively). The rats’ sample size was verified to be 
sufficient based on the equation (E = Number of animals – number of 
groups), where any sample size with an E value between 10 and 20 is 
considered adequate. (In our work, E = 20 – 4 = 16) (Ilyas et al., 2017). 

2.2. Scaffold preparation and seeding of stem cells 

HydroMatrixTM Peptide Cell Culture Scaffold (Catalog Number 
A6982) was prepared according to the manufacturer’s instructions 
(Sigma-Aldrich®). In group II, ADSCs (106/ml), immunolabeled by 
PKH26 dye, were seeded onto the scaffold with a seeding density (1x106 
cells/ml) for 24 h in CO2 incubator. The cell-seeded scaffolds were 
loaded inside the root segments and left for 5 min before insertion in the 

rats (Yuan et al., 2022). The 24-hour incubation was essential for cell- 
scaffold interaction and cell nesting. However, this incubation hin-
dered the proper observation of the co-cultures under a phase contrast 
microscope. 

2.3. Surgical procedure 

Rats were immunosuppressed by receiving cyclosporine (10 mg/kg/ 
day) (Tamburrino et al., 2015) one day before surgery and continued 
daily thereafter. The rats were anesthetized, and their dorsal surface was 
shaved and disinfected with Betadine. Two linear incisions of 1.5–2 cm 
were made on the dorsal skin, 1 cm from the midline on each side. Blunt 
dissection by artery forceps was done to expose the subcutaneous space. 
Two root segments were implanted into the subcutaneous space (one 
segment was assigned for each group), then the wounds were sutured. 
The rats received post-operative intramuscular injections of 15–20 mg/ 
kg of Cephotaxime and 75 mg/ml of Diclofenac sodium once daily for 3 
days. 

2.4. Sample preparation and examination procedures 

Rats were clinically examined, and those with healing complications 
were excluded. Rats were sacrificed, and root segments were retrieved 
and freed from soft tissues. Specimens were fixed in 10 % formaldehyde 
(buffered in pH 7.2 PBS) for five days. Samples were decalcified by 12 % 
EDTA solution, changed every 2 days, for two weeks. Samples were 
prepared for Hematoxylin and Eosin (H&E) and Masson trichrome 
(MTC) staining (Bancroft and Gamble, 2002). Specimens for the scan-
ning electron microscope were fixed in 10 % buffered glutaraldehyde for 
seven days. Samples were cut longitudinally to examine the dentin-pulp 
interface and root canal space by SEM (JEOL-JSM-5500LV). Phase- 
contrast fluorescent microscopic examination was used to detect the 
immuno-labeled stem cells in the 60-day duration subgroups due to the 
limited half-life of the dye. 

3. Results 

3.1. Histological results (H&E) 

Subgroup IA showed root canal space with rare evidence of pre-
dentin deposition or cells at the pulpal margin of dentin. Granulation 
tissue was observed inside the root canal space, enclosing connective 
tissue cells, and red blood corpuscles, and rare distinct blood vessels. 
Subgroup IB showed similar findings, but there were some zones of fat 
cells and hyaline masses entrapping a few cells (Fig. 1). Subgroup IIA 
possessed a predentin layer along the dentin-pulp margin with globular 
calcification sites. Occasional odontoblast-like cells were detected at the 
dentin margin. The pulp core showed organized connective tissue with 
collagen fibers, cellular elements, calcific masses, and relatively distinct 
blood vessels. Subgroup IIB showed apparent thickening in the pre-
dentin layer, with dentinal tubules occasionally observed. The core of 
the root canal exhibited fibrocellular connective tissue with distinct 
vessels and calcific masses, entrapping cells inside (Fig. 2). 

3.2. Histochemical results (Masson Trichrome) 

Subgroups IA and IB revealed limited vasculature and new collagen 
formation, particularly in subgroup IB. Specimens of subgroup IIA 
showed collagen formation attached to the dentin. Subgroup IIB 
revealed extended tissue formation with cellular elements, mature 
collagen fibers, and a well-developed vascular supply (Fig. 3). 

3.3. Immunofluorescence results (Phase contrast fluorescent Microscope) 

Group I revealed no positive cells for PKH26 in the pulp core. 
Meanwhile, Group II revealed positive cells to PKH26 with different 
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morphologies (Fig. 3). 

3.4. Scanning electron microscopic results 

Subgroup IA showed bare dentin in some regions with open dentinal 
tubules. In other areas, dentin was covered by granulation tissue formed 
of fibers and cells with variable sizes. Subgroup IB showed mass of 
cellular connective tissue. The dentin-scaffold interface revealed 

intimate contact between the scaffold and dentin with no predentin 
formation. Scaffold fibrils interdigitated with dentinal tubules (Fig. 4). 
Subgroup IIA showed a predentin layer in some regions. The pulp cavity 
had a well-organized fibrous tissue matrix with connective tissue cells. 
In subgroup IIB, the predentin layer was evident, and the pulp space 
showed connective tissue containing cells and an intercellular matrix. 
The dentin integrated with neighboring developed tissue, and the fibers 
were inserted into the dentinal tubules (Fig. 5). 

Fig. 1. Photomicrographs of Group I: (A, B: subgroup IA. C, D: subgroup IB). (A): Dentin border (arrow) with no predentin or lining cells. (B) Pulp core with 
granulation tissue, dark rounded cells (black arrows), RBCs (red arrows), and small vessels (blue arrows). (C): Pulp core with granulation tissue with regions of fatty 
degeneration (arrows). (D) Clusters of adipocytes (red arrows) and hyaline masses which entrap few cells (black arrows) [H&E x 400]. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 2. Photomicrographs of Group II: (A-C: Subgroup IIA. D-F: Subgroup IIB). (A): Dentin border with predentin and calcification globules (arrows). (B) 
Odontoblast-like cells (arrows) lining the dentin. (C): Organized connective tissue with linear calcification (arrow). (D): Tubular predentin (yellow arrows) and 
developing fibrous connective tissue (black arrow). (E): Fibrocellular connective tissue (F): Calcific mass (black arrow) and distinct vessel (red arrow) [H&E x200]. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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4. Discussion 

The current study investigated the formed tissues in root segments 
embedded in rat subcutaneous tissue using ADSCs and a self-assembled 
scaffold. ADSCs were selected due to their multipotency (Qin et al., 
2023; Zuk et al., 2001). Adipose tissue gives different populations of 
stem cells. This tissue is easily accessible compared to dental-pulp stem 
cells. Several studies reported the application of ADSCs in regenerative 

medicine and bio-root regeneration. Their transplantation into peri-
odontal tissue defects in rats can promote regeneration. ADSCs can 
regenerate dentin and alveolar bone in rabbits. (Khazaei et al., 2021; 
Palumbo et al., 2015; Qin et al., 2023; Raposio et al., 2016; Raposio 
et al., 2017; Si et al., 2019). We used a self-assembling polypeptide 
scaffold, which allows development of extracellular matrix-like mate-
rials, provides precise control at the molecular level, and produces 
injectable materials appropriate for small defects (Galler et al., 2011). 

Fig. 3. Photomicrographs (A): Subgroup IA showing new collagen (arrows). (B): Subgroup IB is showing new collagen (red arrow), and small blood vessels (black 
arrow). (C): Subgroup IIA shows organized collagen (arrows), which is attached to dentin walls (star). (D): Subgroup IIB shows new collagen fibers (red arrows) and 
mature fibers (black arrows). (E): Subgroup IIB shows a blood vessel (arrow). (F): Subgroup IIA shows rounded positive cells (white arrows) and spindle cells (yellow 
arrows) (A-E: Masson trichrome. X200. F: Phase-contrast fluorescent microscope PKH26 x 400]. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 

Fig. 4. SEM micrographs of Group I: (A-C: Subgroup IA. D-F: Subgroup IB). (A): Bare dentin with opened dentinal tubules (Arrows). (B): Granulation tissue on the 
scaffold (arrows). (C): Granulation tissue on the scaffold with large cells (arrows). (D): Dentin-scaffold integration (red arrow) and narrow gaps in other areas (yellow 
arrow). (E): Scaffold-dentin interface with interdigitation (arrow). (F): Connective tissue cells (red arrows) and a fibril from scaffold inserted in dentinal tubule 
(yellow arrow) [SEM. B, E, F: x2000; A, D: x1000; C: x500]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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In the current study, rats were immunosuppressed to avoid host- 
foreign body reactions, which caused root segments dissolution in our 
pilot study. This can be explained by Anderson et al. (2008), who 
detected macrophages and giant cells following biomaterial implanta-
tion. In our study, the root canal was widened to a diameter of 1–2.5 mm 
because the apex narrower than 1.0 mm did not show revascularization 
of the pulp (Kling et al., 1986). Furthermore, using PKH26 for cell la-
beling ensured that the endothelial cell function remained unchanged, 
as reported by (Ford et al., 1996). 

In the present study, subgroup IA (scaffold only) showed few unor-
ganized granulation tissues and rare predentin. The formation of gran-
ulation tissue coincides with El-Sherbiny et al. (2013), who reported 
the effectiveness of self-assembled polypeptide scaffolds in forming 
tissue-like hydrogels. The authors reported poor mechanical features of 
these scaffolds; therefore, they are unsuitable for tissue engineering 
requiring high mechanical integrity. The rare predentin and blood ves-
sels could be due to the absence of forming cells in this group. 

Group II (ADSCs and scaffold) showed organized connective tissue 
and predentin after 60 days, which was thickened after 90 days, indi-
cating continuous cellular activity. This conforms to the outcomes of 
Huang et al. (2010), who concluded that stem cells, when combined 
with scaffold, developed a dentin-like layer on the dentin walls. This 
could be due to the release of growth factors (Sloan et al., 2000), which 
induce odontoblastic differentiation of the stem cells (Huang 
et al.,2006). The differentiation of ADSCs into odontoblast-like cells was 
reported by Khazaei et al. (2021). 

We detected collagenous connective tissue in group II, which agreed 
with a previous study that reported a high collagenous matrix contain-
ing odontoblast-like cells in the ADSCs group (Murakami et al., 2015). 
The calcified masses detected in our work could be due to the excellent 
osteoinductivity of the hydrogel scaffolds (Hao et al., 2023). However, 
this study could not achieve distinct zones of pulp tissue, which might be 
due to the lack of external growth factors. 

In our work, Masson trichrome stain presented more vascularity in 
group II. This coincides with Huang et al. (2010) and King et al. (2014), 
who supported the role of stem cells in angiogenesis. ADSCs play a 
crucial role in new blood vessel formation, which might be due to the 
high vascular endothelial growth factor expression (Fujiwara et al., 
2020). Furthermore, the ADSCs’ secretomes could enhance angiogenesis 

through stimulation of differentiation and migration of endothelial cells 
(Mazini et al., 2020). Additionally, a hydrogel scaffold combined with 
stem cells might enable forming a capillary-like network, as Fuen-
teslópez et al. (2023) reported. 

Our study’s SEM examination revealed an intimate relationship be-
tween scaffold and root dentin in both groups. This coincides with 
Gotlieb et al. (2008), who observed cell adherence in pulp constructs 
with different scaffolds. Neunzehn et al. (2014) investigated stem cell- 
based pulp regeneration in root constructs and found that the devel-
oped dentin was attached to a fibrillar constitution. 

5. Conclusions 

Adipose-derived mesenchymal stem cells are an accessible alterna-
tive for dentin-pulp complex regeneration. Using a self-assembling 
polypeptide scaffold alone would not yield successful results. 
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