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The effects of morus nigra on the alveolar bone loss in

experimentally-induced periodontitis

Purpose
The aim of this study is to evalute the anti-inflammatory effects of morus migra on
experimentally-induced periodontitis in rats.

Materials and Methods

Twenty-four Wistar-albino rats were randomly divided into three groups: control
group (C, n=8), experimental periodontitis (PER, n=8), experimental periodontitis
and treated with Morus nigra (MN+PER, n=8) (50 mg/kg per day for 21 days). After 21
days, the rats were sacrificed, and alveolar bones were evaluated histopathologically
and histometrically analyzed to obtain level of alveolar bone loss. The detection of
RANKL and OPG were immunohistochemically performed. Serum and tissue levels
of MMP-8 and MMP-13 were also analyzed.

Results

Morus nigra treatment decreased tissue MMP-8 and MMP-13 levels and there were
significant differences in the case of tissue levels of MMP-8 and MMP-13 between
groups PER and MN+PER (p=0.035, p=0.041). There were no significant differences
among all the groups serum levels of MMP-8 and MMP-13 (p=0.067, p=0.082). In the
histometric evaluation, alveolar bone loss was greater in the PER group compared
to Cand MN groups (p=0.035). Immuno-histochemical staining of RANKL activities
were found significantly lower (p=0.037) and OPG activities were found significantly
higher in MN+PER group when compared to PER group (p=0.021).

Conclusion

The present study reveals that systemic administration of Morus nigra significantly
inhibited the regional alveolar bone resorption and contributes to periodontal
healing in the rat experimental-periodontitis models.

Keywords: Experimental periodontitis; cytokines; MMP-8; MMP-13; morus nigra

Introduction

Periodontal diseases are chronic inflammatory disorders that affect
periodontal attachments and alveolar bone around the teeth (1). The main
etiological factors for the initiation and progression of periodontitis are;
genetic predisposition, environmental factors and a dysbiotic microbiota with
an excessive host response (2). A microbial biofilm layer starts periodontal
disorders by alerting immune system with periodontopathogens and plays
a significant role in the advancement of this diseases (3). Osteoclastogenic
mediators, matrix metalloproteinases (MMPs), and inflammatory cytokines
are released from immune system cells during periodontal inflammation.
These factors also improve the association between the receptor activation of
nuclear factor kB (RANK) andiits ligand (RANKL) (4). An excessive host response
is dependent on periodontopathogens that cause tissue degradation due
to complicated associations between periodontopathogens and the host’s
defense system (4).
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MMPs are proteolytic enzymes that are responsible for
tissue remodeling and destruction of the extracellular
matrix (ECM) (5). Various hormones and pro-inflammatory
cytokines such as interleukin (IL) 8, IL-13, and tumor
necrosis factor (TNF)-a, which are released during the
inflammatory process, cause the release of MMPs from
inflammatory cells (5). Metalloproteinases are classified
into five subgroups: collagenases, gelatinases, stromelysins,
membrane types, and others. Previous studies related to
MMPs have suggested that MMP-8 and MMP-13 are the
major mediators of collagenases and are effective in the
destruction of type |, Il, and Il collagen (6). MMP-8 is an
important factor of degradation in inflammatory disorders
and associated with periodontal diseases. MMP-13 have
significant role in various aspects of bone metabolism such
as resorption and remodeling (7). Furthermore, MMP-13 is
one of the most dominant MMPs in resorption areas in bone
tissue (6). Previous studies related to MMP-8 and MMP-
13 suggest that these are indicators of the destruction of
tissue in periodontal diseases (5). Most of the studies have
suggested that MMP-13 and MMP-8 are released in higher
levels in patients with periodontal diseases than healthy
individuals (6). RANKL, a member of the TNF superfamily, is a
crucial factorin bone resorption. RANKL expression has been
detected in osteoblastic, stromal, and activated B-and T cells
(4). RANKL stimulates osteoclast differentiation and bone
resorption (1). IL-1B and TNF-a lead to periodontal tissue
destruction and alveolar bone resorption via decreases
in osteoprotegerin (OPG). OPG has an important role in
inhibiting bone resorption (8). Bone loss occurs as a result
of an increased RANKL/OPG ratio, and this ratio is increased
at the sites of active periodontal disease and related to the
disease severity (9). Previous studies have suggested that
RANKL levels in gingival crevicular fluid (GCF) are increased
in individuals with periodontitis (1, 4).

Morus nigra (Urticales Moraceae), commonly known as
the black mulberry, possesses many characteristics including
anxiolytic, sedative, diuretic, analgesic and hypotensive
properties. Itis also used in the treatment of various disorders
including inflammatory diseases (10) pharyngitis, toothache,
snake bites, antidote to action poisoning (11). The berries,
bark, and leaves of M. nigra are used for various ailments. The
berries inhibit inflammation and hemorrhage, the leaves are
an antidote to poisoning, and the bark is used for odontalgia
(12). The anti-inflammatory and analgesic activities of M.
nigra have been shown in several experimental models (10).
M. nigra is also used to make traditional Turkish foods such
as mulberry pekmez, mulberry pestil, and mulberry kome. In
addition, the fruit are eaten fresh and made into natural dyes,
marmalades, liquors, and juices (13).

Based on the beneficial properties of M. nigra, we suggest
that it may decrease both inflammation in periodontal
tissue and alveolar bone loss rate in periodontal disorders.
To the best of our knowledge, there are limited number
of investigations focused on the effect of M. nigra on
periodontal tissues (10-13). Therefore, current research
was planned to analyze the possible therapeutic effects
of systemic delivery of M. nigra extract on alveolar bone
resorption by examining RANKL, OPG, MMP-8, and MMP-
13 levels in both periodontal tissues and serum in ligature
induced periodontitis models.

Materials and Methods
Experimental design

All experimental procedures and animal care were
performed in accordance with the protocol approved by
the Animal Experimental Ethics Committee of the Firat
University, Elazig, Turkey (No: 2012-013). The rats used in this
study were maintained in accordance with the Declaration of
Helsinki. The sample size (n=8) was determined with a power
calculation to provide 80% power to recognize significant
differences among groups with a 95% confidence interval
(a=0.05), considering the means and standard deviations
of the alveolar bone in the furcation area of the study by
Saglam et al. (1) and MMPs (14).Twenty-four 12-week old
male Wistar rats (weight: 220+10 g) were divided randomly
into three groups as follows: control (C), experimental
periodontitis (PER) with no treatment, and experimental
periodontitis treated with M. nigra (MN+PER). Pairs of rats
were placed in wire cages and maintained on a 12:12-hour
light-dark cycle with an ambient room temperature of 23+2
°C. Rats were fed with standard rat pellets and tap water ad
libitum.

For experimental periodontitis induction, xylazine
hydrochloride (Rompun, Bayer, Germany; 10 mg/kg) and
ketamine hydrochloride (Ketalar, Bayer, Germany; 40 mg/kg)
were used to provide anesthesia. 3-0 sterile silk sutures were
ligatured two sides of the mandibular first molars of the rats
in the PER and MN+PER groups for 21 days in a submarginal
position to induce microbial dental plaque accumulation
and inflammation, according to previous studies (15). The
MN+PER group received M. nigra with an intragastric dose of
50 mg/kg/day until their sacrifice at 21t day (11).

Preparation of the M. nigra extract

Fresh fruits of M. nigra were collected from Elazig, Sivrice,
Turkey, during its fruit season between 15 August and 15
September 2015. M. nigra extract was prepared from fresh
fruits. We homogenized 200 grams of fruit in 200 ml of water
and the homogenization was then filtered through cheese
cloth. The filtrate was boiled for 10 minutes. The final solution
was dissolved in distilled water at 50 mg/kg concentrations
for the experiment. After obtaining the extract, it was stored
at -20 °C until tested (11).

Blood and tissue sampling

After 21 days, xylazine hydrochloride (Rompun, Bayer,
Germany; 10 mg/kg) and ketamine hydrochloride (Ketalar,
Bayer, Germany; 40 mg/kg) were used for anesthesia. After
the cardiac blood samples were collected from the heart,
the animals were sacrificed by guillotine method. Mandibula
samples were removed from the heads. The mandibles
were divided into two equal pieces (16). The right sides
were forwarded to the histology laboratory for histological
evaluation and 10% neutral-buffered formaldehyde solution
was used for fixation. The left sides of the mandibula were sent
to the biochemistry laboratory for biochemical analysis. The
blood samples were centrifuged at 3500 xg for 15 minutes to
obtain serum. Sterile polypropylene tubes were used to save
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serum samples and kept at -80°C until being analyzed for
MMP-8 and MMP-13 (1).

Biochemical measurement of serum and tissue parameters

In all groups, periodontal soft tissues from the left side
of the mandibula were carefully retained for biochemical
analysis. A buffer solution (4.5 ml) was added into 0.5 g of the
periodontal soft tissue. After 15 minutes homogenization,
the mixtures were filtered and centrifuged at 3500 rpm
using a refrigerated centrifuge at 4 °C. The tissue and serum
samples were used for analysis of MMP-8 and MMP-13 levels
by rat enzyme linked immunosorbent assay (Rel assay -ELISA,
Gaziantep, Turkey) kits (4).

Histopathological and histometric evaluation

Alveolar bone samples were removed from the mandibles
of rats for histological analysis. These samples were then fixed
for 72 hours in 10% formalin and washed with phosphate
buffered saline (PBS) (P4417, Sigma-Aldrich, St. Louis,
Missouri, USA). Then, the tissues were immersed in 10%
ethylenediaminetetraacetic acid (EDTA) for decalcification
for approximately 60 days. At the end of this decalcification
process, routine paraffin techniques were applied. Tissues
that were embedded in paraffin blocks were cut into 5-6-um
thick sections. The prepared slides were then stained with
hematoxylin and eosin (H&E). Finally, the stained slides were
interpreted and imaged under a light microscope (Olympus,
CHBI45TS, Japan)(1).

Histometric evaluation was done according to the method
explained by Lucinda et al.. Three points were considered
as that is, the apex of the distal/mesial root (A), the alveolar
bone on the distal/mesial area of the tooth (B), and the top
of the distal/mesial cusp (C) (Figure 1) (17). The distances
between AB and AC points were calculated to determine the
periodontal bone level with this formula: AB/AC x100 (15).
All measurements were performed by a single examiner (E.E.)
and a mean value was defined for each tooth.

—

Figure 1. Periodontal bone loss measurement: A, root apex; B, crest
bone; C, tip of the cusp of the first molar.

Immunohistochemical evaluation

An avidin-biotin-peroxidase complex procedure was applied
to determine RANKL and OPG immunoreactivities in rat
alveolar bone tissue. The 5-6-um thickness tissue slides with
poly L lysine were prepared. Deparaffinized and rehydrated
tissues were then boiled in a citrate buffer at a pH of 6.5 in a
microwave oven (750 W) for 7+5 minutes and cooled for about
20 minutes at room temperature. After washing with PBS for
3%5 minutes, the tissues were incubated in hydrogen peroxide
(Hydrogen Peroxide Block, Thermo Fisher Scientific, TA-125-HP,
Fremont, California, USA) for 5 minutes to obstruct endogenous
peroxidase activity and then washed with PBS for 3x5 minutes.
Ultra V Block (Ultra V Block, TA-125-UB, Fremont, California,
USA) was enforced for 5 minutes in order to avoid background
staining. Tissues were incubated in 1/200 diluted primary
antibodies (RANKL (sc-9073) and OPG (sc-11383) Rabbit
Polyclonal IgG Antibodies, Santa Cruz Biotechnology, Santa
Cruz, California, USA) in a humid environment for 60 minutes
at room temperature, they were then washed with PBS for 3x5
minutes. The tissues were then incubated with a secondary
antibody (Biotinylated Goat Anti-Polyvalent, Thermo Fisher
Scientific, TP-060-BN, Fremont, California, USA) in a humid
environment for 30 minutes at room temperature. After that,
tissues were washed with PBS for 3x5 minutes and incubated
with streptavidin peroxidase (Streptavidin Peroxidase, Thermo
Fisher Scientific, TS-060-HR, Fremont, California, USA) in a
humid environment for 30 minutes at room temperature.
Then, 3 amino 9-ethylcarbazol (AEC) solution (Large Volume
AEC Substrate System (RTU), Thermo Fisher Scientific, TA-060-
HA, Fremont, California, USA) was dropped into the tissues
and the tissues were examined by light microscopy. The
reaction was completed when the video signal was received.
Counterstaining textures of tissues were provided with Mayer’s
hematoxylin staining. The stained slides were then closed
with a proper closing solution (Large Volume Vision Mount,
Thermo Fisher Scientific, TR-125-UG, Fremont, California, USA).
The slides were imaged under a light microscope (Olympus,
CH-BI45-T-S, Japan) The immunohistochemical histoscore was
created on the basis of immunoreactivity prevalence (0.1: <
25%, 0.4:26-50%, 0.6: 51-75%, 0.9: 76-100 %) and severity (0: no,
+0.5: very little, +1: little, +2: medium, +3: severe) (Histoscore =
prevalence X severity) (18).

Statistical analysis

SPSS 23.0 (IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY, USA) software was used
for statistical analysis. One-way analysis of variance (ANOVA)
and Tukey’s HSD post hoc tests were performed. Data was
expressed as mean + standard deviation (SD). The confidence
interval was set to 95% and p values less than 0.05 were
considered statistically significant.

Results
Biochemical results
The mean percentage values of MMP-8 and MMP-13 in

tissue are shown in Table 1. The MMP-8 and MMP-13 levels
were higher in the PER group tissue samples than in the
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Table 1. The tissue levels of MMP-8 and MMP-13. Values are expressed as meanststandard deviations. The diffent letters in the same row

indicate significant differences among the study groups (MMP: matrix metalloproteinase, PER: periodontitis, MN+PER: periodontitis and morus

nigra treatment).

CONTROL PER MN+PER
MMP-8 0.50 £0.16a 0.75+0.10b 0.19+0.20c
MMP-13 0.36+0.21a 0.74+0.23b 0.40+0.17c

Table 2. The serum levels of MMP-8 and MMP-13. Values are expressed as means+tstandard deviations (MMP: matrix metalloproteinase, PER:

periodontitis, MN+PER: periodontitis and morus nigra treatment).

CONTROL PER MN+PER
MMP-8 0.76+0.26 0.81+0.15 0.75+ 0.09
MMP-13 0.98+0.15 0.99+0.08 0.90+0.04
Table 3: The level of RANK-L and OPG fibers, and the dgstructlon of cemer.mtoenamel attachments
were detected (Figure2). However, in the MN+PER group,
CONTROL PER PER+MN there were decreases in both the resorption of alveolar bone
RANK-L 0.817+0.22° 2.15+0.64°F 1.25+0.48° and the destruction of cementoenamel attachments and
OPG 1.68+0.64¢ 0.7040.41¢ 1.58+0.67° periodontal ligaments (Figure 2).

Values are expressed as meansztstandard deviation. Letters (a, b, c or d)

in the same row indicate significant differences between groups (n=8);
p<0.05. For statistical analysis, differences between groups were tested by
analysis of variance followed by the Tukey post hoc test.

Figure 2. Histopathological findings on the alveolar bone (H&E staining 100x magnification). Control group (A); showing normal periodontium,

In the histometric evaluation, alveolar bone loss was greater
in the PER group compared to C and MN groups (p=0.035;
Figure 3). There were no difference between C and MN+PER
groups (p=0.084).

periodontitis group (B); showing intense inflammatory cell infiltrate, dilated blood vessels, and osteoclasts in their Howship’s lacunae with multiple
resorption foci, periodontitis group treated with morus nigra (C); showing moderate inflammatory cell infiltrate in periodontal ligament and
osteoclasts in their Howship’s lacunae with multiple resorption foci (AB: alveolar bone, T: tooth, PL: periodontal ligament).

control group and were significantly lower in the MN+PER
group compared with the PER group (p =0.035, p= 0.041). In p— § *
contrast, there were no significant differences in the serum

levels of MMP-8 and MMP-13 between all groups (p=0.067,

p=0.082) (Table 2). According to these results, while M. nigra 0000
treatment significantly reduced MMP 8 and MMP-13 levels in
gingival tissue (p=0.035, p=0.041), no significant differences
were detected between the Cand MN+PER groups (p =0.075).

Alveolar bone loss

Histopathological, histometric and immunohistochemical
results 200 004

In the histolopathological evaluation, normal histological
structures, connective tissue, and fiber organization were
observed in sections of the control group (Figure 2). In the
sections of the PER group, resorption of alveolar bone,
degradation of periodontal ligaments, disorganization of

0,00 T T T

C PER PER+MN
Figure 3. Graphical representation of the mean alveolar bone loss in
the study groups (C: control group, PER: experimental periodontitis,
MN+PER: experimental periodontitis group treated with morus nigra).
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Figure 4. RANKL expressions in the study groups. (A) control group at 200x magnification, (B) periodontitis group at 200x magnification, (C)
peridontitis group treated with morus nigra at 200x magnification (AB: alveolar bone, T: tooth, PL: periodontal ligament).

Figure 5. OPG expressions in the study groups. (A) control group at 200x magnification, (B) periodontitis group at 200x magnification, (C) peridontitis
group treated with morus nigra at 200x magnification (AB: alveolar bone, T: tooth, PL: periodontal ligament).

These results show that the levels of RANKL were higher in
PER group when compared to the control group (Figure 4)
(Table 3).Thesefindings also present that the administration of
M. nigra markedly decreased the level of anti-RANKL-positive
cells in comparison with the PER group (p =0.037) (Figure 4).
In addition, the immunoreactivity level of OPG decreased
in the PER group when compared with the MN+PER group
(Figure 5) (Table 3). Also significant differences were observed
between the PER and MN+PER groups (p=0.021). However,
the immunoreactivity levels of OPG were similar in the C and
MN-+PER groups (Figure 5) (p = 0.085).

Discussion

The current study establishes the therapeutic effects of
M.nigra on alveolar bone loss in rats with experimental
periodontitis. Our findings show that MMP-8 and MMP-13
levels were significantly lower in the MN+PER group (p=0.035,
p=0.041). Further, in the MN+PER group, alveolar bone
resorption decreases and the levels of RANKL were higher in
PER group. Furthermore, the immunoreactivity level of OPG
decreased in the PER group.

M. Nigras importance has been shown in worldwide
for over 40 years by experimental studies (12). M. nigra
has many characteristics that include analgesic, diuretic,
antitussive, sedative, anxiolytic, and hypotensive properties.
Furthermore, it has been used in the treatment of various
disorders (pharyngitis, toothache, snake bites), including
inflammatory diseases (10). Inflammation is a complex of
defensive reactions to remove the irritating stimuli from
the organism with various pathophysiological stimuli to
repair tissue. Periodontitis is also a chronic inflammatory
disease connected with the destruction of tissue (19) . In the

current research, we revealed the therapeutic effects of M.
nigra extract on alveolar bone loss, RANKL, OPG expression,
and MMP-8 and MMP-13 levels in both tissue and serum in
a rat periodontitis model. The present study is the first to
demonstrate the effects of M. nigra on these variables in an
experimental periodontitis model.

Periodontitis is an inflammatory disorder characterized with
degradation of extra- cellular matrix (ECM), connective and
bone tissues. MMP-8 and MMP-13 including collagenases are
abletodegradateall components of ECM (24). MMP-8, the main
interstitial collagenase, destroys the ECM in periodontitis. We
can also accept that MMP-8 is the main form of collagenase in
chronic periodontal diseases (20). In the current research, the
highest tissue MMP-8 levels were detected in the PER group.
There was a significant difference between the PER and
MN+PER groups. However, serum MMP-8 levels were similar
in all groups. These results may explain how periodontal
diseases commonly cause local inflammation. Morus nigra,
includes germanicol, betulinic acid and {3 sitosterol (10).
The anti-inflammatory properties of betulinic acid were
demonstrated with the experimental models in mice (21).
(3 Sitosterol was found to possess potent anti-inflammatory
activity, similar to that of hydrocortisone when administered
intraperitoneally  (22). For these properties, findings of
this study suggest that M. nigra extract may reduce MMP-8
expression by its anti-inflammatory properties. The anti-
inflammatory properties of M. nigra extract have also been
shown in the literature (10, 23). In addition, most studies have
shown that the levels of MMPs are higher with periodontitis
compared with gingivitis or the levels observed in healthy
people (24, 25). Similar to our results, previous studies have
suggested that MMP-8 levels are higher in periodontitis sites
than in healthy control sites (25).
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MMP-13 has significant role in the pathological processes
of periodontitis, rheumatoid arthritis, and osteoarthritis
(26). The level of collagenase is increased with different
disorders characterized by the destruction of bone and non-
mineralized connective tissues, such as with periodontitis
(26). The current study investigated the therapeutic effects
of M. nigra in experimental periodontitis. Our findings
suggest that M. nigra can significantly reduce only tissue
MMP-13 levels and not serum levels in the MN+PER group
in experimental periodontitis. Serum findings were not
different between groups, it may be related thatexperimental
periodontitis was only in the lower molar region. There
was no severe inflammatory response to affect the level
of inflammatory mediators in the serum. Furthermore,
we observed that these results may be attributed to the
inhibitory effects of M. nigra on MMP-13 expression.
Previous studies have suggested that pro-inflammatory
cytokines are found in increased levels in periodontitis
sites and can stimulate MMP-13 expression (6, 27). Zelova
et al. (19) reported that compounds of M. Nigra (prenylated
flavonoids, kuwanon, morusinol) inhibite the dominant role
of TNF-a and IL-1B in the pathogenesis of inflammation.
However, we found no studies which have investigated
the effect of M. nigra on MMP-13 levels in ligature-induced
rat periodontitis. Previous studies have also observed that
alveolar bone resorption is affected by the level of MMP 13
expression (6, 26). Hence, the therapeutic effects of M. nigra
on alveolar bone may partially contribute to the decrease in
MMP-13 levels (28).

OPG and RANKL can be found in different tissues and
fluids such as serum, saliva, gingival crevicular fluid (GCF),
and gingival tissue. These findings can aid in identifying the
periodontal disease severity (29). Garlet et al. (30) reported
that the levels of both RANKL and OPG expressions were
increased in gingival tissues (aggressive priodontitis [AP]
and chronic periodontitis [CP] tissues) compared to healthy
tissues. In the present research, we also examined RANKL
and OPG levels to assess periodontal bone level in ligature
induced periodontitis. Bone formation and resorption are
related to RANK-RANKL and OPG. OPG binds to RANKL and
inhibits the RANK-RANKL connection and osteoclastic bone
resorption (8). The ratio RANKL/OPG levels plays an important
role bone resorption in periodontitis (1). This ratio is increased
at the sites of active periodontal disease and is also related to
the disease severity (29).

In the current study, we detected a significant effect of
M. nigra on RANKL and OPG levels. The RANKL level was
lower and the OPG level was higher in the MN+PER group
compared to the PER group. RANKL is a member of the
TNF ligand super-family which is responsible for osteoclast
activation and increased of bone loss (4). For these reasons,
we observed that treatment of M. Nigra can change these
events by regulating RANKL expression via decreasing the
release of pro-inflammatuar molecules with support the
bone remodeling. This finding may be related to the anti-
inflammatory effect of M. nigra. These results suggest that
M. nigra also has antiresorptive effects on alveolar bone.
Many studies have reported that the GCF levels of RANKL
are increased patients with periodontal diseases. In addition,
additional host response modulation therapies could be
benefical in decreasing the RANKL/OPG ratio for periodontal

disease treatment (4). Most studies have reported that the
ligature-induced experimental periodontitis model increases
RANKL activity (1, 29). The limitations of this study may be the
only administration of M. nigra systemically in a single dose.
The number of groups could be increased and the effect
of the M. nigra on periodontitis at different doses could be
evaluated.

Conclusion

Thisstudydemonstrates that M. nigratreatmentsignificantly
decrease MMP-8 and MMP-13 levels in periodontal tissue
through its anti-inflammatory properties. Our results also
shows that M. nigra inhibits alveolar bone resorption by
suppressing the expression of RANKL and OPG. However,
the therapeutic effects of the M. nigra should be explored in
further studies.

Tiirkge Oz: Morus nigra’nin deneysel olarak olusturulmus periodon-
tiste alveolar kemik kaybi lizerine etkisi. Amag: Bu ¢calismanin amaci,
Morus nigra'nin ratlarda deneysel olarak olusturulmus periodonti-
tis tizerindeki anti-enflamatuar etkisini degerlendirmektir. Gereg ve
Yéntem: Yirmi dért Wistar-albino rat; kontrol (K, n = 8), deneysel peri-
odontitis (PER, n = 8), deneysel periodontitis ve Morus nigra (MN +
PER, n = 8) (21 gtin boyunca glinde 50 mg / kg) olmak lizere li¢ gruba
ayrildi. 21 glin sonra, ratlar sakrifiye edildi ve alveoler kemikleri his-
topatolojik olarak degerlendirildi ve alveolar kemik kaybi seviyesini
belirlemek icin histometrik analizler kullanildi. RANKL ve OPG dlizeyi
immdiinohistokimyasal olarak tespit edildi. Ayrica Serum ve doku
MMP-8 ve MMP-13 seviyeleri de analiz edildi. Bulgular: Morus nigra
tedavisinin doku MMP-8 ve MMP-13 seviyesini azalttigi ve MMP-8 ve
MMP-13 doku seviyelerinde PER ve MN + PER gruplari arasinda an-
lamli fark oldugu tespit edilmistir (p = 0.035, p = 0.041). Buna karsin,
tiim gruplar arasinda MMP-8 ve MMP-13 serum seviyeleri konusun-
da anlamli bir fark yoktur (p = 0.067, p = 0.082). Histometrik deger-
lendirmede, alveoler kemik kaybi PER grubunda K ve MN gruplarina
gbre daha yliksektir (p = 0.035). RANKL aktivitesi PER grubuna kiyasla
MN + PER grubunda anlamli olarak daha diisiik bulunmustur (p =
0.037) ve OPG aktivitesi ise, MN + PER grubunda anlamli olarak daha
ylksek tespit edilmistir (p = 0.021). Sonug¢: Bu ¢alisma Morus nigra'nin
sistemik uygulamasinin bélgesel alveoler kemik rezorpsiyonunu an-
lamli sekilde inhibe ettigini ve deneysel-periodontitis olusturulan rat
modellerinde periodontal iyilesmeye katkida bulundugunu ortaya
koymaktadir. Anahtar Kelimeler: Deneysel periodontitis; sitokin;
MMP-8; MMP-13; morus nigra
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