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Abstract

Impaired Wound Healing is a battle that millions fight every day. Thus, novel and innovative strategies are
of utmost need. Nanotechnology has revolutionized the way we treat wounds. This review discusses about
the various nanomaterials used for treating wounds, also talks about the development of a novel and potent
nanomaterial made of melatonin with special interest as to why it would prove superior to the other materials

when it comes to oral tissues.
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Introduction

The healing of wounds is one of the most complex
biological processes that occur during human life. After
an injury, there is a synchronized activation of multiple
biological pathways. In our everyday life we encounter
all kinds of injury from a paper cut to an ulcer to a
much severe organ damage. Unlike earthworms that are
capable of re-growing lost body parts, we humans are
incapable of any such miraculous feats. Hence, it is
only natural to possess carefully orchestrated ways to
heal our damaged tissues. Wound healing is the process
by which the integrity of a damaged tissue is restored.
It consists of four phases: Hemostasis, inflammatory
phase, proliferative phase and remodeling. These phases
involve a series of physiological events that are driven
by bioactive mediators that are specific for each phase of
healing. ['! Hemostasis phase involves vasoconstriction
and activation of the complement cascade; inflammatory
phase vasodilation and activation of
macrophages. In the proliferative phase epithelialization,

involves

neo-angiogenesis and granulation tissue formation
begins. [l The principal feature of the remodeling phase
is the deposition of Extracellular matrix in an organized
manner, formation of myo-fibroblasts and wound
contraction.’] The same holds good when it comes to
wounds of the oral cavity. Periodontal tissue destruction
is in a sense, a wound as well, since there is ulceration
and destruction of tissues within the gingival sulcus
leading to further tissue destruction of the periodontium.
An alteration or hindrance in any of the phases lead to
inadequate or an improper wound healing. Many factors

such as lifestyle of the patient, systemic health etc
plays a major role in wound healing. ¥ When it comes
to periodontal tissue destruction, materials that have
potent antimicrobial activity in addition to those that are
capable of stimulating growth factors and angiogenesis
are of utmost need.

Nanomaterials in Wound Healing:

At present wide range of therapy either
conventional dressings or modern approaches like
usage of biomaterials, synthetic polymers with excellent
mechanical properties and biocompatibility are available.
Wound healing potentiated by nanomaterials have proved
to be promising. The size, biocompatibility, colloidal
stability, surface charge, surface functionalization and
higher surface area offered by the nanomaterials have
an additional advantage and could play a critical role in
wound healing. %]

Polymer Based Nano materials:

The most versatile polymers that are used to
manufacture biomaterials specially for wound healing
and care are poly (lactide- co-glycolide) (PLGA),
polycaprolactone (PCL) and PEG (Polyethylene glycol.
PLGA-curcumin nanoparticles showed a tremendous
improvement in wound-healing capability compared
to that of macromolecules of PLGA or curcumin.!
Durga Prasad et all®’ , Maul” et al in their studies found
that PLGA nanoparticles loaded with Curcumin which
are known for their anti-inflammatory and antioxidant
properties were capable of Quenching Reactive oxygen
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species and also had the potential to inhibit the enzyme
Myeloperoxidase. A study by Chen Yu et al tested the
usage of PLGA nanoparticles to deliver recombinant
human EGF (rhEGF) to enhance Full-thickness wound
closure in Diabetics rats. ¥ The rhECF delivered
through PLGA nanoparticles showed sustained release
for 24 hours. Park et el in their study proved that Sonic
hedgehog intradermal gene therapy using a biodegradable
poly (beta-amino esters) nanoparticle facilitated
angiogenesis and tissue regeneration by activating
angiogenic signaling pathways, thereby enhanced the
wound healing.”! Another study by Archana D et al
investigated chitosan nano-dressing to potentiate wound
healing and found an excellent antimicrobial and anti
inflammatory response.!']

Carbon Based Nano materials:

Fullerenes and Carbon Nanotubes showed promise
in wound healing and angiogenesis. They are powerful
Anti-oxidants that are capable of scavenging Reactive
Oxygen Species and nitrogen substances. Fullerenes
can also be functionalized, thereby reducing their
aggregation, altering their solubility as well as reducing
their toxicity. 'l Functionalization is done by using hexa-
dicarboxyl, tris-dicarboxyl and gamma (y)-cyclodextrin
(CD). Modified Fullerenes are said to have better
properties compared to the unmodified ones.['”) Gao et
al in their study postulated that tris-C60 significantly
reduced the production of proinflammatory cytokines in

dermal keratinocytes in a dose/time-dependent manner.
[13]

Lipid based Nano materials:

Liposomes loaded with curcumin and quercetin were
studied to treat full thickness skin defects in in-vitro and
in-vivo models in a study by Castangia et al.l'¥ They
used phytodrugs that possessed antioxidant and anti-
inflammatory properties which were able to prevent skin
ulceration and enhance early regeneration of wounds. In
another study by Fukui et al ['3], Liposome-encapsulated
hemoglobin accelerated skin wound healing in mice.
Study by Plock J et al showed that hemoglobin-loaded
phospholipid bilayer vesicles coated with polyethylene
glycol (HbVs) improved wound healing and tissue
survival in critically ischemic cutaneous wounds in
mice. [16]

Metal Based Nano materials:

The most investigated nanoparticle so far is Silver.

Silver nanoparticles (AgNPs) have proven to exhibit
antimicrobial activity, anti inflammatory as well as anti
oxidant potential. [!71 Kwan et al, in their study stated
that Silver nanoparticles were capable of improving
tensile properties of repaired skin by influencing
the alignment of collagen. ['81 Silver nanoparticles
modified with chondroitin sulfate and acharan sulfate
were demonstrated to be capable of wound healing and
accelerating collagen deposition in the wound area.['"]
Dhapte et al in their study found that Green synthesis of
silver nanoparticles using Bryonia laciniosa leaf extract
improved the cytocompatibility of the particles and had
a better effect on wound healing compared to that of a
commercially available cream of silver sulfadiazinel?] .
A very interesting finding was that, the authors found a
scar-less healing which they attributed to the potential
of silver to modulate the Pro-inflammatory cytokines
(IL-6 and IL-10). Trickler et al *!] and Dykman et al
(22 in their studies on Copper and Gold nanoparticles
respectively, found that they were capable of enhancing
wound healing as well. Potential of Iron oxide in
improvement of wound healing was also studied by Ziv-
Polat et al, who found that Thrombin-conjugated Iron
oxide nanoparticles accelerated the healing of incisional
wounds significantly by improving the tensile strength
of skin and also reducing scarring.!>’]

Ceramic Based Nano materials:

Several materials like Silicates and its derivatives,
bioactive glass nanoparticles fall under this category.
Krausz AE et al used a Curcumin-TMSO(Tetramethyl
orthosilicate) nano material for Wound closure and
observed a well organized Granulation tissue,enhanced
and organized collagen deposition, improved
neovascularization in the wound site.?*) Meddahi-
Pelle A et al used Silica nanoparticles for suturing as an
alternative to Dermabond (2-octyl cyano-acrylate) and
Ethicon sutures in wistar albino rat model and found that

they were much more efficient than the compared two.
[25]

Melatonin in Wound Healing:

While various nanomaterials such as silver, gold,
carbon, zinc oxide, iron oxide, polymers such as PLGA,
PCL, chitosan polysaccharides have a successful place
as wound healing materials, there is still a need for
much effective and potent wound healing stimulators.
Once such compound is Melatonin. Melatonin is an
indoleamine synthesized and secreted by the pineal
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gland, retina, bone marrow and intestines in a circadian
rhythm, [2°]

Melatonin is of special interest especially in the
oral cavity since it is a potent anti oxidant and anti-
inflammatory agent. It plays a role in bone remodeling
as well. [27] Melatonin is said to promote Osteoblast
differentiation, increase the synthesis of type I
collagen, Bone matrix proteins such as osteopontin
n. 28391 A study by Castrovejo et al
showed that melatonin influences bone cell precursors
in the bone marrow of rats. 'l Ramirez et al in their
animal study proved that melatonin was capable of
promoting angiogenesis. 32! Study by Pugazhenthi et al
investigated the effect of melatonin on the expression
of one of the most potent angiogenic protein, VEGF
(Vascular endothelial growth factor) and found a
significant increase in VEGF expression. [*3] Another
study by Soybir et al showed similar results. 34 Several
studies have provided evidence that melatonin has
significant inhibitory effect on different types of tumors
like Breast,Ovary, endometrium, prostrate, intestine,
liver and Bone.?3B% In addition to this, studies have
also shown that melatonin was able to counteract the
side effects of chemotherapeutic drugs.B”]

and osteocalci

However, melatonin has a short half-life.
Thus,encapsulation of melatonin with PLGA particles
have had benefits in numerous studies. Zhang et al
in their study showed the effectiveness of melatonin
encapsulated into PLGA micro and nano particles on
osteogenesis of human mesenchymal cells in vitro.
1331 Similarly melatonin releasing PLGA nanoparticles
seemed to have a good effect on osteosarcoma cells. In
addition to these beneficial properties, melatonin loaded
on nanohydroxyapatite was capable of regenerating
bone in infrabony defects. Thus, formulation and
usage of melatonin nanoparticles would have further
additional benefits by improving their bioavailability
and efficiency. [*°]

Conclusion

Beneficial aspects of different nano-materials for
wound-healing applications have beenreported; however,
the underlying molecular mechanisms and signaling
pathways are not clearly elucidated or understood. Better
understanding of such mechanisms and studies aiming
to formulate novel nano-materials such as melatonin
will redefine the face of Nanotechnology based wound
healing. Further studies involving the development of a

nanomaterial using melatonin would have the potential
to change the way we look at wounds of the oral cavity.

Ethical Clearance: Obtained from the Institutional
Ethical Committee.

Source of Funding: Self

Conflict of Interest: Nil

References

1. Broughton G 2nd, Janis JE, Attinger CE. Wound
healing: an overview. Plast. Reconstr. Surg 2006;
7:117.

2. llaria Tocco BZ, Franco B, Vincenzo V.
Nanotechnologybased therapies for skin wound
regeneration. J. Nanomater 2012;11.

3. Bielefeld KA, Amini-Nik S, Alman BA. Cutaneous
wound healing: recruiting developmental pathways
for regeneration. Cell. Mol. Life Sci 2013; 70(12):
2059-208]1.

4. Guo S, Dipietro L. Factors affecting wound healing.
J. Dent. Res 2010; 89(3): 219-229.

5. Elsabahy M, Wooley KL. Design of polymeric
nanoparticles for biomedical delivery applications.
Chem. Soc. Rev 2012; 41(7):2545-2561.

6. S Durgaprasad RR, Kumar H, Ravindrasingh
R. Effect of a topical curcumin preparation
(biocurcumax) on burn wound healing in rats. J.
Pharmaceut. Biomed. Sci 2011;8(8):1-3 (2011).

7. Mun SH, Joung DK, Kim YS et al. Synergistic
antibacterial effect of curcumin against methicillin-
resistant staphylococcus aureus. Phytomedicine
2013; 20(8-9):714-718.

8. Chu Y, Yu D, Wang P, Xu J, Li D, Ding M.
Nanotechnology promotes the full-thickness
diabetic wound healing effect of recombinant

human epidermal growth factor in diabetic rats.
Wound Repair Regen 2010;18(5):499-505.

9. Park HJ, Lee J, Kim MJ et al. Sonic hedgehog
intradermal gene therapy using a biodegradable
poly(beta-amino esters) nanoparticle to enhance
wound healing. Biomaterials 2012;33(35):9148—
9156.

10. Archana D, Dutta J, Dutta PK. Evaluation of
chitosan nano dressing for wound healing:

characterization, in vitro and in vivo studies. Int. J.
Biol. Macromol 2013;57:193-203.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Indian Journal of Public Health Research & Development, June 2020, Vol. 11, No. 6

Zhang Y, Petibone D, Xu Y et al. Toxicity and
efficacy of carbon nanotubes and graphene:
the utility of carbon-based nanoparticles in
nanomedicine. Drug Metab. Rev 2014;46(2):232—
246.

Zhou Z. Liposome formulation of fullerene-based
molecular diagnostic and therapeutic agents.
Pharmaceutics 2013;5(4):525-541 (2013).

Gao J, Wang H-L, Iyer R. Suppression of

proinflammatory cytokines in functionalized
fullerene-exposed  dermal  keratinocytes. J.
Nanomater 2010;9.

Castangia I, Nacher A, Caddeo C et al. Fabrication
of quercetin and curcumin bionanovesicles for
the prevention and rapid regeneration of full-
thickness skin defects on mice. Acta Biomaterialia
2014;10(3):1292-1300.

Fukui T, Kawaguchi AT, Takekoshi S, Miyasaka
M, Tanaka R. Liposome-encapsulated hemoglobin
accelerates skin wound healing in mice. Artif.
Organs 2012;36(2):161-169 (2012).
PlockJA,RafatmehrN, Sinovcic Detal. Hemoglobin
vesicles improve wound healing and tissue survival
in critically ischemic skin in mice. Am. J. Physiol.
Heart Circ. Physiol 2009;297(3):H905-H910.

Pal S, Tak YK, Song JM. Does the antibacterial
activity of silver nanoparticles depend on the
shape of the nanoparticle? A study of the gram-
negative bacterium escherichia coli.Appl. Environ.
Microbiol 2007;73(6):1712—-1720.

Kwan KH, Liu X, To MK, Yeung KW, Ho CM,
Wong KK. Modulation of collagen alignment by
silver nanoparticles results in better mechanical
properties in wound healing. Nanomedicine
2011;7(4):497-504.

Im AR, Kim JY, Kim HS, Cho S, Park Y, Kim
YS. Wound healing and antibacterial activities
of chondroitin sulfate-

reduced silver nanoparticles.
2013;24(39):395102.

Dhapte V,Kadam S, Moghe A, Pokharkar V. Probing
the wound healing potential of biogenic silver
nanoparticles.J. Wound Care 2014;23(9):431-441.
Trickler WJ, Lantz SM, Schrand AM et al. Effects
of copper nanoparticles on rat cerebral microvessel
endothelial cells.Nanomedicine 2012;7(6):835—
846.

and acharan sulfate-
Nanotechnology

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

823

Dykman L, Khlebtsov N. Gold nanoparticles in
biomedical applications: recent advances and
perspectives. Chem. Soc.Rev 2012;41(6):2256—
2282.

Ziv-Polat O, Topaz M, Brosh T, Margel S.
Enhancement of incisional wound healing by
thrombin conjugated iron oxide nanoparticles.
Biomaterials 2010; 31(4):741-747.

Krausz AE, Adler BL, Cabral V et al
Curcuminencapsulated nanoparticles as innovative
antimicrobial and wound healing agent.
Nanomedicine 2015; 11(1):195-206.

Meddahi-Pell. A, Legrand A, Marcellan A,
Louedec L, Letourneur D, Leibler L. Organ repair,
hemostasis, and in vivo bonding of medical devices
by aqueous solutions of nanoparticles. Angew.
Chem. Int. Ed. Engl 2014;53(25): 6369-6373.

Hardeland, R.; Pandi-Perumal, S.R.; Cardinali, D.P.
Melatonin. Int. J. Biochem. Cell Biol 2006;38:313—
316.

Suzuki, N.; Somei, M.; Seki, A.; Reiter, R.J,;
Hattori, A. Novel bromomelatonin derivatives as
potentially effective drugs to treat bone diseases. J.
Pineal Res 2008;45:229-234.

Roth, J.A.; Kim, B.G.; Lin, W.L.; Cho, M.L
Melatonin promotes osteoblast differentiation and
bone formation. J. Biol. Chem 1999; 274:22041—
22047.

Satomura, K.; Tobiume, S.; Tokuyama, R
Yamasaki, Y.; Kudoh, K.; Maeda, E.; Nagayama,
M. Melatonin at pharmacological doses enhances
human osteoblastic differentiation in vitro and
promotes mouse cortical bone formation in vivo. J.
Pineal Res 2007;42:31-239.

Sethi, S.; Radio, N.M.; Kotlarczyk, M.P.; Chen,
C.T.; Wei, Y.H.; Jockers, R.; Witt-Enderby, P.A.
Determination of the minimal melatonin exposure
required to induce osteoblast differentiation from
human mesenchymal stem cells and these effects

on downstream signaling pathways. J. Pineal Res
2010;49:222-238.

Acuna-Castroviejo, D.; Reiter, R.J.; Menéndez-
Pelédez, A.; Pablos,M.1.; Burgos, A. Characterization
of high-affinity melatonin binding sites in purified
cell nuclei of rat liver. J. Pineal Res 1994;16:100—
112.

Ramirez-Fernandez, M.P.; Calvo-Guirado, J.L.;
de-Val, J.E.; Delgado-Ruiz, R.A.; Negri, B.; Pardo-



824

33.

34.

35.

36.

Indian Journal of Public Health Research & Development, June 2020, Vol. 11, No. 6

Zamora, G.; Pefiarrocha, D.; Barona, C.; Granero,
J.M.; Alcaraz-Bafios, M. Melatonin promotes
angiogenesis during repair of bone defects: A
radiological and histomorphometric study in rabbit
tibiae. Clin. Oral Investig 2013;17:147—-158.

Pugazhenthi, K.; Kapoor, M.; Clarkson, A.N.; Hall,
L.; Appleton, I. Melatonin accelerates the process of
wound repair in full-thickness incisional wounds. J.
Pineal Res 2008;44:387-396.

Soybir, G.; Topuzlu, C.; Odaba,s, O.; Dolay, K.;
Bilir, A.; Kdksoy, F. The effects of melatonin on
angiogenesis and wound healing. Surg. Today
2003; 33:896-901.

Liu L, Xu Y, Reiter RJ. Melatonin inhibits the
proliferation of human osteosarcoma cell line MG-
63. Bone 2013;55:432-8.

Sanchez-Barcelo EJ, Mediavilla MD, Alonso-
Gonzalez C, Reiter RJ. Melatonin uses in oncology:
Breast cancer prevention and reduction of the side
effects of chemotherapy and radiation. Expert Opin
Investig Drugs 2012; 21:819-31.

37.

38.

39.

Casado-Zapico S, Rodriguez-Blanco J, Garcia-
Santos G, Martin M, Sanchez-Sanches AM, Antolin
I, Rodriguez C. Synergistic antitumor effect of
melatonin with several chemotherapeutic drugs on
human Ewing sarcoma cancer cells: Potentiation
of the extrinsic apoptotic pathway. J. Pineal Res,
2010;48:72-80.

Zhang L, Zhang J, Ling A, Peng Y, Chang H, Su P,
Huang D. Sustained release of melatonin from poly
(lactic-co-glycolic acid) (PLGA) microspheres to
induce osteogenesis of human mesenchymal stem
cells in vitro. J Pineal Res 2013; 54:24-32.

Yousef, Doaa & Al Hessy, Amal & Al Aziz A.
Saeed, Ab & El Shamy, Eman. Nanohydroxyapatite
versus melatonin loaded on nanohydroxyapatite
and nanohydroxyapatite with platelet rich fibrin on
the treatment of intrabony defects. Tanta Dental
Journal 2018; 15:148-163.



