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Objective. Ellagic acid, a phenolic compound with anti-infammatory potential, can be used to accelerate the bone healing process
and afect human health, while hydroxyapatite is the most commonly used bone graft material. Using a combination of the two
materials results in reduced infammation and increased osteogenesis. Tis study aimed to determine the efects of combining
ellagic acid and hydroxyapatite in bone marker remodelling by analysing the expression of tumour necrosis factor-α (TNF-α),
interleukin 10 (IL-10), bone morphogenetic 4 protein (BMP-4), and osteopontin (OPN).Methods. TirtyWistar rats were used in
the study. A defect was created in each animal’s femur using a low-speed diamond bur. In the control group, the bone was then
treated with polyethylene glycol (PEG). In one of the other groups, the bone was treated with hydroxyapatite, and in the other,
with ellagic acid-hydroxyapatite. Te femur was biopsied 7 days after the procedure and again 14 days after the procedure, and an
indirect immunohistochemical (IHC) examination was performed for TNF-α, IL-10, BMP-4, and OPN expression. Results. Te
ellagic acid-hydroxyapatite decreased TNF-α expression in the bone tissue after 7 days and again after 14 days (p< 0.05). On the
other hand, it increased IL-10, BMP-4, and OPN expression (p< 0.05) during the same time periods. Conclusion. Ellagic acid-
hydroxyapatite plays a role in bone marker remodelling by decreasing the expression of TNF-α and increasing the expression of
IL-10, BMP-4, and OPN. Tis hydroxyapatite combination can therefore be recommended for use as bone graft material.

1. Introduction

Te alveolar bone is morphologically and functionally dif-
ferent from other bones. It is sensitive to mechanical stress
and bone loss stimuli because it contains signifcantly dif-
ferent mineralisation rates than other bones in the body [1].
Alveolar bone defects occur easily and can necessitate several

dental procedures, including tooth extractions. Tooth ex-
tractions commonly lead to further bone defects, especially in
the anterior region of the maxilla where the cortical bone is
thinner [2]. Alveolar bone retrieval procedures, such as
odontectomies, also carry a risk of alveolar bone defects [3].
Excessive orthodontic pressure due to orthodontic treatment
is another risk factor [4] as are pathological processes, such as

Hindawi
e Scientific World Journal
Volume 2022, Article ID 6740853, 7 pages
https://doi.org/10.1155/2022/6740853

https://orcid.org/0000-0003-3523-431X
https://orcid.org/0000-0002-5518-3372
https://orcid.org/0000-0002-6052-2287
mailto:intan-n@fkg.unair.ac.id
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6740853


periodontitis [5] and cleft lip and palate [6]. Te aforemen-
tioned factors can result in bone defects that not only impede
prosthetic reconstruction but that also cause aesthetic and
masticatory problems [7]. As with other bone defects, alveolar
defects can be repaired using a bone graft material.

Hydroxyapatite is commonly used as a bone graft ma-
terial [8–10] because its chemical composition and crystal
structure are similar to that of bone. In addition, hy-
droxyapatite has osteoconductive properties—it increases
osteoblast activity while inhibiting excessive osteoclast ac-
tivity [11]. Te physical, chemical, and mechanical prop-
erties of hydroxyapatite, as well as the biocompatibility and
bioactivity of the material, make it the most promising bone
graft material in the feld of modern dentistry [12, 13].

When prolonged infammation occurs, the properties
and efects of hydroxyapatite are no longer maximal. Pro-
longed infammation leads to bone resorption activity due to
osteoclast activity modulated by proinfammatory cytokines,
such as TNF-α [14]. Terefore, adding an anti-infammatory
to the graft is necessary to suppress the infammatory
process. Ellagic acid may be used for this purpose. Te
dominant properties of ellagic acid are that it is an anti-
oxidant and an anti-infammatory [15–18]. For this reason, it
is expected to reduce infammation and stimulate bone
remodelling [14, 19]. Te study showed that ellagic acid-
hydroxyapatite increases osteoblast activity, decreases os-
teoclast activity, and stimulates bone remodelling [20]. Te
decrease in osteoclast activity refects the end stage of in-
fammation and the initial stage of bone deposition. During
bone remodelling and deposition, anti-infammatory cyto-
kines and growth factors, such as interleukin 10 (IL-10),
bone morphogenetic 4 protein (BMP-4), and osteopontin
(OPN), are required to accelerate osteoblast maturation [21].

Due to the anti-infammation properties of ellagic acid
and the bone stimulation properties of hydroxyapatite, the
aim of this research is to prove the efcacy of ellagic acid-
hydroxyapatite in assisting and increasing bone marker
remodelling. Tis will be achieved by analysing the ex-
pression of TNF-α, IL-10, BMP-4, and OPN. Te results of
the study will contribute to the research in the feld of
biomaterials and tissue regeneration, particularly as it relates
to the orofacial region of the body.

2. Materials and Methods

2.1. Preparation of Hydroxyapatite and Ellagic Acid-
Hydroxyapatite. For the purposes of the study, hydroxy-
apatite was converted into gel form by mixing hydroxyap-
atite (BATAN, Jakarta, Indonesia) and polyethylene glycol
(PEG) (PEG, 202398, Sigma-Aldrich) (ratio 4 :1 w/w). Te
ellagic acid-hydroxyapatite was formed by mixing ellagic
acid (ellagic acid 90%, Xi’an Biof Bio-Technology, Shaanxi,
China) and hydroxyapatite (ratio 93 : 7 w/w). Tis combi-
nation was then mixed with PEG (ratio 4 :1 w/w) [20].

2.2. Animals. Tirty healthy male Wistar rats (Rattus nor-
vegicus), each weighing 200–250 grams, were divided into
three groups of fve rats each.

2.3. Establishment of Bone Defects. Te animals fasted for
12 hours before the procedure. Tey were placed under
anaesthesia using ketamine hydrochloride (Ketalar, War-
ner–Lambert, Ireland) and xylazine (X1126, Sigma–Aldrich)
(100 and 4mg/kg body weight).

A 10mm incision was made in each animal’s lateral
femur. Te distance from the joint was 50mm between the
tibia and femur. Te defect was created using a 0.84mm
round bur (801G/018, Meisinger, Germany), which rotated
with a low-speed engine. Te defect was 2mm in diameter
and depth. A saline solution was used for irrigation during
the procedure.

After the bone defect was created, one of three materials
was applied to the bone, depending on which group the
animal was in. In one of the control groups, PEGwas used; in
another, hydroxyapatite was used; and in the experimental
group, ellagic acid-hydroxyapatite was used.

After application, the tissue over the bone defect was
sutured using nylon (Nylus nylon, nonabsorbable sutures,
Lotus Surgicals, India), and the animals were given oral
gentamicin (2–4mg/kg body weight) every 24 hours. Te
animals received standard postsurgical care.

Te femur of each animal was biopsied after 7 days and
again after 14 days. An immunohistochemical (IHC) ex-
amination was also performed to analyse the defective bone
tissue.

2.4. TNF-α, IL-10, BMP-4, and OPN Expression. An indirect
IHC examination was carried out to analyse the bone tissue.
Te animals’ macrophages were assessed for their TNF-α
and IL-10 expression using TNF-α monoclonal antibodies
(ab6671, rabbit polyclonal antibody, Abcam) and IL-10
monoclonal antibodies (ab34843, rabbit polyclonal anti-
body, Abcam). Te BMP-4 and OPN expressions in the
animals’ osteoblast activity were assessed using BMP-4
monoclonal antibodies (ab39973, rabbit polyclonal anti-
body, Abcam) and OPN monoclonal antibodies (ab216402,
rabbit polyclonal antibody, Abcam). Each expression was
analysed using a light microscope with 400x magnifcation.

2.5. Data Analysis. Te data were analysed using the Sha-
piro–Wilk test for data distribution and Levene’s test for
data homogeneity.Te diferences in expression between the
control, hydroxyapatite, and ellagic acid-hydroxyapatite
groups were analysed using the one-way analysis of vari-
ance (ANOVA) and Tukey’s honest signifcant diference
(HSD) tests. For the latter test, a test result of p< 0.05 was
considered a signifcant diference.

3. Results

3.1. TNF-α Expression. TNF-α expression was present in the
bone tissue, as per Figure 1. Te ellagic acid-hydroxyapatite
group had lower TNF-α expression than the control group
after seven days (p � 0.001). After 14 days, the ellagic acid-
hydroxyapatite group had lower TNF-α expression than the
hydroxyapatite and control groups (p � 0.001; p � 0.012)
(See Figure 2(a)).
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3.2. IL-10 Expression. IL-10 expression was present in the
bone tissue, as per Figure 3. Te ellagic acid-
hydroxyapatite group had a higher expression than the
control group after 7 days and again after 14 days (p
� 0.001) (See Figure 2(b)).

3.3. BMP-4 Expression. BMP-4 expression was present in
the bone tissue, as per Figure 4. Te ellagic acid-
hydroxyapatite group had a higher expression than the
control group after 7 days and again after 14 days (p
� 0.001) (See Figure 2(d)).

3.4. OPN Expression. OPN expression was present in the
bone tissue, as per Figure 5. Te ellagic acid-hydroxyapatite
group had the highest expression of all the groups after
7 days and again after 14 days (p< 0.05) (See Figure 2(c)).

4. Discussion

Infammation is a normal part of the bone healing
process. However, prolonged infammation has numer-
ous negative efects on the body, one being a prolonged
healing process. Bone remodelling using only hydroxy-
apatite causes more intense infammation and prolongs
the healing process [22, 23] by producing TNF-α [24]. To
decrease infammation, hydroxyapatite should be com-
bined with ellagic acid. Tis serves to control and sup-
press infammation and predict the bone remodelling
occurrence [25]. Tis condition proves that for the
purposes of this research, ellagic acid-hydroxyapatite
decreases TNF-α expression more efectively than hy-
droxyapatite. Uncontrolled TNF-α expression, due to
prolonged infammation, stimulates osteoclast diferen-
tiation, destroys the extracellular matrix, and results in
bone resorption [26]. Tis indicates that ellagic acid

reduces TNF-α expression by suppressing the activation
of the nuclear factor kappa B (NF-κB) pathway [27–30].

Ellagic acid in the NF-κB pathway inhibits IKK ac-
tivation to prevent degradation and reduce translocation
to the nucleus. Tis process results in reduced proin-
fammatory cytokines, particularly TNF-α [31]. Inhib-
iting the production of proinfammatory cytokines
increases anti-infammatory cytokines and growth fac-
tors such as IL-10 and BMP-2 [31, 32].

IL-10 is a potent anti-infammatory cytokine, which actively
reduces and regulates other proinfammatory cytokines, such as
TNF- α and interleukin 1β (IL-1β) [33, 34]. Tis study showed
that IL-10 expression was higher in the bone tissue after 7 days
and 14 days. Te function of IL-10 is to regulate infammation,
which reduces proinfammatory cytokines, namely TNF-α. Te
higher proinfammatory cytokines (TNF-α) trigger osteoclast
genesis and cause increased osteoclast diferentiation, resulting
in bone resorption. Increased IL-10 expression triggers osteo-
blast genesis by increasing osteoclast diferentiation. Tis sup-
ports faster bone remodelling and accelerates all phases of bone
healing. IL-10 appears to be an important regulator of bone
homeostasis and infammatory conditions [35, 36].

Other growth factors, such as the transforming growth
factor, support bone remodelling, called BMP-4. BMP-4
regulates the migration and diferentiation of mesenchy-
mal stem cells during bone remodelling, induces osteo-
genesis, and rolls the remodelling of the bone matrix into
mature bone [37]. In this study, BMP-4 expression increased
as IL-10 expression increased. BMP-4 and IL-10 increased
osteoblast activity’s diferentiation due to ellagic acid’s anti-
infammatory properties [33]. Te hydroxyapatite in the
ellagic acid-hydroxyapatite combination also helps to in-
crease bone remodelling. Te hydroxyapatite releases cal-
cium ions to support bone remineralisation [32].

Te current research shows that the combination of
ellagic acid-hydroxyapatite can reduce the main
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Figure 1: TNF-α expression in bone tissue 7 days after application (a, b, and c) and 14 days after application (d, e, and f). Te TNF-α
expression was expressed in macrophages as brown colour in fgures.
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Figure 2:Temean of the bone marker expression in each group.Te TNF-α (a), IL-10 (b), BMP-4 (c), and OPN (d) expressions. ∗ Indicate
a value of signifcance using posthoc test as p< 0.05.
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Figure 3: IL-10 expression in bone tissue 7 days after application (a, b, and c) and 14 days after application (d, e, and f).Te IL-10 expression
was expressed in macrophages as brown colour in fgures.
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proinfammatory cytokine of bone infammation, TNF-α,
and increase bone growth factors, BMP-4 and OPN, through
anti-infammatory cytokine and IL-10. Tis mechanism is
fundamental to initiate bone regeneration, to constitute the
proportional ratio between osteoblast and osteoclast, as the
primary cell in bone formation before cellular processes
occur. Te decreased TNF-α, in this research, also provides
the fnding that this cytokine may play a role in the decrease
of osteoclast activity, as stated in the previous study [20].
Consequently, the decreased osteoclast activity will increase

osteoblast activity, fostered by the anti-infammatory
properties of the ellagic acid and also lead to an increase
in the bone protein proliferation factor, OPN. It is believed
that OPN can induce mesenchymal stem cell (MSC) mi-
gration to defect sites and initiate diferentiation into
chondrocytes and osteoblasts [38]. Tis study also proved
that ellagic acid-hydroxyapatite could increase OPN ex-
pression. Te hydroxyapatite acts as a matrix to provide cell
adhesion during remodelling [39].

Ellagic acid is several plants’ polyphenolic com-
pound, a secondary metabolite that is easy to obtain and
commercially available as naturaceutical [40]. Te source
of ellagic acid is pomegranate (Punica granatum L.) and
in the wood and bark of some tree species [41]. Of this
availability, it will be easy to use and obtain and
promising to use as a bone substitute with hydroxyap-
atite. Te limitation of the study, it only analyzes one
proinfammatory cytokine, namely TNF-α. Although
other cytokines, such as IL-6 and IL-1β, also play a role.
Te TNF-α itself is representative to answer the purpose
of this study because it is a marker of infammation in
general.

5. Conclusion

Current research shows that the combination of ellagic acid-
hydroxyapatite combination is able to reduce the main
proinfammatory cytokine of bone infammation, TNF-α so
that it can increase bone growth factors, BMP-4 and OPN,
through IL-10. Tis mechanism is fundamental to initiate
bone regeneration, before the constitution of osteoblast and
osteoclast. Tis combination of materials can be safely
recommended for bone grafting material to promote bone
regeneration. Further study is needed, to implement this
combination in humans, especially in bone fracture and
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Figure 4: BMP-4 expression in bone tissue 7 days after application (a, b, and c) and 14 days after application (d, e, and f). Te BMP-4
expression was expressed in osteoblast as brown colour in fgures.
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Figure 5: OPN expression in bone tissue 7 days after application
(a, b, and c) and 14 days after application (d, e, and f). Te OPN
expression was expressed in osteoblast as brown colour in fgures.
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orofacial bone defects, including alveolar bone defects, cleft
lip, and palate. Regarding safety, some studies have shown
such low toxicity that the chances of use are even greater.

Data Availability

Tedata will be available upon personal request to address to
the corresponding author Intan Nirwana (intan-n@
fkg.unair.ac.id).

Additional Points

Ellagic acid-hydroxyapatite plays a role in bone marker
remodelling by decreasing the expression of TNF-α. Ellagic
acid-hydroxyapatite also plays a role in bone marker
remodelling by increasing the expression of IL-10, BMP-4,
and OPN.
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Update of Ellagic Acid,” Planta Medica, vol. 84, no. 15,
pp. 1068–1093, 2018.

[19] M. M. J. Al-Obaidi, F. H. Al-Bayaty, R. al Batran, J. Hussaini,
and G. H. Khor, “Impact of ellagic acid in bone formation
after tooth extraction: an experimental study on diabetic rats,”
Te Scientifc World Journal, vol. 2014, Article ID
908098,pp. 1–14, 2014, http://www.hindawi.com/journals/
tswj/2014/908098/.

[20] A. S. Wardhana, I. Nirwana, H. S. Budi, andM. D. C. Surboyo,
“Role of hydroxyapatite and ellagic acid in the osteogenesis,”
European Journal of Dermatology, vol. 15, no. 01, pp. 008–012,
2021.

[21] J. Zhou, H. X. Liu, S. H. Li et al., “Efects of human umbilical
cord mesenchymal stem cells-derived exosomes on fracture
healing in rats through theWnt signaling pathway,” European
Review for Medical and Pharmacological Sciences, vol. 23,
no. 11, pp. 4954–4960, 2019.

6 Te Scientifc World Journal

mailto:intan-n@fkg.unair.ac.id
mailto:intan-n@fkg.unair.ac.id
https://onlinelibrary.wiley.com/doi/10.1002/jbm4.10382
https://onlinelibrary.wiley.com/doi/10.1002/jbm4.10382
https://journalimplantdent.springeropen.com/articles/10.1186/s40729-021-00292-4
https://journalimplantdent.springeropen.com/articles/10.1186/s40729-021-00292-4
https://linkinghub.elsevier.com/retrieve/pii/S0278239120314208
https://linkinghub.elsevier.com/retrieve/pii/S0278239120314208
https://www.liebertpub.com/doi/10.1089/ten.teb.2020.0212
https://www.liebertpub.com/doi/10.1089/ten.teb.2020.0212
https://onlinelibrary.wiley.com/doi/10.1111/jcpe.13356
https://onlinelibrary.wiley.com/doi/10.1111/jcpe.13356
https://www.liebertpub.com/doi/10.1089/ten.tea.2019.0254
http://www.hindawi.com/journals/tswj/2014/908098/
http://www.hindawi.com/journals/tswj/2014/908098/


[22] L. Rydén, O. Omar, A. Johansson, R. Jimbo, A. Palmquist, and
P. Tomsen, “Infammatory cell response to ultra-thin
amorphous and crystalline hydroxyapatite surfaces,” Jour-
nal of Materials Science: Materials in Medicine, vol. 28, no. 1,
p. 9, 2017.

[23] X. Sun, C. Liu, Y. Shi et al., “Te assessment of xenogeneic
bone immunotoxicity and risk management study,” Bio-
Medical Engineering Online, vol. 18, no. 1, p. 108, 2019.

[24] A. E. Rodriguez and H. Nowzari, “Te long-term risks and
complications of bovine-derived xenografts: a case series,”
Journal of Indian Society of Periodontology, vol. 0, no. 0, p. 0,
2019.

[25] M. Mittal, M. R. Siddiqui, K. Tran et al., “Reactive oxygen
species in infammation and tissue injury,” Antioxidants &
Redox Signaling, vol. 20, no. 7, pp. 1126–1167, 2014.

[26] W. Feng, J. Guo, and M. Li, “RANKL-independent modu-
lation of osteoclastogenesis,” Journal of Oral Biosciences,
vol. 61, no. 1, pp. 16–21, 2019.

[27] Z. Lin, C. Lin, C. Fu et al., “Te protective efect of Ellagic acid
(EA) in osteoarthritis: an in vitro and in vivo study,” Bio-
medicine & Pharmacotherapy, vol. 125, p. 109845, 2020.

[28] M. D. C. Surboyo, I. Arundina, R. P. Rahayu, D. Mansur, and
T. Bramantoro, “Potential of distilled liquid smoke derived
from coconut (cocos nucifera L) shell for traumatic ulcer
healing in diabetic rats,” European Journal of Dermatology,
vol. 13, no. 02, pp. 271–279, 2019.

[29] M. D. C. Surboyo, D. S. Ernawati, D. Radithia et al., “Distilled
liquid smoke coconut shell attenuates the cytokine profle of
macrophages in oral ulcer in experimental model of diabetes
mellitus,” J Appl Pharm Sci [Internet, vol. 11, no. 08, pp. 62–69,
2021, https://www.japsonline.com/abstract.php?article_id=
3454&sts=2.

[30] M. D. C. Surboyo, D. S. Ernawati, I. Arundina et al., “Te
potential of liquid smoke as an oral ulcer remedies : a pro-
posed mechanism based on systematic review,” J Pharm
Pharmacogn Res, vol. 9, no. 6, pp. 905–920, 2021.

[31] B. Shakibaie-M, “Comparison of the efectiveness of two
diferent bone substitute materials for socket preservation
after tooth extraction: a controlled clinical study,” Te In-
ternational Journal of Periodontics and Restorative Dentistry,
vol. 33, no. 2, pp. 223–228, 2013.

[32] J. Sun, T. Wu, Q. Fan, Q. Hu, and B. Shi, “Comparative study
of hydroxyapatite, fuor-hydroxyapatite and Si-substituted
hydroxyapatite nanoparticles on osteogenic, osteoclastic
and antibacterial ability,” RSC Advances, vol. 9, no. 28,
pp. 16106–16118, 2019.

[33] A. King, S. Balaji, L. D. Le, T. M. Crombleholme, and
S. G. Keswani, “Regenerative wound healing: the role of
interleukin-10,” Advances in Wound Care, vol. 3, no. 4,
pp. 315–323, 2014.

[34] M. A Travis, D. A. Sheppard, and D. Sheppard, “TGF-β ac-
tivation and function in immunity,” Annual Review of Im-
munology, vol. 32, no. 1, pp. 51–82, 2014.

[35] AM. Bielemann, R. M. Marcello-Machado, A. A Del Bel Cury
et al., “Systematic review of wound healing biomarkers in
peri-implant crevicular fuid during osseointegration,” Ar-
chives of Oral Biology, vol. 89, pp. 107–128, 2018.

[36] Q. Zhang, B. Chen, X. Zhu et al., “Interleukin-10 Inhibits
Bone Resorption: A Potential Terapeutic Strategy in Peri-
odontitis and Other Bone Loss Diseases,” BioMed Research
International, vol. 2014, pp. 1–5, 2014, http://www.hindawi.
com/journals/bmri/2014/284836/.

[37] R. Chung and C. J. Xian, “Recent research on the growth plate:
mechanisms for growth plate injury repair and potential cell-

based therapies for regeneration,” Journal of Molecular En-
docrinology, vol. 53, no. 1, pp. T45–T61, 2014.

[38] J. Si, C. Wang, Y. Zhou et al., “Osteopontin in Bone Meta-
bolism and Bone Diseases,” Medical science monitor: in-
ternational medical journal of experimental and clinical
research, vol. 26, Article ID e919159 2020https://www.
medscimonit.com/abstract/index/idArt/919159.

[39] H. Eftekhari, M. R. Farahpour, and S. M. Rabiee, “Histo-
pathological evaluation of potential impact of β-tricalcium
phosphate (HA+ β-TCP) granules on healing of segmental
femur bone defect,” Bratislava Medical Journal [Internet],
vol. 116, no. 01, pp. 30–34, 2015, http://www.elis.sk/index.
php?page=shop.product_details&fypage=fypage.tpl&produ
ct_id=4113&category_id=118&option=com_virtuemart.

[40] W. Wang, S. Wang, J. Nie et al., “Ellagic Ellagic Acid: A
Dietary-Derived Phenolic Compound for Drug Discovery in
Mild Cognitive Impairment.cid: a dietary-derived phenolic
compound for drug discovery in mild cognitive impairment,”
Frontiers in Aging Neuroscience, vol. 14, p. 925855, 2022,
https://www.frontiersin.org/articles/10.3389/fnagi.2022.9258
55/full.

[41] J. Sharif-Rad, C. Quispe, C. M. S. Castillo et al., “Ellagic Acid: A
Review on its Natural Sources, Chemical Stability, and Tera-
peutic Potential,” in Oxid Med Cell Longev [Internet], L. Chen,
Ed., vol. 2022, pp. 1–24, Article ID 3848084 2022,https://www.
hindawi.com/journals/omcl/2022/3848084/.

Te Scientifc World Journal 7

https://www.japsonline.com/abstract.php?article_id=3454&sts=2
https://www.japsonline.com/abstract.php?article_id=3454&sts=2
http://www.hindawi.com/journals/bmri/2014/284836/
http://www.hindawi.com/journals/bmri/2014/284836/
https://www.medscimonit.com/abstract/index/idArt/919159
https://www.medscimonit.com/abstract/index/idArt/919159
http://www.elis.sk/index.php?page=shop.product_details&flypage=flypage.tpl&product_id=4113&category_id=118&option=com_virtuemart
http://www.elis.sk/index.php?page=shop.product_details&flypage=flypage.tpl&product_id=4113&category_id=118&option=com_virtuemart
http://www.elis.sk/index.php?page=shop.product_details&flypage=flypage.tpl&product_id=4113&category_id=118&option=com_virtuemart
https://www.frontiersin.org/articles/10.3389/fnagi.2022.925855/full
https://www.frontiersin.org/articles/10.3389/fnagi.2022.925855/full
https://www.hindawi.com/journals/omcl/2022/3848084/
https://www.hindawi.com/journals/omcl/2022/3848084/



