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ABSTRACT

Background: This study aims at clarifying if grape seed extracts (GSE) are candidates’ 
therapeutic agents against the damaging effects of diabetes mellitus on the alveolar bone and 
periodontal ligaments.

Materials and methods: By randomly allocating 50 adult albino rats into  five groups, each 
group included 10 rats as follows: Group I (negative control): served as controls; Group II: (positive  
control) diabetic rats receive no treatment; Group III: diabetic rats were treated with 50 mg/kg GSE 
for 6 weeks; Group IV: diabetic rats treated with 100 mg/kg GSE for 6 weeks; Group V: diabetic 
rats treated with 10 mg/kg gliclazides for  6 weeks. At the end of the experiment, extraction and 
preparation of rats jaws to examine their alveolar bone and periodontal ligaments histologically and 
immunohistochemically. 

Results: Diabetic rats treated with GSE 100 mg/kg showed marked improvement of periodontal 
ligaments and alveolar bone with new bone formation compared to diabetic rats treated with GSE 
50mg/kg and Gliclazides 10mg/kg. Immunohistochemical analysis of Bcl2 in untreated diabetic 
rats has statistically significantly (P≤0.001) caused an increase in Bcl2 expression in comparison 
with diabetic rats that receive treatments. GSE 100mg/kg has statistically significantly (P≤0.001) 
led the Bcl2 expression to decrease in comparison with GSE 50 mg/kg and diabetic rats treated 
with gliclazide.

Conclusion: GSE at dose 100mg/kg improved the periodontal ligament and alveolar bone in 
diabetic rats it could be used as a supplement for treating diabetic patients with diabetes Mellitus.

KEYWORDS: Streptozotocin, Diabetes Mellitus, grape seeds extract, gliclazide, Bcl2  
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INTRODUCTION 

Described as chronic diseases, Diabetes mellitus 
and periodontal disease have an effect on a large 
number of populations all over the world. An im-
portant long-term complication related to diabetes 
mellitus is the changed bone metabolism. The loss 
of Alveolar bone is a key outcome of periodontitis 
and diabetes is one of the primary factors of risk for 
periodontal disease. (1)  

Diabetes mellitus (DM) represents a metabolic 
disorder that is diagnosed by the increase in plasma 
glucose levels, it alters the inflammatory response, 
impairs tissue healing, disturbs the collagen 
production, and reduces the angiogenesis process. 
(2) DM has been considers to be the major risk 
factor in developing serious and gradual damage 
to periodontal tissue. Multiple biological variables 
are including microbial impacts, hyperglycemia, 
and immune cytokines have been attributed to 
the increased periodontal tissue damage in DM.(3) 
The advanced glycation end-products (AGEs) are 
built up by the persistent increase in the blood 
glucose level, which In collagens, AGEs produce 
non-enzymatic cross-links thereby decreasing the 
flexibility of collagen matrix, which in turn leads to 
bone deformations.(4)  

 As bone density and diabetes have an intricate 
interplay, Diabetic patients are often led to osteo-
penia and extreme cases are associated with osteo-
porosis. In turn, this results in facilitating the loss 
of bone in these patients and leads them to an in-
creased level of risk for negative outcomes in terms 
of bone health.(5) Several additional factors are re-
lated to hyperglycemia and have an effect on bone 
micro-architecture in DM. As an example, glycos-
uria can proportionally can lead calcium excretion 
to increase in urine. In addition, the interaction be-
tween hyperglycemia and the parathyroid hormone 
(PTH) and vitamin D system has an effect on bone 
turnover in the population of patients living with 
DM. (6)

The key reason for the development of oxidative 
stress and the increase in producing reactive oxy-
gen species (ROS) that enhance cellular oxidation 
is hyperglycemia. (7,8,9) ROS activates nuclear factor-
kappa B (NF-κB) is activated by ROS, following 
the increase in the expression of proinflammatory 
cytokine and chemokine.(10) These mediators have a 
significant effect on bone by stimulating the  osteo-
clast differentiation and activity.(11) Moreover, ROS 
causes mitochondrial damage, which promotes the 
apoptotic pathway, starting with Bax pro-apoptotic 
proteins activation on the mitochondrial surface. (12) 
Consequently, the increase in the ROS stimulates 
the expression of Bax and downregulation of Bcl-2, 
which can inhibit the apoptotic cell death.(13,14)

Many active substances derived from plant-de-
rived groups of different chemical compounds dis-
play a potent antioxidant activity, (15) such as proan-
thocyanidins which is a major component of grape 
seeds extract. They have 20 times more powerful 
antioxidant activity than vitamin C and 50 times 
more effective than vitamin E. (16,17) proanthocy-
anidins have a wide range of pharmacological and 
therapeutic effects, it has vasodilator, anticarcino-
genic, anti-allergic, anti-inflammatory, antifungal, 
anti-arthritic, antibacterial, cardioprotective, im-
munostimulant, and antiviral properties which are 
remarkably significant. (18) 

Grape seeds extracts (GSE) also efficiently reduce 
inflammatory cytokines’ production including 
interleukin (IL)-17, tumor necrosis factor (TNF)-α, 
nitrotyrosine, matrix metalloproteinase (MMP)-13, 
and osteoclastogenesis inhibition, (19,20) and acts as 
a safeguard against alteration induced by stress in 
p53 production and the antiapoptotic protein (Bcl-
2) in human oral epithelial.  As a natural product, 
the GSE can be used in managing diabetes and its 
complications. (21)

GSE may strongly lead to the inhibition of os-
teoclast differentiation, the reduction of osteoclast 
activity, and the stimulation of bone formation 
through the positive action it has on osteoblast dif-
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ferentiation. As a result,  it may be useful for treat-
ing the inflammation related to bone destruction.(22)  
The anti-inflammatory effect of GSE is generated 
by the calibration of the delicate balance between 
pro-inflammatory and anti-inflammatory cytokines 
through the regulation of their release and gene 
expression. (23) Nevertheless, the data on GSE ef-
fects on healthy and diseased periodontal tissues is 
limited. It was shown that GSE can protect against 
collagen breakdown, (24) and have a bacteriostatic 
influence on the anaerobes, which can result in a 
significant decrease in dental biofilm maturation. 
Consequently, it can be employed in preventing 
periodontal disease. (25)

       This present study was designed for evaluating 
the influence of grape seeds extract on the alveolar 
bone and periodontal ligaments in diabetic rats. 

MATERIALS AND METHODS:

This current study was approved by the Re-
search Ethics Committee number 2021/385, Faculty 
of Dentistry, Suez Canal University, and all experi-
ments were conducted according to the Guidelines 
for Experimental Animal Studies.

Sample size calculation: 

By utilizing G*Power version 3.1.9.4, Faul et 
al., (2007), the sample size was estimated and the 
effect size was 0.65 using alpha (α) level of 0.05 
and Beta (β) level of 0.05, i.e., power = 95%; the 
minimum sample size (n) calculation was a total of 
50 samples for 5 groups. (26)

Animals and experimental model

In total, 50 male albino rats (140-180 g) were used 
in the experiment. Animals were kept in groups, 3 
rats in each cage during the experiment. They were 
provided with unlimited access to rat food and tap 
water. In addition, they were kept in a 12 h light/12 
h dark cycle at the animal house of Suez Canal 
University and stored in an air-conditioned room at 
21-23°C and 60-65 % relative humidity.

Grouping

The rats were distributed to three groups (10 rats 
per each group) as follows: 

Group I (-ve control):  served as a negative 
control

Group II (Diabetic Group): a single 
intraperitoneal injection of streptozotocin (STZ) to 
given to rats. (27)

Group III: a single intraperitoneal injection of 
STZ  was given to animals, the same as group II, 
then diabetic rats were treated with 50 mg/kg grape 
seed extract for 6 weeks. (28)

Group IV: a single intraperitoneal injection of 
STZ was given to animals, the same as group II, then 
using 100 mg/kg grape seed extract, the diabetic rats 
were treated for 6 weeks. (28)

Group V: a single intraperitoneal injection of 
STZ was given to animals, the same as group II, 
then using 10 mg/kg gliclazides, diabetic rats were 
treated for 6 weeks. (29)

Induction of diabetes

Before inducing diabetes, animals were kept 
fasting for 24 hours. Then, 60 mg/kg body weight of 
STZ, which were freshly dissolved in citrate buffer 
(0.1 M, pH 4.5), were intraperitoneally injected as a 
single dose to induce diabetes, while vehicle buffer 
was injected for negative control rats. Following 
STZ injection fasting blood glucose (FBG) level was 
examined at 72h by obtaining blood sample from 
the tail vein of animals.  On a glucose strip test in a 
glucometer (EasyGluco Blood Glucose Monitoring 
system, Infopia, Korea), a blood drop was placed 
and it was confirmed that rats are diabetic when the 
FBG level was above 250 mg/dl. (27)

At the end of the experimental study, All rats were 
sacrificed using cervical dislocation. The samples 
of jaws of rats were collected for histological and 
immunohistochemical assessment.
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Samples Preparation

After the sacrifice, soft tissues are dissected in 
each specimen and the whole mandibles are re-
moved and bisected. For bone decalcification, the 
specimens were assembled and immersed in 10% 
formalin, then after 24- 48 hours they were inserted 
in 10% EDTA (pH 7.4) and the solution was re-
placed every week for 3-5 weeks. The specimens 
were flushed with (phosphate buffered saline) PBS 
and then immersed in 70%, 80%, 96% ethanol (90 
minutes for each one), three absolute ethanol im-
mersions (60 minutes each), two xylol immersions 
(90 minutes each) and two liquid paraffin immer-
sions at 60°C (120 minutes each). Finally, mesiodis-
tal sections (5 µm thickness in width) at the molar 
area were sliced with microtomes from the blocks 
that were deparaffinized in an oven at 60˚ overnight 
and in xylene for 1 h and then rehydrated to dye by 
using Masson’s Trichrome, hematoxylin and eosin. 
Sections were examined for all groups in terms of 
alveolar bone resorption and degeneration, peri-
odontal ligament, as well as new and mature bone 
formations. 

Procedure of immunohistochemical  staining of 
BCL2 was carried as follows

Sections of 5 μm thickness were de-paraffinized 
in xylene, rehydrated by lowering alcohols, 
and stored in 3% hydrogen peroxide phosphate 
buffers. Sections were placed in the oven for 20 
minutes in 10% aqueous EDTA buffer, pH 7.4. 
Then, overnight, 50 μl (1:50) rabbit polyclonal 
anti-Bcl2 antibodies were added incubated at 
4°C. Following incubation, an amount of 50 μl 
biotinylated goat anti-rabbit immunoglobulin G 
secondary antibody (ThermoScientific, CA, USA) 
working solution was added. Then, it was incubated 
at 37°C for 30 minutes and was colored by utilizing 
diaminobenzidine. To evaluate the proliferation of 
positive immunoreactivity for Bcl2 in the periodontal 
ligaments and bone, an ordinary light microscope 
was used. Then, the optical density of Bcl2 positive 
cells and the intensity of the immunostaining were 

assessed using the J Image analyzer computerized 
system.

Statistical analysis

In order to hold a comparison of the means of 
immunoreactivity of Bcl2 between different group, 
the ANOVA Test (F test) was used for analyzing 
data. After one a way ANOVA (F test), a Post hoc 
test was carried out to identify whether there is any 
significant difference between the individual groups. 
P-value was considered significant at p<0.05.

Hematoxylin and Eosin results

Group I (Negative control group): by 
examining group I, the periodontal ligament 
composed of cells, fibers, blood vessels & nerves 
were revealed. The collagen fibers which are the 
main components of the PDL were composed of 
the gingival group of fibers attached to the cervical 
part of the cementum and extended to the free 
and attached gingiva, where their fusion with the 
gingiva’s lamina propria took place. The interdental 
or trans-septal group of fibers were extending from 
the cementum of one tooth to the adjacent tooth’s 
cementum crossing above the alveolar bone’s 
crest. The alveolo-dental group of fibers attached 
to the cementum from a side and to the alveolar 
bone on the other side and were subdivided into: 
the fibers of alveolar crest, horizontal, apical, and 
oblique inter-radicular fibers. Cells of the PDL were 
predominantly fibroblasts, progenitor cells and some 
of the defensive cells were seen. Interstitial spaces 
between the bundles of fibers were demonstrated 
having blood vessels and alveolar connective tissue. 
The alveolar bone appeared normal, consisted of the 
proper alveolar bone, and reinforced alveolar bone. 
The  alveolar bone proper that forms sockets’ inner 
walls and contains Zuckerkandl and Hirschfeld’s 
canals openings was formed of bundle bone and 
lamellar bone. The fibers of Sharpey were inserted 
into the bundle bone, which is the alveolar bone 
prope’s part that forms the innermost walls of the 
socket. Adjacent to it, the lamellar bone was found 
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where the lamellae were arranged either parallel to 
each other or in the form of Haversian systems. The 
supporting alveolar bone is composed of spongiosa 
and cortical plates of compact bone. The alveolar 
bone showed normal turnover rate, as the number 
of the reversal lines were minimal. Besides, the 
PDL/ bone interface appeared to be smooth; no 
osteoclastic activity was observed. (Fig. 1) 

Group II (Diabetic Group): examination of 
periodontal ligaments of rats injected with a single 
dose of STZ intraperitoneally for diabetes induction 
showed detachment and dissociation of the principle 
fibers, areas of vacuolization and dissolution of 
periodontal ligaments fibers and marked dilatation 
of blood vessels and areas of hemorrhage. The 
bone surface showed a lot of Howship’ s lacuna 
and osteoclasts, widening of the marrow cavities 
& inflammatory cells infiltrate. Thinning of bone 
trabeculation and widening of Zuckerkandl and 
Hirschfeld canals also were noted. Hyercementosis 
was noted in some samples. (Fig. 2)

Group III: Diabetic animals treated with grape 
seeds 50mg/kg for 6 weeks revealed poor progress 
in the bone and periodontal ligament status. 
Periodontal ligaments showed more organized 
periodontal ligaments focal areas of detachment, 
and fiber dissociation, dilatation of blood vessels 
and inflammatory cell infiltration. A lot of Howship’ 

s lacuna and osteoclastic activity on the bone 
surfaces, widening of the marrow cavities, thinning 
of bone trabeculation, widening of Zuckerkandl and 
Hirschfeld canals and hypercemtosis was recorded. 
(Fig.3)

Group IV: animals treated with GSE in a 
100mg/kg/day dose for six weeks displayed partial 
improvement of periodontal ligaments, mostly in 
the arrangement and association of the fibers of 
PDL. The fibers mostly regained their arrangement 
and association together in bundles. Dilatation of the 
blood vessels was still observed, however in lesser 
degree.  Alveolar bone showed new bone formation, 
a lot of reversal line minimal and Howships lacanue 
were recorded. (Fig. 4)

Group V : the animals treated with Gliclazide in a 
10mg/kg/day dose for 6 weeks showed improvement 
in periodontal ligaments orientation. Dissociation 
and detachment of the fibers from both tooth and 
bone sides were recorded. Dilatation of the blood 
vessels were observed, however in a lesser degree. 
Epithelial rest of malassezes were demonstrated in 
clusters or large proliferated clusters of cells.  The 
bone surface showed a lot of Howships lacunae 
and numbers of reversal lines. Zuckerkandl and 
Hirschfeld canals showed widening with blood 
vessels dilatation. Inflammatory cell infiltrations 
were recorded all over the periodontal ligaments. 
Cementum showed focal resorbed areas.  (Fig 5)

Fig. (1) A photomicrograph of group I showing (A) gingival, transseptal (T) alveolar crest (A), horizontal (H) and oblique (O) 
periodontal ligaments principle fibers Interseptal bone (star). (B) Apical principle fibers of periodontal ligaments (star) and 
Zuckerkandl and Hirschfeld canals (arrow). (c) Interradicular fibers and interradicular bone (I) (Mag. X 200).



(392) Shaimaa Mohammed Morsy, et al.E.D.J. Vol. 68, No. 1

Fig. (2) A photomicrograph of group II showing (A) dissociation and areas of destruction of periodontal ligaments in interradicular 
area, widening of  Zuckerkandl and Hirschfeld canals (blue arrows). Howship’s lacunae in the interradicular  bone surface (I) 
surface (black arrows). (B) dissociation and detachment of apical fibers from tooth side with dilated blood vessel engorged 
with RBCs and inflammatory cell infiltration with dilated blood vessel engorged with RBCs. Notice the hypercementosis in 
the apical cementum. (C) detachement of oblique fibers from bone side (star) large hemorrhage area (arrow). (D) widening 
of  Zuckerkandl and Hirschfeld canals (star), oblique fibers with focal area of dissolved fiber (blue arrow),  Howship’s 
lacunae and osteoclasts on the bone surface (black arrows). (Mag. X 200,400)
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Fig. (3) A photomicrograph of group III showing (A) dissociation and detachment of apical periodontal ligaments from both bone 
and root surface, widening of  Zuckerkandl and Hirschfeld canals (blue arrow). Howship’s lacunae in the interradicular 
bone surface (black arrows). Notice the hypercementosis in the apical cementum. (B) apical periodontal ligaments with the 
infiltration of inflammatory cell and the dilated blood vessel that is engorged with RBCs and the infiltration of inflammatory 
cell with dilated blood vessel that is engorged with RBCs. C) focal detachment of interradicular fibers from bone side 
Howship’s lacunae in the bone surface (black arrows) and widening of Zuckerkandl and Hirschfeld canals (star). Focal 
area of Cementum resorption (blue arrow) (D) higher magnification of (C) photomicrograph showing  Howship’s lacunae 
and osteoclasts on the bone surface (black arrows) and widening of Zuckerkandl and Hirschfeld canals (star).  . (Mag. X 
200,400)

Fig. (4).  A photomicrograph of group VI showing (A) almost normal apical periodontal ligaments with dilated blood vessel 
engorged with RBCs and inflammatory cell infiltration, Howship’s lacunae in the interradicular bone surface (black arrows). 
(B) interradicular PL. with focal areas of fiber dissociation. Reversal lines (arrows heads). (C) almost normal Transeptal (T)
and alveolar crest (A) PL fibers. Reversal lines (arrows). (Mag. X 200)
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Masson’s Trichrome Results

The histological examination of Masson’s 
trichrome staining to evaluate periodontal ligament 
and bone regeneration, the negative control samples 
showed no new bone and periodontal ligament fiber 
formation, most of fiber were blue colors (mature) 
minimal amount of new cementum formation. The 
periodontal ligaments and alveolar bone of rats 
treated with both STZ revealed mature dissociated 
fiber (pale blue color) with a few amount of new 
fibers formation, no new alveolar bone formation 
and new cementum formation. GSE group of dose 
50mg/kg showed little amount of fibers formation 
and focal areas of bone formation. In a group treated 
with GSE in 100gm/kg dose new fiber of periodontal 

ligaments (strong red colored fibers) also new 
alveolar bone and new cementum formation (Red 
color). Group V treated with Gliclazide in 10mg/
kg revealed a few amount of new fibers, bone and 
cementum formation. (Fig 6)

Immunohistochemical localization of Bcl2 Results 

Group I (Negative control) showed mild 
staining reactivity for both periodontal ligaments 
and alveolar bone to Bcl2 while Group II (Diabetic 
group) and group III showed strong staining for 
both periodontal ligaments and bone to Bcl2. Group 
IV showed moderate to mild staining reactivity 
to Bcl2 for both periodontal ligaments and bone. 
Group V showed moderate reactivity to bcl2 for 
periodontal ligaments and bone. (Fig. 7)

Fig. (5) A photomicrograph of group V showing (A) interradicular PL. with focal area of fiber dissociation, widening of Zuckerkandl 
and Hirschfeld canals (blue arrow). Howship’s lacunae in the interradicular  bone surface (black arrows). Reversal lines 
(arrows heads) Inflammatory cell infiltration. (B) apical periodontal ligaments with detachment areas from bone side 
(arrow heads), dilated blood vessels engorged with RBCs and inflammatory cell infiltration. Howships lacunae in the bone 
surface (blue arrows) .(C) Focal detachment of interradicular fibers from both root and bone side Howship’s lacunae in 
the bone surface. Proliferated epithelial rest of Malassezes (black arrows) (D) clusters of epithelial rests of Malassezes in 
interraddicular area (black arrows), focal areas of cementum resorption (red arrows) . (Mag. X 200,400)
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Fig. (6) Photomicrograph of Masson’s Trichrome (A) control (-Ve control) no PDL,bone and minimal new cementum formation 
(Red color). (B) STZ group with minimal new fiber formation, minimal new bone and new cementum. (C) group III showed 
mostly pale blue colored dissociated fibers, minimal amount of new fibers, new bone formation. (D) Group IV showed new 
fibers formation (Strong red colors) areas of new bone formation and new cementum. (E) Gliclazide group showed minimal 
new fibers and little focal areas of new bone formation and new cementum notice the epithelial rest of Malassezes (arrows)
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Fig. (7)  A photomicrograph of the periodontal ligament and bone incubated with mouse monoclonal antibody of Bcl2 from (A) 
from Control groups (negative control) showing mild immunostaining reactivity of the periodontal ligaments and bone cells 
to Bcl2 (B) Group II (Diabetic group) showing severe immunostaining reactivity of the periodontal ligaments and bone 
cells to Bcl2 (C) Group III showing severe immunostaining reactivity of the periodontal ligaments and bone cells to Bcl2 
(D) Group IV showing mild to moderate immunostaining reactivity of the periodontal ligaments and bone cells to Bcl2. 
Group V showed moderate immunostaining reactivity of the periodontal ligaments and bone cells to Bcl2 (Mag. X 250).

Statistical analysis:

Using SPSS version 22 (SPSS Inc., Chicago, 

IL, USA), the statistical analysis of results was 

performed. ANOVA (F test) was utilized for 
analyzing data. After one a way ANOVA (F test), a 
Post hoc test was carried out to identify whether the 
individual groups are significantly different.  
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Concerning Bcl, the results in table (1) revealed 
that there is a significant difference among groups 
for P.L and alveolar bone at P-value (P<0.05). The 
diabetic group gave the highest value followed by 
group III for P.L and alveolar bone. Group V also 
showed a significant difference with the negative 
control but with a lesser value than group II and III. 
Group VI revealed no significance with negative 
control of value 97.5 and 93.57 for periodontal 
ligaments and alveolar bone respectively. (Table1, 
Fig 8)

TABLE (1).  Descriptive statistics and results of one 
way ANOVA test for comparison between 
means of positive cells in the five groups

 P.L Alveolar bone

Group I 73.94±3.42d 75.61±8.99d

Group II 107.92±2.04a 106.37±2.89a

Group III 101.85±2.25b 100.89±2.24b

Group IV 76.49±6.46d 77.78±4.86d

Group V 97.29±5.09c 93.57±2.32c

F test 119.83 68.71

P value<0.05 <0.001** <0.001**

**;a,b,c:means significant difference between groups at 
same column using F-Test

DISCUSSION

It is estimated that more than 400 million adults 
diabetes on a worldwide basis, (30) most of them  
(> 90%) have type-2 diabetes mellitus that is result-
ing from combining insulin resistance and failing 
to compensate by the increase in the production 
of insulin. (31) Increased gingival inflammation and 
Periodontitis are observed in subjects with diabe-
tes mellitus. (32, 33)  Diabetes has a detrimental in-
fluence on bone, resulting in an increase in risks of  
fracture and osteolytic lesions’ formation such as 
those found in periodontitis. Many diabetic difficul-
ties result from diabetes-enhanced inflammation.
(34) In periodontal tissues, diabetes results in the en-
hancement of inflammation, RANKL expression, 
the loss of periodontal bone, and osteoclastogen-
esis. (35) Inducing experimental periodontal disease 
results in the stimulation of NF-κB activation in the 
fibroblasts of periodontal ligament, osteoblasts, and 
osteocytes, which is related to the loss of bone and 
the reduction of bone coupling, which represent two 
key factors in periodontitis. (36)  Diabetes leads to 
the reduction of bone-lining cells’ numbers, osteo-
blasts, and the fibroblasts of periodontal ligament, 
which may lead to limiting bone coupling. (37) In di-
abetic animals, Osseous coupling can significantly 
reinforced by a TNF specific inhibitor, which can 
rescue bone formation and expressing bone-produc-
ing factors including FGF-2, TGFβ-1, BMP-2, and 
BMP-6. (38)

Oxidative stress is increased by Diabetes in-
creases, which in turn can result in worse insulin 
action and secretion, consequently resulting in the 
acceleration of the progression to overt the dis-
ease.(39) Studies argued that oxidative stress mark-
ers Nox1, Nox2, Nox4, and p47 increase diabe-
tes model rats.(40) Reactive Oxygen Species’ el-
evation (ROS) might have the most critical role 
to play in the establishment and progression of  
periodontitis.(41) The increase in ROS results in gener-
ating an impaired formation of bone through the acti-
vation of bone resorption and forkhead box transcrip-
tion factors (FoxO) by decreasing Wnt signaling.(42)  

Fig. (8) A double- bar graph represents difference in the mean 
Bcl2 optical density between different group for 
periodontal ligaments and alveolar bone.
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Kolluru et al., reported that the endothelial dysfunc-
tion resulting in defective angiogenesis in diabe-
tes has multiple factors that include the decreased 
growth factors and cytokines, the increased ROS 
and AGEs, and altered immune cell responses. (43)

The previous studies explained the alveolar bone 
loss, inflammatory cell infiltration, periodontal 
ligament dissociation, destruction, and blood vessels 
dilatation which were noted in diabetic group of the 
present study. The H&E results were confirmed by 
the Masson’s trichrome stain examination which 
revealed pale, blue-stained dissociated fibers, with   
the absence of new bone formation. New cementum 
formation was noted might compensate for the bone 
loss in teeth sockets.

Proanthocyanidins are described as the natural 
antioxidants and complicated polymers of flavo-
noids. (44) A higher level of proanthocyanidins is 
contained in legume seeds, grains, various veg-
etables, and particularly fruits contain. Recently, 
several studies have revealed their different phar-
macological activities including free radical scav-
enging, anti-inflammatory activities, and antioxida-
tion. Proanthocyanidins are characterized by having 
application prospects and possible clinical value as 
a therapeutic agent for diabetic comorbidities. (45)

Oligomeric proanthocyanidins (PACs) are con-
tained in grape seed extract (GSE) (Vitis vinifera L.) 
and display strong antioxidant activity. It has been 
proven that PACs are capable of controlling malo-
ndialdehyde (MDA) and carboxymethyllysine’s 
higher levels, reducing superoxide dismutase, and 
reducing the activity glutathione (GSH) in mice suf-
fering from induced diabetes mellitus. (46)

A histopathological study, (46) which was car-
ried out in 2018, examined grape seed proanthocy-
anidin extract. The authors reported that GSPE is 
characterized by having a polyphenolic structure 
and having a broad spectrum of biological activ-
ity. In addition, they measured the loss of alveolar 
bone morphometrically by utilizing a stereomicro-
scope. For purposes of histopathological analyses, 

they performed vascular endothelial growth factor 
immunohistochemistry, alizarin red staining and 
matrix metalloproteinase, and inducible factor hy-
poxia. In addition they determined the relative to-
tal inflammatory cells in tartrate acid-positive os-
teoclast cells. This animal study revealed that the 
administration of GSPE in (100mg/kg, 200mg/
kg) can cause a decrease in periodontal inflamma-
tion and the loss of alveolar bone through the re-
duction of levels of alpha matrix metalloprotein-
ase and hypoxia-inducible factor, and the increase 
in osteoblastic activity in diabetic rats having  
periodontitis.(46) The previous study come incon-
sistent with the results of group IV animals treated 
with grape seeds of 100mg/kg in the present inves-
tigation.

In the present investigation 2 different concen-
trations of grape seeds were administrated, in group 
III, the diabetic animals treated with grape seeds of 
50mg/kg for 6 weeks showed no noticeable effect 
on alveolar bone resorption or periodontal liga-
ments degeneration. These results were confirmed 
by Masson’s trichrome which revealed a minimal 
amount of new fibers and bone formation. While in 
group IV, diabetic rats were treated with a concen-
tration of 100/ kg for 6 weeks; there was marked im-
provement indicated through both histological ex-
aminations of H&E and Masson’s Trichrome stain, 
in the alveolar bone through new bone formation 
and periodontal ligaments showed less dissociation 
and detachment with new fibers formation. New 
cementum also demonstrated with more organized 
and oriental shape. This current study suggested that 
the grape-seeds dose in group III may be not suffi-
cient to treat the complication of diabetes in alveo-
lar bone and PL or may be the administrated dose 
need more time to induce the effect that occurred 
in group IV. The grape seeds dose of 100/kg group 
might decrease the oxidative stress on cells and in-
crease their biological activity to regenerate.

Gliclazide represents an anti-diabetic medica-
tion, which is a second-generation sulfonylurea. 
Insulin is released by Sulfonylureas from pancre-
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atic cells and Sulfonylureas act on insulin-sensitive 
tissues for the enhancement of glucose uptake. (47) 
Whereas these agents can directly lead to stimulat-
ing insulin secretion by the β-cell, it has been also 
shown that Sulfonylureas have anti-inflammatory 
influences. (48) The stimulation of insulin leads to 
activating distinct pathways that are involved in 
metabolic regulation such as the phosphatidylino-
sitol-3-kinase (PI3K) cascade. Further, Gliclazide 
can directly influences PI3K insulin-resistant skel-
etal muscle for enhancing insulin signalling. (49) The 
pathway of PI3K signaling has an effect on the in-
flammatory process, which contributes to increas-
ing neutrophil survival, (50) and the osteoclast dif-
ferentiation pattern. (51) In tissue from patients with 
periodontitis, the expression of PI3K is higher than 
that in healthy gingival tissue. (52)

In the present investigation, group V treated with 
gliclazide 10 mg/kg for 6 weeks showed infiltration 
of inflammatory cells, the periodontal ligament has 
no noticeable improvement in their association and 
attachments comparing to the diabetic group, unless 
the orientation of the PL were better than diabetic 
group.  Resorption of alveolar bone and a lot of 
Howship`s lacunae on the bone surface, numbers of 
reversal line revealed less new bone formation, the 
H&E results were confirmed by results of Masson’s 
trichrome stains as minimal new fibers and bone. 
Xing et al provided an explanation of these group 
V results from the current examination, where 
they indicated that the higher doses of gliclazides 
(for example 10 mg/kg) can lead to activating the 
pathway of PI3K/AKT and increasing periodontal 
bone loss. In addition, they argued that some 
cytokines could also lead to activating the PI3K/
AKT pathway, resulting in osteoclastogenesis. (53)

Clusters and proliferation of epithelial rests of 
Malassezes were marked and repeated results in the 
samples of group V animals as they noticed concen-
trated in interradicular areas and apical region. Epi-
thelial cell rests’ proliferation is frequently found 
in inflamed periapical lesions. The proliferation of 
epithelial cells rests takes place in three dimensions, 
resulting in forming strands or islands of epitheli-

um. In turn, these strands of islands of epithelium 
are invaded by vascular fibrous connective tissue 
with various degrees of inflammatory infiltrates. (54) 
During periapical inflammation, several inflamma-
tory mediators, growth factors, and proinflammato-
ry cytokines are released by host cells in the periapi-
cal tissues through the innate and adaptive immune  
responses. (55) Brunette (56) revealed that when the in-
tracellular level of cyclic adenosine monophosphate 
(cAMP) is elevated by prostaglandins (PGE2), it 
leads to stimulating epithelial cell rests’ growth. 
In the 10 mg/kg gliclazide group, there was an in-
crease in the inflammatory cytokine IL-1. It was 
revealed that IL-1 stimulates osteoclastogenesis 
through two paralleled events: enhancing RANKL 
expression directly and suppressing OPG expres-
sion. (53) At low concentrations, IL-1 had a prolifera-
tive influence on the epithelial cells, which could 
play a role in the evocation of an inflammatory re-
action and the stimulation of Malassez’s epithelial 
cell rests in order to proliferate to form radicular  
cyst. (57) Accordingly, the present investigation sug-
gested that administration of gliclazide in a dose of 
10mg/ kg could increase the release of some cyto-
kines, particularly IL-1 that stimulate the prolifera-
tion of epithelial rest of Malassezes, Thus, the pres-
ent study recommended that dental care and follow 
up of the patient treated with gliclazide of 10mg/kg 
to detect any pathosis could be developed due to ac-
tivation of epithelial rest of Malassezes. The present 
study suggested that gliclazide of 10mg/kg could 
mediate an inflammatory process which causes re-
sorption in the bone surfaces and cementum on the 
tooth surface. 

The histological results were indicated through 
immunohistochemical analysis of Bcl2.   Concerning 
Bcl2, the results showed a significant difference 
between groups for PDL and alveolar bone at 
P-value (P≤0.05). The diabetic group and Grape 
seeds of 50mg/kg gave the highest value followed 
by gliclazide group for P.L and alveolar bone 
comparing to negative control group. The grape 
seeds group of 100mg/kg showed no significant 
difference with the untreated control group. 
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Apoptosis, which is also known as the  
programmed death of cell, represents a form of 
physiological cell death. When there is infection, 
inflammation or tissue remodeling, it increases or 
decreases.(58) Apoptosis is considered a very impor-
tant process that has an effect on the normal devel-
opment and tissue homeostasis. Apoptotic proteins 
such as bcl-2 and Bax proteins can contribute to 
regulating the apoptosis. In addition, the Bcl-2 is 
utilized as anti-apoptotic protein, whereas the Bax 
is utilized as a proapoptotic protein, and the balance 
between such proteins helps to determine the apop-
totic process. (59)

The Bcl-2 family members has an integral role to 
play in apoptosis. Nevertheless, they can also con-
tribute to several other cellular functions. Among all 
the Bcl-2 family members, Isoforms are recognized 
and some of them are well described. The therapeu-
tics which target BCL-2 indicates a great promise of 
treating cancer and degenerative diseases. (60)

There is a well-recognized fact that prolonged 
hyperglycemia can cause the dysfunction of several 
organ systems. Furthermore, type 2 DM is related 
to the difficulties in the kidneys, eyes, and arteries, 
and impairing these organ systems is involved in 
inflammatory processes. Many studies revealed the 
overexpression of Bcl-2 and Bax proteins in various 
tissues with hyperglycemia. (61)

On the other hand, former studies have argued 
that apoptosis is involved in inflammatory periodon-
tal disease’ pathogenesis. (58) They also revealed  
that the higher frequency of Bcl-2 expression leads 
to progressive periodontal destruction. (62)

To the best of our knowledge, this current study 
is one of few trials to demonstrate the effect of GSE 
on the expression of Bcl2 in the alveolar bone and 
periodontal ligament in diabetic conditions.

A study of Güçlü et al indicated that using grape 
seed as treatment might be useful against apoptosis 
and oxidative stress in diabetic rats. (63)  The exposure 
to GSEs resulted in the activation of cleavage of 
caspase-2, caspase-3 and caspase-9 in HCT-116 
cells, the induction of p53-mediated mitochondrial 

apoptosis signaling pathway with a concentration-
dependent decrease in the level of expression of the 
survival protein Bcl-2, and the increase in the level 
of expression of the pro-apoptotic proteins, Bax 
and Bak. (64)  The previous study comes inconsistent 
with the investigation results of group seeds of dose 
100mg/kg as there was no significant difference 
with negative control. While in group III grape 
seeds of dose 50mg/kg the bcl2 expression was 
high as mentioned, this indicates the suggestion of 
insufficient dose of grape seeds or insufficient time 
of treatment. 

In group V the bcl2 expression showed signifi-
cant difference from untreated controls this comes 
in the agreement with a study of Kanazawa et al, 
the authors revealed animals that are treated with 
gliclazide at a 10 mg/kg dose, suggesting a hypo-
glycemic impact at this dose and an increase in the 
loss of bone in periodontal disease. Another study 
indicated that metformin has significantly resulted 
in the activation of AMPK in dose- and time-de-
pendent manners, and the induction of endothelial 
nitric oxide synthase (eNOS) and bone morphoge-
netic protein-2 (BMP-2) expressions, (65) that may 
suggest the persistence of the inflammatory process 
and cell apoptosis and in turn explain the high bcl2 
expression in group V.

According to the present study, blood glucose 
evaluation at the beginning and end of the expire-
ment  is recommend in further researches to investi-
gate whether GSE has a hypoglycemic effect or not 
in diabetic condition

CONCLUSION

Grape seeds of 100mg/ kg improve the condition 
of periodontal ligaments and alveolar bone of 
diabetic animals and could represent a supplemental 
medication for treatment the dental complication of 
diabetes mellitus. It is required to carry out further 
comprehensive clinical and experimental studies 
for investigating the beneficial influences of grape 
seed extracts in diabetes mellitus, which indicate 
decrease in Bcl2 expression.
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