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N-acetylcysteine decreases
alveolar bone loss on
experimental periodontitis
In streptozotocin-induced
diabetic rats

Toker H, Ozdemir H, Balc1 H, Ozer H. N-acetylcysteine decreases alveolar bone
loss on experimental periodontitis in streptozotocin-induced diabetic rats. J Peri-
odont Res 2012; 47: 793-799. © 2012 John Wiley & Sons A|S

Background and Objective: The purpose of this study was to evaluate the mor-
phometric and histopathological changes associated with experimental periodon-
titis in diabetic rats in response to systemic administration of N-acetylcysteine
(NAC), a sulfhydryl-containing thiol antioxidant.

Material and methods: Sixty Wistar rats were divided into six experimental groups:
nonligated (NL) group; ligature-only (L) group; streptozotocin-only (STZ) group;
STZ and ligature (STZ + L) group; and systemic administration of NAC and
ligature (70 and 100 mg/kg body weight per day, respectively) (NAC70 and
NACI100 groups). Diabetes mellitus was induced by 60 mg/kg of streptozotocin.
Silk ligatures were placed at the gingival margin of the lower first molars of the
mandibular quadrant. The study duration was 30 d and the animals were killed at
the end of this period. Changes in alveolar bone levels were clinically measured
and tissues were histopathologically examined to assess the differences among the
study groups.

Results: At the end of the 30-d study period, alveolar bone loss was significantly
higher in the STZ + L group compared with the other groups (p < 0.05). Also,
alveolar bone loss in all the NAC groups was significantly lower than in the
STZ + L and L groups (p < 0.05). The osteoblastic activity in the NAC100
group was significantly higher than in the other groups (p < 0.05).

Conclusion: Within the limits of this study, it can be suggested that NAC, when
administered systemically, prevents alveolar bone loss in the diabetic rat model.
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Diabetes mellitus (DM) comprises a
heterogeneous group of disorders
characterized by altered glucose toler-
ance and impaired lipid and carbohy-
drate metabolism (1). The estimated
worldwide prevalence of DM is 220.5

million, or 2.8% of the world’s popu-
lation (2). The incidence of this disease
continues to increase at an alarming
rate (1). Both type 1 and type 2 dia-
betes can be associated with systemic
disorders, including myopathies, neu-

ropathy, macrovascular disease and
altered wound healing (3). Periodontal
disease was proposed to be the sixth
complication of DM, with evidence
showing a correlation between poorer
glycemic control and worsening



794 Toker et al.

periodontal health (4). A reciprocal
relationship exists between DM and
periodontal disease (1,2). Periodontal
infections have a significant impact on
diabetic control. Conversely, DM is a
significant risk factor for the develop-
ment of periodontal disease and
aggravates the severity of periodontal
infections (1).

Oxidative stress is defined as the
disturbance of the oxidant-antioxidant
balance (4) and, in addition to peri-
odontitis, i1s considered to be an
important etiopathogenic factor in
many other inflammatory diseases,
including DM (5,6). As a result of
oxidative stress, unbalanced radical
and nonradical reactive oxygen species
can damage cells by a variety of
mechanisms, including peroxidation of
lipid membranes, protein inactivation,
induction of DNA damage and stimu-
lation of specific signaling pathways
that lead to cytokine-induced tissue
damage (7,8). Reactive oxygen species
are reported to be capable of inducing
periodontal tissue destruction and are
associated with osteoclastic bone
resorption. Also, increased production
of reactive oxygen species plays a very
important role in the complications
arising in patients with diabetes (8).
Furthermore, nicotinamide adenine
dinucleotide  phosphate  (reduced)
(NADPH) oxidase, leading to super-
oxide generation, is one of the major
sources of reactive oxygen species
production in diabetes (9,10). Taken
together, scavenging or detoxification
of reactive oxygen species is crucial for
the maintenance of homeostasis in
normal tissue and organ systems (11).

N-acetylcysteine (NAC) is a thiolic
antioxidant that promotes the gluta-
thione redox cycles as a cell-permeable
glutathione precursor (12,13). Stimu-
lation of glutathione synthesis follow-
ing administration of NAC results in a
greater availability of glutathione for
detoxification of oxygen-derived free
radicals (14). In addition to the capa-
bility of increasing cellular glutathione
levels, NAC works as a direct reactive
oxygen species scavenger (12). The
efficacy of NAC has been investigated
in clinical trials and in experimental
models of various respiratory condi-
tions, such as chronic obstructive pul-

monary disease, cirrhosis, acetami-
nophen poisoning and diabetes (15—
18). NAC decreases the concentrations
of the cardiac inflammatory mediators
interleukin (IL)-6 and cyclooxygenase-
2, and NADPH oxidase activation,
and increases the concentration of
superoxide dismutase in streptozoto-
cin-induced diabetic rat hearts (19).
Also during the inflammatory process,
the beneficial impact of NAC has
been demonstrated in preventing the
expression  of  lipopolysaccharide-
induced inflammatory mediators (IL-
1B, IL-6 and IL-8) in phagocytic cells
and gingival fibroblasts, suggesting a
direct link between the production of
cytokine release and the generation of
reactive oxygen species (20,21). As a
direct result of these actions, NAC has
been shown to suppress osteoclast
differentiation, which leads to the
prevention of bone resorption (22).
However, we have previously demon-
strated that systemically NAC can
prevent alveolar bone loss in a dose—
dependent manner in an experimental
periodontitis model (23).

Based on these favorable aspects of
NAC, we have hypothesized that NAC
is a potent suppressor of periodontal
inflammation and alveolar bone loss in
diabetic rats. Therefore, the aim of the
present study was to examine the
validity of this hypothesis in an alveo-
lar bone loss model in experimental
periodontitis in diabetic rats.

Material and methods

Animals and experimental
periodontitis model

The study protocol and experimental

design were approved by the Animal

Ethics Committee of Cumhuriyet Uni-

versity School of Medicine. In total, 60

Wistar male rats were used in the

experiment. Their body weight ranged

from 270 to 320 gat the beginning of the

experiment. The animals were randomly

divided into five groups, as follows:

e nonligated (NL) group (n = 10).

e ligature-only (L) group (n = 10).

e streptozotocin  (STZ)-only (STZ)
group (n = 10).

e STZ and ligature (STZ + L) group
(n = 10).

e STZ and ligature plus NAC (70 mg/
kg per day for 30 d) (NAC70) group

(n = 10).
e STZ and ligature plus NAC
(100 mg/kg per day for 304d)

(NAC100) group (n = 10).

Induction of diabetes

Diabetes was induced by a single injec-
tion of 60 mg/kg body weight strep-
tozotocin (Sigma-Aldrich, St Louis,
MO, USA), dissolved in citrate buffer
(0.01 ™M, pH 4.5), into the jugular vein.
Blood glucose levels were measured
with a glycometer (IME-DC; Obe-
rkotzau, Germany) before the proce-
dure and 3 d after diabetes induction.
A glucose level of > 300 mg/dL con-
firmed the presence of diabetes.

Induction of experimental
periodontitis

One day after confirmation of diabetes,

the rats in STZ + L, NAC70,
NACI00 and L groups received
ligature placement under general

anesthesia (40 mg/kg of ketamine;
Eczacibasi Ilac Sanayi, Istanbul, Tur-
key). A 4-0 silk suture (Dogsan Sanayi,
Istanbul, Turkey) was submarginally
placed around the first molars of right
mandibular quadrants. The sutures
were checked after application, and
lost or loose sutures were replaced. All
ligatures were placed by the same
operator (H. Ozdemir). The animals
were kept in individual cages and
received water and food ad [libitum.
NAC was systemically administered by
gastric feeding at a rate of 0.5 mL/min.
On day 30, the animals were killed and
the blood samples were taken by car-
diac puncture. Afterwards, the mandi-
ble was dissected free of the muscles
and the soft tissue, keeping the
attached gingiva intact with the bone.

Measurement of alveolar bone loss

The mandibles were stained with 1%
aqueous methylene blue (Merck & Co.,
Inc., Whitehouse station, NJ, USA) to
identify the cemento—enamel junction.
The alveolar bone height was measured
under a stereomicroscope (Leica Micro-
systems, GmbH Wetzlar, Germany)



(40x magnification) by recording the
distance from the cemento—enamel
junction to the alveolar bone crest. Mea-
surements were taken at three points on
both the buccal and lingual sides to
quantify the alveolar bone level. A mean
value for each tooth was calculated. The
morphometric measurement of alveolar
bone loss was performed by a single
examiner(H.Ozdemir)whowasunaware
oftheidentity of samples.

Histopathological evaluation

Histological analysis was performed by
a single examiner (H. Ozer) who was
also blinded to the identity of samples.
The mandible samples were fixed in
10% formalin and demineralized in
10% formic acid. The specimens were
then dehydrated, embedded in paraffin
and sectioned along the molars in a
mesio-distal plane, then stained with
hematoxylin and eosin and Masson’s
trichrome. Sections of 6 um thickness,
corresponding to the area between the
first molars and the second molars
where ligatures had been placed, were
evaluated by light microscopy (Eclipse
E 600; Nikon, Tokyo, Japan).
Inflammatory cell infiltration of the
periodontal tissues; bundles of collagen
fibers; existing resorption lacunae (on
osteoclast surfaces) and osteoblastic
activity (on forming surfaces); and the
number of osteoclasts of the alveolar
bone and interdental septum were
measured. Inflammatory cell infiltra-
tion (ICI) was determined, by semi-
quantitative scoring, as no visible ICI
(0), slightly visible ICI (1) and dense
ICI (2). Osteoclasts were counted
based on their morphology. For the
evaluation of osteoblastic activity, we
defined forming surfaces by the visi-
bility of active bone-formation sur-
faces, which were limited by osteoid
and cuboidal osteoblasts. Osteoblastic
activity was determined, by semiquan-
titative scoring, as no activity (0), mild/
moderate activity (1) and high activity

Q).

Statistical analysis

Data were presented as mean + stan-
dard deviation, or percentage, as
appropriate. Osteoclast numbers and

alveolar bone loss were analyzed using
analysis of variance followed by
Tukey’s test for pairwise comparisons.
The presence of ICI and osteoblastic
activity were analyzed using the chi-
square test. Values of p < 0.05 were
considered statistically significant. The
SPSS statistical package, version 14.0
(SPSS, Chicago, IL, USA) was used for
all statistical analyses. Alveolar bone
loss and osteoclast number were deter-
mined as the expected primary out-
comes of the study. The power of
analysis was completed utilizing data
from our previous publication (23). An
alpha of 0.05 was selected for calcula-
tion. The required sample size was 10 in
groups with a statistical power of 88%.

Results

The presence of the silk ligature
around the first molar induced an
inflammatory reaction in the peri-
odontal tissue. The ICI in the NL
group was significantly lower than the
ICIs in the other groups (p < 0.05).
Also, there was no significant differ-
ence in ICI between NL and STZ
groups (p > 0.05). The density of ICI
in the STZ + L group was higher, but
not statistically significantly so, than
the ICIs of the L, NAC70 and
NACI100 groups.

Measurement of alveolar bone loss
in the mandibular molar tooth revealed
significantly higher bone-loss values in
the STZ + L group compared with
the other groups (p < 0.05) (Figs 1, 2).
Alveolar bone loss in the NAC groups
was significantly lower than alveolar
bone loss in the STZ + L and L
groups (p < 0.05). There was no sig-
nificant difference in alveolar bone loss
between the NAC70 and NACI100
groups (p > 0.05).

Figure 3 shows the number of oste-
oclasts in the study groups. There was
a significantly higher number of oste-
oclasts in the STZ + L group than in
the STZ and NL groups (p < 0.05).
There was a higher number of osteo-
clasts in the STZ + L group than in
the NAC70, NAC100 and L groups,
but this was not statistically significant
(»p > 0.05) (Fig. 4).

No pathologic change of periodon-
tal tissue was found in the NL group
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(Fig. 5A). There was no significant
difference in osteoblastic activity
between NL and STZ groups
(p > 0.05). The osteoblastic activity in
the NACI100 group was significantly
higher than in the other groups
(» < 0.05) (Fig. 5B and 5D). Also, the
osteoblastic activity in the NAC70
group was significantly higher than in
the NL, STZ and L groups (p < 0.05)
(Fig. 5C).

Discussion

The current study demonstrated that
NAC reduces alveolar bone loss in
diabetic rats. Further characterization
of the bone-related changes suggested
that the suppression of bone loss was
caused by reduced osteoclastic activity
and increased osteoblastic activity.
Therefore, the data support the notion
that NAC acts as an antioxidant agent
in the prevention of STZ and peri-
odontitis-induced alveolar bone loss.
This effect may be caused by inhibition
of the oxidative burst by NAC. NAC
has been shown to directly scavenge
the reactive oxygen species, such as
hydrogen peroxide, hydroxyl radicals
and hypochlorous acid (13) and treat-
ment with the antioxidant NAC could
inhibit NADPH oxidase activation and
block the release of inflammatory
cytokines, such as interleukin-6 and
cyclooxygenase-2, in the hearts of dia-
betic rats (19). Also, in vitro NAC has
an anti-inflammatory effect by sup-
pressing the activation of macrophages
and neutrophils, attenuating leuko-
cyte—endothelial cell adhesion and
capillary leakage, and blocking the
relase of inflammatory cytokines, such
as tumor necrosis factor and 1L-8 (24).
Schmidt et al. (18) suggest that pre-
treatment of animals with the antioxi-
dants probucol or NAC prevents the
generation of thiobarbituric acid reac-
tive substances in the diabetic gingiva.
Taken together, the positive effects of
NAC could be attributed to the inhi-
bition of inflammation and bone
resorption in diabetes mellitus and
periodontitis.

Owing to the medical expenditure
and complicated pathobiology of
diabetes, research has focused on
herbal medicine that might improve



796 Toker et al.

Fig. 1. Representative images of the alveolar bone loss in mandibular first molars in the control (A), ligature-only (L) (B), streptozotocin
(STZ) (C), streptozotocin and ligature-only (STZ + L) (D), STZ and ligature plus N-acetylcysteine (NAC; 70 mg/kg per day for 30 d)
(NAC70) (E) and STZ and ligature plus NAC (100 mg/kg per day for 30 d) (NAC100) (F) groups. NAC application prevents the bone loss
induced by ligatures around mandibular first molars in rats.

glucose control and lower the risk of
complications  (25). Also, clinical
evidence suggests that oxidative stress
is involved in the pathogenesis of
periodontitis and diabetes. To this end,
in animal studies, dietary antioxidants
have been extensively used in both
diabetes (25-27) and periodontal dis-
ease (28-30). Our previous study (31)
demonstrated that systemic adminis-
tration of propolis prevented alveolar
bone loss. Furthermore, the current
study of Zhu et al. (25) demonstrated
that propolis prevented the progression
of STZ-induced diabetes in rats and
suggested that this effect might be a
result of its antioxidant ability.

Streptozotocin [2-deoxy-2-(3-methyl-
3-nitrosoureido)-D-glucopyranose] is a
naturally produced antibiotic from
Streptomyces — achromonogenes (32).
STZ-induced hyperglycemia is a widely
used experimental model (3,32,33). The
generation of reactive oxygen species
and the subsequent increase of local
oxidative stress, DNA methylation and
protein modification are suggested as
the pathophysiological mechanisms of
STZ-induced diabetes (32). Antioxi-
dants were considered to be promising
agents against STZ-induced diabetes.
Also, the present study revealed that
NAC administration decreased alveo-
lar bone resorption as a result of the

diminishing  oxidative  stress in
STZ-induced diabetic rats with
periodontitis.

NAC has been in clinical use for
more than 30 years, primarily as a
mucolytic agent (34) suppressing oxi-
dative stress (13). Oral administration
of NAC at doses up to 8000 mg/d is
not known to cause clinically signifi-
cant adverse reactions in human stud-
ies (35,36) and NAC is considered to
be a safe drug with minor side effects
(nausea, vomiting and heartburn),
most of which are readily resolved. In
our study, we used NAC at doses of 70
and 100 mg/d and found no adverse
effects in the study rats.
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Fig. 2. Mean alveolar bone loss in the study
groups. “p < 0.05 vs. the other groups;
°p < 0.05 vs. ligature-only (L), streptozo-
tocin and ligature-only (STZ + L), STZ
and ligature plus N-acetylcysteine (NAC;
(70 mg/kg per day for 30 d) (NAC70) and
STZ and ligature plus NAC (100 mg/kg per
day for 30 d) (NACI100) groups; p < 0.05
vs. STZ + L, NAC70 and NAC100 groups;
dp < 0.05 vs. NAC70 and NAC100 groups.
NL, nonligated.
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Fig. 3. Osteoclast numbers in the study
groups. “p < 0.05 vs. streptozotocin and
ligature-only (STZ + L) group; ®p < 0.05
vs. STZ + L group. NAC70, STZ and liga-
ture plus N-acetylcysteine (NAC; 70 mg/kg
per day for 30 d); NAC100, STZ and ligature
plus NAC (100 mg/kg per day for 30 d); NL,
nonligated.

Ligature methods have been
accepted as useful experimental models
of periodontitis with alveolar bone

resorption  (37-39). This ligature
favored the formation of bacterial
plaque and induced an inflammatory
response, reproducing human perio-
dontal disease (33). In the present
study, ligature placement on the first
molar tooth caused a significant
amount of bone loss and, also, the
amount of bone loss was the highest
in STZ-induced rats. However, for
every animal model of a human dis-
ease, there are inherent limitations.
Molars in rats are similar in anatomic
configuration and structure to human
molars, but the molars of rats are
smaller, so it was difficult to perform
any sort of periodontal treatment (40).
A further limitation of the experi-
mental model used is that the induced
periodontitis follows an acute course,
during which tissue trauma and adja-
cent microbial accumulation acceler-
ate the destructive process. Such
pathways of acute inflammation are
likely to differ from chronic peri-
odontitis (41).

Alveolar bone resorption is an
inevitable result of periodontitis and it
has also been demonstrated in diabetic
conditions (33,37). Osteoclasts, in
addition to phagocytes (neutrophils
and macrophages), have been shown to
produce reactive oxygen species and it
has been suggested that these species
are involved in the process of bone
resorption. Although our study cannot
differentiate between the cellular sour-
ces of reactive oxygen species, NAC
has clearly suppressed the resorption
and this effect can, at least in part, be
attributed to the impact of NAC on the
production of reactive oxygen species
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based on previous reports (42). In a
study (43) that investigated the role of
thiol antioxidant (NAC, ascorbate) in
estrogen-deficiency bone loss in a
rat model, it was found that adminis-
tration of NAC for 14 d increased
glutathione levels and abolished
ovariectomy-induced bone loss, and,
in vitro, NAC prevented osteoclast
formation and nuclear factor-kappaB
activation. In our study, the osteoclast
numbers decreased in diabetic rats
after the administration of NAC, but
this difference did not reach statistical
significance.

Several reports have demonstrated
that osteoblast differentiation can be
inhibited by oxidative stress, induced
by exogenous stimuli such as hydrogen
peroxide or xanthine/xanthine oxidase
(12,44). However, in a study (45) that
investigated the effects of NAC (an
antioxidant), on osteoblastic differen-
tiation in mouse calvarial cells, they
found that NAC enhanced alkaline
phosphatase activity, mRNA expres-
sion of osteoblast differentiation-asso-
ciated genes and increased the
expression of bone morphogenetic
protein-2, -4 and -7. In this study, the

stimulatory effect of NAC was
explained by increased glutathione
synthesis and down-regulation of

RhoA activity. In another study (46)
that evaluated the regulation of cyclo-
oxygenase-2 expression in human
osteoblastic cells by NAC, it was
found that NAC could inhibit the
inflammatory process involved in bone
resorption by regulating cyclooxygen-
ase-2 expression at the level of
transcription. In our study, we found

Fig. 4. (A) Alveolar bone loss after 30 d of periodontitis. Numerous osteoclasts were observed in the ligature-only (L) group (black arrows).
(Hematoxylin and eosin stain; original magnification x100.) (B) Osteoclasts with ruffled borders in the streptozotocin and ligature-only

(STZ + L) group (black arrows). (Hematoxylin and eosin stain, original magnification x400.)
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Fig. 5. (A) Histopathology of the normal periodontium of a rat. a, alveolar bone; d, dentin; p, periodontal ligament. (Hematoxylin and eosin
stain, original magnification x100). (B) and (D) Alveolar bone loss after treatment with streptozotocin and ligature plus N-acetylcysteine
(NACQ) (100 mg/kg per day for 30 d) (NAC100 group) shows increased osteoblastic activity (black arrows). (Hematoxylin and eosin stain;
magnifications X200, and x400, respectively. (C) Osteoblastic activity (black arrows) in the STZ and ligature plus NAC (70 mg/kg per day for
30 d) (NAC70) group. (Hematoxylin and eosin stain, original magnification x200.)

that administration of NAC increased
osteoblastic activity in diabetic rats.
In conclusion, our results revealed
that STZ-induced diabetes may lead to
enhanced alveolar bone loss in experi-
mental periodontitis. Furthermore, this
study represents, within the inherent
limitations between experimental ani-
mal and human disease interventions,
evidence that systemic administration of
NAC decreases alveolar bone loss in
experimental periodontitis in a diabetic
rat model. Although we are unable to
make definitive conclusions regarding
the effects of NAC on a diabetic animal
model with periodontitis, the present
dataappeartobemeaningful withregard
to the beneficial effects of NAC in DM.

Conflict of interest

The authors declare that they have no
conflict of interest.

References

1. Karima M, Kantarci A, Ohira T et al.
Enhanced superoxide release and elevated

proteinkinase Cactivity in neutrophils from
diabetic patients: association with peri-
odontitis. J Leukoc Biol 2005;78:862-870.

. Susanto H, Nesse W, Dijkstra PU, Agu-

stina D, Vissink A, Abbas F. Periodontitis
prevalence and severity in Indonesians
with type 2 diabetes. J Periodontol
2011;82:550-557.

. Holzhausen M, Garcia DF, Pepato MT,

Marcantonio E Jr. The influence of short-
term diabetes mellitus and insulin therapy
on alveolar bone loss in rats. J Periodont
Res 2004;39:188—-193.

. Gumdus P, Buduneli N, Cetinkalp S et al.

Salivary antioxidants in patients with type
1 or 2 diabetes and inflammatory peri-
odontal disease: a case-control study.
J Periodontol 2009;80:1440-1446.

. Dandona P, Thusu K, Cook S er al. Oxi-

dative damage to DNA in diabetes mell-
itus. Lancet 1996;347:444-445.

. Konopka T, Krol K, Kope¢ W, Gerber H.

Total antioxidant status and 8-hydroxy-2’-
deoxyguanosine levels in gingival and
peripheral blood of periodontitis patients.
Arch Immunol Ther Exp 2007;55:417-422.

. Chapple IL. Reactive oxygen species and

antioxidants in inflammatory diseases.
J Clin Periodontol 1997;24:287-296.

. Nassar H, Kantarci A, van Dyke TE.

Diabetic periodontitis: a model for
activated innate immunity and impaired

resolution of inflammation. Periodontol
2000 2007;43:233-244.

. Lei S, Liu Y, Liu H, Yu H, Wang H, Xia

Z. Effects of N-acetylcysteine on nicotin-
amide dinucleotide phosphate oxidase
activation and antioxidant status in heart,
lung, liver and kidney in streptozotocin-

induced diabetic rats. Yonsei Med
J 2012;53:294-303.
. Omori K, Ohira T, Uchida Y,

Ayilavarapu S, Batista EL Jr, Yagi M.
Priming of neutrophil oxidative burst in
diabetes requires preassembly of the
NADPH oxidase. J Leukoc Biol 2008;
84:292-301.

. Sakallioglu U, Aliyev E, Eren Z,

Aksimgek G, Keskiner I, Yavuz U.
Reactive oxygen species scavenging activ-
ity during periodontal mucoperiosteal
healing: an experimental study in dogs.
Arch Oral Biol 2005;50:1040—-1046.

. Ueno T, Yamada M, Igarashi Y, Ogawa

T. N-acetyl cysteine protects osteoblastic
function from oxidative stress. J Biomed
Mater Res 2011;99A:523-531.

. Kaplan M, Atakan IF, Aydogdu N et al.

Influence of N-acetylcysteine on renal
toxicity of cadmium in rats. Pediatr
Nephrol 2008;23:233-241.

. Ross D. Glutathione, free radicals and

chemotherapeutic agents. Pharmacol Ther
1998:37:231-249.



16.

19.

20.

21.

22.

23.

24.

25.

Zafarullah M, Li WQ, Slyvester J, Ahmad
M. Moleculer mechanism of N-acetylcyste-
ine actions. Cell Mol Life Sci 2003;60:6-20.
Vercelino R, Tieppo J, Simoes Dias A
et al. N-acetylcysteine offects on geno-
toxic and oxidative stress parameters in
cirrhotic rats with hepatopulmonary syn-
drome. Basic Clin
2008;102:370-376.
Adachi Y, Yoshikawa Y, Sakurai H.
Antidiabetic  zinc(IT)-N-acetyl-L-cysteine
complex: evaluations of in vitro insuli-
nomimetic and in vivo blood glucose-
lowering activities. BioFactors 2007;29:
213-223.

Schmidt AM, Weidman E, Lalla E ez al.
Advanced glycation endproducts (AGEs)
induce oxidant stress in the gingiva: a
potential mechanism underlying acceler-
ated periodontal disease associated with
diabetes. J Periodontal Res 1996;31:508—
S15.

Guo Z, Xia Z, Jiang J, McNeill JH.
Downregulation of NADPH oxidase,
antioxidant enzymes, and inflammatory
markers in the heart of streptozotocin-
induced diabetic rats by N-acetyl-L-cyste-
ine. Am J Physiol Heart Circ Physiol 2007;
292:H1728-H1736.

Hsu HY, Wen MH. Lipopolysaccharide-
mediated reactive oxygen species and sig-
nal transduction in the regulation of
interleukin-1 gene expression. J Biol Chem
2002;277:22131-22139.

Kim DY, Jun JH, Lee HL, Woo KM,
Ryoo HM, Kim G-S. N-aceytlcysteine
prevents LPS-induced pro-inflammatory
cytokines and MMP-2 production in gin-
gival fibroblasts. Arch Pharmacal Res
2007;30:1283-1292.

Lee NK, Choi YG, Baik JY et al. A cru-
cial role for reactive oxygen species in
RANKL induced osteoclast differentia-
tion. Blood 2005;106:852-859.

Toker H, Ozdemir H, Eren K, Ozer H,
Sahin G. N-acetylcysteine, a thiol antiox-
idant, decreases alveolar bone loss in
experimental periodontitis in rats. J Peri-
odontol 2009;80:672—678.

Kortsalioudaki C, Taylor RM, Cheese-
man P, Bansal S, Mieli-Vergani G,
Dhawan A. Safety and efficacy of
N-acetylcysteine in children with non-
acetaminophen-induced acute liver failure.
Liver Transpl 2008;14:25-30.

Zhu W, Chen M, Shou Q, Li Y, Hu F.
Biological activities of chinese propolis

Pharmacol Toxicol

26.

27.

28.

29.

30.

31.

32.

34.

35.

and brazilian propolis on streptozotocin-
induced type 1 diabetes mellitus in rats.
Evid Based Complement Alternat Med
2011;2011:468529.

Dahech 1, Belghith KS, Hamden K, Feki
A, Belghith H, Mejdoub H. Oral adminis-
tration of levan polysaccharide reduces the
alloxan-induced oxidative stress in rats. Int
J Biol Macromol 2011;49:942-947.
Al-Hariri M, Eldin TG, Abu-Hozaifa B,
Elnour A. Glycemic control and anti-
osteopathic effect of propolis in diabetic
rats. Diabetes Metab Syndr Obes 2011;4:
377-384.

Ozdemir H, Kara MI, Erciyas K, Ozer H,
Ay S. Preventive effects of thymoquinone
in a rat periodontitis model: a morpho-
metric and histopathological  study.
J Periodontal Res 2012;47:74-80.

Demirer S, Kara MI, Erciyas K, Ozdemir
H, Ozer H, Ay S. Effects of boric acid on
experimental periodontitis and alveolar
bone loss in rats. Arch Oral Biol 2012;
57:60-65.

Tomofuji T, Ekuni D, Irie K et al. Pre-
ventive effects of a cocoa-enriched diet on
gingival oxidative stress in experimental
periodontitis. J Periodontol 2009;80:1799—
1808.

Toker H, Ozan F, Ozer H, Ozdemir H,
Eren K, Yeler H. A morphometric and
histopathologic evaluation of the effects of
propolis on alveolar bone loss in experi-
mental periodontitis in rats. J Periodontol
2008;79:1089-1094.

Cemek M, Kaga S, Simgek N, Biyiikok-
uroglu ME, Konuk M. Antihyperglycemic
and antioxidative potential of Matricaria
chamomilla L. in streptozotocin-induced
diabetic rats. J Nat Med 2008;62:284-293.

. Silva JA, Lorencini M, Peroni LA, De La

Hoz CL, Carvalho HF, Stach-Machado
DR. The influence of type I diabetes
mellitus on the expression and activity of
gelatinases (matrix metalloproteinases-2
and -9) in induced periodontal disease.
J Periodontal Res 2008;43:48—54.
Sadowska AM, Verbraecken J, Darqu-
ennes K, De Backer WA. Role of N-ace-
tylcysteine in the management of COPD.
Int J Chron Obstruct Pulmon Dis 2006;
1:425-434.

Badawy AH, Abdel Aal SF, Samour SA.
Liver injury associated with N-acetylcys-
teine administration. J Egyptian Soc
Parasitol 1989;19:563-571.

N-acetylcysteine in diabetic rats

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

799

Atkuri KR, Mantovani JJ, Herzenberg
LA, Herzenberg LA. N-Acetylcysteine-a
safe antidote for cysteine/glutathione
deficiency. Curr Opin Pharmacol 2007;
7:355-359.

Sakallioglu EE, Ayas B, Liitfioglu M,
Keles GC, Agikgoz G, Firatli E. Gingival
levels of monocyte chemoattractant pro-
tein-1 (MCP-1) in diabetes mellitus and
periodontitis: an experimental study in
rats. Clin Oral Investig 2008;12:83-89.
Lima V, Bezerra MM, Alencar VBM,
Vidal FDP, Rocha FAC, Brito GAC.
Effects of chlorpromazine on alveolar
bone loss in experimental periodontal
disease in rats. Eur J Oral Sci 2000;108:
123-129.

Holzhausen M, Spolidorio DMP, Mus-
cara MN, Hebling J, Spolidorio LC. Pro-
tective effects of etoricoxib, a selective
inhibitor of cyclooxygenase-2, in experi-
mental periodontitis in rats. J Periodontal
Res 2005;40:208-211.

Xu Y, Wei W. A comparative study of
systemic subantimicrobial and topical
treatment of minocycline in experimental
periodontitis of rats. Arch Oral Biol
2006;51:794-803.

Di Paola R, Mazzon E, Zito D et al.
Effects of Tempol, a membrane-permeable
radical scavenger, in a rodent model of
periodontitis. J Clin Periodontol 2005;32:
1062-1068.

Hall TJ, Schaeblun M, Jeker H, Fuller K,
Chambers TJ. The role of oxygen inter-
mediates in osteoclastic bone resorption.
Biochem Biophys Res Commun 1995;207:
280-287.

Lean JM, Davies JT, Fuller K er al. A
crucial rolefor thiol antioxidants in estro-
gen-deficiency bone loss. J Clin Investig
2003;112:915-923.

Mody N, Parhami F, Sarafian TA, Demer
LL. Oxidative stress modulates osteo-
blastic differentiation of vascular and
bone cells. Free Radical Biol Med 2001;31:
509-519.

Jun JH, Lee SH, Kwak HB et al. N-ace-
tylcysteine stimulates osteoblastic differ-
entiation of mouse calvarial cells. J Cell
Biochem 2008;103:1246-1255.

Origuchi T, Migita K, Nakashima T ez al.
Regulation of cyclooxygenase-2 expres-
sion in human osteoblastic cells by
N-aceytlcysteine. J Lab Clin Med 2000;
136:390-394.



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.
Users should refer to the original published version of the material.



