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Abstract

This review comprehensively examines the transformative impact of drug delivery systems (DDS) in
oral healthcare, highlighting advancements from traditional methods to sophisticated
nanotechnology-based approaches. Focusing on various dental conditions, from caries and
periodontitis to oral cancer, the review explores the potential of nanocarriers, such as liposomes and
polymeric nanoparticles, in enhancing treatment efficacy through targeted delivery and improved
solubility. The future direction of DDS emphasizes optimizing nanoparticle release, ensuring safety,
and understanding their interaction with the oral microbiome. The evolution of DDS is traced from
early herbal remedies to modern nanoparticle-based systems, addressing key challenges in drug
delivery, including solubility and systemic side effects. Preparation methods, such as solvent casting,
hot melt extrusion, and lyophilization, are discussed for their roles in stabilizing and protecting drugs.
The review further delves into the broad applications of DDS in various medical fields, including
oncology, cardiovascular diseases, and diabetes management, and discusses the emerging trends in
personalized medicine, advanced biomaterials, and the integration of DDS with the oral microbiome.
Nanotechnology's role in dentistry, particularly in developing dental nanorobots and nanocomposites,
is highlighted, along with the significance of addressing oral pathologies with advanced DDS. The
review concludes with a discussion on the challenges and future prospects in the field, emphasizing
the need for clinical translation, co-delivery approaches, and interdisciplinary collaboration for
advancing oral and systemic healthcare.
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Introduction:

Oral healthcare is on the cusp of a transformative era, driven by the remarkable advancements in drug delivery
systems (DDS)[1]. This review delves into the diverse and promising applications of DDS across the spectrum
of dental treatments, from early caries management to complex conditions like periodontitis. Nanotechnology
emerges as a powerful force in dentistry, offering novel biomaterials like nano-hydroxyapatite for
remineralization and bioactive glass particles for enhanced drug delivery [2]. Nanocarriers such as liposomes
and polymeric nanoparticles revolutionize treatment efficacy by addressing challenges like poor drug solubility
and enabling targeted delivery for various conditions, including caries control, root canal disinfection, and
even oral cancer therapy. Future directions in this realm emphasize optimizing nanoparticle release
characteristics, ensuring long-term safety, and exploring their impact on the oral microbiome [3]. Beyond
nanotechnology, a wide array of local DDS holds immense potential for various oral diseases. For caries
control, nanoparticles loaded with remineralizing agents or antimicrobials offer promising preventive and
therapeutic approaches. Periodontitis management benefits from local delivery of antibiotics and anti-
inflammatory drugs through diverse systems like fibers, gels, and nanoparticles, minimizing systemic side
effects [4]. Peri-implantitis, an inflammatory condition around dental implants, finds solace in DDS that targets
infection and inflammation, improving implant success rates. Oral candidiasis, a common fungal infection,
sees effective treatment through bio-adhesive devices and nano-scaled systems, reducing the toxicity and drug
resistance associated with traditional antifungals. Even denture stomatitis, a fungal infection associated with
denture use, finds hope in sustained release varnishes and modified drug delivery dentures. The future of DDS
in dentistry brims with exciting possibilities [5, 6]. Pharmacytes, envisioned as self-powered, computer-
controlled nanorobots, offer highly precise drug delivery within the body, holding promise for targeted cancer
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therapy, cell signaling control, and even pain management in dental procedures. Chitosan nanoparticles,
derived from natural sources, demonstrate remarkable versatility in drug delivery applications, ranging from
anticancer therapies to gene therapy and tissue regeneration. Recognizing the intricate connection between oral
health and the oral microbiome, researchers are pioneering DDS that maintain the natural microbial balance
while effectively delivering therapeutics. However, challenges remain [7]. Ensuring the long-term safety and
efficacy of nanoparticles, bridging the gap between laboratory research and clinical application, and
developing patient-centered and cost-effective DDS solutions are crucial aspects demanding continued focus.
This review paves the way for a comprehensive understanding of the multifaceted landscape of DDS in
dentistry. As this field continues to evolve, its potential to revolutionize oral healthcare and improve patient
outcomes across various oral diseases is undeniable. The future of oral health is undoubtedly brighter, shaped
by the transformative power of drug delivery systems.

The art of delivering drugs has undergone a fascinating transformation, evolving from simple plant-based
concoctions to the sophisticated, targeted systems employed today. Early humans relied on teas and poultices,
laying the foundation for the 19th century's advancements in tablet and capsule formulations. The 20th century
witnessed a paradigm shift with the introduction of controlled-release systems like transdermal patches and
liposomes, paving the way for the targeted delivery revolution of the late 20th and early 21st centuries. Today,
nanoparticle-based DDS stand at the forefront, revolutionizing therapeutic strategies [7].

This diverse landscape of DDS offers solutions for various administration routes and needs. Oral DDS, while
convenient, faces limitations like poor solubility and systemic side effects. Advanced formulations are
addressing these challenges. Injectable DDS provide rapid action but can be invasive, while infusion systems
offer continuous delivery. Targeted DDS, often nanoparticle-based, deliver drugs directly to specific cells or
tissues, maximizing efficacy and minimizing side effects. Controlled-release systems ensure steady drug
release, improving compliance and reducing dosing frequency. Transdermal patches offer non-invasive,
sustained delivery through the skin, while inhalable DDS target the lungs directly, making them ideal for
respiratory conditions [8, 9].

The preparation methods for these diverse drug delivery systems (DDS) are as varied as the systems
themselves. Transdermal systems often depend on techniques like solvent casting or hot melt extrusion, while
nanoparticle-based DDS frequently employ emulsification followed by solvent evaporation. Lyophilization is
a key method used to enhance stability, especially crucial for protein-based drugs. Additionally, encapsulation
techniques, such as the use of liposomes and microencapsulation, play a vital role in protecting drugs and
ensuring targeted delivery [9].

Tracing the evolution of DDS from basic formulations to the highly sophisticated systems of today mirrors the
dynamic progress of pharmaceutical science. This historical journey, from early humans using simple teas and
poultices to the 19th century's development of tablets and capsules, sets the context for understanding the
advancements in DDS. The 20th century marked a significant shift with the advent of controlled-release
mechanisms like transdermal patches and liposomes, leading to the current era of targeted delivery, primarily
driven by nanoparticle-based systems [10].

In this diverse landscape, DDS provides tailored solutions for various administration routes and clinical needs.
Oral DDS, offering convenience, tackle challenges like poor solubility and potential systemic side effects.
Injectable DDS, although rapid in action, may be perceived as invasive, while infusion systems offer the
advantage of continuous drug delivery. Targeted DDS, predominantly nanoparticle-based, focus on delivering
drugs directly to specific cells or tissues, thus maximizing efficacy and minimizing side effects. Controlled-
release systems ensure a steady release of the drug, improving patient compliance and reducing the frequency
of dosing. Transdermal patches represent a non-invasive method for sustained drug delivery through the skin,
and inhalable DDS are particularly effective for targeting the lungs, ideal for respiratory conditions [11].
This comprehensive review highlights the evolving landscape of DDS from ancient remedies to modern,
personalized medicine. It underscores the diverse applications of DDS materials and compounds across
medical fields, such as cancer therapy, cardiovascular diseases, diabetes management, infectious diseases,
neurological disorders, and regenerative medicine. The text also details the advantages of transdermal drug
delivery systems (TDDS), including bypassing first-pass metabolism and maintaining stable drug levels,
thereby reducing side effects and improving patient compliance. The review emphasizes the importance of in
vitro and in vivo models for research, like artificial membranes, animal skin, and human skin, and discusses
various case studies exploring different formulations and their impact on drug release, skin permeation, and
therapeutic efficacy [12].
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In summary, the journey of DDS reflects a profound transformation in pharmaceutical science, offering
increasingly effective, safer, and personalized treatment options across various medical disciplines.
Understanding this evolution, the diversity of DDS, and their preparation methods is essential for appreciating
current advancements and anticipating future innovations in the field

"Building Blocks of Advanced Drug Delivery Systems: The fabrication techniques for these multifaceted drug
delivery systems are as varied as their applications. Transdermal drug delivery systems predominantly employ
solvent casting or hot melt extrusion methodologies, while nanoparticle-based drug delivery systems (DDS)
typically involve complex processes like emulsification followed by solvent evaporation. The process of
Iyophilization is instrumental in augmenting stability, especially for proteinaceous pharmaceuticals.
Encapsulation techniques, notably employing liposomes and microencapsulation, are critical in safeguarding
active pharmaceutical ingredients and facilitating precise, targeted delivery [13].

Review of literature

Transforming the Landscape of Medical Therapeutics:

The application of DDS spans a multitude of medical disciplines, drastically altering treatment methodologies.
In oncology, liposomes and polymer-based nanoparticles are pivotal in directly administering
chemotherapeutic agents to neoplastic cells, significantly reducing the cytotoxic impact on healthy tissue. In
cardiovascular medicine, controlled-release DDS have shown considerable improvement in the therapeutic
outcomes and patient adherence for medications such as antihypertensives and anticoagulants. For diabetes
management, the use of implantable pumps and encapsulated insulin formulations is a revolutionary approach,
providing a sustained and controlled release of insulin, closely mimicking endogenous secretion patterns. In
the realm of infectious diseases, targeted antimicrobial delivery utilizing nanoparticles and liposomes has been
pivotal in enhancing the potency of antibiotics and antifungal agents, particularly against drug-resistant strains.
DDS are also crucial in neuropharmacology, facilitating the translocation of drugs across the blood-brain
barrier, a critical factor in the treatment of neurological conditions like Alzheimer's and Parkinson's diseases.
In regenerative medicine, hydrogels and bioceramics have found significant applications in tissue engineering
and drug delivery for bone and dental tissue regeneration [14, 15].

Transdermal Drug Delivery Systems (TDDS):

This segment delves deeper into TDDS, elucidating its advantages such as bypassing hepatic first-pass
metabolism, maintaining consistent drug levels, reducing adverse systemic effects, and enhancing patient
compliance. It explores both in vitro and in vivo research models, including the use of artificial membranes
and various animal skin models, to assess drug release dynamics, skin permeation, and therapeutic efficacy.
Liposomal and Targeted Drug Delivery Systems:

This section explores the diverse applications and recent advancements in liposomal and targeted drug delivery
systems. These systems have shown remarkable effectiveness in treating a range of conditions, from infectious
diseases to cancer, owing to their ability to deliver therapeutic agents directly to the affected site, thereby
enhancing efficacy and minimizing systemic toxicity.

Future Horizons in Drug Delivery Systems: The concluding part of this review casts light on the exciting future
prospects and challenges in the field of DDS. It touches upon personalized medicine paradigms utilizing
bespoke DDS tailored to individual patient needs, the development of advanced biomaterials and stimuli-
responsive systems for precise control over drug release, the integration of nanotechnology for targeted
delivery and theranostics, and the potential role of artificial intelligence in optimizing DDS design and drug
release profiles.

The Oral Microbiome and Drug Delivery Systems:

This section delves into the complex interplay between the oral microbiome and DDS, underscoring its critical
importance in fine-tuning therapeutic strategies for optimal oral health. It discusses the limitations inherent in
systemic drug administration, the modulatory effects of the oral microbiome on DDS efficacy, and the advent
of cutting-edge technologies such as RNA interference and remotely activated drug delivery systems in the
context of oral healthcare.

Nanotechnology in Dentistry:

The review also addresses the transformative influence of nanotechnology in dentistry, examining avant-garde
concepts like dental nanorobots and nanocomposites. It highlights their potential in various aspects of dental
care, including aesthetic improvements, mechanical reinforcement, preventative measures, and enamel

26



Al-Bayan Journal for Medical & Health Sciences, Volume No. (3), Issue No. (1), May 2024, ISSN 2789-911X

remineralization.
Addressing Oral Pathologies with Advanced DDS: Advanced DDS, such as hydrogels, mucoadhesive systems,
and nanoparticles, play an instrumental role in the localized treatment of persistent oral pathologies, including
dental caries, periodontitis, and mucosal infections. The review further discusses strategies in
chemoprevention, photodiagnosis, and antimicrobial approaches using nanoparticles of silver, copper, and
gold.
Clinical Translation and Co-Delivery Approaches:
The review concludes by highlighting the importance of clinical translation and co-delivery approaches in
advancing oral and systemic healthcare. It emphasizes the promising results of polymeric nanoparticles in
treating oral candidiasis and the potential of co-delivery systems for combating mixed infections like
periodontitis. Overall, this review paints a comprehensive picture of the evolving landscape of drug delivery
systems, highlighting their immense potential to revolutionize various medical fields, including oral and
systemic healthcare . Emerging trends in oral health-focused drug delivery systems (DDS) paint a fascinating
picture of personalized care and targeted interventions. Stimuli-responsive systems harness oral conditions like
pH changes or enzymes to trigger precise drug release, particularly promising for periodontitis treatment.
Integration with digital health envisions wearable or implantable sensors monitoring oral health and triggering
DDS release, ensuring timely and precise interventions. However, challenges remain. Ensuring the long-term
stability and safety of nanoparticles is crucial for clinical translation. Streamlining regulatory pathways and
fostering user-friendly, cost-effective designs are critical for broader adoption. Research priorities emphasize
a patient-centered approach, prioritizing safety, efficacy, and convenience through enhanced biocompatibility,
reduced side effects, and non-invasive methods. Interdisciplinary collaboration between scientists, clinicians,
and industry partners is key to bridging the gap between research and clinical application. DDS can also play
a role in managing systemic diseases. Targeted DDS can cross barriers like the blood-brain barrier, improving
treatment efficacy for cardiovascular and neurological conditions. Recognizing the broader impact of DDS
extends beyond oral health. Interdisciplinary approaches combining insights from diverse fields can develop
sophisticated DDS for various health conditions. Ensuring affordability and accessibility in low-resource
settings is vital for promoting global health equity. Responsible use, patient education, and ethical
considerations remain paramount amidst rapid advancements. The oral-systemic health link, targeting oral
conditions with DDS can have broader impacts on overall health, potentially reducing the risk of
cardiovascular diseases associated with periodontal disease. Precision medicine and personalized DDS
leverage individual genetic, epigenetic profiles, and microbiome data for customized treatment, particularly
relevant in cancer and gastrointestinal diseases. Advanced materials and biotechnology, like bioactive
materials for tissue regeneration and infection control, and bioengineered systems using enzymes or
bacteriophages, offer less invasive solutions. Nanotechnology is transforming oral health and microbial
management. Antimicrobial nanoparticles disrupt biofilms and maintain oral health, finding applications in
dental composites, adhesives, and implant coatings. Nanomedicine addresses drug solubility and
bioavailability challenges, enabling precise targeting and controlled release for caries control, dental
hypersensitivity, and oral cancer therapy. Ideal nanodrug delivery vehicles prioritize targeted delivery with
minimal side effects, achieved through biocompatible and reliable platforms. Nanodrug delivery systems in
dentistry offer improved efficacy and evasion of the body's defenses, addressing caries control, root canal
infections, and periodontal disease. Diverse nanostructures like liposomes, polymers, and dendrimers provide
controlled drug delivery, reduced toxicity, and enhanced safety. Local and systemic routes of administration
cater to various oral conditions. Nano drugs as self-carriers are used for caries control, tooth remineralization,
and root canal disinfection, while nano drugs with nano or other carriers address diverse needs like dental
caries vaccines, biofilm management, hypersensitivity, infection control, tissue engineering, anesthesia, and
cancer therapy.
The concept of pharmacytes heralds a groundbreaking era in drug delivery, particularly in the realms of
medical and dental treatments. These advanced nanorobotic systems, envisioned as self-powered and
computer-controlled, promise highly precise and targeted pharmaceutical delivery within the human body.
Unlike conventional passive nanoparticles, these dental nanorobots, approximately 1-2 pum in size, are
designed for active control by physicians and are characterized by their ability to leave no residual traces post-
treatment.

Pharmacytes have the potential to transform cancer therapy by delivering cytotoxic agents directly to

cancerous cells, thus sharply contrasting with traditional chemotherapy methods that often inadvertently
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impact healthy cells. This targeted approach is expected to significantly minimize side effects typically
associated with chemotherapy. Additionally, pharmacytes hold promise in manipulating cell signaling
processes, such as managing intracellular calcium levels, which play critical roles in neurotransmission and
metabolism. In dental therapy, the applications of pharmacytes are multifaceted. They could be instrumental
in managing stress responses during dental treatments, potentially regulating the adrenaline response while
simultaneously inducing relaxation through opioid production. This technology could also revolutionize
local anesthesia in dentistry. By employing a colloidal suspension of analgesic nanorobots, pharmacytes can
navigate to the tooth pulp, provide targeted pain relief, and subsequently be removed, obviating the need for
conventional injections and thereby enhancing patient comfort. Furthermore, they offer innovative solutions
for treating dentin hypersensitivity by occluding dentinal tubules, thus providing rapid and lasting relief. The
integration of nanodrug delivery systems into dentistry, while significant, is still in a nascent stage. Future
research and development in this field are crucial to bridge the gap between laboratory innovations and
clinical applications. A paradigm shift is anticipated in the treatment of dental caries, moving from traditional
restorative methods to advanced lesion healing and remineralization using nanoparticles. The development
of dental caries vaccines, though still in the preliminary stages, requires extensive human trials to realize the
full potential of nanodrug delivery systems. Additionally, pain management in dental procedures is an area
that stands to benefit immensely from these advancements. In the context of initial dental caries, the focus
on noninvasive drug therapy has led to extensive research into antibacterial DDS. These systems, targeting
the reduction of dental plaque, have evolved into nano-scale systems like liposomes and micelles, enhancing
the local delivery of anti-bacterial agents and showcasing the advancements in DDS for effective prophylaxis
and treatment of initial dental caries.

The progression of dental caries to cavitated lesions necessitates DDS-modified dental resin to address
secondary caries and mitigate pulp stimulus. The integration of antibacterial agents such as chlorhexidine
into various carriers, including nanoparticles and spheres, illustrates the diverse approach of DDS in dental
restoration. The innovative application of metal particles like silver and ZnO for their antibacterial properties
in dental resin modifications further exemplifies the role of DDS in combating secondary caries while
preserving the mechanical and aesthetic properties of dental materials. Periodontitis, a complex infectious
disease with various etiologic factors, represents a significant challenge in oral health. DDS tailored for
periodontitis treatment involve local delivery of antibiotics and anti-inflammatory drugs, effectively
managing the disease while minimizing systemic side effects. The utilization of carriers like fibers, strips,
films, injectable gels, microparticles, and nanoparticles for local drug delivery in periodontal pockets
underscores the precision and efficacy of DDS in treating periodontitis. Peri-implantitis, a concern in dental
implantation, involves inflammatory processes affecting the implant-surrounding tissues. DDS targeting
peri-implantitis focus on managing infection and inflammation, thereby enhancing implant success rates.
The application of DDS in this context highlights the role of targeted drug delivery in maintaining the
integrity and longevity of dental implants. Oral candidiasis, a common fungal disease, poses unique
challenges in treatment due to the opportunistic nature of Candida infections. Local DDS, employing various
bio-adhesive devices and nano-scaled systems, offer effective management of oral candidiasis, reducing the
toxicity and drug resistance associated with systemic treatments. These advancements in DDS demonstrate
the potential for more effective, targeted therapies for oral fungal infections. Oral candidiasis, particularly
when associated with denture use in the elderly, known as denture stomatitis, is an important area of DDS
research. Innovations in DDS for denture stomatitis include the development of sustained release varnishes
and modified drug delivery dentures. These advancements showcase the potential of DDS in providing
effective and long-lasting treatment for oral fungal infections, enhancing the quality of life for denture users.
The future of DDS, particularly in the realm of nanoparticles, is poised for groundbreaking advancements.
Current research is focused on optimizing the release characteristics of nanoparticles from dental materials,
ensuring their safety and efficacy. Investigating the long-term effects of nanoparticles on oral tissues and the
microbiome is crucial for the continued development of these technologies.

Tablel. Comparison between Traditional Drug Delivery Systems and Nanotechnology-based Drug
Delivery Systems

\ Criteria H Traditional DDS H Nanotechnology-based DDS \
Lower due to poor targeting and less|| Higher due to enhanced targeting capabilities
Efficacy efficient drug release mechanisms. and controlled release mechanisms, leading
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\ Criteria H Traditional DDS H Nanotechnology-based DDS \
| | to more effective treatment outcomes. |
Often lacks precision, leading to non-|| High precision in targeting specific cells or
Targeting specific distribution and affecting|| tissues, minimizing impact on healthy cells
Precision healthy tissues. and maximizing therapeutic effects.
Struggles with the solubility of poorly|| Improves solubility of poorly soluble drugs
Drug water-soluble drugs, limiting their| through nanocarrier formulations, enhancing
Solubility effectiveness. bioavailability.
May cause broader systemic side|| Minimizes side effects through targeted
effects due to non-specific targeting|| delivery, reducing exposure of healthy tissues
Side Effects and distribution. to toxic drugs.
Requires frequent dosing or higher|| Allows for less frequent dosing and
Patient doses, which can affect patient| potentially lower doses due to improved
Compliance compliance and comfort. efficacy, enhancing patient compliance.
Higher initial development and production
Generally lower initial costs, but less|| costs, but potentially lower overall healthcare
effective outcomes may lead to higher|| costs due to improved treatment efficacy and
Cost long-term healthcare costs. reduced side effects.

Table2: Release Mechanisms of Traditional DDS vs. Nanotechnology-based DDS

\ Feature H Traditional DDS H Nanotechnology-based DDS
Utilizes smart release mechanisms,
Often relies on diffusion or including pH-sensitive, temperature-
Release dissolution, which can be sensitive, and enzyme-responsive
Mechanism imprecise and uncontrolled. systems, for controlled release.

Enhanced control over drug release
rates, allowing for steady drug levels
over time.

Highly responsive to the biological
environment, releasing drugs in
response to specific triggers.

Reduced drug waste through targeted
delivery and controlled release
mechanisms.

Limited control over the release
rate, leading to potential spikes in
drug concentration.

Control Over
Release Rate

Typically not responsive to the
biological environment or disease
state.

Environment
Responsiveness

Higher potential for drug waste

Drug Waste due to non-specific release.

Offers the potential for externally
adjustable release rates through stimuli-
responsive mechanisms.

Limited ability to adjust drug
release once administered.

Adjustability

A Glimpse into the Future of Oral Health: Nano-Revolutionaries and Personalized Dentistry

The oral healthcare landscape is poised for a paradigm shift with the emergence of nanotechnology and its
potential applications in drug delivery. From targeted cancer therapy to revolutionizing local anesthesia, the
future holds immense promise. Nano emulsions and liposomes are taking center stage in chemotherapy,
offering controlled release and precise targeting of drugs to cancer cells, minimizing the harm to healthy
tissues. Additionally, Ormosil nanoparticles in photodynamic therapy and single-walled carbon nanotubes
in photo thermal therapy are showing promise in treating oral cancers more effectively and with fewer side
effects. But the most exciting frontier lies in the realm of pharmacytes: self-powered, computer-controlled
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Nano robots envisioned to revolutionize medical and dental treatments. These tiny marvels, measuring about
1-2 um, would be actively controlled by dentists to deliver drugs directly to diseased cells, eliminating
unwanted side effects. Imagine targeted cancer therapy, cell signaling control, or even managing stress
responses during dental procedures — all thanks to these microscopic doctors. Closer to home, local
anesthesia could be revolutionized by colloidal suspensions of analgesic Nano robots. These robots could
navigate to the tooth pulp, provide targeted pain relief, and be removed after the procedure, eliminating the
need for injections and improving patient comfort. Additionally, treating dentin hypersensitivity by
occluding dentinal tubules with these robots could offer a fast and lasting solution. Beyond the realm of
science fiction, nanodrug delivery systems are already impacting dentistry, though challenges remain. Future
efforts should focus on shifting caries treatment from restorative methods to remineralization using
nanoparticles, and developing dental caries vaccines. Pain management through nanodrugs is another crucial
area requiring exploration. Looking specifically at different dental conditions, antibacterial DDS plays a key
role in initial dental caries by targeting and reducing dental plaque. Liposomes and micelles further enhance
the local delivery of these agents. For secondary caries, incorporating antibacterial agents like silver and
ZnO into dental resins helps combat the infection while preserving aesthetics. Finally, in periodontitis, local
delivery of antibiotics and anti-inflammatory drugs through various carriers like fibers and nanoparticles
offers precise and effective treatment (30).

Chemical Adjustment:

A Revolutionary Change in the Field of Pharmaceutical Research
The introduction of chemotherapy has caused a significant change in the way drugs are developed, making
it easier to specifically modify drug characteristics such as how they are distributed in the body, how they
are processed by the body, how easily they dissolve, and how they interact with genetic factors. An
exemplary example of this advancement is the development of medications that may effectively cross
normally impermeable barriers, such as the blood-brain barrier. The strong endothelial cell connections of
this barrier traditionally prevent the majority of substances from reaching the central nervous system.
Recent innovative techniques have made substantial progress in overcoming this challenge. For example,
increasing a drug's ability to dissolve in fats or linking it to a molecule that has a specific method of
transportation has demonstrated potential for crossing the protective barrier of the brain. Furthermore, the
process of attaching pharmaceuticals to soluble macromolecules, such as proteins, polysaccharides, or
synthetic polymers, changes the size and characteristics of the drug. This, in turn, affects how the drug is
absorbed, distributed, metabolized, and excreted in the body. One example is the link between
neocarzinostatin and styrene-maleic acid copolymers, which, when injected into an artery, has a big impact
on the treatment of hepatocellular carcinoma.

Another innovative method involves linking bioactive chemicals, such as pharmaceuticals, radioisotopes, or
poisons, to monoclonal antibodies, thus directing these agents to specific cells. This method is currently
being tested for the treatment of cancer, septic shock, and AIDS. It shows how useful antibody conjugates
can be, even though mouse antibodies can cause anaphylactic reactions( 28) .

Improving Effectiveness with Technology: Innovative Delivery Systems

The development of microparticulate and colloidal carriers, which include vesicles that carry proteins, lipids,
carbohydrates, and synthetic polymers, has greatly improved drug delivery. Because of their adaptability,
lack of toxicity, ability to degrade naturally, and capacity to avoid immune system detection, liposomes have
garnered interest among these alternatives. Nevertheless, the obstacles related to stability and the production
of liposomes on a large scale remain, requiring progress in the field of liposome engineering and
manufacturing.

Clinical investigations highlight the benefits of liposomal formulations, including a notable decrease in
cardiac toxicity and side effects compared to conventional drugs. This demonstrates the potential of these
vesicles to improve therapy tolerance and optimize dosage effectiveness.

Moreover, the investigation of controlled-release devices represents notable progress in the delivery of drugs.
These devices, which are specifically engineered to provide medications over a set period of time at a steady
pace, provide a solution to the constraints of conventional sustained-release formulations. Controlled release
systems effectively reduce toxicity and improve patient compliance by keeping drug levels within the
therapeutic range and targeting specific body compartments for drug administration.

Advancements in Healthcare Innovation the combination of chemical modification techniques and
innovative delivery technologies is creating new opportunities in the field of healthcare. These innovations
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have the potential to revolutionize treatment paradigms by allowing for accurate targeting and the regulated
release of therapeutic substances. With the advancement of science and technology, the possibility of
tailored, effective, and minimally invasive treatments is becoming more and more real, signaling a new age
in healthcare(28,29.

Advancements and Difficulties in Modular Delivery Systems for Transdermal Applications
Transdermal delivery systems revolutionize pharmaceutical administration by utilizing the skin as a pathway
for medicinal chemicals rather than considering it an impenetrable barrier. This approach provides clear
benefits, including avoiding the breakdown of the drug in the liver and the need for small amounts of
medication due to direct administration into the bloodstream. The effectiveness of transdermal systems
depends on the molecular weight of the medicine and its ability to dissolve in both water and oil. The stratum
corneum, which is the outermost layer of the skin, acts as the main obstacle to the absorption of the drug.
The first transdermal device, which used patches to gradually release scopolamine and relieve motion
sickness, demonstrated the potential of this technology. The key feature of this system is its ability to
independently control the pace at which drugs are released, regardless of the quality of the skin. This ensures
that there is minimal variation in drug release between different patients. The device is strategically
positioned behind the ear to utilize the region's elevated skin permeability, making the device the main barrier
for diffusion.

Transdermal systems have been further developed to treat a range of medical problems, with nitroglycerin
patches proving to be highly successful in the commercial market for heart disease. These patches, which
were first introduced in 1982, produce substantial annual revenue and provide the option to adjust the dosage
by using patches of different sizes. Nevertheless, the emergence of tolerance over extended periods of use
underscores the necessity for continuous innovation in this field.

Additional uses encompass the utilization of weekly clonidine patches for the treatment of high blood
pressure and biweekly estradiol patches for alleviating symptoms experienced after menopause. Although
these systems are effective, they can occasionally produce irritation in the specific area where they are
applied. The ingredients in the bioadhesive formulations or the prolonged use of the system may be to blame
for this irritation. Current research efforts are focused on broadening the range of substances that can be
delivered through the skin, such as antihistamines, nicotine, fentanyl, isosorbide dinitrate, timolol, and
testosterone. However, these medications are not currently ready for sale.

An essential obstacle to transdermal delivery is expanding the range of drugs that can be efficiently supplied
through this method. Several strategies are being investigated, including electrical techniques like
iontophoresis, which shows potential for delivering charged molecules through the skin, and larger drugs
like insulin. Although iontophoresis and comparable procedures have theoretical potential, conclusive
results, especially with insulin, are still uncertain.

To summarize, transdermal delivery systems have offered a groundbreaking method of administering
medication, providing substantial advantages compared to conventional ways. Nevertheless, the progress of
this technology encounters obstacles pertaining to the properties of drugs, the architecture of the system, and
the diversity among patients. To overcome these obstacles, it is necessary to persistently pursue innovation
and research, aiming to establish transdermal delivery as a feasible choice for a wider range of drugs and
therapeutic uses.

This novel method of designing degradable polymers signifies a fundamental change in the field of
biomedical engineering, highlighting the importance of creating materials that are specifically tailored for
medical purposes rather than adapting materials from unrelated industries. Surface-eroding polymers, such
as polyanhydrides, enable the precise and predictable release of drugs. This represents a significant
advancement compared to the previously employed method of eroding materials in large quantities. By
examining the degradation of the polymer surface, these novel materials prevent the sudden release of a
large dose of medication and enable accurate regulation of drug administration rates, thereby enhancing the
safety and efficacy of the pharmaceuticals.

Polyanhydrides, which include anhydride bonds that break down when exposed to water, are considered an
excellent choice for developing surface-eroding systems. The researchers were able to make polyanhydride
copolymers that break down in a range of time periods, from one week to several years, by carefully
changing the amounts of the monomers. The ability to adapt enables customized medication delivery
systems that can cater to the individual requirements of different medical treatments.

Polyanhydride disks are utilized for targeted delivery of nitrosoureas to precise regions of the brain for the
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purpose of treating brain cancer. This demonstrates the transformative impact that these materials can

have. The conventional method of administering nitrosoureas intravenously is restricted due to their brief
duration of action and potential for toxicity throughout the body. By incorporating these medications into
polyanhydride disks, their effectiveness is extended while the occurrence of negative effects is reduced.
This is achieved by limiting the release of the drugs to the specific site they are intended to target.
Successful animal research and subsequent FDA approval for clinical trials support the strategy's
effectiveness in enhancing patient safety and treatment outcomes.

The research on polyanhydrides and other surface-eroding polymers indicates a growing trend in the
popularity of biodegradable materials. These materials are meticulously crafted to function effectively in
biomedical environments. As research on this subject advances, it is anticipated that these materials will
have a growing significance in the advancement of medical therapies, providing fresh optimism for
patients and facilitating the development of more individualized and efficient healthcare solutions.
Pulsatile polymeric-controlled release systems are at the forefront of biomedical innovation. Their goal is to
accurately imitate the normal physiological cycles of the body by delivering medications in response to
specific requirements. The systems can be categorized into open-loop and closed-loop approaches, each
having distinct mechanics and possible uses in customized medicine.

Open-loop systems

Open-loop systems function autonomously without receiving any input or feedback from the body. Instead,
they rely on external stimuli to regulate the rate at which drugs are released. An exemplary instance entails
the incorporation of minute magnetic beads and the medication within a polymer matrix. Applying an
oscillating external magnetic field can greatly increase the pace at which drugs are released. The release can
be influenced by factors such as the frequency and strength of the magnetic field, the composition of the
polymer, and the orientation of the magnets implanted in it. Ultrasound has been investigated as a means to
enhance drug release rates from polymeric systems, indicating the possibility of non-invasive, externally
regulated medication delivery. In order to implement these technologies in medical environments, it may be
necessary to create compact, portable devices that can be manually operated or preprogrammed to initiate
medication release at specified times or in specific situations (26).

Systems that operate in a closed-loop configuration

Closed-loop systems, on the other hand, are specifically engineered to automatically modify the release of
medication based on physiological fluctuations, resulting in a more comprehensive and adaptable treatment
alternative. An example of a method used for managing diabetes is the utilization of a polymeric system that
releases insulin when glucose levels are high. By immobilizing glucose oxidase within an insulin-containing
polyamine membrane, this is possible. The enzyme's interaction with glucose causes the membrane to
expand, leading to the release of insulin. When glucose levels decline, the membrane contracts, which leads
to a reduction in insulin delivery. Additional approaches involve immobilizing glucose oxidase on agarose
beads within a polymer matrix to modify insulin solubility and release in response to pH variations or
utilizing glycosylated insulin coupled to concanavalin A, which triggers insulin release upon displacement
by glucose (26,27).

Challenges and possible benefits

A crucial aspect in the advancement of effective pulsatile polymeric systems is the consideration of the
stability of insulin and enzymes, as well as the requirement for a rapid response time for insulin transportation
from the polymer matrix to the circulation. These systems could greatly benefit from concurrent
improvements in biosensor technology, which would allow for more precise monitoring and control of
physiological parameters.

Moreover, research on autonomous drug delivery systems, which employ degradable polymers along with
antibodies and enzymes, offer innovative possibilities for tackling time-critical illnesses like opioid
overdose. Pulsatile systems have the potential to seamlessly integrate drug administration into the body's
natural processes, offering customized, effective, and minimally invasive therapeutic solutions. This can be
achieved by utilizing the body's inherent signals or introducing specific stimuli (25).
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The Emergence of Nanotechnology in Oral Health

The field of oral health is experiencing significant progress and promise due to the advancements in
nanotechnology. This burgeoning discipline holds the potential to completely transform the practice of
dentistry by providing accurate, efficient, and comfortable treatment. Nanotechnology revolutionizes dental
care by introducing minuscule agents capable of precise transformations, ranging from targeted cancer
therapy to tailored pain management.

Nanotechnology is leading the way in this era of transformation, enabling the creation of new bioactive
materials for dental implants, caries control, and periodontal regeneration. The utilization of nano-
hydroxyapatite for tooth remineralization and bioactive glass particles for improved medication
administration represents only the initial stages of the potential advancements in this field.
Nanocarriers, such as liposomes, polymers, and metallic nanoparticles, have revolutionized drug delivery
systems (DDS) in oral healthcare. These carriers pledge to address issues such inadequate drug solubility
and deliver precise treatment for several dental ailments, including caries prevention, root canal disinfection,
and cancer therapy (23).

Specialized Remedies for Oral Conditions

Local drug delivery systems provide a promising solution in combating oral disorders. Nanoparticles
containing remineralizing agents, antibiotics, and anti-inflammatory medications are demonstrating efficacy
in treating illnesses such as periodontitis, peri-implantitis, and oral candidiasis, while causing minimal
adverse effects.

The future of DDS encompasses not only technological progress but also individualized attention.
Pharmacytes, nanorobots, and chitosan nanoparticles are advancing customized oral healthcare by expanding
the  possibilities  for  cancer  therapy, gene  therapy, and  tissue  regeneration.
Although there is a positive outlook, there are still obstacles to overcome in order to ensure long-term safety,
connect research with clinical applications, and create cost-effective solutions. Nevertheless, via ongoing
research and innovation, the field of dental healthcare is poised to undergo a revolution thanks to DDS,
which will provide improved treatment results and patient-focused solutions (24).

Enhancing Drug Delivery through the Use of Polymers

The importance of polymers, specifically chitosan and its nanocomposites, in the progress of drug delivery
systems is emphasized by this statement. The enhanced efficacy of antibiotics enclosed in chitosan
nanoparticles, as demonstrated by scientific studies, highlights the potential of polymers to revolutionize the
fields of pharmaceutical science and oral healthcare delivery.

Chitosan nanoparticles are a highly adaptable system for delivering antibiotics.

The incorporation of antibiotics into nanochitosan platforms has greatly improved the effectiveness of
medications such as amoxicillin. This section examines the several advantages of chitosan nanoparticles, not
only in enhancing the efficacy of antibiotics but also in their adaptability as a drug delivery mechanism in
diverse medicinal applications.

The bactericidal properties of amoxicillin are significantly augmented when coupled with nanochitosan,
suggesting that chitosan nanoparticles have the potential to enhance the efficacy of antimicrobial therapies
(16). The efficacy of this strategy has been validated in additional trials using various antibiotics, not limited
to amoxicillin (17, 18). Nano-chitosan has been employed in several sectors, demonstrating its adaptability
and efficacy as a drug delivery system (DDS), in addition to antibiotics (19).

The study conducted by (19) examined the impact of kanamycin-chitosan nanoparticles on nosocomial
infections. The researchers showcased the improved antibacterial characteristics of the nanochitosan carrier
technology. In addition, the research carried out by (17,18) expands our understanding of the utilization of
chitosan nanoparticles as a highly efficient method for delivering drugs, particularly in the creation and
examination of tobramycin-chitosan nanoparticles.

Furthermore, a study conducted by (20) investigated the antibacterial properties of erythromycin-loaded
chitosan nanoparticles and chitosan nanoparticles alone. The study focused on their effects on MRSA and
MSSA germs collected from cow milk infected by mastitis. This study provides evidence for the potent
antibacterial activity of chitosan nanoparticles, whether employed as carriers or as standalone agents. Study
(21) examined the synthesis, analysis, and antibacterial efficacy of chitosan nanoparticles loaded with
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clarithromycin against Streptococcus pneumoniae. In addition, they also investigated the utilization of these
nanoparticles for the administration of gatifloxacin in the treatment of ocular diseases.

The investigations consistently validate the efficacy of chitosan and its derivatives as powerful antibacterial
agents, based on the body of evidence presented. Moreover, the application of nano-chitosan as a drug
delivery system (DDS) has been scientifically proven to enhance the effectiveness and potency of
encapsulated drugs, thereby playing a pivotal role in the progress of more efficient therapeutic treatments.
This comprehensive compilation of research not only verifies the efficacy of chitosan as a drug delivery
system (DDS), but also indicates its potential in revolutionizing drug delivery techniques for many medicinal
applications. Therefore, it is essential for future research to continue exploring and harnessing the benefits
of chitosan and nanotechnology in drug delivery systems (DDS), aiming to achieve innovations that ensure
enhanced treatment outcomes and patient-centered healthcare solutions (22).

Conclusions:

The review concludes that DDS, particularly those based on nanotechnology, are poised to revolutionize oral
healthcare. These systems offer targeted, efficient, and personalized treatments for a variety of dental
conditions, significantly improving patient outcomes. Key advancements include:

1. Nanotechnology in Dentistry: The use of nanocarriers like liposomes and polymeric nanoparticles
for targeted drug delivery has shown promise in treating a wide range of oral conditions, including
caries, periodontitis, and oral cancer. The potential of nano-hydroxyapatite and bioactive glass
particles for remineralization and enhanced drug delivery is particularly notable.

2. Improving Drug Delivery: Advances in DDS have overcome challenges such as poor drug solubility
and systemic side effects, leading to more effective and safer treatments. The development of
controlled-release systems, transdermal patches, and inhalable DDS has been instrumental in this
progress.

3. Personalized Medicine and the Oral Microbiome: The integration of DDS with the oral microbiome
and emerging technologies like RNA interference opens new avenues for personalized oral healthcare.
This approach promises to maintain microbial balance while effectively delivering therapeutics.

4. Challenges and Future Prospects: Despite significant advancements, challenges remain in ensuring
long-term safety and efficacy of nanoparticles, bridging the gap between laboratory research and
clinical application, and developing patient-centered, cost-effective solutions. The potential of DDS
in treating systemic diseases by crossing barriers like the blood-brain barrier highlights the need for
further research and interdisciplinary collaboration.

5. Clinical Translation and Co-Delivery Approaches: The review emphasizes the importance of
clinical translation of DDS, particularly in the context of oral candidiasis and periodontitis. Co-
delivery systems that can address mixed infections represent a significant advancement in oral
healthcare

34



Al-Bayan Journal for Medical & Health Sciences, Volume No. (3), Issue No. (1), May 2024, ISSN 2789-911X

References

1.

10.

11.

12.

13.

Zhang Y, Jiang R, Lei L, Yang Y, Hu T. Drug delivery systems for oral disease applications. J Appl
Oral Sci. 2022 Mar 9;30:20210349. doi: 10.1590/1678-7757-2021-0349. PMID: 35262595;
PMCID: PMC8908861.

AlKahtani RN. The implications and applications of nanotechnology in dentistry: A review. Saudi
Dent J. 2018 Apr;30(2):107-116. doi: 10.1016/j.sdentj.2018.01.002. Epub 2018 Feb 3. PMID:
29628734; PMCID: PMC5884254.

Sabit H, Abdel-Hakeem M, Shoala T, Abdel-Ghany S, Abdel-Latif MM, Almulhim J, Mansy M.
Nanocarriers: A Reliable Tool for the Delivery of Anticancer Drugs. Pharmaceutics. 2022 Jul
28;14(8):1566. doi: 10.3390/pharmaceutics14081566. PMID: 36015192; PMCID: PMC9415391.

Cheng L, Zhang K, Weir MD, Melo MA, Zhou X, Xu HH. Nanotechnology strategies for
antibacterial and remineralizing composites and adhesives to tackle dental caries. Nanomedicine
(Lond). 2015 Mar;10(4):627-41. doi: 10.2217/nnm.14.191. PMID: 25723095; PMCID:
PMC4347904.

Assery NM, Jurado CA, Assery MK, Afrashtehfar KI. Peri-implantitis and systemic inflammation: A
critical update. Saudi Dent J. 2023 Jul;35(5):443-450. doi: 10.1016/j.sdentj.2023.04.005. Epub 2023
May 7. PMID: 37520600; PMCID: PMC10373087.

Lafuente-1bafiez de Mendoza I, Cayero-Garay A, Quindds-Andrés G, Aguirre-Urizar IM. A
systematic review on the implication of Candida in peri-implantitis. Int J Implant Dent. 2021 Jun
17;7(1):73. doi: 10.1186/s40729-021-00338-7. PMID: 34136968; PMCID: PMC8209131.

Freitas RA Jr. Pharmacytes: an ideal vehicle for targeted drug delivery. J Nanosci Nanotechnol. 2006
Sep-Oct;6(9-10):2769-75. doi: 10.1166/jnn.2006.413. PMID: 17048481.

Thomford NE, Senthebane DA, Rowe A, Munro D, Seele P, Maroyi A, Dzobo K. Natural Products
for Drug Discovery in the 21st Century: Innovations for Novel Drug Discovery. Int J Mol Sci. 2018
May 25;19(6):1578. doi: 10.3390/ijms19061578. PMID: 29799486; PMCID: PMC6032166.

Ezike TC, Okpala US, Onoja UL, Nwike CP, Ezeako EC, Okpara OJ, Okoroafor CC, Eze SC, Kalu
OL, Odoh EC, Nwadike UG, Ogbodo JO, Umeh BU, Ossai EC, Nwanguma BC. Advances in drug
delivery systems, challenges and future directions. Heliyon. 2023 Jun 24;9(6):e17488. doi:
10.1016/j.heliyon.2023.e17488. PMID: 37416680; PMCID: PMC10320272.

Park H, Otte A, Park K. Evolution of drug delivery systems: From 1950 to 2020 and beyond. J
Control Release. 2022 Feb;342:53-65. doi: 10.1016/j.jconrel.2021.12.030. Epub 2021 Dec 29.
PMID: 34971694; PMCID: PMC8840987.

Coelho JF, Ferreira PC, Alves P, Cordeiro R, Fonseca AC, Géis JR, Gil MH. Drug delivery systems:
Advanced technologies potentially applicable in personalized treatments. EPMA J. 2010
Mar;1(1):164-209. doi: 10.1007/s13167-010-0001-x. Epub 2010 Apr 10. PMID: 23199049; PMCID:
PMC3405312.

Lee MS, Flammer AJ, Lerman LO, Lerman A. Personalized medicine in cardiovascular diseases.
Korean Circ J. 2012 Sep;42(9):583-91. doi: 10.4070/kcj.2012.42.9.583. Epub 2012 Sep 27. PMID:
23091501; PMCID: PMC3467440.

Liu L, Zhao W, Ma Q, Gao Y, Wang W, Zhang X, Dong Y, Zhang T, Liang Y, Han S, Cao J, Wang
X, Sun W, Ma H, Sun Y. Functional nano-systems for transdermal drug delivery and skin therapy.
Nanoscale Adv. 2023 Feb 24;5(6):1527-1558. doi: 10.1039/d2na00530a. PMID: 36926556; PMCID:
PMC10012846.

35



Al-Bayan Journal for Medical & Health Sciences, Volume No. (3), Issue No. (1), May 2024, ISSN 2789-911X

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Chehelgerdi M, Chehelgerdi M, Allela OQB, Pecho RDC, Jayasankar N, Rao DP, Thamaraikani T,
Vasanthan M, Viktor P, Lakshmaiya N, Saadh MJ, Amajd A, Abo-Zaid MA, Castillo-Acobo RY,
Ismail AH, Amin AH, Akhavan-Sigari R. Progressing nanotechnology to improve targeted cancer
treatment: overcoming hurdles in its clinical implementation. Mol Cancer. 2023 Oct 9;22(1):169.
doi: 10.1186/s12943-023-01865-0. PMID: 37814270; PMCID: PMC10561438.

Dang Y, Guan J. Nanoparticle-based drug delivery systems for cancer therapy. Smart Mater Med.
2020;1:10-19. doi: 10.1016/j.smaim.2020.04.001. Epub 2020 Apr 13. PMID: 34553138; PMCID:
PMC8455119.

Jasem AJ, Mahmood MA. Preparation and Characterization of Amoxicillin-loaded Chitosan
Nanoparticles to Enhance Antibacterial Activity Against Dental Decay Pathogens. J Emerg Med
Trauma Acute Care. 2023 Oct;2023(3). Second Mustansiriyah International Dental Conference
(MIDC 2023). doi: 10.5339/jemtac.2023.midc.10. Received: 18 April 2023; Accepted: 20 May
2023; Published online: 19 July 2023.

Al-nemrawi NK, Alkhatib RQ, Ayyad H, Alshraiedeh NA. Formulation and characterization of
tobramycin-chitosan nanoparticles coated with zinc oxide nanoparticles. Saudi Pharm J.
2022;30:454-461.

Hafizi T, Shahriari MH, Abdouss M, Kahdestani SA. Synthesis And Characterization of
VancomycinLoaded Chitosan Nanoparticles For Drug Delivery. Polym Bull.

Kumar GV, Su CH, Velusamy P. Preparation and characterization of kanamycin-chitosan
nanoparticles to improve the efficacy of antibacterial activity against nosocomial pathogens. J
Taiwan Inst Chem Eng. 2016;65:574-583.

Al Qushawi AAH, Al-Ruaby KJ. Antibacterial activity study of erythromycin-loaded chitosan
nanoparticles and chitosan nanoparticle against identified MRSA and MSSA bacteria isolated from
mastitis cow milk. EurAsian J BioSci. 2020;14:7397-7405.

Ashvini HM, Balla A, Mutta SK. Clarithromycin-loaded Chitosan Nanoparticles: Preparation,
Characterisation and Antibacterial Activity on Streptococcus pneumonia. Indian J Pharm Sci.
2019;81(2):302-308.

de Sousa Victor R, Marcelo da Cunha Santos A, Viana de Sousa B, de Araujo Neves G, Navarro de
Lima Santana L, Rodrigues Menezes R. A Review on Chitosan's Uses as Biomaterial: Tissue
Engineering, Drug Delivery Systems and Cancer Treatment. Materials (Basel). 2020 Nov
6;13(21):4995. doi: 10.3390/mal3214995. PMID: 33171898; PMCID: PMC7664280.

Dakhale R, Paul P, Achanta A, Ahuja KP, Meshram M. Nanotechnology Innovations Transforming
Oral Health Care and Dentistry: A Review. Cureus. 2023 Oct 3;15(10):e46423. doi:
10.7759/cureus.46423. PMID: 37927728; PMCID: PMC10621876.

Zhang Y, Jiang R, Lei L, Yang Y, Hu T. Drug delivery systems for oral disease applications. J Appl
Oral Sci. 2022 Mar 9;30:20210349. doi: 10.1590/1678-7757-2021-0349. PMID: 35262595,
PMCID: PMC8908861.

Mansoor S, Kondiah PPD, Choonara YE, Pillay V. Polymer-Based Nanoparticle Strategies for
Insulin Delivery. Polymers (Basel). 2019 Aug 22;11(9):1380. doi: 10.3390/polym11091380. PMID:
31443473; PMCID: PMC6780129.

Siegel RA. Stimuli sensitive polymers and self regulated drug delivery systems: A very partial
review. J Control Release. 2014 Sep 28;190:337-51. doi: 10.1016/j.jconrel.2014.06.035. Epub 2014
Jun 28. PMID: 24984012; PMCID: PMC4142101.

36



Al-Bayan Journal for Medical & Health Sciences, Volume No. (3), Issue No. (1), May 2024, ISSN 2789-911X

217.

28.

29.

30.

Fuchs J, Hovorka R. Benefits and Challenges of Current Closed-Loop Technologies in Children and
Young People With Type 1 Diabetes. Front Pediatr. 2021 Apr 30;9:679484. doi:
10.3389/fped.2021.679484. PMID: 33996702; PMCID: PMC8119627.

Chehelgerdi M, Chehelgerdi M, Allela OQB, Pecho RDC, Jayasankar N, Rao DP, Thamaraikani T,
Vasanthan M, Viktor P, Lakshmaiya N, Saadh MJ, Amajd A, Abo-Zaid MA, Castillo-Acobo RY,
Ismail AH, Amin AH, Akhavan-Sigari R. Progressing nanotechnology to improve targeted cancer
treatment: overcoming hurdles in its clinical implementation. Mol Cancer. 2023 Oct 9;22(1):1609.
doi: 10.1186/s12943-023-01865-0. PMID: 37814270; PMCID: PMC10561438.

Senapati S, Mahanta AK, Kumar S, Maiti P. Controlled drug delivery vehicles for cancer treatment
and their performance. Signal Transduct Target Ther. 2018 Mar 16;3:7. doi: 10.1038/s41392-017-
0004-3. PMID: 29560283; PMCID: PMC5854578.

Malik S, Waheed Y. Emerging Applications of Nanotechnology in Dentistry. Dent J (Basel). 2023
Nov 15;11(11):266. doi: 10.3390/dj11110266. PMID: 37999030; PMCID: PMC10670129

37



