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Abstract

The inflammatory condition known as periodontitis can seriously impair a patient's quality of life and the
oral cavity if left untreated. Although there isn't a reliable, standardized treatment for periodontitis, there have
been numerous attempts, including tissue regeneration methods, antibiotics, and subgingival instrumentation.
Given the limitations of the aforementioned treatment, local drug delivery systems appear to be the way of the
future. These systems have the potential to release both tissue regeneration inducers and antibiotics gradually over
time.

Keywords: local drug delivery agents, periodontitis, antibacterial agents, biofilms

535




Medicine in Evolution Volume XXX, No. 3, 2024

INTRODUCTION

Pharmaceutical formulations that control the release rate of therapeutic substances
over a predetermined length of time are known as sustained-release drug delivery systems.
The terms sustained release, slow release, extended release, prolonged release, controlled
release, time release, and delayed release are used interchangeably in the literature and in
business to refer to these dose types [1]. The rate at which a medication is released from its
pharmacological carrier determines its pharmacokinetics at a target site. The majority of
pharmaceutical drug delivery systems are created to deliver the drug, not to regulate its
release within the intended organ. Drug carriers in and of themselves include, for instance,
tablets, capsules, gels, lotions, ointments, injections, and inhalers [2]. Furthermore, the
majority of toothpastes, mouthwashes, and tablets used in the dentistry industry are merely
drug carriers; they have no control over how quickly the active ingredients are released [1].

Aim and objectives

This review aims to pinpoint the existing obstacles and potential areas for further
investigation, specifically with the use of local drug delivery system (LDDSs) with different
characteristics in the treatment of periodontitis, with or without accompanying systemic
disorders.

MATERIAL AND METHODS

To include articles in this review, we used the following search engines: PubMed and
Google Scholar. We used the following keywords: local drug delivery, LDDS, slow-release,
and periodontitis. The total number of articles found was 963 on PubMed and 1901 on Google
Scholar, published from 1979 to 2024. Out of the total number of articles, specifically, 129
articles were chosen for the current review. This selection was made after removing duplicate
papers and the ones that did not meet the criteria for item selection. Titles and abstracts were
assessed by no less than two independent researchers for the purpose of inclusion. All items
that successfully passed the initial screening were requested in their entirety. Two researchers
assessed each complete article to determine if it should be included or excluded.

RESULTS AND DISCUSSIONS

1 Local drug delivery systems

Systemic medication delivery has proven effective in treating periodontitis during the
past 50 years [3,4]. However, the utilization of systemic administration for medications
presents several drawbacks, including dysbiosis and insufficient drug concentrations at the
desired region. Nevertheless, this can lead to gastrointestinal issues, medication resistance,
and toxicity [5-7]. Over the past three decades, there has been a growing interest in studying
local drug delivery systems (LDDSs) to explore the targeted usage of pharmaceuticals at
specific sites and the regulation of their release. Polymers were found as medication carriers
for this specific purpose. They possess the ability to protect the bioactive agents while being
delivered into the body and also have the capability to control the rate at which they are
released. The bioactive compound can either be encapsulated within the polymeric matrix or
chemically bonded to the polymeric chain [8]. Drug delivery systems provide precise
regulation and extension of drug release at an applied location and can also be encapsulated
within multiple target agents concurrently. By doing so, it is feasible to decrease both the
dosage and frequency of drug administration [9,10]. An LDDS offers more advantages
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compared to systemic delivery. LDDS has the ability to circumvent gastrointestinal issues and
the body's metabolic processes, allowing medications to directly reach the desired location.
This results in increased effectiveness of the treatment [11,12]. Furthermore, LDDS enables the
noninvasive administration of drugs in the subgingival pockets [13]. In addition, this method
of drug administration enables the simultaneous delivery of two or more pharmaceuticals
from distinct categories into the periodontal pockets. Twenty-three LDDS can have several
forms, including fibers, irrigations, membranes, films, nanoparticles (NPs), and
microparticles. The LDDS, which provides therapeutic benefits for periodontal problems,
consists of three primary classes of medications: antibacterial, inflammation-modulating, and
alveolar and bone regenerating agents [13].
2 Types of LDDSs in Periodontitis Treatment
1. Fibers
Fibers serve as a reservoir-type delivery system that contains a specific therapeutic
substance. They are inserted into the periodontal pocket using an applicator and held in place
by either a cyanoacrylate glue or a periodontal dressing [14]. Several polymers have been
suggested and examined as fibers for localized drug delivery systems. These include both
natural polymers, such as chitosan, zein, and gelatin, as well as synthetic polymers including
poly(e-caprolactone), polyurethane, polypropylene, cellulose acetate propionate, and ethyl
vinyl acetate [14,15]. Each of them, upon utilization and examination, was infused with
antibacterial medications.
2. Matrix system: Strips and Films
Strips and films are small sections made of a matrix material in which pharmaceuticals
are uniformly dissolved. Strips and films are highly effective in conforming to the shape and
dimensions of the periodontal pocket, making them easy to insert with minimal patient
discomfort. They are specifically put within the interproximal periodontal pocket region [16].
The most used producto is Periochip (Perio Products Ltd., Jerusalem, Israel) is a
brownish orange coloured rectangular chip containing chlorhexidine gluconate (2.5 mg)
embedded in a matrix of biodegradable polymer - gelatin. It is available in dimensions of 5 x
4 x 0.3 mm weighing about 7.4 mg (drug and polymer). Post-delivery, chlorhexidine (40%) is
released (by diffusion) in the first 24 h showing an initial burst effect, following which
constant drug release was noted for 7 days.
3. Gels
Gels are semi-solid systems with a low concentration of cross-linked particles, where
the active drug molecules are evenly distributed in a solid medium that does not flow under
steady conditions [17,18]. Gels are highly regarded in the field of general dentistry for their
widespread usage as a carrier system to provide therapeutic drugs for many oral conditions,
including oral ulcers, denture stomatitis, and desquamative gingival lesions. The wide range
of applications is facilitated by qualities such as the ease of preparation and administration,
sustained drug release pattern, minimal dose frequency, and low drug toxicity [19,20]. In the
field of periodontics, therapeutic gels containing active agents are carefully administered into
the subgingival pocket using syringes with wide port needles. This method ensures that the
gel is evenly distributed throughout the affected area.
4. Irrigating systems
The effectiveness of locally administered antimicrobial medications in an irrigation
system is contingent upon factors such as the extent of penetration, the severity of the
infection, the flow of gingival crevicular fluid (GCF), the concentration of the drug, and the
duration of time that an adequate amount of drug is accessible in the pocket region. The
proficiency of irrigation devices is determined by the diffusion of the drug into deeper levels
of the pocket and the duration of exposure to the antibacterial agent [21]. In supragingival
irrigation devices, the irrigating agent reaches a depth of 29-71% in shallow pockets and 44-
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68% in moderately deep and deep pockets. On the other hand, subgingival irrigation has a
higher penetrability, ranging from 75-93% into deep pockets [21].
5. Microparticulate system

Microparticles are solid spherical structures made of polymers, with a diameter range
of 1-1000 pm. They are designed to hold active therapeutic agents, which are evenly
distributed throughout the polymer matrix. This design allows the drugs to be protected from
the external environment, prevents incompatibility issues, masks unpleasant taste, and
improves bioavailability and sustained therapeutic activity [22]. The polymers used for
microencapsulation include of biodegradable synthetic polymers such as polyesters and
polyanhydrides, as well as natural polymers including chitosan, hyaluronic acid, and alginic
acid. Microencapsulation utilizes both water-soluble polymers such as gelatin and starch, as
well as insoluble polymers such ethyl cellulose and polyethylene. Polymethacrylates,
cellulose esters, and polyvinyl derivatives are examples of enteric coating polymers that are
utilized for microencapsulation [22-25]. Microparticles can be administered using several
carrier systems such as chips, dental pastes/gel systems, and direct injection into the pocket
[25]. Several techniques for formulating microparticles include the solvent evaporation
method (single and double emulsion), coacervation and phase separation, and the spray
drying method [25-27]. Multiple clinical studies have proven the efficacy of drug-loaded
microparticles for treating periodontitis. The utilization of solid lipid microparticles
containing lycopene, in conjunction with SRP, has demonstrated favorable clinical outcomes
[28]. The study utilized a double emulsion process to generate biodegradable microspheres
loaded with Doxycycline. The microspheres had a mean particle size ranging from 90 to 200
pm. The combination of PLGA and PCL in varying percentages was used. The results
indicated that both the medication and polymers were stable during the in-vitro release,
which lasted for a duration of up to 11 days. The formulation shown substantial enhancement
in both the clinical and microbiological aspects for a duration of up to 3 months, in
comparison to the commercially available doxycycline gel [29]. A further investigation was
conducted on micro-particles containing metronidazole benzoate, which had diameters of
31.0 and 74.5 pm. These micro-particles were then added to chitosan/PCL films. The study
found that these films had a release rate of 64% over a period of 7 hours, and also shown
strong mucoadhesive properties. This research was documented in reference [30]. A study
was conducted on doxycycline hyclate loaded microspheres prepared using the solvent
diffusion method of spherical crystallization technique. The study found that there was an
initial burst release of 24% on the first day, followed by a sustained release of 52.25% over a
period of 7 days. Additionally, the study showed that the microspheres led to a significant
reduction in probing pocket depth and P.g. cell count compared to SRP [31].

6. Nanoparticulate drug delivery (NP) system

In the field of periodontics, researchers have conducted investigations on metallic and
polymeric nanoparticles, nanofibers, liposomes, quantum dots, and
nanocomposites/nanogels. These studies have been carried out both in laboratory settings
(in-vitro) and in clinical trials [32]. Metallic nanoparticles (NPs) are produced by reducing
metallic salts using chemical reducing agents or by employing green chemistry methods that
involve the use of plant resources abundant in antioxidants. Additional biological methods
involve investigating the capacity of algae, fungus, bacteria, and viruses to decrease metallic
salts into nanoparticles (NP) [33,34]. The nanofiber-based scaffolds are created using several
techniques such as electrospinning, emulsion method, mixing, coaxial process, and surface
modification. These techniques are used to include therapeutic compounds into the scaffolds,
with the goal of achieving certain clinical results in dentistry [35]. The drug release from the
nanofibers is determined by the diameters of the fibers, drug diffusion rate, polymer
degradation/erosion rates, drug dissolving rates, and drug physical desorption rates. Smart

538



Medicine in Evolution Volume XXX, No. 3, 2024

electrospun nanofibers contain components that undergo physicochemical changes in
response to various conditions such as pH value, temperature, light, electrical and magnetic
fields. These changes can alter the pace at which drugs are released [36].

CONCLUSIONS

Within its limitation, this research suggests that both in vitro and vivo studies show
promising results regarding the use of LDDS in the treatment of periodontal disease. This
application leads to an improvement in periodontal clinical parameters. This is attributed to
the evolution and improvement of this administration approach over time, as well as the
reduced occurrence of adverse effects compared to the systemic administration of other
medications. Nevertheless, additional research is necessary to thoroughly evaluate the
efficacy of these delivery methods in human subjects and to explore any potential adverse
effects in patients, particularly those with systemic illnesses. Thus, future research should
focus on how local drug delivery systems can be personalized in order to optimize future
clinical protocols in periodontal therapy.

REFERENCES

1. Adepu S, Ramakrishna S. Controlled Drug Delivery Systems: Current Status and Future
Directions. Molecules. 2021 Sep 29;26(19):5905.

2. Amato M, Santonocito S, Polizzi A, Tartaglia GM, Ronsivalle V, Viglianisi G, Grippaudo C, Isola
G. Local Delivery and Controlled Release Drugs Systems: A New Approach for the Clinical
Treatment of Periodontitis Therapy. Pharmaceutics. 2023 Apr 21;15(4):1312.

3. Walker CB, Gordon JM, Cornwall HA, et al. Gingival crevicular fluid levels of clindamycin
compared with its minimal inhibitory concentrations for periodontal bacteria. Antimicrob
Agents Chemother 1981; 19: 867-871.

4. Genco RJ. Antibiotics in the treatment of human periodontal diseases. ] Periodontol 1981; 52:
545-558.

5. Hau H, Rohanizadeh R, Ghadiri M, et al. A mini-review on novel intraperiodontal pocket drug
delivery materials for the treatment of periodontal diseases. Drug Deliv Transl Res 2014; 4: 295-
301.

6. Herrera D, Sanz M, Jepsen S, et al. A systematic review on the effect of systemic antimicrobials as

an adjunct to scaling and root planing in periodontitis patients. ] Clin Periodontol 2002;
29(Suppl. 3): 136-159.

7. Drisko CH. Non-surgical pocket therapy: pharmacotherapeutics. Ann Periodontol 1996; 1: 491-
566.

8. De Rossi D, Suzuki M, Osada Y, et al. Pseudomuscular gel actuators for advanced robotics. ]
Intell Mater Syst Struct 1992; 3: 75-95.

9. Orive G, Hernandez RM, Rodriguez Gascon A, et al. Drug delivery in biotechnology: present
and future. Curr Opin Biotechnol 2003; 14: 659-664.

10.  Kohane DS. Microparticles and nanoparticles for drug delivery. Biotechnol Bioeng 2007; 96: 203-
209.

11.  Kornman KS. Controlled-release local delivery antimicrobials in periodontics: prospects for the
future. ] Periodontol 1993; 64(Suppl. 8): 782-791.

12.  Steinberg D, Friedman M. Sustained-release delivery of antimicrobial drugs for the treatment of
periodontal diseases: fantasy or already reality? Periodontol 2000 2020; 84: 176-187.

13.  Addy M, Martin MV. Systemic antimicrobials in the treatment of chronic periodontal diseases: a
dilemma. Oral Dis 2003; 9(Suppl 1): 38-44.

14. Rajeshwari H.R., Dhamecha D., Jagwani S, Rao M., Jadhav K., Shaikh S., Puzhankara L.,
Jalalpure S. Local drug delivery systems in the management of periodontitis: A scientific review.
J. Control. Release. 2019;307:393-409.

539



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Medicine in Evolution Volume XXX, No. 3, 2024

Wei Y., Deng Y., Ma S, Ran M,, Jia Y., Meng J., Han F., Gou J., Yin T., He H.,, et al. Local drug
delivery systems as therapeutic strategies against periodontitis: A systematic review. ]J. Control.
Release. 2021;333:269-282.

Liao Y., Li H, Shu R, Chen H., Zhao L., Song Z., Zhou W. Mesoporous
Hydroxyapatite/Chitosan Loaded with Recombinant-Human Amelogenin Could Enhance
Antibacterial Effect and Promote Periodontal Regeneration. Front. Cell Infect. Microbiol.
2020,10:180.

Ruan H., Yu Y., Liu Y, Ding X, Guo X, Jiang Q. Preparation and characteristics of
thermoresponsive gel of minocycline hydrochloride and evaluation of its effect on experimental
periodontitis models. Drug Deliv. 2016;23:525-531.

Oliveira M.S., Goulart G.C.A., Ferreira L.A.M., Carneiro G. Hydrophobic ion pairing as a
strategy to improve drug encapsulation into lipid nanocarriers for the cancer treatment. Expert
Opin. Drug Deliv. 2017;14:983-995.

Lu H.D., Rummaneethorn P., Ristroph K.D., Prud’homme R.K. Hydrophobic Ion Pairing of
Peptide Antibiotics for Processing into Controlled Release Nanocarrier Formulations. Mol.
Pharm. 2018;15:216-225.

Holmkvist A.D., Friberg A., Nilsson U.]J., Schouenborg ]. Hydrophobic ion pairing of a
minocycline/Ca(2+)/AOT complex for preparation of drug-loaded PLGA nanoparticles with
improved sustained release. Int. J. Pharm. 2016;499:351-357. doi: 10.1016/j.ijpharm.2016.01.011.
W.S. Eakle, C. Ford, R.L. Boyd, Depth of penetration in periodontal pockets with oral irrigation,
J. Clin. Periodontol. 13 (1986) 39-44.

A. Arsiwala, P. Desai, V. Patravale, Recent advances in micro/nanoscale biomedical implants, J.
Control. Release 189 (2014) 25-45.

L. Bian, D.Y. Zhai, E. Tous, R. Rai, R.L. Mauck, J.A. Burdick, Enhanced MSC chondrogenesis
following delivery of TGF-B3 from alginate microspheres within hyaluronic acid hydrogels in
vitro and in vivo, Biomaterials 32 (2011) 6425-6434.

V.R. Sinha, A K. Singla, S. Wadhawan, R. Kaushik, R. Kumria, K. Bansal, S. Dhawan, Chitosan
microspheres as a potential carrier for drugs, Int. J. Pharm. 274 (2004) 1-33.

Y.Y. Yang, T.S. Chung, N.P. Ng, Morphology, drug distribution, and in vitro release profiles of
biodegradable polymeric microspheres containing protein fabricated by double-emulsion
solvent extraction/evaporation method, Biomaterials 22 (2001) 231-241.

J. Siepmann, N. Faisant, J. Akiki, J. Richard, J.P. Benoit, Effect of the size of biodegradable
microparticles on drug release: experiment and theory, ]. Control. Release 96 (2004) 123-134.

A. Supsakulchai, G.H. Ma, M. Nagai, S. Omi, Preparation of uniform titanium dioxide (TiO2)
polystyrene-based composite particles using the glass membrane emulsification process with a
subsequent suspension polymerization, J. Microencapsul. 20 (2003) 1-18.

M.S. Tawfik, K.A. Abdel-Ghaffar, A.Y. Gamal, F.H. El-Demerdash, H.A. Gad, Lycopene solid
lipid microparticles with enhanced effect on gingival crevicular fluid protein carbonyl as a
biomarker of oxidative stress in patients with chronic periodontitis, J. Liposome Res. (2019) 1-33.
R.C. Mundargi, S. Srirangarajan, S.A. Agnihotri, S.A. Patil, S. Ravindra, S.B. Setty, T.M.
Aminabhavi, Development and evaluation of novel biodegradable R. H.R., et al. Journal of
Controlled Release 307 (2019) 393-409 microspheres based on poly (d, 1-lactide-co-glycolide) and
poly (e-caprolactone) for controlled delivery of doxycycline in the treatment of human
periodontal pocket: in vitro and in vivo studies, J. Control. Release 119 (2007) 59-68.

A H. El-Kamel, L.Y. Ashri, I.A. Alsarra, Micromatricial metronidazole benzoate film as a local
mucoadhesive delivery system for treatment of periodontal diseases, AAPS PharmSciTech 8
(2007) 184-194.

SK. Rao, S. Setty, A.B. Acharya, S.L. Thakur, Efficacy of locally delivered doxycycline
microspheres in chronic localized periodontitis and on Porphyromonas gingivalis, J. Investig.
Clin. Dent. 3 (2012) 128-134.

N.D. Thorat, R.A. Bohara, M.R. Noor, D. Dhamecha, T. Soulimane, S.A. Tofail, Effective cancer
theranostics with polymer encapsulated superparamagnetic nanoparticles: combined effects of
magnetic hyperthermia and controlled drug release, ACS Biomater. Sci. Eng. 3 (2016) 1332-1340.
K. Jadhav, D. Dhamecha, B. Dalvi, M. Patil, Green synthesis of silver nanoparticles using Salacia
chinensis: characterization and its antibacterial activity, Part. Sci.Technol. 33 (2015) 445-455.

540



Medicine in Evolution Volume XXX, No. 3, 2024

34. D. Dhamecha, S. Jalalpure, K. Jadhav, D. Sajjan, Green synthesis of gold nanoparticles using
Pterocarpus marsupium: characterization and biocompatibility studies, Part. Sci. Technol. 34
(2016) 156-164.

35. X Hu, S. Liu, G. Zhou, Y. Huang, Z. Xie, X. Jing, Electrospinning of polymeric nanofibers for
drug delivery applications, ]J. Control. Release 185 (2014) 12-21.

541



