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Abstract Objective: To assess and compare the therapeutic effect of bone marrow mesenchymal

stem cells (BM-MSCs) versus insulin on mandibular dento-alveolar complex collagen formation

and beta-catenin (b-catenin) expression in experimentally induced type I diabetes in albino rat.

Design: Twenty-eight male albino rats were equally divided as follows; Group I: was composed

of rats which received no drug. The remaining rats were administrated a single streptozotocin (STZ)

(40 mg/kg) intra-peritoneal injection. After affirmation of diabetes induction, the rats were divided

into: Group II: Diabetic rats were given no treatment. Group III: Diabetic rats received a single

BM-MSCs intravenous injection (1x106 cells). Group IV: Diabetic rats were given a daily insulin

subcutaneous injection (5 IU/kg). After 28 days, mandibles were processed and stained by Hema-

toxylin & Eosin (H&E), Masson’s trichrome and anti-b-catenin antibody. A statistical analysis was

performed to measure positive area% of Masson’s trichrome and b-catenin.
Results: Dento-alveolar complex tissues and cells of Group II showed destructive changes histo-

logically, while Groups III and IV demonstrated improved histological features. Group II presented

almost old collagen in all dento-alveolar complex tissues, and nearly negative b-catenin expression.

Groups III and IV revealed a newly formed collagen intermingled with very few areas of old
, Postal

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sdentj.2023.05.020&domain=pdf
mailto:rabab.hassan@dent.asu.edu.eg
https://doi.org/10.1016/j.sdentj.2023.05.020
http://www.sciencedirect.com/science/journal/10139052
https://doi.org/10.1016/j.sdentj.2023.05.020
http://creativecommons.org/licenses/by-nc-nd/4.0/


BM-MSCs versus Insulin on Dentoalveolar Collagen and beta-Catenin in Type I diabetic rats 669
collagen, and both groups showed positive b-catenin immunoreactivity. Statistically, Groups III

and IV represented the highest mean values of Masson’s trichrome area% and b-catenin area%,

while Group II reported the lowest mean.

Conclusions: Streptozotocin has a destructive effect on the dento-alveolar complex structure and

function. BM-MSCs and insulin show regenerative capacity in STZ-affected periodontal tissues,

and statistically, they increase collagen formation and b-catenin expression.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Beta-catenin (b-catenin) is a constituent of Wingless/Inte-

grated (Wnt) signal cascade and it triggers transcription of
Wnt-specific genes which regulates cellular growth, develop-
ment, and homeostasis (Valenta et al., 2012; Bao et al., 2021).

The Wnt/b-catenin signaling activation in dento-alveolar
complex promotes cementum regeneration, periodontal liga-
ment (PDL) formation (Lim et al., 2015), and alveolar bone

osteoblast differentiation (Kobayashi et al., 2016). Conversely,
inhibition of Wnt/b-catenin signaling following administration
of streptozotocin (STZ) owing to hyperglycemia develops as
consequence of impairment in insulin secretion by pancreatic

b-cells (Chen et al., 2017; Salem et al., 2021).
Hyperglycemia associated with STZ-induced diabetes melli-

tus type I increases susceptibility to infections and periodonti-

tis, that induces destruction of periodontal tissue, loss of
alveolar bone, and impairs PDL regeneration (Kim et al.,
2006; Preshaw et al., 2012).

Application of bone marrow-mesenchymal stem cells (BM-
MSCs) is an innovative promising therapy for diabetes mellitus
type I. They can differentiate into b-cells so increasing insulin

secretion, protect b-cells from autoimmune attack by inhibit-
ing T-cell proliferation, and improve the survival of b-cells
by secreting cytokines that enhance antioxidant and prolifera-
tion ability of cells (Wan et al., 2022).

In contrast, daily insulin injection therapy is mandatory for
diabetes mellitus type I to compensate total endogenous insu-
lin deficiency because of autoimmune b-cells destruction

(Forbes & Cooper, 2013). Both stem cells and insulin therapies
can regulate Wnt/b-catenin pathway activation that elevates
pancreatic b-cells proliferation and helps in tissue repair

(Wang et al., 2017; Cabrae et al., 2020).
From abovementioned data, this research aimed to com-

pare the therapeutic effect of bone marrow mesenchymal stem

cells versus insulin on mandibular dento-alveolar collagen for-
mation and b-catenin expression in experimentally induced
type I diabetes in albino rat.

2. Materials and methods

Research Ethics Committee of Faculty of Dentistry, Ain
Shams University, Cairo, Egypt, approved this study protocol

under the approval number: FDASU-Rec IR092201.

2.1. BM-MSCs preparation

Hind limb long bones of male albino rats were cut and medulla
was flushed by a syringe ‘‘18-gauge needle” containing (3 ml)
low-glucose Dulbecco’s modified Eagle’s medium supple-
mented with (10%) fetal bovine serum and (1%) L-gluta

mine/penicillin/streptomycin antibiotics. The collected bone
marrow suspensions were cultured in polystyrene dishes, incu-
bated in 5% humidified CO2 at 37 �C. The culturing medium

was changed each two days for two weeks until the adhering
cells at the third passage reached 80–90% confluence
(Mohsen et al., 2019).

2.2. Animals

Twenty-eight male Wistar albino rats (200–250 g) were
housed in separate cages at the animal house of ‘‘Medical

Research Center” of Ain-Shams University and kept in a
controlled, clean environment with free access to food and
water.

Rats were randomly assigned into four groups (Seven
rats/group):

Group I (Control): received no drug.

The remaining rats were given a single intra-peritoneal
injection of STZ (40 mg/kg) dissolved in 1 ml citrate buffer
(pH: 4.5). For affirmation of diabetes induction, blood was
taken from rats’ tail vein after 72 h of STZ injection and

defined diabetic if the readings of fasting blood glucose level
were increased above (250 mg/dl) (Pari & Rathinam, 2016).

After diabetic confirmation, rats were randomly divided

into:
Group II (Diabetic): seven diabetic rats received no

treatment.

Group III (BM-MSCs treated): seven diabetic rats, each
was given a single intravenous injection of BM-MSCs 1x106

suspended in 1 ml phosphate buffered saline through tail vein
(El Qashty et al., 2018).

Group IV (Insulin treated): seven diabetic rats received a
single insulin subcutaneous injection (5 IU/kg)/day for 28 days
(Pinheiro et al., 2011).

2.3. Specimen preparation

After 28 days from diabetes induction affirmation, rats were
euthanized by ketamine overdose (148 mg/kg) (Rebuelto
et al., 2002). Mandibles were carefully dissected, divided sagi-

tally into two halves, fixed in 10% phosphate buffered forma-
lin solution for five days, decalcified for 30 days in 10%
ethylenediamine tetra-acetic acid solution, dehydrated, infil-

trated and embedded in paraffin wax (Bancroft et al., 2013).
Finally, sections of 4 mm thickness were stained by: hema-
toxylin and eosin (H&E), Masson’s trichrome special stain

and b-catenin immunohistochemical stain.
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2.3.1. H&E stain

Sections were deparaffinized and rehydrated then stained by

H&E (Bancroft et al., 2013).

2.3.2. Masson’s trichrome special stain

After sections deparaffinization and rehydration, slides were

soaked in Bouin’s solution at 56 �C for 15 min, washed for
5 min by water, stained by Weigert’s hematoxylin for 5 min,
and then rinsed. Afterwards, stained for 5 min by Biebrich

scarlet-acid fuchsin, rinsed, treated with phosphotungstic
phosphomolybdic acid for 5 min, stained with aniline blue
for 5 min, fixed for 2 min in 1% acetic acid, rinsed, dehydrated

and mounted (Rieppo et al., 2019). New collagen areas were
detected as blue color while old collagen areas were stained
red.

2.3.3. b-catenin immunohistochemical staining

Sections used for immunolocalization of b-catenin were
mounted on positive charged microscope slides. After deparaf-

finization, rehydration, and antigen retrieval completion, sec-
tions were placed in goat serum for 30 min to reduce
nonspecific staining, incubated with primary antibody at dilu-

tion 1:200 (Rabbit polyclonal b-catenin antibody, Catalog #
AHO0462), and incubated in secondary biotinylated antibody.
Subsequently, washed in phosphate buffer and incubated with
streptavidin. Diaminobenzidine was added to sections for

10 min to develop brown color. Finally, counterstaining was
performed by using Mayer hematoxylin (Rabea, 2020). The
brown cytoplasmic and nuclear staining is considered as posi-

tive immunoreaction (Liu et al., 2018).
Molar region of dento-alveolar complex was captured at a

magnification (x200) and (x400) by using a digital video cam-

era (TVO.5XC, Olympus, China).

2.4. Histomorphometric analysis

By using image J software (Version 1.41a, NIH, USA), the
area% of newly formed collagen (blue color) in Masson’s tri-
chrome sections and positive cytoplasmic and nuclear
immunoreactivity (brown color) in b-catenin immunohisto-

chemical sections was measured. From each specimen, seven
representative non-overlapping fields were captured at magni-
fication 200x for Masson’s trichrome sections and at 400x for

b-catenin immunohistochemical sections. Images were then
converted into 8-bit monochrome type and color thresholding
was performed, so the selected areas were labeled by black,

then finally area% was obtained.

2.5. Statistical analysis

Area% was analyzed using statistical package for social

sciences, version 23.0 (SPSS Inc., Chicago, Illinois, USA)
and presented as mean ± standard deviation and ranges. F -
One-way analysis of test to compare between all groups, and

Post Hoc test: Least Significant Difference for multiple com-
parisons between each two groups were used. Confidence inter-
val was set to 95% with 5% accepted error margin. P-value

was highly significant at � 0.001, significant at � 0.05, and
non-significant at > 0.05 (Kotz et al., 2006; McBey et al.,
2021).
3. Results

3.1. H&E results

3.1.1. Group I (Control)

Acellular cementum and alveolar bone exhibited regular out-
lines. Alveolar bone showed fibrocellular marrow cavities lined
with osteoblasts. Dense, well organized and apparently normal

PDL fibers were noticed (Fig. 1a). Multiple cementoblasts with
basophilic cytoplasm were seen distributed on the cementoid
tissue of both cementum types. Oval osteoblasts exhibited
basophilic cytoplasm lining the alveolar bone surfaces were

noticed. Cementocytes and osteocytes were observed.
Spindle-shaped fibroblasts overlying PDL fibers were detected
(Fig. 1b & c).

3.1.2. Group II (Diabetic)

Alveolar bone showed irregular outline with apparently wide
marrow cavities (Fig. 1d). Some flat cementoblasts appeared

on some areas and absent in others with no obvious cemen-
toid tissue. Fewer cementocytes were apparently noticed in
cellular cementum. Osteoblasts appeared flattened in some

areas and lost in others. Alveolar bone showed reversal
‘‘scalloped” lines, many empty osteocytes lacunae in some
areas and shrunken osteocytes with pyknotic nuclei in other

areas. PDL seemed to be disorganized with some acellular
areas. Flattened fibrocytes with dark nuclei were seen
(Fig. 1e, f & g).

3.1.3. Group III (BM-MSCs treated)

Alveolar bone showed relatively regular outline and detectable
reversal lines. PDL appeared dense with regularly arranged

fibers (Fig. 2a). Some cementoblasts and osteoblasts showed
regular shape, while others appeared flattened or absent in
some areas. Some cementocytes and osteocytes appeared with
ordinary shape, while others were shrunken and altered. Most

of PDL fibrocytes exhibited spindle shape, while others
appeared flattened (Fig. 2b & c).

3.1.4. Group IV (Insulin treated)

Both cementum and alveolar bone showed regular outline.
PDL appeared dense and regularly arranged (Fig. 2d). Multi-
ple cementoblasts and regular cementocytes were detected.

Oval osteoblasts, many osteocytes and reversal lines were
noticed in the alveolar bone. Plump fibroblasts and flattened
fibrocytes overlying PDL fibers were observed (Fig. 2e, f & g).

3.2. Masson’s trichrome results

3.2.1. Group I (Control)

The PDL revealed apparently wide areas of new collagen with
few areas of old collagen. Cementum exhibited old collagen.
Alveolar bone showed markedly large areas of old collagen

intermingled with few areas of new collagen (Fig. 3a).

3.2.2. Group II (Diabetic)

Both alveolar bone and PDL revealed areas of old collagen
intermingled with new one, while only old collagen area was
noticed in cementum (Fig. 3b).



Fig. 1 Photomicrographs of dento-alveolar complex showing; Group I: (a)- Acellular cementum and alveolar bone with regular outlines.

Alveolar bone with marrow cavities. Dense and apparently normal PDL. (b)- Acellular cementum, (c)- Cellular cementum showing;

Multiple cementoblasts on the cementoid tissue. Oval osteoblasts. Cementocytes and osteocytes. Spindle-shaped fibroblasts overlying

PDL fibers. Group II: (d)- Alveolar bone with irregular outline and wide marrow cavities. (e)- Acellular cementum, (f)- Cellular cementum

showing; Some flat cementoblasts. Flattened osteoblasts with loss of lining in some areas. Fewer cementocytes and osteocytes.

Disorganized PDL with some acellular areas and fibrocytes. (g)- Alveolar bone with reversal lines, many empty osteocytes lacunae and

some with pyknotic nuclei. AC, acellular cementum; CC, cellular cementum; AB, alveolar bone; PDL, periodontal ligament; MC, marrow

cavity; Cb, cementoblast; Ob, osteoblast; Ocy, osteocyte; Fb, fibroblast; Fcy, fibrocytes; Ccy, cementocyte; *, acellular areas of PDL; L,

empty osteocyte lacuna; R, reversal line; X, areas of absent cementoblasts; Y, areas of absent osteoblasts (H&E, Original magnification a &

d x200, b, c, e, f & g x400).
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Fig. 2 Photomicrographs of dento-alveolar complex showing; Group III: (a)- Alveolar bone with relatively regular outline and reversal

lines. Dense PDL with regularly arranged fibers. (b)- Acellular cementum, (c)- Cellular cementum showing; Some regular shape or

flattened or absent cementoblasts and osteoblasts. Some ordinary cementocytes and osteocytes, while others shrunken and altered. Spindle

or flattened fibrocytes. Group IV: (d)- Both cementum and alveolar bone with regular outline. (e)- Acellular cementum, (f)- Cellular

cementum, (g)- Alveolar bone showing; Multiple cementoblasts. Regular cementocytes and osteocytes. Many reversal lines in the alveolar

bone. Dense and regularly arranged PDL with fibroblasts and fibrocytes. AC, acellular cementum; CC, cellular cementum; AB, alveolar

bone; PDL, periodontal ligament; Cb, cementoblast; Fb, fibroblast; Fcy, fibrocytes; Ccy, cementocyte; Ob, osteoblast; Ocy, osteocyte; R,

reversal line; RO, regular outline; R Cb, regular cementoblast; A Cb, altered cementoblast; R Ob, regular osteoblast; A Ob, altered

osteoblast; R Ocy, regular osteocyte; A Ocy, altered osteocyte; R Ccy, regular cementocyte; A Ccy, altered cementocyte; X, areas of absent

cementoblasts; Y, areas of absent osteoblasts (H&E, Original magnification a & d x200, b, c, e, f & g x400).
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Fig. 3 Photomicrographs of dento-alveolar complex showing: (a)- Group I: PDL with wide areas of new collagen and few areas of old

collagen. Cementum with old collagen. Alveolar bone with markedly large areas of old collagen and small areas of new collagen. (b)-

Group II: Alveolar bone and PDL with areas of both old and new collagen. Cementum with only old collagen. (c)- Group III: Newly

formed collagen in PDL, cementum and alveolar bone with very few areas of old collagen. (d)- Group IV: PDL with newly formed

collagen. New collagen in cementum with minute layer of old collagen. Alveolar bone with new collagen except for some areas of old

collagen. O PDL, Old collagen in periodontal ligament; N PDL, New collagen in periodontal ligament; O C, Old collagen in cementum; N

C, New collagen in cementum; O AB, Old collagen in alveolar bone; N AB, New collagen in Alveolar bone (Masson’s trichrome, Original

magnification x200).
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3.2.3. Group III (BM-MSCs treated)

This group demonstrated newly formed collagen in PDL,
cementum and alveolar bone with detection of very few areas
of old collagen (Fig. 3c).

3.2.4. Group IV (Insulin treated)

The PDL showed newly formed collagen. Cementum illus-
trated new collagen with minute layer of old collagen. Alveolar

bone revealed new collagen except for some areas of old colla-
gen (Fig. 3d).

3.3. b-catenin immunohistochemical results

Group I showed noticeably positive b-catenin immunoreactiv-
ity in dento-alveolar complex tissues with positive cytoplasmic
and nuclear immunoreactivity in tissue cells ‘‘PDL fibroblasts,

cementoblasts, osteoblasts and osteocytes” (Fig. 4a). Group II
represented nearly negative b-catenin immunoreactivity in
dento-alveolar complex tissues and cells except for very few

positive PDL fibroblasts (Fig. 4b). Group III and IV demon-
strated positive b-catenin-immunoreactivity in the dento-
alveolar complex tissues and cells (Fig. 4c & d).

3.4. Morphometric and statistical results

3.4.1. Masson’s trichrome area%

Groups III and IV showed the significantly highest values of
newly formed collagen with non-significant difference between

them, followed by Group I. Group II represented the signifi-
cantly lowest value (Table 1 & Fig. 5a).

3.4.2. b-catenin area%

Groups I, III and IV revealed the significantly highest values,
with non-significant difference between them. Group II
showed the significantly lowest value (Table 1 & Fig. 5b).

4. Discussion

Uncontrolled hyperglycemia raises two to three times the pos-

sibility of developing periodontal disease and subsequently



Fig. 4 Photomicrographs of dento-alveolar complex showing: (a)- Group I: Positive b-catenin immunoreactivity in dento-alveolar

complex tissues with positive cytoplasmic and nuclear immunoreactivity in the tissue cells. (b)- Group II: Negative b-catenin
immunoreactivity in dento-alveolar complex tissues, negative cytoplasmic and nuclear immunoreactivity in the tissue cells. Very few

positive PDL fibroblasts. (c & d)- Group III & IV respectively: Positive b-catenin-immunoreactivity in the dento-alveolar complex tissues

as well as positive cytoplasmic and nuclear immunoreactivity in the tissue cells. PDL, periodontal ligament; C, Cementum; AB, alveolar

bone; Fb, fibroblast; P Fb, positive fibroblasts; N Fb, negative fibroblasts; Cb, cementoblast; Ccy, cementocyte; Ob, osteoblast; Ocy,

osteocyte (Anti-b-catenin antibody, Original magnification x400).

Table 1 Showing comparison between the groups according to Masson’s trichrome and b-catenin area%.

Group I

(n = 7)

Group II

(n = 7)

Group III

(n = 7)

Group IV

(n = 7)

F-test p-value

Masson’s trichrome area% Mean ± SD 39.158 ± 7.820B 20.323 ± 7.110C 63.265 ± 14.871 A 70.260 ± 13.913 A 27.879 <0.001**

Range 28.740–51.848 11.660–26.591 42.548–82.510 52.820–85.080

b-catenin area% Mean ± SD 29.986 ± 10.865 A 7.880 ± 3.821B 28.810 ± 10.324 A 34.146 ± 13.848 A 9.008 <0.001**

Range 14.189–44.502 2.522–14.100 16.973–43.877 16.673–53.300

Using: F-One Way Analysis of Variance; **p-value < 0.001 is highly significant.

Values in each row which have different superscripts are significantly different at (P < 0.05) using Least Significant Difference test.
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teeth loss (Demmer et al., 2012). Administration of exogenous
insulin can ameliorate hyperglycemia; however, application of

stem cells is considered a new treatment modality as it can reg-
ulate blood glucose level through preserving b-cells function
(Chen et al., 2020).

The reported destructive changes of Group II in current

study may be a result of increased blood glucose level that
causes advanced glycation end products formation, vascular
dysfunction, and collagen synthesis reduction (Ido et al.,

2001; Santana et al., 2003; Nassar et al., 2007). Furthermore,
hyperglycemia impairs immunological responses, enhances
inflammation by increasing levels of inflammatory cytokines
and C-reactive protein, reduces the production of anti-

inflammatory cytokines and transforming growth factor b,



Fig. 5 Bar charts representing (a)-comparison between the groups according to Masson’s trichrome area%. (b)-comparison between the

groups according to b-catenin area%. p-value > 0.05 is non-significant (NS); *p-value � 0.05 is significant; **p-value � 0.001 is highly

significant.
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and influences tissue-degrading enzymes expression causing

tissue damage (Knight et al., 2016; Liu et al., 2016; Bastos
et al., 2017; Graves et al., 2020).

The detected histological changes of PDL and cementum of
Group II could be linked to hyperglycemia that inhibits prolif-

eration and differentiation of PDL fibroblasts, and increases
production of matrix metalloproteinase-1 resulting in collagen
fibers and other extracellular matrix components destruction

(Ejeil et al., 2003; Kim et al., 2006; Yaras et al., 2008), beside
significant decreases of both calcium contents and cemento-
blast activity (Balint et al., 2001; Amro et al., 2011). Yet,

changes in the alveolar bone could be attributed to the diabetic
affection on Wnt signaling pathway that impairs bone metabo-
lism and stimulates bone loss (Hie et al., 2011; Reni et al.,

2016). The reported cellular changes were considered as one
of diabetic complications due to mitochondrial dysfunction,
formation of pro-apoptotic factors and up-regulation of apop-
tosis regulating genes leading to increase in different periodon-

tal cells apoptosis (Graves et al., 2007; Graves et al., 2020).
The reported improvement in Group III may be related to

ability of injected BM-MSCs to stimulate proliferation of host

progenitor cells, regulate expression of different chemokines,
plus their ability to differentiate into multi-lineage tissues
in vivo (Kawaguchi et al., 2004; Hasegawa et al., 2006;

Wang et al., 2008). In addition to anti-inflammatory and
immunomodulatory effects of BM-MSCs which contribute to
tissue repair (Du et al., 2014).

The recorded regeneration in Group IV may be related to

direct effects of insulin on lowering blood glucose level by pro-
moting glucose uptake in muscle and adipose tissue, and sup-
pressing liver gluconeogenesis (Saltiel & Kahn, 2001;

Maekawa et al., 2017), to its immunosuppressive effect, and
its ability to increase osteoblastic differentiation (Oh et al.,
2015; Bilotta et al., 2018), also to anti-inflammatory effect

on periodontal tissues (Nishikawa et al., 2020).
Masson’s trichrome stain and statistical results Group II

may be owing to diabetic status that decreases gene expression

and growth factors in osteoblasts, and limits new bone
extracellular matrix production (Lu et al., 2003). Additionally,
it decreases collagen synthesis and increases collagen degrada-
tion in periodontal tissues as a consequence of hyperglycemia

(Zhang et al., 2011).
The recorded Masson’s trichrome area% of Group III is

related to BM-MSCs ability to be differentiated into osteo-
blasts which synthesis immature collagen during early bone

regeneration and remodeling (Wang et al., 2015). Further-
more, BM-MSCs can differentiate into fibroblasts and cemen-
toblasts that produce immature collagen fibers of PDL, and

immature principal collagen fibrils of newly formed cementum
(Rezaei et al., 2019).

Masson’s trichrome and statistical results of Group IV

may be linked to insulin efficacy in maintaining structure
and function of mitochondria, alongside with antioxidant
potential of insulin against diabetic oxidative stress which

contributes to progressive destruction of periodontal tissues
(Song et al., 2018; Matsuzaki et al., 2021).

Negative b-catenin expression of alveolar bone in Group
II could be attributed to reduction of insulin-like growth

factor-1 receptor in osteoblasts that inhibits phosphorylation
of glycogen synthase kinase 3b ‘‘a key regulator of Wnt sig-
naling” causing degradation of b-catenin in osteoblasts and

impair bone formation (Hie et al., 2011; Yee et al., 2016).
Moreover, oxidative stress caused by hyperglycemia reduces
differentiation and viability of periodontal tissue cells as well

as decreases matrix production, alkaline phosphatase activity
and mineralization (Kook et al., 2016; Houschyar et al.,
2019).

The reported results of b-catenin-immunoreactivity in

Group III could be related to BM-MSCs ability to secrete
angiogenic and antioxidants factors, and to trigger several sig-
naling pathways such as Wnt/b-catenin (Prockop, 2017; Pal &

Das, 2017). Whilst, using insulin treatment in Group IV can
activate Wnt/b-catenin signaling pathway (Cabrae et al.,
2020). Activation of Wnt/b-catenin signaling allows tissue pro-

genitor cells to be differentiated into various types of dento-
alveolar complex cells helping in tissue repair and regeneration
(Rezaei et al., 2019).

More studies are needed to evaluate the therapeutic effect
of insulin and BM-MSCs on STZ-induced hyperglycemia on
different dental tissues.
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5. Conclusions

Streptozotocin-induced hyperglycemia has degenerative effect
on structure of dento-alveolar complex, reduces the amount

of newly formed collagen and decreases b-catenin expression.
Both BM-MSCs and insulin have reparative role against
destructive effect of STZ on periodontium, and statistically,

they enhance new collagen production and increase b-catenin
expression in all periodontal tissues.
6. Recommendation

It is recommended to investigate combined insulin and MSCs
therapy which may give more pronounced reversal of morpho-

logical changes in dento-alveolar complex in diabetes Type I.
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