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ABSTRACT

Obesity is strongly linked to metabolic disorders such as type 2 diabetes, cardiovascular disease, non-alcoholic
fatty liver disease, and certain cancers. The complex and progressive nature of these comorbidities requires
approaches that integrate both diagnosis and treatment. Theranostic nanoplatforms engineered nanosystems
capable of combining therapeutic delivery with diagnostic imaging or biomarker sensing offer a promising
strategy to address this dual challenge. By enabling real-time monitoring of disease progression and
simultaneous targeted therapy, these platforms enhance precision, reduce off-target toxicity, and improve
treatment outcomes. Liposomes, polymeric nanoparticles, gold nanoshells, magnetic nanoparticles, and hybrid
nanomaterials have been explored for theranostic applications in obesity-associated diseases. This review
discusses the principles of theranostic nanoplatforms, their advances in managing obesity-related comorbidities,
translational challenges, clinical perspectives, and future opportunities. These systems represent an important
step toward precision nanomedicine in obesity care.
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INTRODUCTION
Obesity has emerged as a global epidemic, with prevalence rates continuing to rise across age groups and
populations[1-387]. Beyond excessive fat accumulation, obesity profoundly disrupts metabolic homeostasis,
giving rise to a constellation of comorbidities collectively referred to as obesity-associated disorders. These
include type 2 diabetes mellitus, cardiovascular disease, dyslipidemia, non-alcoholic fatty liver disease (NAFLD),
chronic kidney disease, and certain cancers such as breast, colorectal, and prostate cancer[4, 5. Together, these
conditions account for significant morbidity, mortality, and healthcare costs.
The pathophysiology of obesity-associated comorbidities involves multiple interconnected mechanisms. Insulin
resistance and impaired glucose metabolism underlie diabetes development. Chronic inflammation, endothelial
dysfunction, and atherogenic lipid profiles promote cardiovascular complications[6—87]. Excessive hepatic lipid
accumulation progresses to steatohepatitis and fibrosis in NAFLD. Moreover, adipose tissue—derived cytokines
and hormones create a systemic pro-inflammatory and pro-tumorigenic environment, increasing cancer risk[9—
127. Because these conditions often develop insidiously and progress silently until advanced stages, early
diagnosis and precise monitoring are crucial for effective management.
Conventional diagnostic techniques such as imaging, biochemical assays, and tissue biopsies provide valuable
information but are limited in sensitivity, invasiveness, or ability to detect early subclinical changes[13, 147].
Similarly, therapeutic approaches ranging from lifestyle interventions and pharmacotherapy to bariatric surgery
struggle to address the heterogeneity and complexity of obesity comorbidities. Pharmacological treatments are
often hampered by poor bioavailability, systemic side effects, and lack of tissue specificity. Lifestyle
interventions, while essential, rarely achieve sustained remission in advanced disease [157].
Nanotechnology offers innovative solutions by improving both diagnostics and therapeutics. Nanoparticles can
be engineered to enhance solubility, stability, and bioavailability of drugs, as well as to deliver them selectively
to diseased tissues[16—187. At the same time, their optical, magnetic, or acoustic properties can be harnessed
for imaging and sensing applications. This dual functionality theranostics integrates therapy and diagnostics
into a single platform, enabling simultaneous treatment and real-time monitoring.
Theranostic nanoplatforms have been investigated in cancer extensively, but their application to obesity-
associated comorbidities is gaining traction[19-227. For example, magnetic nanoparticles can deliver anti-
diabetic drugs while providing magnetic resonance imaging (MRI) contrast for monitoring pancreatic or hepatic
changes. Gold nanoshells can be functionalized with ligands to target inflamed vasculature, combining
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photothermal therapy with optical imaging in cardiovascular disease. Lipid-based theranostic systems
encapsulating natural compounds such as curcumin or resveratrol can deliver anti-inflammatory eftects while
allowing near-infrared imaging[237].

The integration of therapeutic and diagnostic functionalities provides unique advantages. Real-time monitoring
enables clinicians to assess drug biodistribution, therapeutic efficacy, and disease progression simultaneously.
This feedback loop allows for adaptive therapy tailored to patient responses, advancing the principles of
precision medicine. Moreover, by concentrating treatment at disease sites and minimizing systemic exposure,
theranostic nanoplatforms reduce side effects and enhance patient compliance[24—267].

Despite these promises, theranostic platforms face challenges, including safety concerns, manufacturing
complexity, regulatory hurdles, and cost-effectiveness. Given the chronic nature of obesity comorbidities, long-
term safety studies are particularly critical[27-297. This review focuses on the potential of theranostic
nanoplatforms in obesity-associated comorbidities. Section 2 discusses their principles and design. Section 3
highlights advances in diabetes, cardiovascular disease, NAFLD, and cancer. Section 4 examines translational
challenges. Section 5 explores clinical perspectives. Section 6 discusses future directions for integrating
theranostic systems into obesity management.

2. Principles of Theranostic Nanoplatforms

Theranostic nanoplatforms integrate therapeutic and diagnostic functionalities into a single nanosystem. Their
design relies on combining drug delivery with imaging or biosensing capabilities, allowing simultaneous
treatment and monitoring of disease. Several core principles underlie their function.

Nanocarrier structure: Lipid-based systems, polymeric nanoparticles, dendrimers, and inorganic nanoparticles
form the backbone of theranostic platforms. Their small size and high surface area permit efficient drug
encapsulation and functionalization with imaging agents[30, 317].

Diagnostic components: Nanoparticles can be equipped with imaging modalities such as fluorescent dyes,
quantum dots, gold nanostructures, or magnetic nanoparticles. These confer optical, magnetic, or acoustic
properties, enabling detection through MRI, CT, ultrasound, or near-infrared fluorescence imaging[ 32—35].
Therapeutic components: Encapsulated drugs, peptides, natural compounds, or nucleic acids form the
therapeutic payload. Co-delivery of multiple agents is possible, allowing combination therapies[367].
Targeting and functionalization: Surface ligands such as antibodies, peptides, or aptamers allow specific
binding to receptors overexpressed in diseased tissues such as insulin-resistant hepatocytes in NAFLD or
inflamed endothelium in atherosclerosis[ 377].

Stimuli responsiveness: Many theranostic platforms incorporate stimuli-responsive features, releasing drugs
in response to pH, enzymes, or redox gradients typical of diseased tissues. External triggers such as light,
ultrasound, or magnetic fields can also be employed for controlled release and imaging[10, 25, 33, 387].
Theranostic integration: By combining these components, nanoplatforms enable clinicians to track
biodistribution, confirm drug delivery, and evaluate therapeutic outcomes in real time. This feedback loop
supports adaptive and personalized treatment strategies[ 39, 407.

These principles form the foundation of applying theranostic nanoplatforms to obesity-associated comorbidities.
3. Advances in Obesity-Associated Comorbidities

Theranostic nanoplatforms have shown promise in addressing several major comorbidities linked to obesity.
Type 2 diabetes: Polymeric nanoparticles carrying insulin or GLP-1 analogs have been combined with
fluorescent probes to monitor delivery and action in pancreatic or hepatic tissues. Magnetic nanoparticles have
been used to deliver insulin-sensitizing drugs while providing MRI contrast to track distribution[41, 427].
Cardiovascular disease: Gold nanoshells and nanorods functionalized with peptides targeting inflamed
endothelium deliver anti-atherosclerotic drugs while enabling photoacoustic imaging. Iron oxide nanoparticles
loaded with statins provide both cholesterol-lowering therapy and MRI-based plaque visualization[ 43, 44].
Non-alcoholic fatty liver disease (NAFLD): Lipid nanocarriers encapsulating curcumin or resveratrol have
been used for anti-inflammatory and anti-fibrotic therapy, combined with near-infrared imaging agents for real-
time monitoring of hepatic fat content. Smart nanoparticles responsive to oxidative stress release antioxidants
in diseased liver regions[45—47].

Cancer: Theranostic nanoparticles have targeted obesity-related cancers such as breast and colorectal cancer.
For example, doxorubicin-loaded liposomes functionalized with tumor-targeting ligands combine chemotherapy
with fluorescence imaging. Gold nanoparticles provide photothermal therapy while simultaneously enabling
imaging to track tumor regression[ 27, 487].

Collectively, these advances highlight the versatility of theranostic platforms in addressing the wide spectrum
of obesity comorbidities. Although most studies are preclinical, they establish a strong foundation for future
clinical applications.

4. Translational Challenges

Despite promising advances, translation of theranostic nanoplatforms to clinical practice is limited by several
challenges.

Safety and toxicity: Nanoparticles may accumulate in non-target organs such as the liver and spleen, raising
concerns about long-term toxicity. Imaging agents such as quantum dots may release toxic heavy metals.
Ensuring biocompatibility and biodegradability is essential for chronic conditions[497.
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Manufacturing complexity: Producing theranostic platforms that integrate drugs and imaging agents requires

precise control over size, loading efficiency, and release kinetics. Scaling up these processes while maintaining
reproducibility is difficult and expensive[[50, 517].
Regulatory hurdles: Regulatory agencies face challenges in classifying theranostic nanoplatforms, which
function as both drugs and devices. Comprehensive data on pharmacokinetics, safety, and diagnostic
performance are required, prolonging approval timelines.[ 52—54]
Patient variability: Differences in comorbidity profiles, genetic backgrounds, and metabolic states may affect
nanoparticle distribution and efficacy. Personalized approaches may be necessary, complicating clinical trial
design.
Cost-effectiveness: Theranostic systems are expensive to develop and manufacture. Without demonstrating
clear superiority over existing diagnostic and therapeutic modalities, they may face barriers to adoption in
routine clinical care.
Overcoming these challenges requires advances in materials science, scalable manufacturing technologies,
standardized evaluation protocols, and interdisciplinary collaboration.
5. Clinical Perspectives
From a clinical standpoint, theranostic nanoplatforms offer several advantages. By combining therapy and
diagnosis, they reduce the need for multiple interventions, streamline patient care, and enable real-time
monitoring. This is particularly valuable in chronic conditions like obesity-associated diabetes or cardiovascular
disease, where disease progression is gradual and requires continuous evaluation[ 26, 29, 397].
Clinical translation is beginning to emerge. Iron oxide nanoparticles are already approved as MRI contrast
agents, and similar systems are being adapted for combined diagnostic and therapeutic applications. Lipid-based
theranostic formulations encapsulating curcumin have reached early clinical testing for liver diseases. In
oncology, several theranostic nanoparticles have entered clinical trials, offering insights into regulatory
pathways applicable to obesity comorbidities[44].
In practice, theranostic platforms could provide targeted drug delivery to atherosclerotic plaques while
simultaneously allowing clinicians to visualize plaque regression. In diabetes, insulin or GLP-1 delivery could
be tracked in real time, optimizing dosage and timing. For NAFLD, anti-inflammatory nanoparticles could
provide simultaneous therapeutic benefit and non-invasive monitoring of hepatic fat content, potentially
replacing invasive biopsies[55].
However, adoption depends on demonstrating not only efficacy and safety but also practicality and affordability.
Patient acceptance will be influenced by the perceived complexity of nanomedicine, requiring clear
communication and education. Healthcare systems will require evidence of cost-effectiveness compared to
conventional diagnostics and therapies.
6. Future Directions
The future of theranostic nanoplatforms in obesity comorbidities lies in personalization, multifunctionality, and
integration with digital health. Personalized nanomedicine will tailor theranostic systems to individual
metabolic and genetic profiles, enhancing therapeutic efficacy. Advances in genomics, metabolomics, and
microbiome analysis will guide the design of patient-specific nanoplatforms.
Multi-functional platforms combining therapy, imaging, and biosensing will become increasingly important.
For instance, nanoparticles could deliver anti-diabetic drugs, monitor glucose fluctuations, and provide imaging
readouts in a single system. Such integration would allow adaptive, real-time therapy adjustments.
Stimuli-responsive theranostics will enhance specificity. Redox- or enzyme-responsive systems could release
drugs only in diseased tissues, while external triggers like magnetic fields or ultrasound could provide
spatiotemporal control.
Al integration will accelerate development and deployment. Machine learning models can optimize
nanoparticle design, predict patient responses, and analyze imaging data from theranostic platforms, improving
precision and efficiency.
Collaboration across disciplines—including nanotechnology, medicine, bioinformatics, and regulatory science—
will be essential. Global harmonization of regulatory standards and investment in scalable manufacturing will
determine the pace of clinical translation.
If these efforts succeed, theranostic nanoplatforms could transform obesity management by enabling early
detection, targeted therapy, and real-time monitoring of comorbidities, moving toward a truly personalized
healthcare paradigm.

CONCLUSION
Theranostic nanoplatforms represent a transformative approach to managing obesity-associated comorbidities.
By integrating therapeutic and diagnostic functions, they enable targeted delivery, real-time monitoring, and
adaptive treatment. Preclinical evidence demonstrates significant potential in diabetes, cardiovascular disease,
NAFLD, and cancer. While barriers remain in safety, manufacturing, regulation, and cost, future innovations in
personalization, multifunctionality, and Al integration hold the promise of bringing theranostic nanomedicine
into clinical practice for obesity and its complications.

91


http://www.idosr.org/

www.idosr.org Mercy

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES
Ahmed, S.K., Mohammed, R.A.: Obesity: Prevalence, causes, consequences, management, preventive
strategies  and  future  research  directions. = Metab.  Open. 27, 100375  (2025).
https://doi.org/10.1016/j.metop.2025.100375
Akter, R., Awais, M., Boopathi, V., Ahn, J.C, Yang, D.C, Kang, S.C, Yang, D.U,, Jung, S.-K.: Inversion
of the Warburg Effect: Unraveling the Metabolic Nexus between Obesity and Cancer. ACS Pharmacol.
Transl. Sci. 7, 560 (2024). https://doi.org/10.1021/acsptsci.3c00301
Ejemot-Nwadiaro, R.I., Betiang, P.A., Basajja, M., Uti, D.E.: Obesity and Climate Change: A Two-way
Street with Global Health Implications. Obes. Med. 56, 100623 (2025).
https://doi.org/10.1016/j.o0bmed.2025.100623
Andrade, S., Morais, T., Sandovici, I., Seabra, A.L., Constancia, M., Monteiro, M.P.: Adipose Tissue
Epigenetic Profile in Obesity-Related Dysglycemia - A Systematic Review. Front. Endocrinol. 12, 681649
(2021). https://doi.org/10.3389/fend0.2021.681649
Anguita-Ruiz, A., Bustos-Aibar, M., Plaza-Dfaz, J., Mendez-Gutierrez, A., Alcald-I'dez, J., Aguilera, C.M.,
Ruiz-Ojeda, F.J.: Omics Approaches in Adipose Tissue and Skeletal Muscle Addressing the Role of
Extracellular Matrix in Obesity and Metabolic Dysfunction. Int. J. Mol. Sci. 22, 2756 (2021).
https://doi.org/10.8390/1jms22052756
Al-Mansoori, L., Al-Jaber, H., Prince, M.S., Elrayess, M.A.: Role of Inflammatory Cytokines, Growth
Factors and Adipokines in Adipogenesis and Insulin Resistance. Inflammation. 45, 31—44 (2022).
https://doi.org/10.1007/s10753-021-01559-7
Aleksandrowicz, R., Stragczkowski, M.: Link between insulin resistance and skeletal muscle extracellular
matrix remodeling. Endocr. Connect. 12, €230023 (2023). https://doi.org/10.1530/EC-23-0023
Obasi, D.C., Abba, J.N., Aniokete, U.C., Okoroh, P.N., Akwari, A.Ak.: Evolving Paradigms in Nutrition
Therapy for Diabetes: From Carbohydrate Counting to Precision Diets. Obes. Med. 100622 (2025).
https://doi.org/10.1016/j.o0bmed.2025.100622
Brie, A.D., Christodorescu, R.M., Popescu, R., Adam, O., Tirziu, A., Brie, D.M.: Atherosclerosis and
Insulin Resistance: Is There a Link Between Them? Biomedicines. 13, 1291 (2025).
https://doi.org/10.8390/biomedicines 13061291
Cao, X., Wang, N,, Yang, M., Zhang, C.: Lipid Accumulation and Insulin Resistance: Bridging Metabolic
Dysfunction-Associated Fatty Liver Disease and Chronic Kidney Disease. Int. J. Mol. Sci. 26, 6962 (2025).
https://doi.org/10.8390/1jms26146962
Umoru, G.U., Atangwho, 1.J., David-Oku, E., Uti, D.E., De Campos, O.C., Udeozor, P.A., Nfona, S.O.,
Lawal, B., Alum, E.U.: Modulation of Lipogenesis by Tetracarpidium conophorum Nuts via SREBP-
1/ACCA-1/FASN Inhibition in Monosodium-Glutamate-Induced Obesity in Rats. Nat. Prod. Commun.
20, 1934578X251344035 (2025). https://doi.org/10.1177/1934578X 251344035
Uti, D.E,, Omang, W.A,, Alum, E.U,, Ugwu, O.P.-C., Wokoma, M.A., Oplekwu, R.I., Atangwho, L.J,
Egbung, G.E.: Combined Hyaluronic Acid Nanobioconjugates Impair CD44-Signaling for Effective
Treatment Against Obesity: A Review of Comparison with Other Actors. Int. J. Nanomedicine. 20, 10101—
10126 (2025). https://doi.org/10.2147/1JN.S529250
Abbasi, E., Khodadadi, I.: High-fat diet may increase the risk of insulin resistance by inducing dysbiosis.
Metab. Open. 27, 100381 (2025). https://doi.org/10.1016/].metop.2025.100381
Mir, M.M.,, Jeelani, M., Alharthi, M.H., Rizvi, S.F., Sohail, S.K., Wani, J.I., Sabah, Z.U., BinAfif, W.F.,
Nandi, P., Alshahrani, A.M., Alfaifi, J., Jehangir, A., Mir, R.: Unraveling the Mystery of Insulin Resistance:
From Principle Mechanistic Insights and Consequences to Therapeutic Interventions. Int. J. Mol. Sci. 26,
2770 (2025). https://doi.org/10.3390/ijms26062770
Alum, E.U,, Izah, S.C, Betiang, P.A., Paul-Chima Ugwu, O., Ainebyoona, C., Uti, D.E., Echegu, D.A,,
Alum, B.N.: The Ketogenic Diet in Obesity Management: Friend or Foe? Cell Biochem. Biophys. (2025).
https://doi.org/10.1007/512018-025-01878-0
Al Tahan, M.A,, Al-Khattawi, A., Russell, C.: Oral peptide delivery Systems: Synergistic approaches using
polymers, lipids, Nanotechnology, and needle-based carriers. J. Drug Deliv. Sci. Technol. 112, 107205
(2025). https://doi.org/10.1016/j.jddst.2025.107205
Anjum, S., Ishaque, S., Fatima, H., Farooq, W., Hano, C., Abbasi, B.H., Anjum, I.: Emerging Applications
of Nanotechnology in Healthcare Systems: Grand Challenges and Perspectives. Pharmaceuticals. 14, 707
(2021). https://doi.org/10.3390/ph 14080707
Alum, E.U,, Nwuruku, O.A., Ugwu, O.P.-C,, Uti, D.E., Alum, B.N., Edwin, N.: Harnessing nature: plant-
derived nanocarriers for targeted drug delivery in cancer therapy. Phytomedicine Plus. 5, 100828 (2025).
https://doi.org/10.1016/j.phyplu.2025.100828
Alanazi, A., Craven, A,, Spirou, S.V., Santos-Martinez, M.J., Medina, C., Gobbo, O.L.: Nanomedicine as a
Promising  Treatment Approach for Obesity. J. Nanotheranostics. 6, 21  (2025).
https://doi.org/10.8890/jnt6030021

92


http://www.idosr.org/

www.idosr.org Mercy

20.

21.

22.

23.

24,

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

Andrew, J., Ezra-Manicum, A.-L., Witika, B.A.: Developments in radionanotheranostic strategies for
precision diagnosis and treatment of prostate cancer. EJNMMI Radiopharm. Chem. 9, 62 (2024).
https://doi.org/10.1186/54:1181-024-00295-7

Bonlawar, J., Setia, A., Challa, R.R., Vallamkonda, B., Mehata, A.K., Vaishali, Viswanadh, M.K., Muthu,
M.S.: Targeted Nanotheranostics: Integration of Preclinical MRI and CT in the Molecular Imaging and
Therapy of Advanced Diseases. Nanotheranostics. 8, 401-426 (2024).
https://doi.org/10.7150/ntno.95791

Bu, T, Li, Z., Hou, Y., Sun, W., Zhang, R., Zhao, L., Wei, M., Yang, G., Yuan, L.: Exosome-mediated
delivery of inflammation-responsive I1-10 mRNA for controlled atherosclerosis treatment. Theranostics.
11, 9988—10000 (2021). https://doi.org/10.7150/thno.64229

Uti, D.E,, Alum, E.U,, Atangwho, L.J., Ugwu, O.P.-C,, Egbung, G.E., Aja, P.M.: Lipid-based nano-carriers
for the delivery of anti-obesity natural compounds: advances in targeted delivery and precision
therapeutics. J. Nanobiotechnology. 23, 336 (2025). https://doi.org/10.1186/512951-025-034:12-z
Gadade, D.D., Pekamwar, S.S.: Cyclodextrin Based Nanoparticles for Drug Delivery and Theranostics.
Adv. Pharm. Bull. 10, 166—183 (2020). https://doi.org/10.84172/apb.2020.022

Song, J., Song, B., Yuan, L., Yang, G.: Multiplexed strategies toward clinical translation of extracellular
vesicles. Theranostics. 12, 6740—-6761 (2022). https://doi.org/10.7150/thno.75899

Sridharan, B., Lim, H.G.: Advances in photoacoustic imaging aided by nano contrast agents: special focus
on role of lymphatic system imaging for cancer theranostics. J. Nanobiotechnology. 21, 437 (2023).
https://doi.org/10.1186/512951-023-02192-8

Sankaranarayanan, S.A., Thomas, A., Revi, N, Ramakrishna, B., Rengan, A K.: Iron oxide nanoparticles
for theranostic applications - Recent advances. J. Drug Deliv. Sci. Technol. 70, 103196 (2022).
https://doi.org/10.1016/).jddst.2022.103196

Siafaka, P.I., Okur, N.U., Karantas, 1.D., Okur, M.E., Giindogdu, E.A.: Current update on nanoplatforms
as therapeutic and diagnostic tools: A review for the materials used as nanotheranostics and imaging
modalities. Asian J. Pharm. Sci. 16, 24—46 (2021). https://doi.org/10.1016/].ajps.2020.03.003

Hao, B., Wei, L., Cheng, Y., Ma, Z., Wang, J.: Advanced nanomaterial for prostate cancer theranostics.
Front. Bioeng. Biotechnol. 10, 1046234 (2022). https://doi.org/10.3389/{bioe.2022.1046234

Hosseini, S.M., Mohammadnejad, J., Salamat, S., Beiram Zadeh, Z., Tanhaei, M., Ramakrishna, S.:
Theranostic polymeric nanoparticles as a new approach in cancer therapy and diagnosis: a review. Mater.
Today Chem. 29, 101400 (2023). https://doi.org/10.1016/j.mtchem.2023.101400

Sivadasan, D., Sultan, M.H., Madkhali, O., Almoshari, Y., Thangavel, N.: Polymeric Lipid Hybrid
Nanoparticles (PLNs) as Emerging Drug Delivery Platform—A Comprehensive Review of Their
Properties, Preparation Methods, and Therapeutic Applications. Pharmaceutics. 13, 1291 (2021).
https://doi.org/10.8390/pharmaceutics 13081291

Han, X, Xu, K., Taratula, O., Farsad, K.: Applications of Nanoparticles in Biomedical Imaging. Nanoscale.
11, 799-819 (2019). https://doi.org/10.1039/¢8nr07769j

Yang, I, Li, J,, Chen, T., Ren, W, Gao, C,, Lin, J., Xu, C,, Ma, X,, Xing, J., Bao, H,, Jiang, B., Xiang, L.,
Wu, A.: Applications of magnetic nanoparticles for boundarics in biomedicine. Fundam. Res. 5, 1401-1422
(2025). https://doi.org/10.1016/].fmre.2024.12.017

Na, L., Song, X., Luo, P, Su, J, Yao, Z.: Innovative applications of advanced nanomaterials in
cerebrovascular imaging. Front. Bioeng. Biotechnol. 12, (2025).
https://doi.org/10.8389/tbioe.2024.14:56704

Chow, J.C.L.: Nanomaterial-Based Molecular Imaging in Cancer: Advances in Simulation and Al
Integration. Biomolecules. 15, 444 (2025). https://doi.org/10.3390/biom15030444

Klojdov4, 1., Milota, T., Smetanov4, J., Stathopoulos, C.. Encapsulation: A Strategy to Deliver
Therapeutics and Bioactive Compounds? Pharmaceuticals. 16, 362 (2023).
https://doi.org/10.8390/ph16030362

Akhtar, D.H., Igbal, U., Vazquez-Montesino, L.M., Dennis, B.B., Ahmed, A.: Pathogenesis of Insulin
Resistance and Atherogenic Dyslipidemia in Nonalcoholic Fatty Liver Disease. J. Clin. Transl. Hepatol.
7, 862—370 (2019). https://doi.org/10.14218/JCTH.2019.00028

Yang, X,, Qiu, K, Jiang, Y., Huang, Y., Zhang, Y., Liao, Y.: Metabolic Crosstalk between Liver and Brain:
From Diseases to Mechanisms. Int. J. Mol. Sci. 25, 7621 (2024). https://doi.org/10.3390/5jms25147621
Yasir, M., Mishra, R., Tripathi, A.S., Maurya, R.K,, shahi, A., Zaki, M.E.A., Al Hussain, S.A., Masand,
V.H.: Theranostics: a multifaceted approach utilizing nano-biomaterials. Discov. Nano. 19, 35 (2024).
https://doi.org/10.1186/511671-024-03979-w

Puccetti, M., Pariano, M., Schoubben, A., Giovagnoli, S., Ricci, M.: Biologics, theranostics, and
personalized medicine in drug delivery systems. Pharmacol. Res. 201, 107086 (2024).
https://doi.org/10.1016/).phrs.2024.107086

Wang, Y., Li, H, Rasool, A., Wang, H., Manzoor, R., Zhang, G.: Polymeric nanoparticles (PNPs) for oral
delivery of insulin. J. Nanobiotechnology. 22, 1 (2024)). https://doi.org/10.1186/512951-023-02253-y

93


http://www.idosr.org/

www.idosr.org Mercy

42.

43.

44

45.

46.

47.

48.

49.

50.

51.

52.

53.

54

55.

Marques, J.M., Nunes, R., Carvalho, A.M,, Florindo, H., Ferreira, D., Sarmento, B.: GLP-1 Analogue-
Loaded Glucose-Responsive Nanoparticles as Allies of Stem Cell Therapies for the Treatment of Type I
Diabetes. ACS Pharmacol. Transl. Sci. 7, 1650—-1663 (2024). https://doi.org/10.1021/acsptsci.4c00173
Hu, Q., Fang, Z., Ge, J,, Li, H.: Nanotechnology for cardiovascular diseases. The Innovation. 3, 100214
(2022). https://doi.org/10.1016/}.Xinn.2022.1002 14

Younis, N.K., Ghoubaira, J.A., Bassil, E.P., Tantawi, HN., Eid, A.H.: Metal-based nanoparticles:
Promising tools for the management of cardiovascular diseases. Nanomedicine Nanotechnol. Biol. Med.
36, 102433 (2021). https://doi.org/10.1016/j.nano.2021.1024:33

Teixeira, M.I., Lopes, CM., Amaral, M.H., Costa, P.C.: Surface-modified lipid nanocarriers for crossing
the blood-brain barrier (BBB): A current overview of active targeting in brain diseases. Colloids Surf. B
Biointerfaces. 221, 112999 (2023). https://doi.org/10.1016/].colsurtb.2022.112999

Hsu, C.-Y., Wang, P.-W, Alalaiwe, A, Lin, Z-C., I'ang, J.-Y .: Use of Lipid Nanocarriers to Improve Oral
Delivery of Vitamins. Nutrients. 11, 68 (2019). https://doi.org/10.8890/nu11010068

Poudwal, S., Misra, A., Shende, P.: Role of lipid nanocarriers for enhancing oral absorption and
bioavailability of insulin and GLP-1 receptor agonists. J. Drug Target. 29, 834—847 (2021).
https://doi.org/10.1080/1061186X.2021.18944:34

AlQurashi, D.M., AlQurashi, T.F., Alam, R.I., Shaikh, S., Tarkistani, M.A.M.: Advanced Nanoparticles in
Combating Antibiotic Resistance: Current Innovations and Future Directions. J. Nanotheranostics. 6, 9
(2025). https://doi.org/10.8390/jnt6020009

Rafiyath, S.M., Rasul, M., Lee, B., Wei, G., Lamba, G., Liu, D.: Comparison of safety and toxicity of
liposomal doxorubicin vs. conventional anthracyclines: a meta-analysis. Exp. Hematol. Oncol. 1, 10
(2012). https://doi.org/10.1186/2162-3619-1-10

Gouvela, B.G., Rijo, P., Gongalo, T'S., Reis, C.P.: Good manufacturing practices for medicinal products
for human use. J. Pharm. Bioallied Sci. 7, 87-96 (2015). https://doi.org/10.4103/0975-7406.154424
Kara, A., Ongoren, B., Anaya, BJ., Lalatsa, A., Serrano, D.R.: Continuous manufacturing of nanomedicines
using  8D-printed  microfluidic ~ devices. ~ Appl. Mater. Today. 438, 102672  (2025).
https://doi.org/10.1016/j.apmt.2025.102672

4dm1n_diversatechnologies: Overcoming regulatory hurdles in clinical translation of nanomedicine,
https://www.diversatechnologies.com/overcoming-regulatory-hurdles-in-clinical-translation-of-
nanomedicine/, (2025)

Desai, N., Rana, D., Patel, M., Bajwa, N., Prasad, R., Vora, L.K.: Nanoparticle Therapeutics in Clinical
Perspective: Classification, Marketed Products, and Regulatory Landscape. Small Weinh. Bergstr. Ger.
21, 2502315 (2025). https://doi.org/10.1002/smll.202502315

Haist, M., Stege, H., Grabbe, S., Bros, M.: The Functional Crosstalk between Myeloid-Derived Suppressor
Cells and Regulatory T Cells within the Immunosuppressive Tumor Microenvironment. Cancers. 13, 210
(2021). https://doi.org/10.3390/cancers13020210

Li, Y, Li, X, Chen, T, Li, J,, Qi, J,, Li, W.: A programmable platelet theranostic platform for adaptive
multi-stage delivery and synergistic immunotherapy in atherosclerosis. Nat. Commun. 16, 6445 (2025).
https://doi.org/10.1038/541467-025-61789-9

94


http://www.idosr.org/
https://doi.org/10.59298/IDOSRJSR/2024/10.3.8994

