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Ab s t r ac t
Aim and objective: To histologically compare alveolar bone repair after tooth extraction treated with melatonin and calcium sulfate in an in 
vivo experimental study in guinea pigs (Cavia porcellus). 
Materials and methods: The study was of longitudinal, prospective, and experimental design in an animal bio-model. A total of 24 male guinea 
pigs were included, weighing from 700 to 900 g and separated into two experimental groups (melatonin and calcium sulfate) for three periods 
(15, 30, and 45 days) at 15-day intervals after surgery. The guinea pigs were randomly included into groups for the time evaluated.
Results: In relation to bone repair cells using calcium sulfate, the presence of osteoblasts at 15, 30, and 45 days was 39.0 ± 63, 55.3 ± 6.0, 
respectively, with 61.3 ± 10.0 cells per field. Regarding bone repair cells using melatonin, the presence of osteoblasts at 15, 30, and 45 days 
was 25.0 ± 3.7, 49.3 ± 1.5, respectively, with 53.6 ± 5.6 cells per field.
Conclusion: Both melatonin and calcium sulfate were found to be useful in bone repair at a histological and clinical level, although they present 
certain nonsignificant, albeit marked advantages in the bone repair process when compared with the control socket at the histological level.
Clinical significance: This research allows us to know the usefulness of these easily accessible chemicals for the generation of bone repair.
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In t r o d u c t i o n
The insertion periodontium is a functional unit that is found 
around the tooth, the main role of which is to maintain the tooth 
firmly anchored in its physiological position. This unit constitutes 
a structural assembly made up of cement, periodontal ligament, 
and alveolar bone.1 When tooth loss due to avulsion (fortuitous 
or pathological) or therapeutic extraction occurs, the cement and 
part of the periodontal ligament, firmly anchored to the dentin 
surface, accompany the tooth, while the rest of the ligament and 
alveolar bone lose their anchoring function and are gradually 
reabsorbed.1–5

Knowledge of the histological structure of this bone tissue 
and its physiological mechanisms of structural maintenance is 
therefore essential to improve the rational use of new therapeutic 
technologies aimed at improving bone regeneration.1 Blood factors 
are involved in alveolar bone repair, including granulation tissue, 
of which fibroblasts are the most representative cells. The bone 
matrix is made up of osteoblasts, and mineralized bone includes 
the presence of osteoclasts. Bone repair processes involve bone 
production by osteoblasts and bone resorption by osteoclasts that 
consolidate over time.4–8

Osteoblasts are the cells that differentiate the synthesis of the 
organic matrix of bone which together make up the osteoid, after 
stimulation by parathormone, vitamin D, estrogens, and leptins.1 
On the contrary, osteoclasts originate in the bone marrow and 
belong to the monocyte–macrophage system. The cytoplasm of 
osteoclasts measures 40–150 microns. It is acidophilic and has four 
to six nuclei and has a rough area on the contact surface with the 
bone trabecula, which is formed by numerous folds of the plasma 
membrane.2,10–12

The literature has mentioned that melatonin could have effects 
on bone healing since it has a protective effect due to its ability 
to regulate the antioxidant effects of osteogenic cells, in addition 
to promoting angiogenesis.8–10 The bone matrix is made up of 
two main components: an organic matrix that represents 35% 
of the dry weight and an inorganic component that represents 
65%. The organic portion of the matrix, or osteoid, is made up of 
collagen fibers, mainly type I (90%), in the form of large bundles, 
and it also contains small proportions of type III and IV collagen. 
The remaining 10% is made up of noncollagen substances, 8% of 
which are glycoproteins, phosphoproteins, and proteoglycans. The 
remaining 2% is represented by enzymes (alkaline phosphatase, 
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collagenase, among others), extravasated products from the blood, 
and by growth factors (the osteoinductive factor—osteogenin—, 
transforming growth factor beta, fibroblast growth factor, among 
others) that have part of their reservoir in the bone matrix.3–5 After 
extraction, the socket undergoes a series of processes to preserve 
the alveolar dimension and avoid reabsorption which could be 
detrimental for subsequent repair with implants or for making 
removable prostheses.

The purpose of this study is to histologically compare alveolar 
bone repair after tooth extraction treated with melatonin and 
calcium sulfate in an in vivo experimental study in guinea pigs 
(Cavia porcellus).

Mat e r ia  l s a n d Me t h o d s

Design and Sample Size
The study was of longitudinal, prospective, and experimental 
design in an animal bio-model (C. porcellus). A pilot test was 
carried out for each period and according to the results obtained. 
The sample size was calculated using the two-means comparison 
formula with Software Stata® 15 (Texas, USA), for which an alpha of 
0.05 and a beta of 0.8 were considered.

Allocation
The animals were caged and coded by a single operator. The entire 
study was carried out by double-blindness. A total of 24 male 
guinea pigs (C. porcellus) weighing within the range of 700–900 g. 
The animals were randomly separated by simple random sampling 
into two experimental groups (melatonin and calcium sulfate) 
for three periods (15, 30, and 45  days) at 15-day intervals after 
surgery and were transferred to the operating room of the Faculty 
of Zootechnics of the Universidad Nacional Agraria La Molina. The 
following groups were formed (Flowchart 1):

First period (15 days): Eight C. porcellus
Group I: C. porcellus receiving calcium sulfate.
Group II: C. porcellus receiving melatonin.

Second period (30 days): Eight C. porcellus
Group III: C. porcellus receiving calcium sulfate.
Group IV: C. porcellus receiving melatonin.

Third period (45 days): Eight C. porcellus
Group V: C. porcellus receiving calcium sulfate.
Group VI: C. porcellus receiving melatonin.

Inclusion Criteria
•	 C. porcellus with good general condition.
•	 1 year of age.
•	 Weight ranging between 0.7 kg and 1.2 kg.
•	 Male sex.

Exclusion Criteria
•	 C. porcellus with a poor general condition or with some physical 

alteration.
•	 C. porcellus that do not conform to ad libitum feeding.

Preparation of Calcium Sulfate for Grafting
About 250  g of calcium sulfate powder was collected in a steel 
container and sterilized by dry heat in a hot air oven at 121°C for 
15 minutes and then stored in a sterile package. Half an hour before 
surgery, the calcium sulfate was mixed with absolute alcohol to 
make a pasty material, ensuring additional sterilization of the 
powder. Following evaporation of the alcohol after 30 to 45 minutes, 
the calcium sulfate became a dry powder. Once the dry powder was 
ready, 1 g of ceftriaxone powder was added and mixed followed 
by distilled water to make a thick paste powder to be incorporated 
into the postextraction cavity.

Preparation of Melatonin for Grafting
One gram tablets of pure melatonin without excipients were 
crushed to the consistency of a powder and then diluted with 
distilled water to make a pasty consistency. Like the preparation 
of calcium sulfate, 70% alcohol and 1 g of ceftriaxone were added 
to the mixture to produce a cement powder. 

Tooth Extraction
All the animals (n = 24) underwent extraction of the mandibular 
premolars from both sides. According to the study group, the 
experimental material was placed in the right socket of each animal 
and the left socket served as control. For molar extraction, each 
animal was anesthetized with an intraperitoneal dose of 30 mg/kg 
of sodium pentobarbital. Each C. porcellus was then wrapped in a 

Flowchart 1: Flow diagram shows study protocol
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surgical field and the mouth was kept open with adapted surgical 
separators. For the extraction of the teeth, an intrasulcular incision 
was made around the first right and left mandibular molars using a 
number 15 scalpel blade, and a full-thickness flap was then lifted. 
Exodontia was performed using an elevator for deciduous teeth 
conditioned with a 3 mm active part and with Dove tooth forceps 
for deciduous teeth. The melatonin or calcium sulfate material 
was randomly placed inside one of the alveoli and the wound was 
sutured with Vicryl (RB1-5/0). The contralateral dental socket that 
served as the control was washed with distilled water. The animals 
were sacrificed by anesthetic overdose at 15, 30, and 45  days 
postextraction (Fig. 1).

Histological Procedure
After euthanasia, the jaw of the animal was removed and both 
hemiarcates were separated. The following procedures were then 
performed: (a) Fixation: The samples obtained from the dental alveoli 
of the C. porcellus jaw were placed in glass jars with 10% formalin. They 
were then subjected to a decalcification process with 5% nitric acid 
for a period of 20 days. (b) Dehydration: The fixed tissue was placed 

in alcohol of increasing degrees starting with 50% until reaching 
absolute alcohol. Subsequently, the clearance process was carried 
out consisting of placing the piece in Xylol (an intermediate between 
ethanol and paraffin). The piece was embedded in paraffin until a 
block was obtained. (c) In object holders, the paraffin block was cut 
into slices between 5 and 10 µm thick, which were placed in a water 
bath. The slices on the slides were then stained with hematoxylin and 
eosin. (d) Histological analysis was performed by blind reading using 
a multihead light microscope (Olympus, model BX50F4, Olympus 
Optical Co, Ltd. Japan) at 400× magnification. Two fields were chosen: 
one in the apical area of the socket and the other in the middle area, 
recorded by microphotographs (Figs 2 and 3).

Ethical Considerations
This study was reviewed by the graduate office of the School 
of the National University Federico Villarreal with approval 
code 192-2017-OG-EUPG-UNFV. Additionally, the writing of this 
manuscript was prepared following The ARRIVE guidelines (Animal 
Research: Reporting of In Vivo Experiments) as a checklist of 
recommendations to improve the reporting of research involving 
animals.

Statistical Analysis
Summary measures tables (mean, median, 25th percentile, 75th 
percentile, and standard deviation) were prepared to determine the 
distribution of the data for each measure (fibroblasts, osteoblasts, 
and trabeculae) at each time. To compare between groups, the 
Wilcoxon rank-sum test was used for each of the measurements 
and times, with a significance level of 0.05. The database was made 
in Excel v2010. Data processing and analysis were performed with 
the Stata 15 statistical program (Texas, USA).

Re s u lts
In relation to the apical third, the presence of osteoblasts at 15, 
30, and 45 days was 39.0 ± 63, 55.3 ± 6.0, and 61.3 ± 10.0 cells per 
field, respectively. However, the measurements in relation to the 
middle third were relatively lower with 36.2 ± 16.8, 44.6 ± 4.9, and 
52.0 ± 14.4 cells per field at 15, 30, and 45 days, respectively. The 
inferential analysis only showed statistically significant differences Fig. 1: Tooth extraction

Fig. 2: (Group I) Optical photomicrograph of alveolar bone with 
hematoxylin–eosin staining. 400 × magnification. Osteoblasts and bone 
matrix, osteocytes, and fibroblasts are observed

Fig. 3: (Group II) Optical photomicrograph of alveolar bone with 
hematoxylin–eosin staining. 400 × magnification. Osteoblasts and bone 
matrix, osteocytes, and fibroblasts are observed
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at 30 and 45 days in the middle and apical thirds, respectively, with 
a p <0.05 (Table 1).

In relation to the apical third, the presence of osteoblasts at 15, 
30, and 45 days was 25.0 ± 3.7, 49.3 ± 1.5, and 53.6 ± 5.6 cells per 
field, respectively, while the measurements related to the middle 
third were relatively heterogeneous at 15, 30, and 45  days with 
17.3 ± 4.5, 51.3 ± 2.5, and 49.0 ± 4.0 cells per field, respectively. The 
inferential analysis only showed statistically significant differences 
at 15 and 30 days in the apical and middle thirds, respectively, with 
a p <0.05 (Table 2).

In relation to the apical third, the presence of osteoblasts at 
15, 30, and 45 days was 24.7 ± 9.2, 42.0 ± 0.0, and 45.5 ± 14.3 cells 
per field, respectively. However, the measurements of the middle 
third were relatively lower at 15, 30, and 45 days with 22.5 ± 3.8, 
44.0 ± 0.0, and 44.7 ± 5.3 cells per field, respectively (Table 3).

Di s c u s s i o n
The present study histologically compared the effects of melatonin 
and calcium sulfate on the alveolar bone repair process after tooth 
extraction. The results demonstrate that the alveolar bone repair 
process involves a series of events that include the formation of 
a provisional matrix and a mineralized bone. The indicators used 
in the present study to assess alveolar bone repair were similar to 
those described elsewhere.13–15

The results show a series of similarities compared to other 
studies including bone formation with and without the application 
of the experimental material, and the samples were very 
homogeneous and compact with the calcium sulfate compared to 
the control socket. The coagulated alveoli showed statistically less 
bone formation than the defect presented by the calcium sulfate 
filling. The mean bone formation of the trabecular bone area was 
greater in the grafts than in the control group. Greater provisional 
matrix was observed at 14 days in the sockets with calcium sulfate 
compared to the control sockets and this was maintained at 30 days.

According to the formation of granulation tissues, bone matrix, 
and mineralized bone in the socket receiving melatonin compared 
to the control socket, the number of fibroblasts increased up to 
30 days, in both the apical and middle areas. The values at 45 days 
were like those at 15 days. In the bone matrix, osteoblasts were 
found to increase on both sides at 45 days. There were significant 
differences compared to the control socket in relation to tissue 
granulation with the presence of fibroblasts at 15 and 30 days in 
the apical and middle areas. Regarding the bone matrix, there was a 
significant difference in the medial and apical area at 30 days, with 

Table 1: Bone repair cells according to time and alveolar third using 
calcium sulfate

Time Section Cell Mean SD p
Day 15 Apical third Fibroblasts 31.7 4.5 >0.05

Osteoblasts 39.0 6.3
Trabeculae 2.0 0.0

Middle third Fibroblasts 39.0 2.9 >0.05
Osteoblasts 36.2 16.8
Trabeculae 1.7 0.9

Day 30 Apical third Fibroblasts 49.6 8.3 >0.05
Osteoblasts 55.3 6.0
Trabeculae 2.3 1.1

Middle third Fibroblasts 51.0 2.0 0.036
Osteoblasts 44.6 4.9
Trabeculae 1.6 0.5

Day 45 Apical third Fibroblasts 30.6 1.5 0.033
Osteoblasts 61.3 10.0
Trabeculae 2.3 0.5

Middle third Fibroblasts 38.3 17.6 >0.05
Osteoblasts 52.0 14.4
Trabeculae 2.6 0.5

Table 2:  Bone repair cells according to time and alveolar third using 
melatonin

Time Section Cell Mean SD p
Day 15 Apical third Fibroblasts 33.2 1.7 0.04

Osteoblasts 25.0 3.7
Trabeculae 1.2 0.5

Middle third Fibroblasts 26 4.0 >0.05
Osteoblasts 17.3 4.5
Trabeculae 1.6 0.4

Day 30 Apical third Fibroblasts 34.3 5.6 0.036
Osteoblasts 49.3 1.5
Trabeculae 2.0 1.0

Middle third Fibroblasts 39.3 6.6 0.036
Osteoblasts 51.3 2.5
Trabeculae 2.0 0.0

Day 45 Apical third Fibroblasts 33.3 4.0 >0.05
Osteoblasts 53.6 5.6
Trabeculae 2.0 0.0

Middle third Fibroblasts 42.3 4.1 >0.05
Osteoblasts 49 4.0
Trabeculae 2.0 0.0

Table 3: Bone repair cells according to time and alveolar third in the 
control socket

Time Section Cell Mean SD
Day 15 Apical third Fibroblasts 32.5 7.1

Osteoblasts 24.7 9.2
Trabeculae 2.0 0

Middle third Fibroblasts 29.0 11.8
Osteoblasts 22.5 3.8
Trabeculae 1.2 0.5

Day 30 Apical third Fibroblasts 45.0 0
Osteoblasts 42.0 0
Trabeculae 2.0 0

Middle third Fibroblasts 46.0 0
Osteoblasts 44.0 0
Trabeculae 2.0 0

Day 45 Apical third Fibroblasts 42.7 8.8
Osteoblasts 45.5 14.3
Trabeculae 2.0 0.8

Middle third Fibroblasts 34.7 18.2
Osteoblasts 44.7 5.3
Trabeculae 2.2 0.5
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Co n c lu s i o n
The use of calcium sulfate for alveolar bone repair post-tooth 
extraction increases fibroblast production in both the apical and 
middle thirds for up to 30 days, while at 45 days these values 
are similar to those at 15 days. An increase in osteoblasts was 
observed at 30 and 45 days on both sides of the mouth; however, 
no changes in trabeculae were observed. Both melatonin and 
calcium sulfate were found to be useful in bone repair at both 
a histological and clinical level, although at a histological level, 
they present certain nonsignificant, albeit marked, advantages 
in the bone repair process when compared with the control 
socket.
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