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ABSTRACT

Background: Tooth extraction causes an open wound in the soft and hard tissues. During the
inflammatory phase of the healing process, a large amount of free radicals are produced and cause
oxidative stress, which leads to tissue damage and delayed wound healing. Thus, in this study, we
evaluated the effect of tert-butylhydroquinone (TBHQ), as an antioxidant, on the healing process
of tooth sockets in rats.

Materials and Methods: To conduct this experimental study, male Wistar rats (n = 42) were
divided into two groups. In each case, one upper second molar was extracted under general
anesthesia. After the extraction, the tooth sockets of the experimental group were treated with a
0.02% TBHQ solution (0.1 ml) while the same volume of distilled water placed in the sockets of
the control group. On days 3,7, and 2| postoperatively, 7 rats from each group were euthanized,
and histological slides were prepared from their tooth sockets.The prepared slides were examined
histopathologically using a light microscope and compared using an independent two-sample t-test.
The significance level was set at 0.05.

Results: In the experimental group, a statistically significant (P = 0.003) increase in granulation tissue
was observed on day 3,in comparison to the control group.The extent of bony trabeculation was
also significantly higher in the TBHQ-treated group than in the control group on day 21 (P <0.001).
Conclusion: Considering the limitations of an experimental study, it can be concluded that TBHQ
may enhance the healing of the hard tissue in the tooth sockets.
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of multicore white blood cells to the area of

INTRODUCTION

Tooth extraction causes an open wound in the
soft tissue and bone. The wound healing process
is divided into four phases such as coagulation,
inflammation, proliferation, and reconstruction.'! The
acute inflammatory response of gingival tissues within
24-48 h after tooth extraction causes infiltration
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inflammation. In the inflammation phase, neutrophils
release free radicals to kill the bacteria. Free radicals
are molecules that have an unpaired electron in their
valence shell and are highly reactive.! Oxidative
stress, caused by an imbalance between the creation
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of free radicals and their neutralization by antioxidant
enzymes produced by body cells and tissues, leads to
tissue destruction and a delay in healing.®> Cutando
et al. showed that the topical use of melatonin in
the alveolar cavity of dogs reduces the oxidative
stress resulting from tooth extraction.” Yoneda et al.
studied the effect of topical antioxidant substances
(coenzyme Q,) on soft-tissue healing after tooth
extraction in rats. They concluded that the topical
application of coenzyme Q causes more rapid
healing of the soft tissue cavity but has an inhibitory
effect on bone remodeling.!)

Tert-Butylhydroquinone (TBHQ) is an antioxidant
with a documented effect on reducing oxidative
stress. It has been considered the gold standard for
antioxidants and is used in food products.””*! TBHQ
protects cells against acute toxicity and oxidative
stress by inducing the production of a large number
of cell protective enzymes and neutralization of toxins
such as epoxide hydrolase, glutathione-s-transferase,
and glucuronyl transferase.”” The effect of TBHQ
on the healing of an extracted tooth socket remains
to be studied. Therefore, in this study, we aimed to
investigate the effect of TBHQ on the healing of tooth
sockets after tooth extraction in rats.

MATERIALS AND METHODS

This  double-blinded experimental study was
performed on male Wistar rats (n = 42) of the
same size, weight (weighing 120-180 g), and age
(3—4 months). All procedures were approved by the
Institutional Animal Care Committee and were in
accordance with guidelines approved by the National
Institutes of Health guide for the care and use of
laboratory animals (NIH Publications No. 8023,
Revised 1978).

The rats were kept in individual cages under standard
conditions in the Department of Physiology of
Rafsanjan University of Medical Sciences, Iran.
A veterinarian assessed the animals regarding general
health and the required conditions for surgery before
the beginning of the study. Then, the rats were placed
under general anesthesia using an intraperitoneal
injection of 0.1 ml/100 g with a combination
of anesthetic ketamine 100 mg/ml (Iran Darou,
Tehran, Iran) and xylazine 100 mg/ml (Iran Darou) in
a ratio of 1:1.11

One maxillary second molar of each animal was
extracted. In the experimental group (21 rats),

approximately 0.1 ml of the 0.02% TBHQ solution
(Sigma, MO, USA) was placed in the tooth socket
(20 mg TBHQ powder was dissolved in 100 ml of
distilled water). This concentration was the maximum
acceptable concentration of TBHQ used in the food
industry. To control the procedure influence, the
same volume of distilled water was placed in the
sockets of the control group (21 rats). For retaining
the compound in the sockets, the animals were kept
under anesthesia for approximately 4 h in the supine
position.'1 After recovery, the animals were kept in
isolated cages with free access to food and water.
The day of the surgery was considered day 0. On the
days 3, 7, and 21 postoperatively, 7 rats from each
group (experimental and control) were euthanized.
The rats” heads were separated by guillotine and
kept in a 10% formalin solution (Doctor Mojallali,
Tehran, Iran) for 1 week. After 1 week, they
were removed from the formalin and placed in
ethylenediaminetetraacetic acid 4% (Merck, Berlin,
Germany) for bone decalcification.'” After softening
the bone tissue, tissue passage was conducted using
a tissue processor device (Sakura Finetechnical Co.,
Tokyo, Japan). Then, 5 u slices were made along the
sagittal axis using a microtome (SIEE Medial, Mainz,
Germany), and hematoxylin and eosin staining was
performed.'%

The extent of granulation tissue (mm?), extent of bone
trabeculaec (mm?), inflammatory cell count, number of
fibroblasts, and angiogenesis were the variables that
were evaluated to assess restoration under a CXR2
microscope (Labomed, Los Angeles, USA). For the
inflammatory cell count of neutrophils, lymphocytes,
macrophages, and fibroblasts, the number of cells
was counted under x400 magnification in at least
five different fields. Next, the mean cell count
in these five fields was calculated for statistical
analysis. The number of blood vessels was counted
in ten microscopic fields under x400 magnification.
Subsequently, their mean was calculated and recorded
for statistical analysis.

Statistical analysis methods

Data were then analyzed using SPSS software
(version 18, SPSS Inc., Chicago, IL, USA). The
quantitative data were expressed as mean + standard
deviation, and the change range was reported as
the largest observation—smallest observation. The
independent two-sample #-test was used to compare
the mean value of histopathological variables
(Ilymphocytes, macrophages, neutrophils, fibroblasts,
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the number of newly formed vessels, extent of
granulation tissue, and newly formed bone trabeculae)
on days 3, 7, and 21 in both of the groups. P < 0.05
was considered statistically significant.

RESULTS

The independent ¢-test showed that the mean size
of the granulation tissue (mm?) was significantly
greater in the TBHQ group than in the control
group (P = 0.003) on day 3 [Table 1]. The mean
value of other histopathological variables on day
3 in the two study groups was not statistically
significant (P > 0.050). The independent #-test
indicated no significant difference in the mean
value of histopathological variables in the two
study groups (P > 0.050) on day 7 [Table 1]. The
independent ¢-test indicated that the mean value of
neutrophils was significantly lower in the TBHQ
group than in the control group (P = 0.030) on
day 21 [Table 1]. The mean value of the extent
of bone trabeculation was significantly greater
in the TBHQ group than in the control group
[P = 0.001, Figure 1]. The mean value of other
histopathological variables in the two groups showed
no statistically significant difference (P > 0.050) on
day 21.

DISCUSSION

In the process of wound healing, the production of
reactive oxygen species (ROS) is necessary to defend
body against pathogens.!'"') However, exposure
to ROS can cause oxidative stress induction and
delayed wound healing.!'¥ Therefore, improvement
of the oxidative stress status using antioxidants
accelerates the healing process. Thus far, to the best
of our knowledge, no studies have been conducted
on the effects of TBHQ on wound healing after
tooth extraction, and no similar study was available.
Therefore, the findings of this study are compared
with the findings of studies that have examined
the effect of TBHQ on skin wound healing and
that have examined other antioxidants’ effects on
healing after tooth extraction. With respect to healing
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Figure 1: Healing of extracted tooth socket on day
21. (a) Experimental group (b) control group.

a

Table 1: Comparison of histopathological variables between the two groups on day 3, 7, and 21

Histopathological variable Day Mean£SD (change range) P
TBHQ (n=7) Control (n=7)
The number of newly formed vessels 3 9.00+2.16 (6-13) 7.00+1.83 (5-10) 0.086
7 7.43+1.27 (6-9) 6.29+1.11 (5-8) 0.099
21 2.71£0.76 (2-4) 3.57+0.98 (2-5) 0.091
Neutrophils (%) 3 14.71+5.53 (9-25) 19.1424.22 (11-22) 0.597
7 11.71+2.81 (9-17) 15.00+2.94 (10-18) 0.054
21 3.71£1.11 (2-5) 5.00+0.82 (4-6) 0.030*
Lymphocytes (%) 3 9.00+2.31 (6-12) 9.00+3.27 (5-14) 0.999
7 4.57+1.51 (3-7) 5.00+1.16 (4-7) 0.562
21 5.00+1.53 (3-7) 5.14+1.57 (3-8) 0.866
Macrophages (%) 3 48.00+7.12 (35-56) 44.14+1.68 (41-46) 0.208
7 35.86+5.58 (30-43) 33.29+4.31 (30-40) 0.354
21 27.29+4.39 (21-32) 31.145.40 (23-37) 0.168
Fibroblasts (%) 3 28.29+6.29 (22-38) 30.71+4.89 (24-36) 0.436
7 47.86+6.18 (39-55) 46.71+4.07 (39-51) 0.690
21 64.00+5.57 (57-72) 58.71+5.62 (53-67) 0.102
The extent of granulation tissue (mm?) 3 1.74+0.13 (1.58-1.93) 1.36+0.25 (1.10-1.80) 0.003*
7 0.80+0.11 (0.64-0.94) 0.70+0.10 (0.59-0.88) 0.099
21 0.32+0.07 (0.21-0.42) 0.40+0.06 (0.31-0.50) 0.620
The formation of bone trabeculae (mm?) 3 - - -
7 0.86+0.13 (0.62-1.01) 0.82+0.13 (0.65-1.01) 0.601
21 2.89+0.10 (2.77-3.00) 2.42+0.21 (2.00-2.62) <0.001*

Independent t-test was used. *Significance. TBHQ: tert-Butylhydroquinone; SD: Standard deviation

Dental Research Journal / Volume 14 / Issue 1 / January-February 2017-




Khoramian Tusi, et al.: Antioxidants and alveolar socket healing

steps (replacement of acute inflammatory cells by
chronic types, granulation tissue formation, osteoid
formation, and mature bone formation), these days
(3, 7, and 21) were considered in this study.

Increased granulation tissue on day 3 was statistcally
significant in the experimental group compared to the
control group. This could indicate the acceleration of
wound healing in the presence of TBHQ. The study
by Jelenko et al. also showed acceleration in the
healing of skin burns in the presence of TBHQ.!'
The findings of this study were also consistent with
that of Yoneda et al!® In their study, increased
granulation tissue was observed in the presence of an
antioxidant (coenzyme Q) in the tooth cavity on the
day 3.9

In this study, the extent of bone trabeculation on day
21 was significantly greater in the TBHQ group than
in the control group. This finding indicates that the
recovery of hard tissue is faster in the presence of
TBHQ. Yoneda et al. concluded that the antioxidant
coenzyme Q, is more effective on soft tissue repair
than on hard tissue repair.[¥! The difference between
the findings of this study and the study by Yoneda
et al. may be due to the difference in the type of
antioxidants that were evaluated.

In this study, the neutrophils count on day 3 in the
experimental group was lower than the control
group. Although this difference was not statistically
significant, the reduction in the number of these cells
on day 3 showed a reduction of the inflammatory
phase and progression of the natural process of
wound healing. In addition, in the study by Yoneda
et al., the neutrophils count decreased in the presence
of antioxidants on day 3.[°

In this study, the macrophages were the largest number
of cells present on day 3. These cells stimulate the
proliferation of fibroblasts through lactate synthesis
and are gradually reduced during the process of
restoration through the replacement of fibroblasts
with these cells.!'” On day 3 of the study, the extent
of angiogenesis was greater in the TBHQ group than
in the control group; however, this difference was
not statistically significant. Nevertheless, it indicated
the natural process of tissue repair in the presence of
TBHQ.

On day 7 of the study, a decrease in neutrophils and
an increase in fibroblasts counts were observed in the
TBHQ group as compared to the control group, but
this difference was not statistically significant. The

low volume and concentration of TBHQ in the tooth
sockets were perhaps the reasons for the insignificant
results of this study. Due to the limitation of budget,
it was impossible to determine the maximum TBHQ
concentration without toxic effects on the mouth
tissues before the study. Because no study was
conducted on the effect of TBHQ on tooth socket
healing, the concentration used in this study was the
maximum acceptable concentration of TBHQ used in
the food industry. In this concentration, the TBHQ
was in solution form and not paste and this was one
of the limitations of this study. This limitation may
increase the chance of washing-out the material from
socket by blood and saliva. Hence, we decided to
decrease the chance of washing-out by 4 h supine
position after extraction that has been recommended
in Mendes study.'" However, by increasing the
concentration of TBHQ to the extent that it does not
have toxic effects on tissues, wound healing in the
tooth socket may be improved. One of the limitations
of this study was as follow: the results of this study
could be more reliable in a split-mouth design;
however, because of the chance of leakage of TBHQ
into saliva and reaching to the other side, it has been
done in a case—control manner.

It appears that the use of antioxidants in oral and
periodontal surgery are the way forward for improving
and accelerating healing procedures.

CONCLUSION

Considering the limitations of an experimental study,
it can be concluded that TBHQ may enhance the
healing of the hard tissue in teeth sockets.
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