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ABSTRACT

Nowadays, a modern healthcare system has been enhanced by incorporating the DDS (DDS) which is one of the most
significant therapeutic interventions. Moreover, DDS is the latest advanced technological to overcome the limitations of the
existing drug administration’s such as bioavailability, low solubility, abbreviated half-life, etc. Here, this study discusses the
recent technologies which based on healthcare innovation related models are explored.

Keywords: healthcare innovation, drug administration, bioavailability, low solubility

1. INTRODUCTION

last few decades, the creation of novel DDSs as well as biodegradable based biocompatible materials has transformed in to
the medicine [1]. Moreover, these developments are have promoted in multidisciplinary cooperation among the chemists,
clinicians, and biologists, while having the considerable influence on the biomedical domains, like tissue engineering as well
as biomaterials knowledge [2]. Also, to get beyond the disadvantages of outmoded drug administration, DDSs macro and
micro nano-scale carriers that transport therapeutic chemicals into the body are important [3]. They provide more and more
suitability, growth the patient agreement, recover the drug safety, etc. therefore, the suitable and use of DDSs are now more
important while comparing knowledge of pharmacokinetics and biodistribution continues to development. Consegiently,
these systems are planned to manage the therapeutic substances at a regulated rate and shield them from deterioration [4].
By preserving the drug attentions within the beneficial space, early DDSs, like macroscopic drug depots, assisted in lowering
systemic toxicity [5]. But, because they were dependent on outside variables like pH, temperature, and ionic strength and
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could only release their contents over a brief period of time as one day, their effectiveness was limited [6-9]. Moreover,
advanced DDSs that can deliver extremely reproducible, controlled, and continued drug release in both in environments such
as vino and vitro. Moreover, these environments have been designed for systemic and local therapy in order to overcome
these problems. Some of these have even progressive to clinical trials, but the today’s field-controlled drug release is still
developing and has important uses in many medical fields, such as myocardial therapy, diabetes, cancer handling, pain
managing, and ischemia [10-15].

Nevertheless, the time consumption is one of the patient-specific requirements, which are affects the physiological changes,
the majority of carriers still only offer monotonic release profiles, contempt of the current famous developments in DDS
frameworks [16]. Furthermore, somewhat actively monitoring the announcement rate, the encapsulating matrix mostly slows
the drug issue [17].

Drug delivery system (DDS)
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Fig. 1 Recent trends of DOS

Additionally, some therapeutic treatments like proteins and vaccines need to be directed exactly finished a prearranged
interval, which has a big influence on their general effectiveness, constancy and bioavailability. Consequently, growing the
treatment outcomes requires the long-term development of DDS with personalized plans and physicochemical features that
are energetically adapts the statement outline in retort to altering states for all terms and services [18]. The majority of
transporters still only hive a suggestion based on the patient-specific requirements, physiological changes, monotonic release
profiles, irrespective of time, which are despite the recent distinguished advances in DDS. Stated differently, the
encapsulating matrix does not actively control the release rate; rather, its primary job is to slow drug release [19-22]. Fast
and better developments in manufacturing and materials science have made it possible to fabricate the complex DDSs with
single release characteristics. theta are "Manageable"” and "unmanageable” strategies are the two basic categories into which
prevailing DDSs can be separated [23-25]. Also, drug release in controllable systems can be measured by superficially
operating parameters which includes temperature, magnetic fields, light intensity, and ultrasonic frequency or magnitude, or
by the interaction of smart materials with environmental stimuli [26].

2. BACKGROUND OF DDS

Drug delivery is a vital aspect of pharmaceutical science that focuses on designing and optimizing methods to administer
therapeutic agents effectively while maximizing their benefits and minimizing adverse effects [27]. Traditional drug delivery
approaches, such as oral ingestion, intravenous injections, and transdermal patches, often face challenges like poor solubility,
low bioavailability, rapid metabolism, and systemic toxicity [28]. Advanced DDSs (DDS) have been developed to enhance
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drug stability, improve controlled release, and enable targeted delivery to specific tissues or cells [29]. These systems include
nanoparticles, liposomes, hydrogels, polymer-based carriers, and micro needles, which help improve therapeutic efficiency
and reduce side effects [30]. Emerging technologies such as nanotechnology, gene therapy, and stimuli-responsive drug
carriers have revolutionized drug delivery by enabling precise, localized treatment while minimizing systemic exposure [31].
Targeted drug delivery, particularly in cancer therapy, ensures that drugs reach diseased cells while sparing healthy tissues,
thereby increasing treatment effectiveness and reducing toxicity [32].
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Figure 2 Elements of DDS

Figure 2 shows the elements of DDS, including liposomes, micelles, dendrimers, and nanoparticles [33]. These systems
enhance drug stability, bioavailability, and targeted delivery, reducing side effects and improving treatment efficacy.
Magnetic nanoparticles and gold nanoparticles offer controlled and site-specific drug release using external stimuli. Such
advanced carriers revolutionize medicine by optimizing drug transport for cancer therapy, gene delivery, and other medical
applications [34-37].

3. ADVANCED DOS INVENTION

DDSs control the release, absorption, and targeting of drugs to improve effectiveness and reduce side effects. They can
regulate drug release over time, respond to biological triggers, or enhance precision through advanced biotechnologies.
Modern approaches focus on improving patient compliance and treatment outcomes [38].

3.1 Transdermal DDSs

Transdermal DDSs (TDDS) deliver drugs through the skin into the bloodstream for systemic effects, offering a non-invasive
alternative to oral and injectable routes [39]. These systems use patches, gels, or micro needles to enhance drug permeation
through the skin barrier. TDDS provides controlled, sustained drug release, reducing dosing frequency and improving patient
compliance. It bypasses first-pass metabolism, minimizing gastrointestinal side effects. Common applications include pain
management, hormone therapy, and nicotine replacement. Advances in nanotechnology and bioengineered carriers are
expanding TDDS for a wider range of drugs and personalized medicine [40].
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Figure 2 Transdermal DDSs

Figure 2 shows the transdermal DDSs categorized into treatment, prevention, and surveillance. These systems help manage
diseases like herpes simplex, varicella, warts, influenza, measles, and COVID-19 through controlled drug release. This
approach enhances drug absorption, reduces side effects, and improves patient compliance [41].

3.2 Oral DDSs

Oral DDSs (ODDS) are the most common and convenient method of drug administration, involving tablets, capsules, liquids,
and suspensions. They offer ease of use, patient compliance, and cost-effectiveness but must overcome challenges like first-
pass metabolism and variable absorption. ODDS can be designed for immediate, sustained, or controlled release to optimize
therapeutic effects. Advanced formulations, such as nanoparticles and bio adhesive systems, enhance drug solubility and
absorption. Continuous innovations in ODDS aim to improve bioavailability, target-specific delivery, and personalized
medicine applications [42-45].

3.3 Nasal Drug Delivery

Nasal DDSs (NDDS) administer drugs through the nasal mucosa for local or systemic effects, offering a non-invasive and
rapid-acting alternative to oral and injectable routes. They bypass first-pass metabolism, enhancing bioavailability and
enabling direct drug transport to the brain via the olfactory pathway. NDDS includes sprays, drops, gels, and powders,
commonly used for allergy treatments, pain relief, and vaccines. Challenges include mucociliary clearance and limited drug
permeability, but advancements in nano carriers and bio adhesive formulations are improving drug retention and absorption
[46-50].
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Figure 4 shows the nasal DDS, categorized into physiological, physicochemical, and formulation aspects. Factors such as
nasal blood flow, enzymatic degradation, molecular weight, viscosity, and drug solubility affect drug absorption and efficacy.
Optimizing these parameters enhances nasal drug delivery for improved therapeutic outcomes [51].

4. DDS BASED HEALTHCARE INVENTION

DDS is defined as a formulation that authorizes the entry of the therapeutically active substance in the body and enhances its
efficiency and safety by managing the time and the drugs place of release in the body. Figure 2 shows the DDS types [52].
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Figure 5. Types of DDS
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Topical Drug Delivery:

The direct application of drugs onto the skin or mucosal surfaces for localized or systemic effects is the topical drug delivery.
The formulations like creams, gels, ointments, lotions, and transdermal patches are included. These systems are broadly used
for dermatological conditions, pain relief, and hormone therapy. Transdermal patches offer a controlled release of drugs into
systemic circulation, bypassing first-pass metabolism. The drug penetration through the skin depends on factors like
lipophilicity, skin permeability, and molecular size [53].

Inhalation Drug Delivery

Inhalation drug delivery controls the medications directly into the respiratory tract using devices like metered-dose inhalers
(MDils), dry powder inhalers (DPIs), and nebulizers. It is commonly used for respiratory diseases such as asthma, chronic
obstructive pulmonary disease (COPD), and cystic fibrosis treatment. The significant advantage of inhalation therapy is its
fast onset of action and localized effect with low systemic side effects. Particle size plays a important role, as drugs must be
within the 1-5 um range to reach the lungs deep alveolar regions effectively [54].

Ophthalmic Drug Delivery

Ophthalmic DDSs are designed to administer drugs to the eye for treating conditions like glaucoma, infections, and dry eye
syndrome. Traditional formulations include eye drops, ointments, and gels, but newer systems like in situ gels, nanoparticles,
and contact lens-based drug delivery are improving efficacy. The major challenges in ophthalmic drug delivery is rapid drug
elimination due to blinking and tear drainage, necessitating frequent dosing or advanced sustained-release formulations for
prolonged therapeutic effects [55].

Nanoparticle-based DDSs

Nanoparticle-based DDSs use nanoscale carriers to improve drug solubility, stability, and targeted delivery. These systems
include liposomes, polymeric nanoparticles, dendrimers, micelles, and inorganic nanoparticles. They enhance bioavailability,
protect drugs from degradation, and enable controlled or stimuli-responsive release.

Figure 6. Nanoparticle-based DDSs

Figure 6 shows the DDS based on nanoparticles. A key advantage is their ability to deliver drugs precisely to diseased cells
while minimizing systemic toxicity, making them highly effective in cancer therapy, gene therapy, and brain-targeted drug
delivery. Functionalized nanoparticles can cross biological barriers, such as the blood-brain barrier, enabling treatment of
neurodegenerative diseases. Additionally, surface modification with ligands enhances receptor-mediated targeting. Despite
their potential, challenges like toxicity, large-scale production, and regulatory hurdles remain [56].

5. EVOLUTION OF DRUG DELIVERY:

The DDSs evolution has been a transformative journey, progressing from rudimentary methods of drug administration to
sophisticated, controlled, and targeted systems. In olden days, medicines were derived from natural sources, such as herbs
and plant extracts, and were administered using techniques like oral ingestion, topical application, or inhalation. With the
advent of modern pharmaceuticals in the early 20th centuries, synthetic drugs like aspirin and penicillin emerged, along with
innovations in tablets, capsules, and injectable formulations. These advancements permit for more precise dosing, improved
stability, and enhanced therapeutic effects, setting the foundation for modern drug delivery. The late 20th century saw the
introduction of controlled and sustained-release systems, such as transdermal patches, biodegradable microspheres, and
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polymer-coated tablets, designed to enhance drug efficacy and patient compliance [57].
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Figure 7. Healthcare based DDS

Figure 7 illustrates various traditional DDSs, including syrups, tablets, ointments, granules, capsules, and suppositories. In
the 21st century, nanotechnology, gene therapy, and Al-driven drug delivery breakthrough have led to targeted treatments,
particularly in cancer therapy, vaccine development, and personalized medicine [58].

6. RELATED STUDY AND CHALLENGES

DDS is turned as 3D printing devices to ensure the operations are properly assigned or not. here, 3D printing based Finite
Element Analysis (FEA) was developed by Thomas profitiliotis et al, [59] to enhance the drug based healthcare industry.
Moreover, data driven spot issues like down line and tweaks are optimized during the virtual laboratory. Consequently,
treatment pals, therapy, feedback loops, embedded sensors are arranged according to the real time adaption system. therefore
this 3-D printing DDS has most effective for this advanced filed.

integration of Al model with healthcare system is potential DDS to explores the privacy regulations and target identification
through the model, which is developed by P.Arunachalam, R.Usharani, et al, [60]. this model has discuss about the drug
efficacy and their safety measure during the usage of each drugs. then, ethical challenges related to the anonymization
strategies which are highly impact by the cost and time of the drug discover system.

6.1 Challenges and limitations of DDS
The DDS plays a crucial role in ensuring that pharmaceutical compounds reach their intended targets in the body effectively
and safely. However, several challenges exist in developing and optimizing these systems. Some key challenges include:

e Many drugs have low solubility and permeability, leading to poor absorption and reduced therapeutic effect. Drug
modifications or advanced formulations are required to enhance bioavailability.

e Ensuring drugs reach specific tissues while minimizing side effects remains a major challenge. Targeted delivery
methods, such as nanoparticles and liposomes, are being explored.

e Some drugs degrade due to pH changes, enzymatic activity, or environmental exposure. Stabilizing agents or
encapsulation techniques help improve drug stability.

e Crossing the blood-brain barrier is difficult, limiting treatments for neurological diseases. Nano carriers and
receptor-mediated transport are potential solutions.

e The body may recognize drug carriers as foreign, leading to immune rejection. Biocompatible materials and stealth
coatings help evade immune detection.

e Diseases like cancer and bacterial infections develop resistance, reducing drug efficacy. Combination therapy and
novel delivery mechanisms help overcome resistance.

e Frequent dosing or invasive delivery methods lower patient adherence. Controlled-release formulations and non-
invasive routes improve compliance.
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e Advanced DDS technologies require extensive research, making them expensive. Cost-effective production and
scalability remain key challenges.

e  Strict approval processes ensure safety but slow down the adoption of new DDSs. Extensive preclinical and clinical
testing is needed for regulatory approval.

o Biodegradability and ethical concerns arise with novel drug carriers and formulations. Sustainable materials and
ethical guidelines help address these issues.

7. CONCLUSION AND REGULATORY AND SAFETY CONSIDERATIONS OF DDS

Nanoparticles must be evaluated for cytotoxicity, immunogenicity, and long-term accumulation risks in tissues. Materials
used should be non-toxic, biodegradable, and safe for human use. Pharmacokinetics and Bio distribution Studies are needed
to understand nanoparticle absorption, metabolism, distribution, and excretion in the body. Stability and Shelf-Life must
maintain in drug delivery for their structural integrity and therapeutic properties during storage and transportation.
Manufacturing and Scalability of Regulatory bodies require consistency, reproducibility, and GMP compliance for large-
scale production. Sterility and Contamination Control Nanoparticles must be free from microbial contamination and
endotoxins to ensure patient safety. Clearance and Bioaccumulation must assess whether nanoparticles accumulate in organs,
leading to potential toxicity. Transparent research and clinical testing are essential to address public concerns regarding
nanoparticle safety. Post-Market Surveillance and Continuous monitoring for adverse effects, toxicity, or unexpected
immune responses after commercialization.

REFERENCES

[1] Menden, M.P.; lorio, F.; Garnett, M.; McDermott, U.; Benes, C.H.; Ballester, P.J.; Saez-Rodriguez, J. Machine
Learning Prediction of Cancer Cell Sensitivity to Drugs Based on Genomic and Chemical Properties. PL0oS
ONE 2013, 8, 61318

[2] Rafienia, M.; Amiri, M.; Janmaleki, M.; Sadeghian, A. Application of artificial neural networks in controlled
drug delivery systems. Appl. Artif. Intell. 2010, 24, 807-820.

[3] Cui, P.; Wang, S. Application of Microfluidic Chip Technology in Pharmaceutical Analysis: A Review. J.
Pharm. Anal. 2019, 9, 238-247

[4] Esch, E.W.; Bahinski, A.; Huh, D. Organs-on-Chips at the Frontiers of Drug Discovery. Nat. Rev. Drug
Discov. 2015, 14, 248-260.

[5] Kim, S.M.; Yang, Y.; Oh, S.J.; Hong, Y.; Seo, M.; Jang, M. Cancer-Derived Exosomes as a Delivery Platform
of CRISPR/Cas9 Confer Cancer Cell Tropism-Dependent Targeting. J. Control. Release 2017, 266, 8-16.

[6] Nugent, B.M.; Madabushi, R.; Buch, B.; Peiris, V.; Crentsil, V.; Miller, V.M.; Bull, J.R.; Jenkins, M.
Heterogeneity in Treatment Effects across Diverse Populations. Pharm. Stat. 2021, 20, 929-938.

[7]1 He, Z.; Tang, X.; Yang, X.; Guo, Y.; George, T.J.; Charness, N.; Quan Hem, K.B.; Hogan, W.; Bian, J. Clinical
Trial Generalizability Assessment in the Big Data Era: A Review. Clin. Transl. Sci. 2020, 13, 675-684.

[8] Norori, N.; Hu, Q.; Aellen, F.M.; Faraci, F.D.; Tzovara, A. Addressing Bias in Big Data and Al for Health Care:
A Call for Open Science. Patterns 2021, 2, 100347.

[9] Drabiak, K. Leveraging Law and Ethics to Promote Safe and Reliable AI/ML in Healthcare. Front. Nucl. Med.
2022, 2, 983340.

[10] Koppad, S.; Gkoutos, G.V.; Acharjee, A. Cloud Computing Enabled Big Multi-Omics Data Analytics.
Bioinform. Biol. Insights 2021, 15, 11779322211035921.

[11] Hofer, 1.S.; Burns, M.; Kendale, S.; Wanderer, J.P. Realistically Integrating Machine Learning Into Clinical

Practice: A Road Map of Opportunities, Challenges, and a Potential Future. Anesth. Analg. 2020, 130, 1115—
1118

[12] Nayyar, S., Chakole, S., Taksande, A. B., Prasad, R., Munjewar, P. K., & Wanjari, M. B. (2023). From
awareness to action: A review of efforts to reduce disparities in breast cancer screening. Cureus, 15(6), Article
e40674.

[13] Nielsen, D. L., Kimler, 1., Palshof, J. A. E., & Andersson, M. (2013). Efficacy of HER2-targeted therapy in
metastatic breast cancer. Monoclonal antibodies and tyrosine kinase inhibitors. Breast, 22(1), 1-12.

[14] Papakonstantinou, T., & Kolettis, T. M. (2020). Investigational therapies and patients’ autonomy. Canadian
Journal of Bioethics, 3(3), 115-117.

[15]M. M., & Kontoravdi, C. (2020). Engineering challenges in therapeutic protein product and process design.
Current Opinion in Chemical Engineering, 27, 81-88. https://doi.org/10.1016/j.coche.2019.11.010

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 12s
pg. 262


https://doi.org/10.1016/j.coche.2019.11.010

Dr. M. Vamsikrishna, Dr.J. Seetha, M. Sakthivel, Dr. A Hanumat Prasad, Dr. Maithili K, Chunduri
Lavanya

[16] Stokes JM, Yang K, Swanson K, et al. A deep learning approach to antibiotic discovery. Cell. 2020;180(4):688-
702.

[17] Sarella PN, Mangam VT. Al-Driven Natural Language Processing in Healthcare: Transforming Patient-
Provider Communication. Indian Journal of Pharmacy Practice. 2024;17(1).

[18] Topol EJ. High-performance medicine: the convergence of human and artificial intelligence. Nat Med.
2019;25(1):44-56.

[19] Sellwood MA, Ahmed M, Segler MHS, Brown N. Artificial intelligence in drug discovery. Future Med Chem.
2018;10(17):2025-2028.

[20] Paul D, Sanap G, Shenoy S, et al. Artificial intelligence in drug discovery and development. Drug Discov Today.
2021;26(1):80-93.

[21] Artificial Intelligence in Drug Discovery Market Analysis Report By Technology. Grand View Research.
2021:1-250.

[22] SimBes MF, Pinto RMF, Simd@es S. Artificial intelligence in pharmaceutical product formulation: neural
computing. Curr Pharm Des. 2019;25(12):1409-1421.

[23] Raza K. Atrtificial intelligence against COVID-19: A meta-analysis of current research. Big Data Analytics and
Atrtificial Intelligence Against COVID-19: Innovation Vision and Approach. 2020:165-176.

[24] Adir O, Poley M, Chen G, et al. Integrating artificial intelligence and nanotechnology for precision cancer
medicine. Adv Mater. 2020;32(13):1901989.

[25] Liu R, Wang X, Yang Y, et al. Artificial intelligence in drug delivery. J Control Release. 2020;319:232-245.

[26] Rantanen J, Khinast J. The future of pharmaceutical manufacturing sciences. J Pharm Sci. 2015;104(11):3612-
3638.

[27]Bi WL, Hosny A, Schabath MB, et al. Artificial intelligence in cancer imaging: Clinical challenges and
applications. CA Cancer J Clin. 2019;69(2):127-157.

[28] Savage N. How Al is improving cancer diagnostics. Nature. 2020;579(7800):S14-S16

[29] Senapati, S., Mahanta, A. K., Kumar, S., & Maiti, P. (2018). Controlled drug delivery vehicles for cancer
treatment and their performance. Signal Transduction and Targeted Therapy, 3(1).

[30] Sicklick, J. K., Kato, S., Okamura, R., Schwaederle, M., Hahn, M. E., Williams, C. B., De, P., Krie, A,
Piccioni, D. E., Miller, V. A., Ross, J. S., Benson, A., Webster, J., Stephens, P. J., Lee, J. J., Fanta, P. T,
Lippman, S. M., Leyland-Jones, B., & Kurzrock, R. (2019). Molecular profiling of cancer patients enables
personalized combination therapy: The IPREDICT study. Nature Medicine, 25(5), 744-750.

[31] Sokolenko, A. P., & Imyanitov, E. N. (2018). Molecular diagnostics in clinical oncology. Frontiers in Molecular
Biosciences, 5.

[32] Souho, T., Lamboni, L., Xiao, L., & Yang, G. (2018). Cancer hallmarks and malignancy features: Gateway for
improved targeted drug delivery. Biotechnology Advances, 36(7), 1928-1945

[33] Stahlschmidt, R., Ferracini, A. C., de Souza, C. M., de Medeiros, L. M., Juliato, C. R. T., & Mazzola, P. G.
(2019). Adherence and quality of life in women with breast cancer being treated with oral hormone therapy.
Supportive Care in Cancer, 27(10), 3799-3804. https://doi.org/10.1007/ s00520-019-04671-x

[34] Arantes VT, Faraco AG, Ferreira FB, et al. Retinoic acid-loaded solid lipid nanoparticles surrounded by
chitosan film support diabetic wound healing in in vivo study. Colloids Surf B Biointerf. 2020;188:110749.
[35] Fu W, Liang D, Wu X, et al. Long noncoding RNA LINC01435 impedes diabetic wound healing by facilitating

YY1-mediated HDACS expression. iScience. 2022;25(4):104006. doi: 10.1016/j.isci.2022.104006.

[36] Kasiewicz LN, Whitehead KA. Lipid nanoparticles silence tumor necrosis factor alpha to improve wound
healing in diabetic mice. Bioeng Transl Med. 2019;4(1):75-82.

[37] Fatima F, Aleemuddin M, Ahmed MM, et al. Design and evaluation of solid lipid nanoparticles loaded topical
gels: repurpose of fluoxetine in diabetic wound healing. Gels. 2022;9(1):21.

[38] Ghatak S, Khanna S, Roy S, et al. Driving adult tissue repair via re-engagement of a pathway required for fetal
healing. Mol Ther. 2023;31(2):454-470.

[39] Kandregula B, Narisepalli S, Chitkara D, et al. Exploration of lipid-based nanocarriers as drug delivery systems
in diabetic foot ulcer. Mol Pharm. 2022;19(7):1977-1998.

[40] Zha W, Wang J, Guo Z, et al. Efficient delivery of VEGF-A mRNA for promoting diabetic wound healing via
ionizable lipid nanoparticles. Int J Pharm. 2023;632:122565.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 12s
pg. 263



Dr. M. Vamsikrishna, Dr.J. Seetha, M. Sakthivel, Dr. A Hanumat Prasad, Dr. Maithili K, Chunduri
Lavanya

[41] Sato Y, Nakamura T, Yamada Y, et al. The nanomedicine rush: new strategies for unmet medical needs based
on innovative nano DDS. J Control Rel. 2021;330:305-316.

[42]Seo Y, Lim H, Park H, et al. Recent progress of lipid nanoparticles-based lipophilic drug delivery: focus on
surface modifications. Pharmaceutics. 2023;15(3):772. doi: 10.3390/pharmaceutics15030772.

[43] Gradauer, K.; Vonach, C.; Leitinger, G.; Kolb, D.; Fréhlich, E.; Roblegg, E.; Bernkop-Schniirch, A.; Prassl, R.
Chemical coupling of thiolated chitosan to preformed liposomes improves mucoadhesive properties. Int. J.
Nanomed. 2012, 7, 2523-2534. [Google Scholar] [CrossRef]

[44] Thirawong, N.; Thongborisute, J.; Takeuchi, H.; Sriamornsak, P. Improved intestinal absorption of calcitonin
by mucoadhesive delivery of novel pectin-liposome nanocomplexes. J. Control. Release 2008, 125, 236-245.
[Google Scholar] [CrossRef]

[45] Tirosh, B.; Khatib, N.; Barenholz, Y.; Nissan, A.; Rubinstein, A. Transferrin as a luminal target for negatively
charged liposomes in the inflamed colonic mucosa. Mol. Pharm. 2009, 6, 1083-1091. [Google Scholar]
[CrossRef] [PubMed]

[46] Carlson, M.; Raab, Y.; Peterson, C.; Hallgren, R.; Venge, P. Increased intraluminal release of eosinophil granule
proteins EPO, ECP, EPX, and cytokines in ulcerative colitis and proctitis in segmental perfusion. Am. J.
Gastroenterol. 1999, 94, 1876-1883. [Google Scholar] [CrossRef] [PubMed]

[47] Peterson, C.G.; EKlund, E.; Taha, Y.; Raab, Y.; Carlson, M. A new method for the quantification of neutrophil
and eosinophil cationic proteins in feces: Establishment of normal levels and clinical application in patients
with inflammatory bowel disease. Am. J. Gastroenterol. 2002, 97, 1755-1762. [Google Scholar] [CrossRef]
[PubMed]

[48] Jubeh, T.T.; Barenholz, Y.; Rubinstein, A. Differential adhesion of normal and inflamed rat colonic mucosa by
charged liposomes. Pharm. Res. 2004, 21, 447-453. [Google Scholar] [CrossRef] [PubMed]

[49] Muchow, M.; Maincent, P.; Muller, R.H. Lipid nanoparticles with a solid matrix (SLN, NLC, LDC) for oral
drug delivery. Drug Dev. Ind. Pharm. 2008, 34, 1394-1405. [Google Scholar] [CrossRef]

[50] Mitragotri, S. (2005). Current status and future prospects of needle-free liquid jet injectors. Nature Reviews
Drug Discovery, 4(2), 115-124.

[51] Chien, Y. W. (1982). Transdermal therapeutic systems: scope and product development. Pharmaceutica Acta
Helvetiae, 57(2-3), 44-49.

[52]Jain, A. K., Thomas, N. S., &Panchagnula, R. (2005). Transdermal drug delivery of imipramine hydrochloride:
I. Effect of terpenes. Journal of Controlled Release, 107(3), 419-431.

[53] Cilurzo, F., Gennari, C. G., Selmin, F., &Minghetti, P. (2012). Transdermal delivery

[54] Banga, A. K., Chien, Y. W., & Neubert, R. H. (1997). Transdermal delivery of drugs (Vol. 118). Springer.of
metformin. Journal of Pharmaceutical Sciences, 101(1), 98-106.

[55] Hadgraft, J., & Guy, R. H. (2018). Transdermal drug delivery: from the past to the future. Advanced Drug
Delivery Reviews, 132, 3-7.

[56] Lewis, S., Dave, R. A., Singh, P. K., &Ledwani, L. (2013). Development of transdermal drug delivery system:
a review. Journal of Innovative Trends in Pharmaceutical Sciences, 4(3), 11-20.

[57] Neumann, A., Weill, A., and Ricordeau, P. (2009). Filling the gap in drug exposure information: The French
national health insurance information system. Health Services Research, 44(2 Pt 1), 503-518.

[58] Charbit, B., Alvarez, J.C., Dasque, E., et al. (1997). Droperidol and ondansetron-induced QT interval
prolongation: A clinical drug interaction study. Anesthesia & Analgesia, 85(5), 1020-1025.

[59] Profitiliotis, Thomas, and Dimitrios Tzetzis. "Design optimization and finite element analysis of 3D printed
DDSs." Fundamentals and future trends of 3D printing in drug delivery. Academic Press, 2025. 77-99.

[60] Arunachalam, P., et al. "Study on Al-Powered Advanced Drug Discovery for Enhancing Privacy and Innovation
in Healthcare." Al-Powered Advances in Pharmacology. IGI Global, 2025. 25-60.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 12s
pg. 264


https://scholar.google.com/scholar_lookup?title=Chemical+coupling+of+thiolated+chitosan+to+preformed+liposomes+improves+mucoadhesive+properties&author=Gradauer,+K.&author=Vonach,+C.&author=Leitinger,+G.&author=Kolb,+D.&author=Fr%C3%B6hlich,+E.&author=Roblegg,+E.&author=Bernkop-Schn%C3%BCrch,+A.&author=Prassl,+R.&publication_year=2012&journal=Int.+J.+Nanomed.&volume=7&pages=2523%E2%80%932534&doi=10.2147/ijn.S29980
https://doi.org/10.2147/ijn.S29980
https://scholar.google.com/scholar_lookup?title=Improved+intestinal+absorption+of+calcitonin+by+mucoadhesive+delivery+of+novel+pectin-liposome+nanocomplexes&author=Thirawong,+N.&author=Thongborisute,+J.&author=Takeuchi,+H.&author=Sriamornsak,+P.&publication_year=2008&journal=J.+Control.+Release&volume=125&pages=236%E2%80%93245&doi=10.1016/j.jconrel.2007.10.023
https://doi.org/10.1016/j.jconrel.2007.10.023
https://scholar.google.com/scholar_lookup?title=Transferrin+as+a+luminal+target+for+negatively+charged+liposomes+in+the+inflamed+colonic+mucosa&author=Tirosh,+B.&author=Khatib,+N.&author=Barenholz,+Y.&author=Nissan,+A.&author=Rubinstein,+A.&publication_year=2009&journal=Mol.+Pharm.&volume=6&pages=1083%E2%80%931091&doi=10.1021/mp9000926&pmid=19603812
https://doi.org/10.1021/mp9000926
https://www.ncbi.nlm.nih.gov/pubmed/19603812
https://scholar.google.com/scholar_lookup?title=Increased+intraluminal+release+of+eosinophil+granule+proteins+EPO,+ECP,+EPX,+and+cytokines+in+ulcerative+colitis+and+proctitis+in+segmental+perfusion&author=Carlson,+M.&author=Raab,+Y.&author=Peterson,+C.&author=H%C3%A4llgren,+R.&author=Venge,+P.&publication_year=1999&journal=Am.+J.+Gastroenterol.&volume=94&pages=1876%E2%80%931883&doi=10.1111/j.1572-0241.1999.01223.x&pmid=10406252
https://doi.org/10.1111/j.1572-0241.1999.01223.x
https://www.ncbi.nlm.nih.gov/pubmed/10406252
https://scholar.google.com/scholar_lookup?title=A+new+method+for+the+quantification+of+neutrophil+and+eosinophil+cationic+proteins+in+feces:+Establishment+of+normal+levels+and+clinical+application+in+patients+with+inflammatory+bowel+disease&author=Peterson,+C.G.&author=Eklund,+E.&author=Taha,+Y.&author=Raab,+Y.&author=Carlson,+M.&publication_year=2002&journal=Am.+J.+Gastroenterol.&volume=97&pages=1755%E2%80%931762&doi=10.1111/j.1572-0241.2002.05837.x&pmid=12135031
https://doi.org/10.1111/j.1572-0241.2002.05837.x
https://www.ncbi.nlm.nih.gov/pubmed/12135031
https://scholar.google.com/scholar_lookup?title=Differential+adhesion+of+normal+and+inflamed+rat+colonic+mucosa+by+charged+liposomes&author=Jubeh,+T.T.&author=Barenholz,+Y.&author=Rubinstein,+A.&publication_year=2004&journal=Pharm.+Res.&volume=21&pages=447%E2%80%93453&doi=10.1023/B:PHAM.0000019298.29561.cd&pmid=15070095
https://doi.org/10.1023/B:PHAM.0000019298.29561.cd
https://www.ncbi.nlm.nih.gov/pubmed/15070095
https://scholar.google.com/scholar_lookup?title=Lipid+nanoparticles+with+a+solid+matrix+(SLN,+NLC,+LDC)+for+oral+drug+delivery&author=Muchow,+M.&author=Maincent,+P.&author=Muller,+R.H.&publication_year=2008&journal=Drug+Dev.+Ind.+Pharm.&volume=34&pages=1394%E2%80%931405&doi=10.1080/03639040802130061
https://doi.org/10.1080/03639040802130061

