AUCTORES Clinical Orthopedics and Trauma Care

Globalize your Research Tamer A. Addissouky *

Review Article

Nanocarrier-Mediated Drug Delivery in Rheumatoid Arthritis:
Overcoming Therapeutic Limitations through Targeted Approaches

Tamer A. Addissouky 1234

!Medical Laboratories Techniques Department, College of Technology and Health Sciences, AL-Mustagbal University, 51001, Hillah, Babylon, Irag.
2Department of Biochemistry, Science Faculty, Menoufia University, Menoufia, Egypt.

3New burg El-Arab Hospital, Ministry of Health, Alexandria, Egypt.

4American Society for Clinical Pathology (ASCP), Chicago, USA.

*Corresponding Author: Tamer A. Addissouky, Medical Laboratories Techniques Department, College of Technology and Health Sciences,
AL-Mustagbal University, 51001, Hillah, Babylon, Iraq - Science Faculty, Menoufia University, Egypt. - New Burg EI-Arab Hospital, Ministry of
Health, Alexandria, Egypt.

Received Date: October 21, 2024; Accepted Date: October 28, 2024; Published Date: November 06, 2024

Citation: Tamer A. Addissouky, (2024), Nanocarrier-Mediated Drug Delivery in Rheumatoid Arthritis: Overcoming Therapeutic Limitations
through Targeted Approaches, J. Clinical Orthopedics and Trauma Care, 6(7); DO1:10.31579/2694-0248/108

Copyright: © 2024, Tamer A. Addissouky. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disorder characterized by persistent
joint inflammation and progressive cartilage and bone destruction. Current treatments, including disease-modifying
antirheumatic drugs (DMARDs) and biologics, have limitations such as incomplete responses, loss of efficacy, and
adverse effects.

Purpose: This review explores the potential of nanotechnology in overcoming the limitations of current RA treatments,
focusing on nanocarrier-based drug delivery systems.

Main Body: Nanocarriers, including liposomes, polymeric nanoparticles, dendrimers, and inorganic nanoparticles,
offer promising solutions for RA treatment. These systems can improve drug delivery by enhancing bioavailability,
reducing off-target effects, and enabling controlled release. Passive targeting exploits the enhanced permeability and
retention (EPR) effect in inflamed joints, while active targeting strategies utilize receptor-mediated and antibody-
mediated approaches to enhance specificity. Nanocarrier-based systems have been developed to deliver anti-
inflammatory drugs, DMARDs, and biologics with improved efficacy and reduced toxicity. Additionally,
multifunctional nanoplatforms combining therapeutic and diagnostic capabilities pave the way for personalized
medicine approaches in RA.

Conclusion: Nanotechnology-based drug delivery systems show significant potential in addressing the limitations of
current RA treatments, offering enhanced targeting, improved efficacy, and reduced side effects. Further research and
clinical trials are needed to translate these promising approaches into clinical practice.
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Article Highlights:
« Nanocarriers enhance drug delivery in RA, improving efficacy and reducing side effects
* Active targeting strategies increase specificity of nanocarrier-based systems for inflamed joints

» Multifunctional nanoplatforms offer potential for personalized medicine approaches in RA treatment
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Nanotechnology in Rheumatoid Arthritis Treatment
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Key Features of Nanocarrier-based RA Treatment

» Enhanced drug targeting to inflamed joints
* Improved drug solubility and bioavailability

* Reduced systemic side effects

» Controlled and sustained drug release

+ Potential for combination therapy

Graphical Abstract

+ Integration of diagnostic and therapeutic capabilities

I. Introduction
A. Overview of Rheumatoid Arthritis (RA)

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disorder
primarily affecting synovial joints. It is characterized by persistent joint
inflammation, synovial hyperplasia, and progressive cartilage and bone
destruction, leading to severe disability if untreated. The pathogenesis of RA
involves a complex interplay between genetic predisposition and
environmental factors, which triggers an aberrant immune response [1-2].
This immune dysregulation promotes the activation of T-cells, B-cells,
macrophages, and synoviocytes, which secrete pro-inflammatory cytokines
like tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-1), and
interleukin-6 (IL-6). These cytokines drive the inflammatory cascade,
perpetuating joint damage and systemic manifestations [3-4].

B. Limitations of Current Treatments

Despite significant advancements in RA management, current treatments
remain suboptimal. Conventional disease-modifying antirheumatic drugs
(DMARD:s) such as methotrexate, and biologic agents targeting TNF-a, IL-
1, IL-6, and other cytokines, have shown efficacy in controlling disease
activity. However, these therapies have notable limitations, such as
incomplete responses, loss of efficacy over time, and adverse effects,
including increased susceptibility to infections and malignancies.
Furthermore, the need for frequent administration, systemic off-target
effects, and high costs limit patient adherence and accessibility. Therefore,

there is an urgent need for more precise and effective therapeutic strategies
to improve outcomes for RA patients [5-6].

C. Potential of Nanotechnology in RA Treatment

Nanotechnology offers a promising solution to overcome the limitations of
current RA treatments. Nanocarriers, including liposomes, polymeric
nanoparticles, dendrimers, and inorganic nanoparticles, can improve drug
delivery by enhancing bioavailability, reducing off-target effects, and
enabling controlled release. These systems can be engineered to target
inflamed joints specifically, maximizing therapeutic efficacy while
minimizing systemic toxicity. Furthermore, nanotechnology enables the
development of multifunctional nanoplatforms that combine therapeutic and
diagnostic capabilities, paving the way for personalized medicine
approaches in RA [7-12].

II. Nanocarriers for RA Drug Delivery
A. Liposomes

Liposomes are spherical vesicles composed of phospholipid bilayers that can
encapsulate both hydrophilic and hydrophobic drugs as presented in Table
1. Their biocompatibility and ability to fuse with cell membranes make them
attractive candidates for RA drug delivery. Liposomes can be modified with
polyethylene glycol (PEG) to prolong circulation time and with targeting
ligands to enhance accumulation in inflamed joints. In RA, liposomes have
been used to deliver anti-inflammatory drugs, DMARDs, and biologics,
improving their therapeutic index by reducing systemic exposure and
enabling sustained drug release [13-14].

Nanocarrier

Type Composition Advantages Limitations Examples of RA Applications
- Biocompatible- Can encapsulate|| , . . - . . - .
Liposomes Phospholipid bilayers ||hydrophilic and hydrophobic drugs-|- Limited stability- Potential for||- Delivery of corticosteroids-

Fusogenic with cell membranes

rapid clearance Encapsulation of DMARDs

Auctores Publishing LLC — Volume 6(7)-108 www.auctoresonline.org
ISSN: 2694-0248

Page 2 of 8



J. Clinical Orthopedics and Trauma Care

Copy rights@ Tamer A. Addissouky,

Nanocarrier

Nanoparticles ||[magnetic materials

Type Composition Advantages Limitations Examples of RA Applications
Polvmeric Biodegradable - Controlled release- Tunable size and||- Potential toxicity of somej| Delivery of methotrexate-
y - polymers (e.g., PLGA,||surface properties- High drug loading||polymers- Challenges in large- Y .

Nanoparticles . . Encapsulation of sSiRNA

PCL) capacity scale production

Hiahl branchedll” Well-defined structure-||- Complex synthesis- Potential||- Delivery of indomethacin-
Dendrimers gnly Multifunctional capabilities- High||cytotoxicity at higher{|Conjugation  with  folate for

macromolecules . -

drug payload generations targeting

Inorganic Gold,  silica,  or]|- Unique physicochemical properties-||. Concerns about long-term|l- ~ Gold  nanoparticles for

Potential for theranostic applications

biocompatibility- Challenges in{|photothermal therapy- Magnetic
biodegradation

nanoparticles for targeted delivery

Table 1: Comparison of Nanocarrier Types for Rheumatoid Arthritis Drug Delivery

B. Polymeric Nanoparticles

Polymeric nanoparticles are composed of biodegradable polymers such as
poly (lactic-co-glycolic acid) (PLGA) or polycaprolactone (PCL). These
nanoparticles can encapsulate a wide variety of drugs and provide controlled,
sustained release. Their tunable size, surface charge, and composition allow
for precise control over drug pharmacokinetics and biodistribution. In RA,
polymeric nanoparticles have been investigated for the delivery of
corticosteroids, DMARDs, and nucleic acids, offering enhanced therapeutic
efficacy and reduced toxicity compared to conventional formulations [15-
20].

C. Dendrimers

Dendrimers are highly branched, tree-like macromolecules with a well-
defined structure and numerous surface functional groups. Their unique
architecture allows for the conjugation of multiple therapeutic agents and
targeting moieties, making them ideal for multifunctional drug delivery
systems. Dendrimers can encapsulate drugs within their core or conjugate
them to their surface, enabling both passive and active targeting of inflamed
tissues. In RA, dendrimer-based systems have shown promise in delivering
anti-inflammatory drugs and biologics with improved efficacy and reduced
side effects [21-22].

D. Inorganic Nanoparticles

Inorganic nanoparticles, such as gold nanoparticles, silica nanoparticles, and
magnetic nanoparticles, offer unique physicochemical properties that make
them attractive for RA treatment. Gold nanoparticles, for example, have been
explored for their anti-inflammatory properties and ability to deliver drugs
or genes to inflamed joints. Magnetic nanoparticles can be guided to specific
tissues using external magnetic fields, allowing for targeted drug delivery.
Additionally, inorganic nanoparticles can serve as platforms for theranostic
applications, combining therapeutic and imaging capabilities into a single
system [23-24].

III1. Targeting Strategies
A. Passive Targeting

Passive targeting exploits the enhanced permeability and retention (EPR)
effect, a phenomenon where nanoparticles accumulate in inflamed tissues
due to their leaky vasculature and impaired lymphatic drainage as presented
in Table 2. In RA, the inflamed synovium exhibits increased vascular
permeability, allowing nanocarriers to preferentially accumulate in the joint
space. This approach enhances drug concentration at the site of inflammation
while minimizing systemic exposure, thereby reducing side effects.
However, passive targeting alone may not be sufficient for achieving optimal
therapeutic efficacy, as it relies solely on the physicochemical properties of
the nanocarriers [25].

Targeting

Strategy Mechanism

Advantages

Limitations Examples in RA

Exploitation of EPR effect||-
in inflamed joints

Passive Targeting Simple

implementation-||- Limited specificity- Variability in
Reduced systemic exposure

PEGylated liposomes

EPR effect among patients accumulating in synovium

Active Targeting:||Conjugation of ligands to

- Enhanced cellular uptake-||.

Potential immunogenicity of Folate-conjugated

Receptor- nanocarriers for specific R targeting ligands- Heterogeneity of||nanoparticles targeting
! L Improved specificity - .
Mediated receptor binding receptor expression activated macrophages
Actl_ve Targeting: Usg _ of _monoclonal - High spe_C|f|C|ty- Poten_tlal - High production costs- Potential||” . Anti-CD20 antlbpdy-
Antibody- antibodies or their fragments|for  blocking pathological for immunogenicity conjugated nanoparticles
Mediated for targeting pathways g targeting B cells
Stimuli- Nanocarriers responsive to||- Controlled drug release at . . ||- pH-sensitive  polymeric
: - - Complex design and synthesis- . . .
Responsive pH, temperature, or||target site- Reduced off-target . nanoparticles releasing drug in
] ) L Potential for premature drug release||, . . - -
Targeting enzymes in RA joints effects acidic synovial fluid

Table 2: Targeting Strategies for Nanocarrier-based Drug Delivery in Rheumatoid Arthritis

B. Active Targeting
1. Receptor-Mediated Targeting

Active targeting involves the functionalization of nanocarriers with ligands
that recognize and bind to specific receptors overexpressed on target cells.
In RA, several cell surface receptors, such as folate receptors, integrins, and
CD44, are overexpressed on synoviocytes, macrophages, and endothelial
cells in inflamed joints. By conjugating ligands such as peptides, antibodies,
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or small molecules to the surface of nanocarriers, receptor-mediated
targeting allows for selective delivery of therapeutic agents to these cells,
enhancing drug efficacy and reducing off-target effects [26-30].

2. Antibody-Mediated Targeting

Antibody-mediated targeting involves the use of monoclonal antibodies
(mAbs) or antibody fragments that bind specifically to antigens expressed on
inflamed tissues or immune cells. In RA, antibodies targeting pro-
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inflammatory cytokines (e.g., anti-TNF-q, anti-IL-6) or immune cell markers
(e.g., CD20 on B-cells) have been successfully used as therapeutics.
Nanocarriers can be functionalized with these antibodies to enhance their
specificity for inflamed joints, enabling targeted delivery of anti-
inflammatory agents or immunomodulatory drugs. This strategy holds great
potential for improving the efficacy of current biologic therapies [31-36].

IV. Nanocarrier-Based Drug Delivery Systems for RA
A. Anti-Inflammatory Drugs

Nanocarriers have been designed to deliver conventional anti-inflammatory
drugs such as nonsteroidal anti-inflammatory drugs (NSAIDs) and
corticosteroids to inflamed joints. These systems enhance drug solubility,
prolong circulation time, and enable controlled release, thereby reducing the
frequency of administration and minimizing systemic side effects. For
example, liposomal formulations of corticosteroids have been shown to
improve joint targeting and reduce the risk of adrenal suppression and other
systemic toxicities [37-38].

B. Disease-Modifying Antirheumatic Drugs (DMARDS)

DMARDs, including methotrexate, leflunomide, and sulfasalazine, are the
cornerstone of RA treatment. However, their use is often limited by poor
bioavailability and off-target effects. Nanocarrier-based delivery systems
can improve the pharmacokinetics and biodistribution of DMARDs,
enhancing their therapeutic efficacy while reducing toxicity. Polymeric
nanoparticles and liposomes have been explored for the delivery of
methotrexate, showing improved drug accumulation in inflamed joints and
reduced systemic exposure [39-44].

C. Biologics

Biologic agents, such as TNF-a inhibitors, IL-6 receptor blockers, and B-cell
depleting agents, have revolutionized RA treatment. However, their high
molecular weight and immunogenicity pose challenges for efficient delivery.
Nanocarriers can protect biologics from degradation, extend their half-life,
and enhance their targeting to inflamed tissues. Dendrimer-based systems
and polymeric nanoparticles have been investigated for the delivery of
biologics, showing promise in improving drug stability and therapeutic
outcomes [45-46].

D. Gene Therapy Approaches

Gene therapy holds great potential for treating RA by targeting the
underlying molecular mechanisms driving inflammation and joint
destruction. Nanocarriers can deliver therapeutic genes, such as those
encoding anti-inflammatory cytokines (e.g., IL-10) or gene-silencing agents
(e.g., siRNA targeting pro-inflammatory cytokines), to inflamed joints.
Polymeric nanoparticles, liposomes, and dendrimers have been explored for
gene delivery in RA, offering the potential for long-lasting therapeutic
effects with minimal off-target toxicity [47-52].

V. Recent Advancements in Nanotechnology for RA
Treatment

A. Stimuli-Responsive Nanocarriers

Stimuli-responsive nanocarriers are designed to release their payload in
response to specific physiological or pathological stimuli, such as pH
changes, enzymatic activity, or reactive oxygen species (ROS) levels. In RA,
the inflamed synovium exhibits an acidic microenvironment and elevated
ROS levels, providing opportunities for the development of pH-sensitive and
ROS-responsive nanocarriers. These systems can achieve site-specific drug
release, minimizing systemic exposure and enhancing therapeutic efficacy
[53-54].

B. Combination Therapy Approaches

Combination therapy, which involves the simultaneous delivery of multiple
therapeutic agents, is an emerging strategy for improving RA treatment.
Nanocarriers can be engineered to co-deliver anti-inflammatory drugs,
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DMARDs, or biologics, allowing for synergistic effects and improved
therapeutic outcomes. For example, liposomes or polymeric nanoparticles
can encapsulate both methotrexate and a corticosteroid, providing enhanced
anti-inflammatory and immunomodulatory effects in RA [55-59].

C. Theranostic Nanoparticles

Theranostic nanoparticles combine therapeutic and diagnostic capabilities
into a single platform, enabling real-time monitoring of disease progression
and treatment response. In RA, theranostic systems can deliver anti-
inflammatory drugs while simultaneously providing imaging contrast for
techniques such as magnetic resonance imaging (MRI) or positron emission
tomography (PET). This approach allows for personalized treatment
regimens based on individual patient responses, improving clinical outcomes
and minimizing adverse effects [60-63].

VI. Challenges and Future Perspectives
A. Toxicity and Biocompatibility Concerns

One of the major challenges in the clinical translation of nanocarrier-based
therapies is ensuring their safety and biocompatibility. Nanomaterials can
induce immunogenicity, oxidative stress, or cytotoxicity, particularly when
used for long-term treatment. Extensive preclinical testing and optimization
of nanoparticle composition, size, and surface properties are required to
minimize toxicity and ensure safe use in RA patients [64-65].

B. Scalability and Manufacturing Issues

The large-scale production of nanocarriers with consistent quality and
reproducibility remains a significant hurdle. Variability in nanoparticle size,
drug loading efficiency, and surface functionalization can affect therapeutic
efficacy and safety. Developing robust, scalable manufacturing processes
that meet regulatory standards is essential for the successful clinical
translation of nanocarrier-based therapies [66].

C. Regulatory Hurdles

Regulatory approval for nanocarrier-based therapies presents unique
challenges due to the complexity of these systems. Regulatory agencies
require comprehensive data on the safety, efficacy, and pharmacokinetics of
nanomedicines. Standardizing guidelines for the evaluation of nanoparticle-
based therapies is critical to facilitating their approval and clinical use in RA
[67-69].

D. Emerging Trends and Future Research Directions

The field of nanotechnology for RA treatment is rapidly evolving, with
several promising trends on the horizon. Advances in biomaterials, such as
the development of biodegradable and stimuli-responsive polymers, are
enabling the design of more sophisticated nanocarriers. The integration of
artificial intelligence (Al) and machine learning (ML) into nanomedicine is
also expected to accelerate the discovery and optimization of nanoparticle-
based therapies. Furthermore, ongoing research into the use of nanocarriers
for gene editing technologies, such as CRISPR-Cas9, holds the potential to
revolutionize RA treatment by directly targeting disease-causing genes [70-
72].

Conclusions:

Nanotechnology-based drug delivery systems demonstrate significant
potential in addressing the limitations of current rheumatoid arthritis (RA)
treatments. The use of nanocarriers, including liposomes, polymeric
nanoparticles, dendrimers, and inorganic nanoparticles, offers enhanced drug
targeting, improved efficacy, and reduced side effects. Passive targeting via
the EPR effect and active targeting strategies utilizing receptor-mediated and
antibody-mediated approaches have shown promise in increasing the
specificity of drug delivery to inflamed joints. The development of
multifunctional nanoplatforms combining therapeutic and diagnostic
capabilities paves the way for personalized medicine approaches in RA
management. However, challenges remain in translating these promising
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approaches from bench to bedside, including optimizing nanocarrier design
for improved stability and biocompatibility, addressing potential long-term
toxicity concerns, and overcoming regulatory hurdles. Despite these
challenges, the field of nanomedicine in RA treatment continues to evolve
rapidly, offering hope for more effective and tailored therapies in the future.

Recommendations:

Future research should focus on optimizing nanocarrier design to enhance
stability, biocompatibility, and targeting efficiency in the complex
physiological environment of RA. Long-term safety studies are crucial to
address potential toxicity concerns associated with repeated administration
of nanoparticles. Clinical trials should be designed to evaluate the efficacy
and safety of nanocarrier-based therapies in comparison to current standard
treatments, with a focus on patient-reported outcomes and quality of life
measures. Efforts should be made to develop standardized protocols for
nanoparticle characterization and manufacturing to facilitate regulatory
approval and clinical translation. Collaborative research between
nanotechnologists, rheumatologists, and immunologists should be
encouraged to drive innovation in targeted drug delivery and personalized
medicine approaches for RA. Additionally, economic analyses should be
conducted to assess the cost-effectiveness of nanocarrier-based therapies
compared to conventional treatments, considering both direct and indirect
costs associated with RA management.

List of abbreviations:

. RA - Rheumatoid Arthritis

. DMARD:s - Disease-Modifying Antirheumatic Drugs
. TNF-a - Tumor Necrosis Factor-alpha

. IL-1 - Interleukin-1

. IL-6 - Interleukin-6

. PEG - Polyethylene Glycol

. PLGA - Poly(lactic-co-glycolic acid)

. PCL - Polycaprolactone
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11. ASCP - American Society for Clinical Pathology
Declarations:

Ethical approval and consent to participate: Not Applicable
Clinical trial number: not applicable.

Consent for publication: Not Applicable

Availability of data and materials: all data are available and sharing is
available as well as publication.

Competing interests: The author hereby that they have no competing
interests.

Funding: Corresponding author supplied all study materials. There was no
further funding for this study.

Authors' contributions: The Corresponding author completed the study
protocol and was the primary organizer of data collection and the
manuscript's draft and revision process. The corresponding author wrote the
article and ensured its accuracy.

Acknowledgements

Auctores Publishing LLC — Volume 6(7)-108 www.auctoresonline.org
ISSN: 2694-0248

Copy rights@ Tamer A. Addissouky,

The author thanks all the researchers who have made great efforts in their
studies. Moreover, we are grateful to this journal's editors, reviewers, and
readers.

References

1. Rufino, A. T., Freitas, M., Proenca, C., Fernandes, E., & Ribeiro,
D. (2024). Rheumatoid arthritis molecular targets and their
importance to flavonoid-based therapy. Medicinal Research
Reviews, 44(2), 497-538.

2. Babaahmadi, M., Tayebi, B., Gholipour, N.M.et al
(2023). Rheumatoid arthritis: the old issue, the new therapeutic
approach. Stem Cell Res Ther 14, 268 (2023).

3. Shnayder, N. A., Ashhotov, A. V., Trefilova, V. V., Nurgaliev,
Z. A., Novitsky, M. A,, et.al (2022). Cytokine Imbalance as a
Biomarker of Intervertebral Disk Degeneration. International
Journal of Molecular Sciences, 24(3), 2360.

4. Xu, M, Ji, Y (2023). Immunoregulation of Synovial
Macrophages for the Treatment of Osteoarthritis. Open Life
Sciences 2023, 18 (1).

5.  Patel, J. P.; Kumar, N.; Gande, A.; Madatala Anusha; Dar, H.;
Baji, D. B (2023). The Role of Biologics in Rheumatoid
Arthritis: A Narrative Review. Cureus 2023.

6. Mutlu, M. Y., Tascilar, K., & Schett, G. (2023). Rationale,
current state and opportunities in combining biologic disease
modifying antirheumatic drugs in rheumatoid and psoriatic
arthritis. Joint Bone Spine, 90(5), 105578.

7. Ren, S., Xu, Y. Dong, X.et al (2024). Nanotechnology-
empowered combination therapy for rheumatoid arthritis:
principles, strategies, and challenges. J Nanobiotechnol 22, 431
(2024).

8. Liu, L., Tang, H., & Wang, Y. (2023). Nanotechnology-Boosted
Biomaterials for Osteoarthritis Treatment: Current Status and
Future Perspectives. International Journal of Nanomedicine, 18,
4969-4983.

9. Addissouky, T.A., Sayed, LET.E., Ali, MMA. et al
(2024). Latest advances in  hepatocellular  carcinoma
management and prevention through advanced

technologies. Egypt Liver Journal 14, 2 (2024).

10. Addissouky, T.A., Ali, M. M. A, El Sayed, I. E. T., Wang, Y.,
& Khalil, A. A. (2024). Translational insights into molecular
mechanisms of chemical hepatocarcinogenesis for improved
human risk assessment. Advances in Clinical Toxicology, 9(1),
294.

11. Addissouky TA, Ali MMA, El Tantawy El Sayed I, Wang VY, El
Baz A, Elarabany N, et al (2023). Preclinical Promise and
Clinical Challenges for Innovative Therapies Targeting Liver
Fibrogenesis. Arch Gastroenterol Res. 2023;4(1):14-23.

12. Addissouky TA, et al (2024). Transforming Screening, Risk
Stratification, and Treatment Optimization in Chronic Liver
Disease Through Data Science and translational Innovation. The
Indonesian Journal of Gastroenterology, Hepatology, and
Digestive Endoscopy. 2024;25(1):53-62.

13. Pande, S (2023). Liposomes for Drug Delivery: Review of
Vesicular Composition, Factors Affecting Drug Release and
Drug Loading in Liposomes. Artificial Cells Nanomedicine and
Biotechnology 2023, 51 (1), 428-440.

14. Almurisi, S. H., Bakar, L. M., & Doolaanea, A. A. (2022).
Liposomes or Extracellular Vesicles: A Comprehensive
Comparison of Both Lipid Bilayer Vesicles for Pulmonary Drug
Delivery. Polymers, 15(2), 318.

15. Moritz, M. (2023). Biodegradable Polymeric Nanoparticle-
Based Drug Delivery Systems: Comprehensive Overview,
Perspectives and Challenges. Polymers, 16(17), 2536.

16. Elmowafy, M., Shalaby, K., Elkomy, M. H., Alsaidan, O. A,
Gomaa, H. A., Abdelgawad, M. A., & Mostafa, E. M. (2022).
Polymeric Nanoparticles for Delivery of Natural Bioactive

Page 5 of 8



J. Clinical Orthopedics and Trauma Care

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Agents: Recent Advances and Challenges. Polymers, 15(5),
1123.

Addissouky TA, lbrahim, Ali, Mahmood, Wang Y (2024).
Schisandra chinensis in Liver Disease: Exploring the
Mechanisms and Therapeutic Promise of an Ancient Chinese
Botanical. Archives of pharmacology and therapeutics.
2024,6(1):27-33.

Addissouky TA, et al (2024). Realizing the Promise of Artificial
Intelligence in Hepatocellular Carcinoma through Opportunities
and Recommendations for Responsible Translation. Jurnal
Online Informatika. 2024;9(1):70-79.

Addissouky, T.A., Ali, M.M.A_, Sayed, |.E.T.E. et al. Emerging
advanced approaches for diagnosis and inhibition of liver
fibrogenesis. Egypt J Intern Med 36, 19 (2024).

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady
MHS, Wang Y. Bending the Curve Through Innovations to
Overcome Persistent Obstacles in HIV Prevention and
Treatment. J AIDS HIV Treat. 2024;6(1):44-53.

Criado, A., Gémez, I. J., & Mosquera, J. (2022). Dendrimers:
Exploring Their Wide Structural Variety and Applications.
Polymers, 15(22), 4369.

Khatik, A. S., Kurdhane, S., Batheja, S., & Gupta, U. (2023).
Dendrimers: Promises and challenges in drug delivery.
Molecular Pharmaceutics and Nano Drug Delivery, 237-267.
Fernandes, N. B., Nayak, Y., Garg, S., & Nayak, U. Y. (2023).
Multifunctional ~ engineered mesoporous  silica/inorganic
material hybrid nanoparticles: Theranostic perspectives.
Coordination Chemistry Reviews, 478, 214977.

Wang, H.; Li, H.; Gu, P.; Huang, C.; Chen, S.; Hu, C.; et.al
(2023). Electric, Magnetic, and Shear Field-Directed Assembly
of Inorganic Nanoparticles. Nanoscale 2023, 15 (5), 2018—
2035.

Lahooti, B., Akwii, R. G., Zahra, F. T., Sajib, M. S., Lamprou,
M., et.al (2023). Targeting endothelial permeability in the EPR
effect. Journal of Controlled Release, 361, 212-235.

Teixeira, M. I., Lopes, C. M., Amaral, M. H., & Costa, P. C.
(2022). Surface-modified lipid nanocarriers for crossing the
blood-brain barrier (BBB): A current overview of active
targeting in brain diseases. Colloids and Surfaces B:
Biointerfaces, 221, 112999.

Prajapati, A., Rangra, S., Patil, R., Desai, N., Jyothi, V. G,,
Salave, S., Amate, P., Benival, D., & Kommineni, N. (2024).
Receptor-Targeted Nanomedicine for Cancer Therapy.
Receptors, 3(3), 323-361.

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady
MHS (2024). Optical Insights into Fibrotic Livers: Applications
of Near-Infrared Spectroscopy and Machine Learning. Arch
Gastroenterol Res. 2024;5(1):1-10.

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Wang Y, El
Baz A, Khalil AA, et al (2023). Can Vaccines Stop Cancer
Before It Starts? Assessing the Promise of Prophylactic
Immunization Against High-Risk Preneoplastic Lesions J Cell
Immunol. 2023;5(4):127-126.

Addissouky, T.A., El Sayed, I.LE.T., Ali, M.M.A. et al. Oxidative
stress and inflammation: elucidating mechanisms of smoking-
attributable pathology for therapeutic targeting. Bull Natl Res
Cent 48, 16 (2024).

Radu, A., & Bungau, S. G. (2023). Nanomedical approaches in
the realm of rheumatoid arthritis. Ageing Research Reviews, 87,
101927.

Lim, S. H., Kim, K., & Choi, C. (2022). Pharmacogenomics of
Monoclonal Antibodies for the Treatment of Rheumatoid
Arthritis. Journal of Personalized Medicine, 12(8), 1265.
Addissouky TA. Emerging Therapeutics Targeting Cellular
Stress Pathways to Mitigate End-Organ Damage in Type 1

Auctores Publishing LLC — Volume 6(7)-108 www.auctoresonline.org
ISSN: 2694-0248

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Copy rights@ Tamer A. Addissouky,

Diabetes. Avicenna  Journal of Medical
2024;12(1):39-46.

Addissouky, T.A., Ali, M.M.A_, El Sayed, I.LE.T. et al. Type 1
diabetes mellitus: retrospect and prospect. Bull Natl Res Cent 48,
42 (2024).

Addissouky, T.A., Ali M, El Tantawy El Sayed I, Wang Y
(2023). Revolutionary Innovations in Diabetes Research: From
Biomarkers to Genomic Medicine. 1JDO 2023; 15 (4) :228-242
Addissouky, T.A (2024). Precision medicine for personalized
cholecystitis care: integrating molecular diagnostics and
biotherapeutics. Bull Natl Res Cent 48, 89 (2024).

Placha, D., & Jampilek, J. (2020). Chronic Inflammatory
Diseases, Anti-Inflammatory Agents and Their Delivery
Nanosystems. Pharmaceutics, 13(1), 64.

Zhang, M., Hu, W., Cai, C., Wu, Y., Li, J., & Dong, S. (2022).
Advanced application of stimuli-responsive drug delivery
system for inflammatory arthritis treatment. Materials Today
Bio, 14, 100223.

Hein, T.R., Peterson, L., Bartikoski, B.J. et al (2022). The effect
of disease-modifying anti-rheumatic drugs on skeletal muscle
mass in rheumatoid arthritis patients: a systematic review with
meta-analysis. Arthritis Res Ther 24, 171 (2022).

Zhang, Q., McDermott, G. C., Juge, P., Chang, S. H., Vanni, K.
M., Qian, G., Bade, K. J., Mueller, K. T., Kowalski, E. N.,
Saavedra, A. A., & Sparks, J. A. (2024). Disease-modifying
antirheumatic drugs and risk of incident interstitial lung disease
among patients with rheumatoid arthritis: A systematic review
and meta-analysis. Seminars in Arthritis and Rheumatism, 69,
152561.

Addissouky TA, Ali MMA, El Tantawy El Sayed I, Wang Y
(2023). Recent Advances in Diagnosing and Treating
Helicobacter pylori through Botanical Extracts and Advanced
Technologies. Arch Pharmacol Ther. 2023;5(1):53-66.
Addissouky, T.A., Wang, Y., El Sayed, I.E. et al (2023). Recent
trends in Helicobacter pylori management: harnessing the power
of Al and other advanced approaches. Beni-Suef Univ J Basic
Appl Sci 12, 80 (2023).

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady
MHS, Wang Y (2024). Towards personalized care: Unraveling
the genomic and molecular basis of sepsis-induced respiratory
complications. Arch Clin Toxicol.2024;6(1):4-15.

Addissouky, T.A., Sayed, LET.E., Ali, MMA.et al
(2024). Emerging biomarkers for precision diagnosis and
personalized treatment of cystic fibrosis. J Rare Dis3, 28
(2024).

Patel, J. P.; Kumar, N.; Gande, A.; Madatala Anusha; Dar, H.;
Baji, D. B (2023). The Role of Biologics in Rheumatoid
Arthritis: A Narrative Review. Cureus 2023.

Chi, XK., Xu, XL., Chen, BY.et al (2023). Combining
nanotechnology with monoclonal antibody drugs for rheumatoid
arthritis treatments. J Nanobiotechnol 21, 105 (2023).

Liang, Q.; Cheng, Z.; Qin, L (2024). Advanced Nanoparticles in
Osteoarthritis Treatment. PubMed 2024, 5 (2), 95-113.
Jouybari, M.T., Mojtahedi, F., Babaahmadi, M.et al
(2024). Advancements in extracellular vesicle targeted therapies
for rheumatoid arthritis: insights into cellular origins, current
perspectives, and emerging challenges. Stem Cell Res Ther 15,
276 (2024).

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady
MHS, Wang Y (2024). Recent developments in the diagnosis,
treatment, and management of cardiovascular diseases through
artificial intelligence and other innovative approaches. J Biomed
Res. 2024;5(1):29-40.

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Wang Y, El
Baz A, Elarabany N, et al (2024). Shaping the Future of Cardiac

Biochemistry.

Page 6 of 8



J. Clinical Orthopedics and Trauma Care

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Wellness: Exploring Revolutionary Approaches in Disease
Management and Prevention. J Clin Cardiol. 2024;5(1):6-29.
Addissouky TA, El Sayed IET, Ali MMA, Alubiady MHS,
Wang Y (2024). Transforming glomerulonephritis care through
emerging diagnostics and therapeutics. J Biomed Res.
2024;5(1):41-52.

Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady
MHS, Wang Y (2024). Precision medicine and immunotherapy
advances transforming colorectal cancer treatment. J Cancer
Biol. 2024;5(2):38-43.

Chi, XK., Xu, XL., Chen, BY.et al (2023). Combining
nanotechnology with monoclonal antibody drugs for rheumatoid
arthritis treatments. J Nanobiotechnol 21, 105 (2023).

Shi, Y., Zhang, Y., Zhu, L., Miao, Y., Zhu, Y., & Yue, B. (2023).
Tailored Drug Delivery Platforms: Stimulus-Responsive Core—
Shell Structured Nanocarriers. Advanced Healthcare Materials,
13(1), 2301726.

Ren, S., Xu, Y., Dong, X.et al (2024). Nanotechnology-
empowered combination therapy for rheumatoid arthritis:
principles, strategies, and challenges. J Nanobiotechnol 22, 431
(2024).

Xu, Y., Dong, X., Xu, H., Jiao, P., Zhao, L., & Su, G. (2023).
Nanomaterial-Based Drug Delivery Systems for Pain Treatment
and Relief: From the Delivery of a Single Drug to Co-Delivery
of Multiple Therapeutics. Pharmaceutics, 15(9), 2309.
Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady
MHS, Wang Y (2024). Harnessing innovation for the future of
breast cancer management Clin Res Oncol. 2024;1(1):10-17.
Addissouky, T.A., ElI Tantawy El Sayed, 1., Ali, M. M. A,
Wang, Y., & Khalil, A. A. (2024). Emerging technologies and
advanced biomarkers for enhanced toxicity prediction and safety
pharmacology. Advances in Clinical Toxicology, 9(1), 293.
Addissouky, T.A., Wang, Y., El Tantawy El Sayed, I., Majeed,
M. A. A, & Khalil, A. A. (2024). Transforming toxicity
assessment  through  microphysiology, bioprinting, and
computational modeling. Advances in Clinical Toxicology,
16(2), 295.

Puccetti, M., Pariano, M., Schoubben, A., Giovagnoli, S., &
Ricci, M. (2024). Biologics, theranostics, and personalized
medicine in drug delivery systems. Pharmacological Research,
201, 107086.

Liu Y, Lin Z, Wang Y, Chen L, Wang Y, Luo C.
Nanotechnology in inflammation: cutting-edge advances in
diagnostics, therapeutics and theranostics. Theranostics. 2024
Apr 8;14(6):2490-2525.

Auctores Publishing LLC — Volume 6(7)-108 www.auctoresonline.org
ISSN: 2694-0248

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Copy rights@ Tamer A. Addissouky,

Addissouky, T.A., Ibrahim El Tantawy EIl Sayed, and Majeed M.
A. Ali. (2024), Regenerating Damaged Joints: The Promise of
Tissue Engineering and Nanomedicine in Lupus Arthritis, J
Clinical Orthopaedics and Trauma Care, 6(2).

Addissouky, T.A., Ibrahim El Tantawy El Sayed, and Majeed M.
A. Ali. (2024), Conservative and Emerging Rehabilitative
Approaches for Knee Osteoarthritis Management, J Clinical
Orthopaedics and Trauma Care, 6(2).

Teixeira, M. 1., Lopes, C. M., Amaral, M. H., & Costa, P. C.
(2024). Navigating Neurotoxicity and Safety Assessment of
Nanocarriers for Brain Delivery: Strategies and Insights. Acta
Biomaterialia.

Croitoru, G., Niculescu, A., Epistatu, D., Mihaiescu, D. E.,
Antohi, A. M., Grumezescu, A. M., & Nicolae, C. (2023).
Nanostructured Drug Delivery Systems in Immunotherapy: An
Updated Overview of Nanotechnology-Based Therapeutic
Innovations. Applied Sciences, 14(19), 8948.

Menichetti, A., Mordini, D., & Montalti, M. (2023). Effect of
Size, Shape and Surface Functionalization on the Antibacterial
Activity of Silver Nanoparticles. Journal of Functional
Biomaterials, 14(5), 244

Ashique, S., Afzal, O., Yasmin, S., Hussain, A., Altamimi, M.
A., Webster, T. J.,, & Altamimi, A. S. (2023). Strategic
nanocarriers to control neurodegenerative disorders: Concept,
challenges, and future perspective. International Journal of
Pharmaceutics, 633, 122614.

Lipid Nanocarrier-Based Drug Delivery Systems: Therapeutic
Advances in the Treatment of Lung Cancer. International
Journal of Nanomedicine 2023.

Baig, M. S., Ahmad, A., Pathan, R. R., & Mishra, R. K. (2024).
Precision Nanomedicine with Bio-Inspired Nanosystems:
Recent Trends and Challenges in Mesenchymal Stem Cells
Membrane-Coated Bioengineered Nanocarriers in Targeted
Nanotherapeutics. Journal of Xenobiotics, 14(3), 827-872.
Ahmad, F., & Muhmood, T. (2024). Clinical translation of
nanomedicine with integrated digital medicine and machine
learning interventions. Colloids and Surfaces B: Biointerfaces,
241, 114041.

Heydari, S., Masoumi, N., Esmaeeli, E., Ayyoubzadeh, S. M.,
Ghorbani-Bidkorpeh, F., & Ahmadi, M. (2024). Artificial
intelligence  in  nanotechnology  for  treatment  of
diseases. Journal of Drug Targeting, 1-20.

Chandranand, P., & Nair, A. (2024). Applications of artificial
intelligence and machine learning models in nanotherapeutics.
Nanomedicine in Translational Research, 291-308.

Page 7 of 8



J. Clinical Orthopedics and Trauma Care Copy rights@ Tamer A. Addissouky,

Ready to submit your research? Choose Auctores and benefit from:
This work is licensed under Creative
T Commons Attribution 4.0 License fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

To Submit Your Article Click Here:

YV VYV VY

DOI:10.31579/2694-0248/108
At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/journal-of-thoracic-disease-and-
cardiothoracic-surgery

Auctores Publishing LLC — Volume 6(7)-108 www.auctoresonline.org
ISSN: 2694-0248 Page 8 of 8


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery
https://auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery

