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ABSTRACT

Periodontitis is a disease in the oral cavity most commonly experienced by humans, namely
inflammation characterized by damage to the supporting tissues of the teeth (gingiva, alveolar
bone, periodontal ligament, and cementum). Periodontitis, if left untreated, will get worse and
can lead to tooth loss. Periodontal disease can be treated with both surgical and non-surgical
methods, both of which cause injury to the periodontal tissue. It is a challenge for practitioners
to develop methods and materials that can accelerate periodontal tissues' regeneration, both
soft and hard tissues. One of the marine biotas used as an additive in periodontal therapy is a
sea cucumber. Golden sea cucumber (Stichopus hermanii) contains various bioactive
components which are very beneficial for human health. The protein content in dried sea
cucumbers is 82 g per 100 g, and about 80%is in the form of collagen. Collagen has function
as a tissue binder in regenerating bones and skin

Keywords: stichopus hermanii, golden sea cucumber.

Introduction

Periodontitis is a widespread oral disease characterized by permanent damage to the teeth
supporting tissues, which include the alveolar bone, periodontal ligament (PDL), and cementum. This
ultimately resulted in the loss of teeth with severe functional and aesthetic problems for the patient, for
whom bone destruction was a significant feature of periodontitis. Pathogenic microorganisms in
biofilms, genetic factors, and environmental problems such as tobacco use can all contribute to
periodontitis and bone loss. Loss of the supporting bone around the tooth causes movement and
dislocation of the tooth, resulting in tooth loss. Various techniques have been developed to enhance the
osteogenesis process, including bone grafts, scaffolds, stem cells, and growth factors. Bone can
regenerate as part of the injury repair process. Bone regeneration consists of a well-regulated series of
biologic induction and conduction events involving cell types and intracellular and extracellular

molecular signaling pathways to optimize repair and restore function.™?

Golden sea cucumber contains active ingredients and potential therapeutic properties such as
triterpene glycosides, carotenoids, bioactive peptides, fatty acids, collagen, gelatin, chondroitin sulfate,
vitamins, minerals, amino acids, 86.8% protein, essential fatty acids, doco hexanoic acid, a natural

antiseptic, cell growth factors, chondroitin, glucosaminoglycan (GAGS), glucosamine, Kkeratin
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glycosides, lectins, minerals, mucopolysaccharides, omega 3, 6, and collagen 80.0%. The active

ingredient has the potential to be used for nutritional consumption or as medicine.®**°

This literature review discusses the benefits and effectiveness of golden sea cucumbers as a

natural ingredient that can help develop periodontal tissues.

METHODS
Data Source
Data is collected through google, and PubMed searches published from 2016-2021. Data

search was performed using keywords; stichopus hermanii and golden sea cucumber

Research Criteria
A. Inclusion criteria

e Published articles from 2016-2021
e Articles are available online and published
e Articles related to the golden sea cucumber
B. Exclusion criteria
e Articles included in systematic reviews, literature reviews, and case reports.

e |naccessible article
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Data Collection

The data used in this review literature are secondary. The data was obtained from articles that

are then reviewed based on the criteria made by the author.

Records identified through
database searching
(PubMed) (n=4)

v

Additional records identified
through other sources (google
search) (n=122)

v

Records screened by titles
and abstracss (n=41)

_ Records excluded (n=85)

b

Full-text articles assessed
for eligibility (n=10)

)\ 4

_ Full-text articles excluded,
with reasons (n=31)

Articles agreed for
inclusion in the review

Figure 1. The flow chart of the journal search to be synthesized

RESULT

After getting 126 articles on google scholar and PubMed search, 85 articles were excluded

because they did not meet the criteria for the publication year that the author wanted. So, 41

articles were read in the title and abstract, after which 31 articles were excluded because they

did not meet the inclusion criteria. There are ten articles that will be reviewed and entered into

the synthesis table.
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NO AUTHOR YEAR TITLE METHOD CONCLUSION
1(w. 2017 | The effects of | 25 male wistar rats were It was revealed from our study
Prananingrum, blood cockle’s | divided into 5 grups. The | that the combination graft
etal.?” shell and graft material were material that contain with

golden sea implanted into rat femur blood cockle’s shell and sea
cucumber on for 14 days. Thereafter, cucumber 1,6% has a good
osteoblast- histological analysis were | effect on the number of
osteoclast in performed and the number | osteoblast and osteoc;ast in
vivo of osteoclast and Vivo
osteoblast were evaluated
2 | Wahyuningtyas 2018 | Sticopus 75 male of Rattus Sprague | Stichopus hermannii collagen
and Erwan hermanii dawley, divided into 3 with local hydroxyapatite as
Sugianto® collagen with | groups. Group I, bone substitute material
local Stichopus hermanii increase osteoclast compared
Hydroxiapatite | collagen + local HA, with Stichopus hermanni
as bone group Il was S.hermanii collagen, and collagen.
substitute collagen, Group 1l was Stichopus hermanni collagen
material collagen. Each of the with local hydroxyapatite
toward subject was decapitated does not cause systemic
osteoclast after 3, 7,14,28,56 days toxicity
number and after treatment
Toxicity
3 | Dirmadana, et 2017 | Inovasi 30 male adult guinea pigs | Inovation of Stichopus
al.® Stichopus divided into 5 groups, hermanii and HBOT increased
hermanii dan negative group, positive the number of fibroblast in
TOHB dalam | group, S.hermanii periodontal ligament during
meningkatkan | treatment group, HBOT orthodontic tooth movement
jumlah group and combination
fibroblast pada | group. Maxillary incisor
ligament of guinea pigs was placed
periodontal a helical spring in order to
move the teeth to distal
4| Rima, 2019 | Effectiveness | Thirty male rats were Bone mat formation in the
hansen? of anadara divided into five groups. | control group occurred on day
granosa shell- | Gelatin was applied as a 14. Application of bone graft
Stichopus control. Scaffold from from AG showed an increase
hermanii anadara granosa shell in the formation of bone
granules at applied to the AG group. | webbing. The combined
accelerating AGSH 1-3 groups application of the AG-SH
woven bone received scaffold from the | bone graft promotes the
formation combination of AG and formation of a wider bony
fourteen days | SH shell ata web. The bone graft
after tooth concentration of 0.4%, application of the AG shell
Extraction 0.8%, I, 6%. Fourteen did not sufficiently expand the

days later, the subjects
were sacrificed, and
the RB specimen was
taken and then placed
in a 10%buffered
formalin solution.
Specimens stained
with eosin hemotoxin.

area of bony matting.

Extensive bone matting was
increased through the
application of the bone graft

in the AGSH 1, AGSH2,
AGSH 3 groups, while themost
significant expansionwas in the
AGSH3 group (1.6%)
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Safina, et al.*?

2016

The
effectiveness
of the
combination of
hyperbaric
oxygen
therapy and
golden sea
cucumber gel
(S.hermanii)
on increasing
the number of
osteoblasts in

20 Wistar rats were
divided into five groups,
namely K (untreated), K1
(induced by
Streptozotocin + PG
bacteria), K2 (induced by
streptozotocin + PG
bacteria + golden sea
cucumber gel), K3
induced by Streptozotocin
+ PG + hyperbaric oxygen
therapy and K4
(Streptozotocin + PG +

There was a significant
difference in the number of
osteoblasts in groups K with
K2, K3, K4, and groups K1
with K2, K3, K4.

DM rats hyperbaric oxygen therapy
induced by PG | + golden sea cucumber gel
therapy) .. on day 53 the
rats were euthanized. The
cervical dislocation was
performed and then
decapitated to be taken.
Decalcification was
carried out using EDTA
10%. Furthermore, HE
staining was carried out
and then observed using a
microscope, and the
number of osteoblast cells
was counted, which was
seen at 400 times the ratio
Noengki 2020 | The effect of Thirty-two male guinea The highest decrease occurs
Prameswari, stichopus pigs were 2,5 months old. | after administration of 3,5%
Arya hermanii to They were divided into stichopus hermanii gel wich
Brahmanta, TLR-4in four groups, namely induces a decreased
Syamsulina mediating positive control group, remodeling reflected in the
refianti 2 periodontal negative control, FGF-2 and collagen site 1
ligament administration of exspression
remodeling stichopus hermanii with a
during concentration of 3%, and
orthodontic administration of
relapse stichopus hermanii with a

concentration of 3.5%, the
preparation in the form of
a gel.
Immunohistochemical
examinations were
performed to see a
decrease in osteoclastsand
TLR-4
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Rima parwati
sari et al.*?

2017

The effect of
anadara
granosa shell-
stichopus
hermanni on
bFGF
exspressions
and blood
vessel counts
in the bone
defect healing
process of
wistar rats

Thirty-two male guinea pigs
were 2,5 months old. They
were divided into four
groups, namely positive
control group, negative
control, administration of
stichopus hermanii with a
concentration of 3%, and
administration of stichopus
hermanii with a
concentration of 3.5%, the
preparation in the form of a
gel.

Immunohistochemical
examinations were
performed to see a decrease
in osteoclasts and TLR-4.
Thirty-two male guinea pigs
were 2,5months old. They
were divided into four
groups, namely positive
control group, negative
control, administration of
stichopus hermanii with a
concentration of 3%, and
administration of stichopus
hermanii with a
concentration of 3.5%, the
preparation in the form of a
gel.

Immunohistochemical
examinations were
performed to see a
decrease in osteoclasts

and TLR-4.

The combination of
anadara graanosa and
stichopus hermanni can
increase bFGFand the
number of new blood
vessels on the seventh day
during the bone healing
process in Wistar rats.

Noengky*

2016

Osteogenesis
in the area of
the plant after
giving golden
sea cucumber
nanopowder as
an effort to
protect
orthodontic
tooth relapse

This research was conducted
on 24 male Cavia cobaya
aged 2-3 months. Cavia
cobaya wasdivided into
three groups. (K-) without
relapse and treatment), (K +)
was a positive control group
thatwas given orthodontic
relapse, and group P was
given orthodontic relapse
and 3% gold sea cucumber
nanopowder. an
immunohistochemical
examination was performed
to see the expression of
HSP-70, IL-17, MMP-8,
Integrin

a2P1, ALP, TRAP-6

The golden sea cucumber
nanopowder can reduce
relapse by as much as 30%
inthe osteogenesis process.
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9 | Rima parwati 2021 | The Effect of | Thirty male Wistar rats Scaffold from a combination
sari et al®® Anadara were divided into five of AGSH increased CD44

granosa groups. We made a bone | expression significantly,
Shell's- graft from a combination | which enhanced IL-10
Stichopus of AGSH extract using the | expression thereby decreased
hermanni freeze-dried method. the number of osteoclasts in
Scaffold on Third and Seventh days socket healing on days 3 and
CD44 and IL- | post extraction, animals 7.
10 Expression | are killed. CD44 and IL-
to Decrease 10 expression were
Osteoclasts in | examined with
Socket immunohistochemistry, as
Healing well as osteoclast was

examined with

hematoxylin-eosin.

10 | Noengky 2020 | Effect of 24 Male Cavia cobaya 3% of Stichopus Hermanni’s
Prameswari et Stichopus were divided into 4 gel with a slow maxillary
al.t® Hermannito | groups;K(-) as the expansion

Remodeling negative control group.

Maxillary Helical spring were showed that appliance can
suture applied to the other 3 increase the cranial width and
Expansionon groups for 10 days. K(+) insisivi distance but can’t
Craniofacial

Structure and
Teeth

was given NaCMC 2%
gel, P1

and P2 were given
Stichopus hermanii gel
3%

increase the

bizygomatic and bigonial
width using cephalometric
analyze

LITERATURE REVIEW

Golden sea cucumber (Stichopus hermanii)

Sea cucumber, also known as sea cucumber, is a soft-bodied sea animal that is

elongated like a cucumber. Various species of sea cucumbers can be found in Indonesian
waters, even inbreeding. Holothuridea or better known as sea cucumber or sea cucumber, is
one of the Echinodermata species. Echinoderms have five classes, namely the Asteroide class
(sea stars), the Ophiuroidea class (sea stars), the Echinoid class (sea urchins), the Crinoidea
class (sea lilies), and the Holothuridea class (sea cucumbers). Holothuridae or sea cucumbers
have three families, namely the Holothuridae (genus Actinopyga and Holothuria),

Stichopodidae (genus Stichopus), and Synaptidae (genus Synapta).t’18

Golden sea cucumber contains various bioactive components that are very
beneficial to human health, one of which is an antibiotic and anti-inflammatory. The protein

content in dried sea cucumbers is 82 g per 100 g, and about 80% is in the form of collagen.
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Collagen functions as a tissue binder in bone and skin growth. Collagen is the main structural
protein in bone and cartilage. Stichopus hermanii, a type of sea cucumber that is known to
have many health benefits. Golden sea cucumber (S. hermanii) contains many minerals and

ingredients to reduce inflammatory reactions to accelerate the bone remodeling process.
3,19,20,21,22

Periodontal tissue regeneration

Bone tissue functions to provide support to muscles, allow movement and
locomotion, provide protection for organs, accommodate bone marrow, and regulate mineral
homeostasis and endocrine functions of the body, such as glucose tolerance, insulin sensitivity,
and cognitive behavior. Regeneration refers to the restoration of a lost or injured part, as
opposed to repair, which describes the healing of a wound by a tissue that does not fully restore

the function of the part.?3%*

The histological sequence of bone healing events begins with blood clots' formation
(platelets) (0 hours), which carry many growth factors. Furthermore, the blood clot is gradually
reabsorbed and replaced by immature granulation tissue (7 days), which becomes a temporary
extracellular matrix characterized by the appearance of new blood vessels, infiltration of
inflammatory cells, and immature connective tissue containing large amounts of fibroblasts
and collagen fibers. This granulation tissue will be replaced by mature connective tissue (14
days) characterized by a reduction in inflammatory infiltrates and increased bone formation.
The bone healing process is considered complete when the bone matting is visible on the visible

defect on radiographs (21 days).?>?®

Osteoblasts represent 4-6% of the total bone cell population and are mostly known
for their function of forming bone, derived from mesenchymal stem cells (MSC). After
engaging osteogenic cells, it differentiates into osteoblast progenitors that express the genes
Runx2 (Runt-related transcription factor 2) and Collal (Collagen 1al). Pre-osteoblasts then
evolve into mature osteoblasts that undergo morphological changes into large cells and are
cuboidal in shape. At this stage, mature osteoblasts can undergo apoptosis or become

osteocytes or bone lining cells.?

Osteocytes represent the final state of differentiation of osteoblasts that remain

embedded in the bone matrix in lacunae. Osteocytes are critical cells for normal skeletal
function. Play an essential role in maintaining bone homeostasis, act as mechanosensory,

regulate phosphate homeostasis through secretion into circulating fibroblast growth factor 23
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(FGF23), and regulate bone remodeling processes through direct regulation of osteoblast and
osteoclast activity.?

Apart from collagen type I (85-90 wt%), osteocalcin (OC) is the next most abundant
protein in the organic matrix of adult human bones and plays a significant role as a structure-
directing molecule and in the regulation of osteoblast and osteoclast activity. OC is present
on the surface of mineralized collagen fibrils. Investigations have revealed an association of
osteocalcin with collagen type | where the binding is reversible. Inside the collagen, osteocalcin
fibrils have been detected in the part of the fissure area and the adjacent overlap zone. Thus,
we assume that OC mediates nucleation and growth of platelet-shaped hydroxyapatite (HAP)
crystals. Osteocalcin participates in mineralization regulation because observations in

osteocalcin knockout mice suggest that osteocalcin may limit bone formation.* 272

Collagen content in sea cucumber protein is about 80% of all the protein found in the
body. Including glycoproteins, collagen, glycosaminoglycans (Hyaluronic Acid, Chondroitin
Sulfate, Dermatan Sulfate, Heparin, Heparin Sulfate), mucopolysaccharides, proteoglycans.
Collagen functions to build bones, teeth, joints, muscles, and skin. The proteinis also easily
digested by the pepsin enzyme. Collagen is needed for the formation of bones, teeth, and
metabolism in the body. Collagen intake will help grow mucosal tissue, gingiva, muscles, and
bones, increase body immunity, and heal wounds both in soft tissue and bone tissue. This is in
line with Endang Wahyuningtyas's (2018) research, which combines collagen from golden sea
cucumbers with HA. Endang stated that the combination of collagen from sea cucumber and

HA could increase osteoblasts in bone remodeling.®®

Sea cucumber (S. cucumber) has produced various bioactive therapeutic elements
such as anticancer, anti-inflammatory, and antimicrobial, which can be used as a
pharmacological complex to treat bone defects. The presence of various bioactive elements
such as triterpene glycosides (saponins), chondroitin sulfate, glycosaminoglycans (GAG),
sulfated polysaccharides, mucopolysaccharides, glucosamine, vitamins, and minerals,
especially calcium are responsible for the biomedical properties of sea cucumbers which have
beneficial effects in the treatment of arthritis disorders. Previous research studies have shown
that sea cucumbers are beneficial in healing inflammatory defects of muscle bones by

maintaining prostaglandins' balance.?®
DISCUSSION
Prananingrum, et al.’, Noengki et al® looked at the -effectiveness of
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glycosaminoglycan (GAG) in golden sea cucumbers through osteoblast-osteoclast expression
in the bone remodeling process. Many previous studies have stated that GAG, such as
chondroitin sulfate and heparin sulfate, has a positive effect on the wound healing process
because it can increase the number of fibroblasts.

Safina et al.!* conducted a study on diabetes mellitus rats induced by P.gingivalis
bacteria to see the effectiveness of a combination of hyperbaric oxygen therapy and golden sea
cucumber gel (S.hermanii), and the results showed an increase in osteoblasts in the test group.
This is in line with the results of research by Sandana et al.*°, which examined the potential of
Stichopus hermanii gel and hyperbaric oxygen therapy (HBOT) in accelerating the process of
tooth movement in orthodontic treatment. Chondroitin sulfate has antiosteoclastogenic and
flavonoid effects that increase OPG expression, increase osteoblast differentiation, and
decrease RANKL expression.

The hyaluronic acid content in sea cucumbers has a bacteriostatic and anti- inflammatory
effect that plays an important role in the wound healing process. Hyaluronic acid also plays a
role in osteoconductivity; in this case, it can accelerate bone regeneration by means of
chemotaxis, proliferation, and differentiation of mesenchymal cells. Hyaluronic acid, together
with osteogenic substances in sea cucumbers, can form bone-inducing characteristics. This is
in line with research conducted by Rima et al.°, who examined the combination therapy of
golden sea cucumber and anadara granosa. They stated that the combination of HA from
anadara granosa and hyaluronic acid from sea cucumbers effectively accelerates the formation

of woven bones after 14 days after tooth extraction.=*
31,32,33,34

Rima et al.*® again investigated the combination of the AG-Stichopus Hermanii inhibitor
through the expression of CD44 and IL-10 in reducing the number of osteoclasts in the tooth
socket. Hyaluronic acid in golden sea cucumbers interacts strongly with CD44 receptors. The
bond between HA and CD44 has been shown to reduce osteoclast activityafter tooth

extraction.

CONCLUSION

Golden sea cucumber is one of the marine microorganisms that have economic
value and can be used as food and in the health sector. Its use in tissue engineering is also
undergoing development. Several studies have proven that the golden sea cucumber content can
accelerate the regeneration of periodontal tissue, but further research is still needed regarding
the potential of golden sea cucumber in combination with other ingredients.

http://annalsofrscb.ro 4416


http://annalsofrscb.ro/

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 4407 - 4418
Received 25 April 2021; Accepted 08 May 2021.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

Liu J, Ruan J, Weir MD, Ren K, Schneider A, Wang P, et al. Periodontal Bone-
Ligament-Cementum Regeneration via Scaffolds and Stem Cells. 2019;8(6):537.
Dimitriou R, Jones E, McGonagle D, Giannoudis P V. Bone regeneration: Current
concepts and future directions. BMC Med [Internet]. 2011;9(1):66. Available from:
http://www.biomedcentral.com/1741-7015/9/66.

Mulawarmanti D. Sea Material as Alternative Farmacology (Using Cucumber seaas
Adjuvant Therapy in Dentistry). Seminar Proceeding [Internet]. 2019;1-10. Available
from: http://prosidingseminakel.hangtuah.ac.id/index.php/ps/article/view/256.
Damaiyanti DW. Characterization Of Water Extract Gold Sea Cucumber (Stichopus
hermanii). Dent J. 2015;(20).

Ghadiri M, Kazemi S, Heidari B, Rassa M. Bioactivity of aqueous and organic extracts
of sea cucumber Holothuria leucospilota (Brandt 1835) on pathogenic Candida and
Streptococci. Int  Aquat Res [Internet]. 2018;10(1):31-43. Awvailable from:
https://doi.org/10.1007/s40071-017-0186-X.

Ibrahim N ‘lzzah, Wong SK, Mohamed IN, Mohamed N, Chin KY, Ima-Nirwana S, et
al. Wound healing properties of selected natural products. Int J Environ Res Public
Health. 2018;15(11).

Prananingrum W, Sari RP, Teguh PB, Revianti S, Nurlaily I, Heryana RP, et al. The
effects of blood cockle’s shell and golden sea cucumber on osteoblast-osteoclast in vivo.
Wahyuningtyas E, Mada G, Mada G. Stichopus Hermanni Collagen with Local
Hydroxyapatite as Bone Substitute Material Toward Osteoclast Number and Toxicity.
2018 1st Int Conf Bioinformatics, Biotechnol Biomed Eng - Bioinforma Biomed Eng.
2018;1:1-4.

Robbi Akbar Dirmadana*, Ghina Sucilia Mediani*, | Ketut lka Sandana*, Febryan
Alief*, Jessica Jenuary Yasin* A brahmanta**. Innovation Stichopus hermanii and
TOHB to Increase Fibroblast in PeriodontalLigament. (Innovation. 2017;11(1).

Sari RP, Kurniawan H. Effectiveness of Anadara granosa shell-Stichopus hermanni
granules at accelerating woven bone formation fourteen days after tooth extraction. Dent
J. 2019;52(4):177.

Majdina S, Mulawarmanti D, Rizka Y. Effect of CombinationOxygen Therapyand Gel
of Sea Cucumber (Stichopus hermanii) to IncreaseOsteoblast in Mice with Diabetes
Mellitus with Induction of Porphyromonas gingivalis Bacteria. Denta. 2016;10(1):30.
Prameswari N, Brahmanta A, Revianti S. The effect of stichopus hermanii to TLR-4 in
mediating periodontal ligament remodeling during orthodontic relapse. Syst Rev Pharm.
2020;11(3):667-73.

Sari RP, Sudjarwo SA, Rahayu RP, Prananingrum W, Revianti S, Kurniawan H, et al.
The effects of Anadara granosa shell-Stichopus hermanni on bFGF expressions and
blood vessel counts in the bone defect healing process of Wistar rats. Dent J. 2017;50(4):194.
Noengky. OsteogenesisAfter Giving Nanopowderof Stichopus Hermaniias Protection
Relaps Gigiin Orthodontics. 2016;(June).

Sari RP, Revianti S, Andriani D, Prananingrum W, Rahayu RP, Sudjarwo SA. The
Effect of Anadara granosa Shell’s- Stichopus hermanni Scaffold on CD44 and IL-10
Expression to Decrease Osteoclasts in Socket Healing. Eur J Dent. 2021;4-11.
Noengki Prameswaril*, Henry Sebastianl, Rahma Ariestil, Kristin Gaby Rosaril,
Kenny Rama Widyal, Ela Amelial, Fatimah Batull, Fenny Felial, Flavia
Pratamaningdyahl, Pambudi Rahardjol, Lisdiana Mardanusl, Sarianoferni2 EK. Effect
of Stichopus Hermanni to Remodeling Maxillary Suture Expansion on Craniofacial
Structure and Teeth Noengki. :73-9.

4417

http://annalsofrscb.ro


http://annalsofrscb.ro/
http://www.biomedcentral.com/1741-7015/9/66
http://prosidingseminakel.hangtuah.ac.id/index.php/ps/article/view/256

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 4407 - 4418
Received 25 April 2021; Accepted 08 May 2021.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Hartati R, Widianingsih W, Fatimah U. Redescription of Stichopus hermanii From
Karimunjawa Through Analysis of Anatomyand Ossicles. Journal of Sea Tropical.
2016;18(2).

Oedjoe marcelien dj ratoe, Eoh crisca b. Effect of Echinodermata: Holothuroidea in Sabu
Raijua, Sabu Island, East Indonesia. imur. Journal of Sea TechnologyTropical.
2015;7(1):309-20.

Suryaningrum TD. Effect of material nutraceutical and manufacturing technology.
Squalen Bull Mar Fish Postharvest Biotechnol. 2008;3(2):63.

Sathyendra V, Darowish M. Basic science of bone healing. Hand Clin [Internet].
2013;29(4):473-81. Available from: http://dx.doi.org/10.1016/j.hcl.2013.08.002.

Putri A, Prameswari N, Handayani B. Effect of Stichopus Hermanii to Palatal Width on
Maxillary Suture Expansion using Cephalometric .

Battafarano G, Rossi M, De Martino V, Marampon F, Borro L, Secinaro A, et al.
Strategies for bone regeneration: From graft to tissue engineering. Int J Mol Sci.
2021;22(3):1-22.

Paper P. Periodontal Regeneration. Science (80- ) [Internet]. 2005;76
(September):1237-47. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16945041.

Maruyama M, Rhee C, Utsunomiya T, Zhang N, Ueno M. Modulation of the
Inflammatory Response and Bone Healing. 2020;11(June):1-14.

H&gi TT, Laugisch O, lIvanovic A, Sculean A. Regenerative periodontal therapy.
Quintessence Int (Berl). 2014;45(3):185-92.

Simon P, Griiner D, Worch H, Pompe W, Lichte H, El Khassawna T, et al. First evidence
of octacalcium phosphate@osteocalcin nanocomplex as skeletal bone component
directing collagen triple—helix nanofibril mineralization. Sci Rep. 2018;8(1):1-17.
Kruger TE, Miller AH, Wang J. Collagen scaffolds in bone sialoprotein-mediated bone
regeneration. Sci World J. 2013;2013(1).

Baharara J, Amini E, Kerachian MA, Soltani M. The osteogenic differentiation
stimulating activity of Sea cucumber methanolic crude extraction on rat bone marrow
mesenchymal stem cells. Iran J Basic Med Sci. 2014;17(8):626-31.

Sandana IKI, Velisia J, Yunior A, Brahmanta A, Prameswari N. Potential of Stichopus

ermanii gel and Hyperbaric Oxygen Therapy in accelerating orthodontic treatment</p>.
J Dentistry Journal in Padjadjaran University. 2017;29(3).

Achmad H, Djais AJ, Petrenko EG, Larisa V, Putra AP. 3-d printing as a tool for applying
biotechnologies in modern medicine. International Journal of Pharmaceutical Research, 2020.
12(4), pp. 3454-3463.

Achmad H, Djais Al, Jannah M, Huldani, Putra AP. Antibacterial chitosan of milkfish scales
(Chanos chanos) on bacteria  porphyromonas gingivalis and  agregatibacter
actinomycetescommitans. Systematic Reviewa In Pharmacy, 2020. 11(6), pp. 836-841.
Achmad H, Djais Al, Syahrir S, Fitri A, Ramadhany YF. A literature us regarding the use of
herbal medicines in pediatric dentistry. International Journal of Pharmaceutical Research.2020.
12,PP. 881-897.

Achmad H, Djais Al, Syahrir S, Fitria A, Ramadhany YF. Impact Covid-19 in pediatric dentistry:
A literature review. International Journal of Pharmaceutical Research, 2020. 12,p.830-840.
Djais Al, Achmad H, Dewiayu D, Sukmana BI, Huldani. Effect of Combination of
Demineralization Freeze Dentin Matrix (DFDDM/0 and Moringa oleifera lam osteoprotegerin
(OPG) and receptor activator of nuclear factor kappa Bligand (RANKL) as a marker of bone
remodeling. Systematic Reviews in Pharmacy. 2020. 11(6), pp.771-779.

4418

http://annalsofrscb.ro


http://annalsofrscb.ro/
http://dx.doi.org/10.1016/j.hcl.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/16945041

	ABSTRACT
	Introduction
	METHODS
	Research Criteria
	Data Collection
	RESULT
	LITERATURE REVIEW
	Periodontal tissue regeneration
	DISCUSSION
	CONCLUSION
	REFERENCES

