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ABSTRACT

This study aimed to evaluate the effects of systemic melatonin on wound
healing after tooth extraction. This study was conducted on twenty healthy adult
male New Zealand albino rabbits. Tooth extraction was done on all rabbits, and
then animals were divided into two major groups. Control group (n=10):
received no treatment. Melatonin treated group (n=10): received melatonin
orally (1mg\kg) dissolved in distilled water; gave it to the rabbits once daily for
a determined period. On days seventh and fourteenth, all animals in each group
were sacrificed. The wound area site undergoes histological examination to
compare the healing among the control group and melatonin treated group. The
present study demonstrated that melatonin treated group found to accelerate
wound healing manifested by a score of angiogenesis (1.6 £ 0.54), granulation
tissue (2 £ 0.70) and reepithelization (1.2 + 0.44) while a decrease in
inflammatory cells (0 + 0.00) in comparison to control group at 7" and (2 +
0.70),( 2.2 + 0.44),(2.6 + 0.54) respectively and decrease in inflammation(0 £
0.00) at the 14™ day. In this study, we found that systemic melatonin accelerates
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INTRODUCTION

Tooth extraction initiates a series of reparative
processes including both hard tissue (i.e., alveolar
bone) and soft tissues (periodontal ligament, gingiva)
(Farina and Trombelli, 2011). Several alterations
occur after tooth extraction, both histologically and
clinically. A blood clot forms then are replaced by
granulation tissue, which is then replaced by
mineralized, immature, woven bone in the first 6-8
weeks following an extraction. However, bone
remodeling will yield mature bone in the next 16-18
weeks, with little consistency among patients. In fact,
in some patients, the process of bone remodeling may
not be finished by the end of these 24 weeks
(Kulkareni et al., 2019).

Accelerate  wound healing after a tooth
extraction is helpful in dental treatment (Khoswanto,
2019). The use of antioxidants such as melatonin may
support wound healing after tooth extraction
(Sharafati-Chaleshtori et al., 2017). Lerner et al.,
(1958) discovered melatonin  (Nacetyl5methoxy-
tryptamine), an indoleamine, in the bovine pineal gland
in 1958 (De Rensis et al., 2020). It's a pineal gland-
produced circadian endocrine molecule that was first
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identified as a factor in regulating physiological
systems and processes, including circadian rhythms,
Immune system, cardiovascular system, reproduction,
hormone secretion, accelerates wound healing and
aging process (Hardeland, 2017).

Exogenous melatonin has hypnotic/sedative
effects, improves angiogenesis phases of wound
healing, counteracts immune deficiencies, changes the
timing of fatigue and sleep, acts as an acute sleepiness-
inducing, and affects circadian rhythms and general
health. (Barriga et al., 2001). A recent study found
that melatonin ameliorates autistic-like behavior
induced in pups of rats ( Taqga et al., 2021). Melatonin
is said to have both receptor-mediated and receptor-
independent effects (for example, radical scavenging)
actions(Imenshahidi et al., 2020). Therefore, this
study aims to evaluate melatonin's clinical and
histological effect on socket wound healing after tooth
extraction.

MATERIALS AND METHODS

The research was conducted at the Department
of Dental Basic Science, College of Dentistry,
University of Mosul, Iraq.
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Animals:

Twenty healthy adult male white albino rabbits
with a weight range from (1.5- 2.5) Kg, aged (5-6)
months used in this study. The animals were housed in
normal conditions, including ad libitum feeding (wheat
and fresh vegetables), housing at (25) °C room
temperature, and a 12-hour lighting and 12-hour
darking system (Ayranci et al., 2016). The animal was
held in a cage at the University of Mosul's College of
dentistry's animal house . A veterinarian examined the
animals to determine their general health and condition
prior to surgical procedure.

Surgical procedure:

Ketamine hydrochloride (40 mg/kg) and
xylazine (5 mg/kg) injections were administered
intramuscularly to anesthetize the rabbits (Salduz et
al., 2017) within 5 minutes, complete anesthesia had
been achieved. The animals were put in a left lateral
position on the operation table, and the left central
incisor was separated from the upper jaw using a
standardized sterile procedure.

Experimental Protocol:

This study was conducted on twenty healthy
adult male New Zealand albino rabbits. Tooth
extraction was done on all rabbits (Fig. 1, A and B) and
then animals were divided into two major groups.
Control group (n=10): received no treatment.
Melatonin treated group (n=10): received melatonin
(Img\kg) systemically gave it by mouth once time
daily for a determined period time (Fig.2, A and B). On
days seventh and fourteenth, all animals in each group
were  sacrificed and  underwent histological
examinations. The area of socket wound site was

performed to compare the healing of the control and
melatonin-treated groups.

Fig.1: A: Picture of the anesthetized rabbit .B: Rabbits
Tooth after extraction.

Post-Operative Care:

Immediately after the procedure, the rabbits
were separated until they recovered from anesthesia.
Observation of the feeding and physical activity of the
operated animals during the first 24 hours after surgery.

Fig.2: A: On the seventh day of treatment. B: On the
fourteenth day of treatment.

Histopathopathological examination:

On the 7" and 14™ day of treatment, all animals
were sacrificed for histopathological examination of
the oral mucosal wound of the socket. The tissue was
fixed, processed and stained by Hematoxylin and
Eosin, then examined under a light microscope, and the
criteria  of histopathological examination were
according to (Gupta and Kumar, 2015; Lucaciou et
al., 2015; Salim and Munawah, 2020)

Statistical analysis:

The data were expressed as mean + SD, and
the variance between two experimental sets was
statistically analyzed using Non-parametric analysis
and a two-sample Mann-Whitney U test. The
significance threshold was set at P < 0.05 (Ali and
Bhaskar, 2016).

RESULTS
On day 7: Control group:

The microscopic investigation of histological
slides representing by peripherally present newly blood
vessels (angiogenesis), the histopathological score's
mean value was (1.4+0.54), scanty amount of
granulation tissue, the mean value of histopathological
score was (1.6 £ 0.54), and inflammatory infiltration
the histopathological score's mean value was, (1.8 +
0.83) without reepithelialization the mean value of
histopathological score was (0+0.0) (Table 1 ; Fig. 3,
4).

Table 1: Histopathological Finding of Socket
wound healing that treated systemically. (Mean +
standard deviation) on day 7.
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Control 1.8+ 14+ 1.6+ 0.0+
0.83 0.54 0.54 0.0

Melatonin 0+ 1.6+ 20+ 1.2+
0.00 0.54 0.70 0.44

P-value 0.005 0.55 0.339 0.004
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Fig. 3: Mean rank differences between control and
systemically melatonin treated  groups on the 7" day of
healing for inflammation, Angiogenesis, Granulation and
Reepithelization.

Group treated with melatonin systemically:

The microscopic investigation of histological
slides shows the site of wound represented by
peripherally ~ present  newly  blood  vessels
(angiogenesis), the mean value of histopathological
score (1.6 0.54), moderate amount of granulation
tissue, the mean value of histopathological score was
(2+ 0.70), without inflammatory infiltration, the
histopathological score's mean value was (0 £ 0.00)
and reepithelialization bellow the half of the wound,
the mean value of histopathological score was (1.2 £
0.44) (Table 1; Figs. 3 and 4).

the tooth socket:

A: photomicrograph of socket wound of control group shows (A)
representing by the scanty amount of granulation tissue (score 1)
(B), peripherally present newly blood vessels (angiogenesis) (score
1), (C), and inflammatory infiltration (score 1) without
reepithelialization (score 0) (D).100X.

B: photomicrograph of socket wound of control gp representing by
(A) scanty amount of granulation tissue (score 1) (B), peripherally
present newly blood vessels (angiogenesis) (score 1), (C), and
inflammatory infiltration (scorel) without reepithelialization (score
0) (D), 400X.

C: photomicrograph of socket wound of melatonin group (A) representing
by a moderate amount of granulation tissue (score 2) (B), peripherally
present newly blood vessels (angiogenesis) (score 1), (C), without
inflammatory infiltration (score 0) and reepithelialization bellow the half of
the wound (score 1) (D). 100X.

D: photomicrograph of socket wound of melatonin group (A)
representing by a moderate amount of granulation tissue (score 2)
(B), peripherally present newly blood vessels (angiogenesis) (score
1), (C), without inflammatory infiltration (score 0) and
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reepithelialization bellow the half of the wound (score 1)
(D). 400X.

On Two independent Sample (Mann Whitney
U), the Statistical test showed that the mean of the
melatonin-treated group is higher than that of the
control group for inflammation and reepithelization. P-
value was less than 0.05, which indicates a significant
difference in inflammation and reepithelization
between the two groups. In contrast, the P-value of
angiogenesis and granulation was more than 0.05,
showing a non-significant difference  between
melatonin and the control group.

On day 14 :

Control group:

Photomicrograph of socket wound of control group
shows the site of wound representing by peripherally
present newly blood vessels (angiogenesis), the
histopathological score's mean value was (1.6 £ 0.54),
scanty amount of granulation tissue, the mean value of
histopathological score was (1.4+ 0.54), inflammatory
infiltration, the histopathological score's mean value
was (1.4+ 0.54)) and reepithelialization bellow the half
of the wound, the mean value of histopathological
score was (1.2 + 0.44).

Melatonin treated group (Systemically):
Photomicrograph of socket wound of melatonin group
shows the site of wound representing by peripherally
and centrally present newly blood vessels
(angiogenesis), the mean value of histopathological
score was (2 +0.70), a moderate amount of granulation
tissue, the histopathological score's mean value was
(2.2 £ 0.44), (C), without inflammatory infiltration, the
mean value of histopathological score was (0 £0.0) and
irregular full thickness of reepithelialization of the
wound is the histopathological score's mean value was
(2.6 £ 0.54) (Table 2; Figure 5 and 6).

Table2: Histopathological Finding of Socket wound
healing that treated systemically at 14" day (mean +
standard deviation).
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Fig. 5: Mean rank differences between control and
systemically melatonin treated groups on the 14" day
of healing for inflammation, Angiogenesis, Granulation
and Reepithelization.
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Fig. 6: Fourteenth day period of the histopathological section of the
tooth socket.

A: photomicrograph of socket wound of the control group (A)
representing by the scanty amount of granulation tissue (score 1)
(B), peripherally present newly blood vessels (angiogenesis) (score
1), (C), inflammatory infiltration (score 1) and reepithelialization
bellow the half of the wound (score 1) (D) 100X.

B: photomicrograph of socket wound of the control group (A)
representing by the scanty amount of granulation tissue (score 1)
(B), peripherally present newly blood vessels (angiogenesis) (score
1), (C), inflammatory infiltration (score 1) and reepithelialization
bellow the half of the wound (score 1) (D) 400X.

C: photomicrograph of socket wound of treated group (A)
representing by a moderate amount of granulation tissue (score 2)
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(B), peripherally and centrally present newly blood vessels
(angiogenesis) (score 2), (C), without inflammatory infiltration
(score 0) and irregular full thickness of reepithelialization of the
wound area (score 3) (D).100X.

D: photomicrograph of skin wound of melatonin group (A)
representing by a moderate amount of granulation tissue (score 2)
(B), peripherally and centrally present newly blood vessels
(angiogenesis) (score 2), (C), without inflammatory infiltration
(score 0) and irregular full thickness of reepithelialization of the
wound area (score 3) (D).400X.

On Two independent Sample (Mann-Whitney
U test), the statistical test showed that the mean of
melatonin treated group is higher than of control group
for inflammation, granulation and reepithelization, at
P-value < 0.05 which indicate there is a significant
difference  in  inflammation, granulation and
reepithelization between two groups while P-value of
angiogenesis was found to be more than 0.05 which
indicate a non-significant difference between melatonin
and control group.

DISCUSSION

The natural wound healing process is a primary
goal of every surgical procedure (Yeyen et al., 2013).
Wound healing is a multi-step process that begins with
the inflammation and progresses through granulation
tissue formation, angiogenesis, re-epithelization, and
wound contraction (Taga et al ., 2014)

In this research, we found that melatonin
accelerates wound healing after tooth extraction in
rabbits; these results agree with the previous study that
shows melatonin accelerates normal wound healing in
rats by interacting with and modulating key biological
processes such as inflammation, angiogenesis, collagen
synthesis, and scar formation that drive the wound
healing response (Pugazhenthi et al., 2008).

This project showed a decline in the
inflammatory response in groups treated with systemic
melatonin. This agreement with Xu et al., (2020) who
reported that melatonin is a bioactive substance that
can effectively promote muscle recovery by inhibiting
oxidative stress and inflammation.

Acute inflammation and chronic inflammation
stages occur during the inflammation stage, and
Macrophages are cells that actively contribute during
the chronic inflammation stage. Macrophages perform
phagocytosis, collagen synthesis, granulation tissue
creation in cooperation with fibroblasts, growth factor
generation, and angiogenesis (the formation of new
capillaries) (Yulilati et al. 2020). According to Mei et
al., (2002) that showed melatonin could regulate
macrophage activity.
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This study shows that the positive effect of
melatonin on angiogenesis in the socket is supported
and agreed with several studies like Soybir et al.,
(2003) who found that after applying melatonin to
wounds, the number of vessels increased. Jin et al.,
2018) said that melatonin sped up the healing process
in diabetic mice. Mice in diabetes with the melatonin
group had more capillaries than those in the diabetes
group (Chen et al., 2021). Ma et al., (2020) showed
melatonin has a positive effect on both angiogenesis
and wound healing. Melatonin therapy also accelerated
the angiogenic process by raising vascular endothelial
growth  factor protein, which increased the
development of new blood vessels (VEGF) which is a
major contributor to angiogenesis) expression during
granulation tissue formation.

The current study's histopathological findings
revealed significant variations in wound healing
between control and melatonin-treated groups. using it
increases the granulation tissue and reepithelialization
and this agrees with Kaczmarek-Szczepanska et al.,
(2021) that showed melatonin  accelerates
reepithelialization., On days 7 and 21. Jin et al., (2018)
revealed that the diabetes group treated with melatonin
had more collagen deposition than the diabetes group.
Melatonin therapy increased arginase activity (which
produces proline, a component of collagen formation)
from earlier periods ( Ma, et al., 2020 ).

Melatonin's ability to speed wound healing in
this study may be due to its ability to reduce oxidative
stress. It is thought to have a far more substantial
antioxidant impact than vitamins E, C, and glutathione.
This property aids wound healing, as compared to
traditional antioxidants, which neutralize one or less
ROS, the molecule can capture up to ten (Tan et al.,
2015).

CONCLUSION

This study showed that melatonin administration
speeds up the healing process of the wound of a tooth
socket. This is manifested by decreasing the
inflammatory cells and increasing angiogenesis of
blood wvessels, granulation tissue formation, and
reepithelization.
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