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ABSTRACT

Objective: The potential impacts of antioxidants and their combinations upon inflammatory periodontal diseases are a
popular research area. This study aimed to investigate the therapeutic effects of alpha-lipoic acid (ALA) and its combined
use with Vitamin C (VitC) on periodontal tissues in terms of oxidative stress and alveolar bone loss in rats with experimental
periodontitis. Methods: Thirty-six male rats were divided into four groups: control (C), experimental periodontitis (PED),
periodontitis treated with ALA (P-ALA), and periodontitis treated with ALA and VitC (P-ALA/VitC). For periodontitis induction,
rats’ first mandibular molars were ligatured submarginally for 5 weeks. After ligature removal, intragastric treatments with
ALA of VitC (50 mg/kg each) were given for 15 consecutive days. Following euthanizing of the animals, mandibular tissues
were obtained for biochemical and histologic analysis. Results: Malondialdehyde (MDA) and 8-hydroxydeoxyguanosine
(8-0OHdG) levels were lower in both P-ALA and P-ALA/VitC groups compared to the PED group. While 8-OHdG levels were
statistically higher in the P-ALA/VitC group compared to the ALA group, MDA and reduced glutathione (GSH) levels were
statistically similar between these groups. Also, GSH levels were statistically higher in the P-ALA and P-ALA/VitC groups
compared to the PED group. Additionally, histologic analysis showed that treatment with ALA and ALA/VitC combination
inhibited periodontal tissue destruction. Conclusions: This study revealed that ALA regulated oxidant and antioxidant
parameters in periodontally diseased tissues and restricted periodontal tissue destruction. However, VitC did not provide
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INTRODUCTION

Periodontitis, which is the most common inflammatory
disease among people, leads to destruction of tooth-supporting
tissues, as well as early tooth loss [1]. It is characterized by a
shift in the microbial ecology of sub-gingival plaque and the
progressive, host-mediated destruction of the tooth-supporting
structure [2]. In this process, bacterial pathogens in sub-
gingival plaque stimulate host cells to release pro-inflammatory
cytokines. These cytokines recruit polymorphonucleocytes
(PMN) to the infection site. PMNs constitute the first line
of cellular host defense against bacteria in the gingival sulcus
and play an important role in the pathogenesis of periodontal
diseases by producing proteolytic enzymes and reactive oxygen
species (ROS) [3, 4]. PMN-derived ROS production primarily
kills bacteria, but excessive production and extracellular
release of these reactive substances result in destruction of the
surrounding periodontal tissues [5].

Free radicals and ROS are continuously generated in the
body during mitochondrial oxidative metabolism and by the
NADPIH-oxidase enzyme complex on the inner lipid membrane
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any additional supportive therapeutic effect to ALA.
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of inflammatory and other cell types. They are essential in many
normal biologic processes, such as controlling gene expression,
cellular signal transduction and maintaining vascular health,
but at higher concentrations they can cause tissue damage [6].
This damage occurs via various mechanisms, including lipid
peroxidation, protein damage, DNA damage, enzyme oxidation
and the stimulation of pro-inflammatory cytokines released
by different cells, especially monocytes and macrophages [7].

Overproduction of ROS is observed at chronic inflammation
sites [8]. Control, modulation and removal of such reactive
substances by antioxidants are essential for maintaining health
[9, 10]. There is a dynamic balance between ROS activity and
antioxidant defenses. Specifically, when there is an imbalance
in favor of ROS production or against antioxidant defense,
oxidative stress occurs [7].

Recently, interest in the use of antioxidant substances in the
treatment of periodontitis has increased markedly [11-14].
Alpha-lipoic acid (ALA) is a powerful antioxidant that is able to
scavenge a number of free radicals, such as superoxide radicals,
singlet oxygen, hydroxyl radicals and hypochlorous acid. It
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occurs with a chelate of Fe?* and Fe’* in both hydrophilic and
lipophilic environments [15, 16].

Vitamin C (VitC), an important water-soluble vitamin, is
another substance which was studied in relation to periodontal
disease [12]. Some of these studies have suggested that there
Is a negative association between plasma VitC levels and the
severity of periodontitis [17,18] and gingival bleeding [19].
However, it is unclear how VitC intake affects gingival oxidative
stress in inflammatory periodontal lesions. Some researchers
have proposed that VitC exerts antioxidant effects by increasing
glutathione [20] and decreasing oxidative DNA damage [21]

in mononuclear cells.

The present study was designed to evaluate the therapeutic
effects of ALA in terms of oxidant and antioxidant parameters
in periodontally diseased tissues, as well as its effects on alveolar
bone destruction. Additionally, we aimed to evaluate whether
VitC in combination with ALA can provide any supportive
effects to that treatment. Although there have been a limited
number of studies on the use of ALA and VitC on oxidative
damage, to our knowledge, this is the first study investigating
the possible effects of systemic administration of ALA and
ALA plus VitC combination on malondialdehyde (MDA),
8-hydroxydeoxyguanosine (8-OHdG) and reduced glutathione
(GSH) levels in experimental periodontitis in rats.

MATERIALS AND METHODS

Animal model and procedure

Thirty-six male Wistar albino rats weighing about 220-250 g
were housed in an air conditioned room (23-25°) with a 12/12-
h light-dark cycle. The animals were given standard rat pellets
and tap water ad libitum. They were randomly divided into four
groups: control (C, n = 9), experimental periodontitis (PED,
n =9), experimental periodontitis treated with ALA (P-ALA,
n = 9), and experimental periodontitis treated with ALA and
VitC combination (P-ALA/VItC, n = 9). All the procedures
were performed in accordance with the protocol approved by
the Ethical Committee of the Faculty of Veterinary Sciences
at Ataturk University. After anesthesia, by intramuscular
injection of xylazine HCI (4 mg/kg) combined with ketamine
HCI (40 mg/kg), periodontitis induction was performed by
placing the ligatures around the cervix of the rats’ right and left
first mandibular molars submarginally for 5 weeks according
to previous experimental periodontitis studies [11-14]. After
ligature removal, the PED group was given a single intragastric
dose of 1 ml saline, while the P-ALA and P-ALA/VitC groups
were treated with intra-gastric doses of 50 mg/kg ALA or ALA
+ 50 mg/kg VitC, respectively, for 15 days. The doses of ALA
and VitC were determined by previous animal studies [11,12].

Tissue preparation

At the end of the study, all rats were anesthetized again, blood
samples were collected from their hearts under anesthesia
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and then the rats were euthanized by intracardiac sodium
pentothal (60 mg/kg) injection. After the animals were
euthanized, their left mandible tissues were carefully removed,
along with the surrounding gingiva for biochemical analysis.
According to standardized procedures [22], these were washed
with physiological saline solution and stored at -§0°C until
analyzed. All tissues were maintained at +4°C throughout
preparation. For all assays, a portion of the mandible gingiva
mucosal tissue (1/9, w/v) was homogenized in 0.9% NaCl
solution using an OMNI International TH homogenizer
(Warrenton, USA). The tissue homogenates were centrifuged
for 15 min at 15,000g, and then the clear supernatants were
removed for analysis.

Biochemical analysis

Measurement of 8-hydroxydeoxyguanosine levels

Since the assessment of DNA-associated §-OHdG provides
an authentic quantification of oxidative DNA damage,
samples from all the groups were extracted using a tissue DNA
extraction kit (Vivantis Technologies, Selangor Darul Ehsan,
Malaysia). Next, isolated DNA from the groups was denatured
at 95°C for 5 min and immediately cooled on ice. The DNA
samples were then treated with nuclease P1 (Sigma Aldrich,
St. Louis, MO, USA) for 2 h at 37°C, followed by treatment
with 10 U of alkaline phosphatase in reaction buffer for 1 h
at 37°C. 8-OHdG was quantified by competitive Elisa kit
(Cayman Chemicals, Ann Arbor, MI, USA) according to the
manufacturer’s instructions, and the results were estimated
according to standard graphic formulation (u-Ouant, BioTek
Instruments, Winooski, V', USA).

Measurement of glutathione and malondialdehyde levels

To measure MDA levels, the method described by Ohkawa
et al [23] was used. The content of gingival tissue reduced
glutathione was estimated using 5,50-dithiobis-(2-nitrobenzoic

acid) by the method of Sedlak and Lindsay [24].

Histopathologic analysis

After the animals were cuthanized, their right mandible
tissues were carefully removed and fixed in 10% neutral
formaldehyde for 72 h. Then, the mandibular tissues were
decalcified with 5% nitric acid (HNO3) solution at room
temperature for 5 days. The acid solution was changed every
48 h, and decalcification of the tissues was tested with a
needle cach day. After decalcification was completed, the
tissues were neutralized with sodium bicarbonate for 3 h and
then subjected to histological processing. The tissues were
rinsed in tap water for 6 h, and then dehydrated in ascending
alcohols series, cleaned with xylene and embedded in paraffin.
The paraffin blocks were sectioned into 5-mm thicknesses in
the bucco-lingual direction, and 24 sections were obtained
for cach block. The sections of all the groups were stained
with Crossman’s modification of Mallory’s triple stain, for
histologic analysis.
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The histopathologic analysis was performed in a blinded
manner. The specimens were visualized and analyzed
using light microscopy. In the histometric analysis, mean
attachment distances between the cementoenamel junction-
periodontal ligament (CEJ-PL) and cementoenamel
junction-alveolar bone crest (CEJ-BC) were measured for
the buccal and lingual sides of all the mandible samples.
All distance measurements were performed as described by
previous studies [13, 25] and the mean of these histometric
values were calculated.

Statistical analysis

All data were tested with ANOVA and Duncan’s post hoc
test using SPSS (version 17.0, Chicago, IL, USA). All data
were expressed as mean averages * standard deviation (SD),
of which P < 0.05 was considered significant.

RESULTS
Biochemical results

Compared to the control group, it was shown that MDA
and 8-OHdG levels increased, but GSH levels decreased in
PED, P-ALA and P-ALA/VitC groups (P < 0.05). Decreases
in MDA and 8-OHdG levels and increases in GSH levels
were observed after the ALA treatment (P < 0.05). It was
also determined that MDA and GSH levels did not differ
significantly between P-ALA and P-ALA/VitC groups (P >
0.05), while §-OHdG levels differed significantly (P < 0.05).
The entire biochemical outcome is presented in Table 1.

Histologic results

Frequencies of PMN and mononuclear cell infiltration were
determined to be higher at various levels in the experimental
groups compared to the control group. Inflammatory cell
infiltration as well as bone and collagen destructions were
determined to be much more severe in the PED group
compared to P-ALA and P-ALA/VitC groups. There was
no significant difference in terms of cell infiltration and
connective tissue destruction between P-ALA and P-ALA/
VitC samples (Figure 1).

In buccal and lingual histometrical analyses, it was
determined that mean of the buccal and lingual CEJ-PL
and CLJ-BC distances increased in experimental groups
compared to the control group, and the most significant
increase was seen in the PED group. In addition, it was
observed that the degree of attachment and bone loss
decreased significantly in P-ALA and P-ALA/VitC groups
(P < 0.05 compared to PED group), whereas there was no
significant difference between both of treatment groups.
The measurements regarding histological attachment and
alveolar bone losses are presented in Table 2.

Oxid Antioxid Med Sci e 2015

e Volume4 e Issue?2

Kose et al: Alpha-lipoic acid, vitamin C and periodontitis

Table 1. Comparison of 8-hydroxydeoxyguanosine (8-OHdG),
glutathione (GSH) and malondialdehyde (MDA) levels

Groups 8-OHdG (ng/ml) GSH (nmol/mg)  MDA(nmol/gr)
Control 1.28 £+ 0.232 2942 +2.33° 18.43 + 3.942
PED 3.11+£0.3° 19.52 + 3.73 44.25 + 6.27°
P-ALA 2.26 £ 0.29¢ 24.53 +4.23¢ 33.45 + 3.34¢
P-ALA/VitC 2.82 +0.27° 26.22 + 3.35¢ 30.26 + 5.19¢

The results are expressed as mean + SD. Different superscript letters
@e) in the same column indicate significant differences between
groups (P < 0.05, ANOVA and Duncan'’s post hoc test).

Table 2. Estimation of the average of the buccal and lingual histometric
attachment levels of cement enamel junction-periodontal ligament
(CEJ-PL) and CEJ-alveolar bone crest (BC) distances (estimation
distances are shown in Figure 1b)

Groups CEJ-PL (a, um) CEJ-BC (a+b, ym)
Control 74.82 + 13.48° 127.22 + 11.912
PED 244.54 + 15.52° 356.28 + 23.84°
P-ALA 150.73 £ 19.82¢ 250.52 + 19.51¢
P-ALA/VitC 140.94 £ 21.29¢ 276.12 + 22.39¢

The results are expressed as means + SD. Different superscript
letters (**°) in the same column reflect significant differences (P <
0.05; ANOVA followed by Duncan’s post hoc test).

DISCUSSION

Studies of periodontal therapy in humans are quite limited
because of ethical considerations and the risks involved
in the experimental design. This limitation has led to
the development of experimental animal models and the
particular ligature-induced periodontitis model in rats is
widely used [11-14]. In this model, submarginal ligature
placement causes both mechanical trauma and plaque
accumulation around the marginal gingiva. Thus, intense
host-plaque interaction induces chemotaxis and activation
of the inflammatory cells, as well as destruction of the
tooth-supporting tissues similar to what has been observed
in human periodontitis cases.

VitC exhibits both antioxidant [26] and co-antioxidant
[27] properties. VitC intake may reduce gingival oxidative
stress by decreasing the production of pro-inflammatory
cytokines and nitric oxide in periodontal lesions [12]. ALA,
a naturally occurring antioxidant, is water- and fat-soluble;
therefore, it is distributed in both cellular membranes. This
antioxidant, which is reduced to dihydrolipoic acid (DHLA)
In various tissues, plays a protective role against oxidative
stress-mediated tissue destruction [16, 28, 29]. ALA and
DIILA display antioxidant effects such as scavenging of
free radicals, chelation of metal ions, and regeneration of
antioxidants, including vitamins E and C and GSH [15, 16].
ALA has been thoroughly investigated as a therapeutic agent
for several pathological conditions, including hypertension,
insulin resistance, and diabetic peripheral neuropathy [30].
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128, 31,
32] and VitC [12] inhibit osteoclastic activity. Therefore,
this study hypothesized that an ALA and VitC combination
might support the positive effects of ALA, and constitutes a
potential therapeutic strategy in the treatment of periodontal
diseases. Many studies on both human [17, 1§, 33] and rats
[12, 34] have investigated the effects of VitC on periodontal
diseases; therefore, we did not use VitC alone in any of the
groups. In the present study, ALA and VitC doses of 50 mg/
kg were used, in accordance with previous studies [32, 35].

The present study revealed that systemic ALA treatment
ameliorated biochemical and histopathological parameters
significantly in an experimental periodontitis model.
Treatment with ALA restricted lipid and DNA damage
and promoted cellular antioxidant capacity. Additionally,
contrary to our expectations, it was shown that combining
VitC with ALA did not provide any additional value to the
latter’s therapeutic effect on diseased periodontal tissues.

Previous studies evaluated the therapeutic etfects of ALA in
periodontitis pathogenesis experimentally, utilizing similar

94

Figure 1. lllustration of gingivo-mucosal tissues from
all groups in the bucco-lingual sections of mandibular
first molars; (a) control group, (b) PED group, (c)
P-ALA group, and (d) P-ALA/VitC group: a is the
distance between the cement-enamel junction and the
periodontal ligament, b is the distance between the
bone crest and the periodontal ligament, and a+b is
the distance between the bone crest and the cement-
enamel junction in the first molar of the buccal side.
R, root of tooth; arrow, cemento-enamel junction;

pl, periodontal ligament; ct, connective tissue; BC,
alveolar bone crest distances; e, and epithelium
(Crossman’s modified Mallory’s triple staining)

methodology to the present study design. Akman et al [11]
evaluated the therapeutic effects of ALA comprehensively
in an experimental periodontitis model and showed that
ALA treatment inhibited inflammatory alveolar bone
resorption; this study also revealed that ALA treatment
significantly reduced myeloperoxidase (MPO) levels,
an indicator of inflammation activity in tissue samples.
Similarly, Kara et al [36] also showed that ALA treatment
reduced inflammatory cell accumulation and connective
tissue destruction in gingival tissue samples. Our study is
consistent with these two studies with regard to inhibition
of inflammatory cell (PMNL and MNL) accumulation and
connective tissue destruction in periodontal tissues and
alveolar bone loss after ALA treatment. Our study also
showed that ALA inhibited periodontal tissue destruction
by limiting oxidative stress.

Degradation of phospholipids, especially in the
polyunsaturated fatty acids’ structure, is an important
oxidative stress indicator, and MDA is one of the lipid
peroxidation end products. An increase in ROS levels
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results in higher MDA levels, so it has been emphasized
that MDA can be an important oxidative stress marker
[37]. ROS causes damage in the DNA of the cells, as well
as lipids. 8-OHdG is a major indicator in the interpretation
of DNA damage [38]. Our study is consistent with the
experimental periodontitis studies that show higher MDA
[13, 39] and 8-OHdG [12, 36] levels in gingival samples.
To our knowledge, this study is the first that evaluates
the effects of ALA in periodontal tissuc in terms of lipid
peroxidation levels and oxidative DNA damage. In their
above-mentioned study, Kara et al [36] also evaluated
the effects of ALA on 8-OHdG levels in gingival tissues
immunohistochemically and showed that ALA treatment
resulted in lower 8-OHdG immunopositive cells, but it was
not statistically significant. The present results showed that
ALA treatment significantly decreased MDA and §-OHdG
levels. These favorable effects can be associated with
the powerful neutralizing effects on ROS and lipophilic
structure of ALA, which provide it a higher penetration to
cell membrane and cell core.

Excessive ROS production that results in oxidative stress is
inhibited by various antioxidant defense mechanisms [40].
For instance, GSH is a non-enzymatic antioxidant and it has
been considered a primary intracellular antioxidant; it plays
important role in the inhibition of cellular oxidative damage
[41]. The results of this study showed that the lower GSH
levels found in the PED group compared to the control group
are consistent with earlier experimental periodontitis studies
[12, 13]. Lower GSH levels can be seen as a reflective of
decreased cellular antioxidant capacity, which makes cellular
structures more vulnerable to oxidative damage; so decrease
in GSH levels can be an important result of significantly
higher 8-OHdG levels. The present results also showed that
ALA treatment resulted in significantly higher GSH levels, so
it can be related to its direct or indirect antioxidant effects.

On the other hand, ALA and VitC combination did not
reflect an additive benefit on periodontal tissues to cach
other in the study; only statistically insignificant differences
were presnet MDA and GSH levels as well as alveolar
bone measures among P-ALA and P-ALA/VitC groups. In
contrast to our findings, Akman et al [11] showed that the
combination of VitC and ALA significantly restricted hard
and soft periodontal tissue destruction as compared to ALA
treatment alone; in that study it was pointed out that VitC
was useful in collagen repairing.

Many studies which clearly revealed that both ALA [42]
and Vit C [21, 34] decreased oxidative DNA damages
suggest that combination of these products might protect
DNA against ROS attacks more effective. In contrast, the
present findings showed that gingival tissue 8-OHdG levels
were significantly higher in P-ALA/VitC group compared
to P-ALA group. Decrease in the DNA protection efficacy
of ALA when combined with VitC might be related to
biochemical interactions between these antioxidants at
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nuclear or perinuclear areas. In this context, further studies
that evaluate the effects of ALA and VitC combination on
periodontal tissues, especially focusing on their molecular
Interactions, are necessary.

In conclusion, this study revealed that ALA treatment can be
a supportive modality in the restriction of oxidative damage
occurring around periodontal tissues and alveolar bone loss.
However, VitC did not provide any additive contribution to
the beneficial effects of ALA.
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