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Protein and peptide drugs (PPDs) are highly effective therapies for a wide range of dis-
eases, including cancer, diabetes, and autoimmune disorders [1]. However, delivering these
drugs orally presents significant challenges. PPDs face substantial barriers to attaining oral
bioavailability, such as the rapid cleavage of PPDs by proteases in the gastrointestinal tract
(GIT), and the low intestinal permeability of PPDs due to their hydrophilicity properties
and high-molecular-weight structures [2]. Additionally, the denaturation of PPDs in acidic
gastric environments due to their sensitivity to pH, as well as their short half-life with rapid
systemic clearance, limits their therapeutic efficacy [3].

To overcome these barriers, advanced strategies for the delivery of innovative for-
mulations are presented, such as nanocarriers. These include lipid-based carriers such
as liposomes and polymeric nanoparticles; mucoadhesive systems including inorganic
carriers, such as mesoporous silica, for enzymatic protection and controlled release [4];
enteric coatings such as chitosan or thiolated polymers to prolong intestinal residence [5];
absorption/permeation enhancement in the form of pH-responsive polymers (Eudragit®)
for site-specific delivery to the small intestine [6]; targeted transport, such as SNAC (used
in oral semaglutide), medium-chain fatty acids, or zonula occludens toxin, to transiently
open tight junctions; chemical modification through receptor-mediated uptake (e.g., FcRn,
vitamin B12 conjugation) [7]; enzyme inhibitors for PEGylation, cyclization, or D-amino
acid substitution to resist proteolysis; the co-administration of protease inhibitors (e.g.,
aprotinin, soybean trypsin inhibitor) [8]; etc.

In the clinical translation of protein and peptide formulations, three major aspects
should be considered: First, scalability, such as the manufacturing reproducibility of
complex formulations (e.g., nanoparticle size uniformity). Secondly, safety, such as the
long-term effects of permeation enhancers on intestinal integrity. Lastly, bioavailability, as
even with advanced systems, achieving > 1% bioavailability remains a hurdle [9]. Therefore,
more investigations and advanced formulation approaches are required for the oral delivery
of protein and peptide drugs.

In this Special Issue on Advances in Oral Administration, twelve articles have been
published, including eight research articles and four review articles. In the following
sections, the highlights of these 12 articles will be summarized.

Csilla et al. conducted a study that successfully scaled up a wet grinding method
using a planetary ball mill and ZrO, pearls, producing submicron meloxicam particles
(~580 nm) with preserved crystallinity (70%) and enhanced dissolution (~100% in 5 min)
without toxicity. The tenfold scale-up proved feasible by optimizing the milling parameters
and excipient amounts, ensuring consistent drug quality for oral delivery (contribution 1).

Klervi et al. established a pharmacometric model which showed that CHILD-IVITAB, a
child-friendly ivermectin formulation, exhibited faster and more consistent absorption than
STROMECTOL®, enabling effective dosing for children under 15 kg, and their simulations
demonstrated that a 250 pg/kg dose of CHILD-IVITAB provided an equivalent drug
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exposure in children < 15 kg to 200 pg/kg of STROMECTOL® in adults and heavier
children, supporting its use in pediatric studies (contribution 2).

Ivan et al. developed Archaeosomes, which were made from archaeal lipids via
microfluidics, exhibiting exceptional stability (100 nm size, low polydispersity) and re-
taining > 95% of encapsulated drugs (calcein/insulin) in harsh gastrointestinal conditions,
with a 35% insulin encapsulation efficiency. Their resilience during freeze-/spray-drying
and their strong adhesion to intestinal cells in co-culture models highlighted their po-
tential as stable oral drug carriers, enabling solid dosage forms for biologics like insulin
(contribution 3).

Guanyu et al. developed gemcitabine-loaded (3-glucan nanoparticles using film-
casting and freezer-milling, achieving sustained release, enhanced intestinal permeation,
and greater oral bioavailability compared to a plain drug solution. Additionally, the
nanomedicine showed excellent safety characteristics and potent tumor growth inhibition
in 4T1 breast cancer models, demonstrating its potential as an effective chemotherapy
platform for oral gemcitabine delivery (contribution 4).

Mengyang Liu et al. developed PEGylated niosomes which significantly improved
thymopentin stability and cellular uptake via active endocytosis, though the transport
rates remained similar to those of the free drug, with the mechanisms shifting to energy-
dependent pathways (adsorptive/clathrin-mediated) instead of passive diffusion/MRP5
efflux. The formulation, enhanced further by permeation aids (EDTA /sodium taurocholate),
demonstrated promise for oral peptide delivery by balancing uptake and transport while
maintaining safety, offering a potential solution to thymopentin’s metabolic instability
(contribution 5).

Solene Masloh et al. introduced a novel oral delivery strategy for biotherapeutics using
Nanofitin 1-F08, a robust affinity protein that targets the leptin receptor (LepR) without
competing with leptin, enabling receptor-mediated transport across the intestinal barriers.
Their approach demonstrated successful ex vivo transport in a porcine model, offering a
promising pathway for the oral delivery of biologically active molecules while maintaining
their efficacy, with the potential for future in vivo applications (contribution 6).

Else Holmfred et al. explored the compaction behavior of protein—excipient blends,
revealing that lysozyme enhances the tablet strength in brittle excipients due to the im-
proved particle bonding, while larger BSA particles reduce tensile strength, demonstrating
non-linear effects with an increasing protein content. Additionally, the findings emphasized
that the particulate properties of protein powders critically influence their compaction
performance, showing that protein-based tablets can be designed using small-molecule
pharmaceutical principles, supporting the development of oral protein formulations (con-
tribution 7).

Clémence et al. reported that oral somatostatin receptor ligands (SRLs) like octreotide
capsules (OOCs) and paltusotine show promise in acromegaly management, maintaining
biochemical control in patients previously stabilized on injectable SRLs, as evidenced by
recent trials (MPOWERED, PATHFNDR-1). While OOCs demonstrate long-term efficacy,
gaps in the research remain—including direct drug comparisons and trials in SRL-naive
patients—highlighting the need for further research to optimize oral SRLs as a viable
alternative to injections (contribution 8).

Xinxin et al.’s review article highlighted the potential for nano-formulations (lipo-
somes, self-emulsifying systems, polymer particles) to enhance the oral delivery of antidi-
abetic peptides, offering promising solutions to improve gastrointestinal absorption and
therapeutic efficacy (contribution 9).

Wanneng et al. introduced the gut microbiota, which plays a critical role in human
health, and its regulation presents both therapeutic potential and challenges for treating



Pharmaceutics 2025, 17, 616

3o0f4

disease. Additionally, they introduced the associated nanomaterials, with their protective,
targeted, and biocompatible properties, demonstrated their significant promise in advanc-
ing the modulation of the gut microbiota, as highlighted by recent research and future
development prospects (contribution 10).

Dan et al.’s review was focused on oxytocin, known for enhancing social cognition and
reducing anxiety, and which is being explored as a therapy for social dysfunction disorders.
While intranasal administration yielded a higher oxytocin bioavailability (11.1%) compared
to oromucosal routes (4.4%), both methods showed similar peak concentration times
(approximately 30 min) and comparable behavioral effects, highlighting the therapeutic
potential of oromucosal delivery for oxytocin and other peptides in clinical and broader
pharmaceutical applications (contribution 11).

Silvio et al. discussed how inflammatory bowel disease (IBD) remains challenging to
treat, but highlighted that probiotics show promise in managing symptoms, particularly
for ulcerative colitis, though their stability and delivery need improvement. While the
micro- and nanoencapsulation of probiotics and drugs enhances targeted colon delivery,
overcoming gastrointestinal tract barriers and offering a novel therapeutic strategy for IBD,
further clinical validation is needed for their long-term safety and efficacy (contribution 12).

Lastly, we would like to take this opportunity to thank all of the scientific researchers
for their contributions to this Special Issue. While the oral delivery of protein/peptide
drugs remains a formidable challenge, interdisciplinary advances in formulation science,
nanotechnology, and molecular biology are driving progress in this field. Success in this
area could revolutionize treatment by offering patients a more convenient and non-invasive
alternative to injections, improving adherence and quality of life. Moreover, success
hinges on balancing bioavailability, safety, and scalable manufacturing—a frontier requiring
collaboration across pharmaceutics, biochemistry, and regulatory sciences. Continued
research and collaboration are essential to bring these advanced therapies to the market.

Conflicts of Interest: The author declares no conflicts of interest.

List of Contributions

1. Bartos, C.; Motzwickler-Németh, A.; Kovécs, D.; Buridn, K.; Ambrus, R. Study on the Scale-
Up Possibility of a Combined Wet Grinding Technique Intended for Oral Administration of
Meloxicam Nanosuspension. Pharmaceutics 2024, 16, 1512.

2. Golhen, K.; Buettcher, M.; Huwyler, ]J.; van den Anker, J.; Gotta, V.; Dao, K.; Rothuizen,
L.E.; Kobylinski, K.; Pfister, M. Pharmacometrics to Evaluate Dosing of the Patient-Friendly
Ivermectin CHILD-IVITAB in Children >15 kg and <15 kg. Pharmaceutics 2024, 16, 1186.

3. Vidakovic, I.; Kornmueller, K.; Fiedler, D.; Khinast, J.; Frohlich, E.; Leitinger, G.; Horn, C.;
Quehenberger, J.; Spadiut, O.; Prassl, R. Archaeosomes for oral drug delivery: From continuous
microfluidics production to powdered formulations. Pharmaceutics 2024, 16, 694.

4, Chen, G; Liu, Y,; Svirskis, D.; Li, H.; Ying, M.; Lu, W.; Wen, J. Cryo-Milled (3-Glucan Nanoparti-
cles for Oral Drug Delivery. Pharmaceutics 2024, 16, 546.

5. Liu, M,; Svirskis, D.; Proft, T.; Loh, J.; Huang, Y.; Wen, J. Cellular Uptake and Transport Mecha-
nism Investigations of PEGylated Niosomes for Improving the Oral Delivery of Thymopentin.
Pharmaceutics 2024, 16, 397.

6. Masloh, S.; Chevrel, A.; Culot, M.; Perrocheau, A.; Kalia, Y.N.; Frehel, S.; Gaussin, R.; Gosselet,
F.; Huet, S.; Zeisser Labouebe, M.; Scapozza, L. Enhancing Oral Delivery of Biologics: A Non-
Competitive and Cross-Reactive Anti-Leptin Receptor Nanofitin Demonstrates a Gut-Crossing
Capacity in an Ex Vivo Porcine Intestinal Model. Pharmaceutics 2024, 16, 116.

7. Holmfred, E.; Hirschberg, C.; Rantanen, ]J. Compaction Properties of Particulate Proteins in
Binary Powder Mixtures with Common Excipients. Pharmaceutics 2023, 16, 19.



Pharmaceutics 2025, 17, 616 4 0of 4

8. Reverdiau, C.; Denimal, D. Advances in the Oral Administration of Somatostatin Receptor
Ligands in Acromegaly: A Systematic Review Focusing on Biochemical Response. Pharmaceutics
2024, 16, 1357.

9. Yang, X.; Lin, R.; Feng, C.; Kang, Q.; Yu, P; Deng, Y.; Jin, Y. Research Progress on Peptide Drugs
for Type 2 Diabetes and the Possibility of Oral Administration. Pharmaceutics 2024, 16, 1353.

10. Li, W.; Zhan, M.; Wen, Y.; Chen, Y.; Zhang, Z.; Wang, S.; Tian, D.; Tian, S. Recent Progress of
Oral Functional Nanomaterials for Intestinal Microbiota Regulation. Pharmaceutics 2024, 16, 921.

11. Xu, D.; Lan, C.; Kou, J.; Yao, S.; Zhao, W.; Kendrick, K.M. Oromucosal administration of
oxytocin: The development of ‘Oxipops’. Pharmaceutics 2024, 16, 333.

12.  Lopes, S.A.; Roque-Borda, C.A.; Duarte, ].L.; Di Filippo, L.D.; Borges Cardoso, V.M.; Pavan, ER.;
Chorilli, M.; Meneguin, A.B. Delivery strategies of probiotics from nano-and Microparticles:
Trends in the treatment of inflammatory bowel disease—An overview. Pharmaceutics 2023,

15, 2600.

References

1.  Singh, S;; Sanwal, P.; Bhargava, S.; Behera, A.; Upadhyay, S.; Akhter, M.H.; Gupta, M.; Gupta, S.M. Smart advancements for
targeting solid tumors via protein and peptide drug delivery (PPD). Curr. Drug Deliv. 2023, 20, 669-682. [CrossRef] [PubMed]

2. Chen, G.;Kang, W.; Li, W,; Chen, S.; Gao, Y. Oral delivery of protein and peptide drugs: From non-specific formulation approaches
to intestinal cell targeting strategies. Theranostics 2022, 12, 1419. [CrossRef] [PubMed]

3.  Nicze, M.; Boréwka, M.; Dec, A.; Niemiec, A.; Buldak, L.; Okopien, B. The current and promising oral delivery methods for
protein-and peptide-based drugs. Int. J. Mol. Sci. 2024, 25, 815. [CrossRef] [PubMed]

4. Kashapov, R.; Ibragimova, A.; Pavlov, R.; Gabdrakhmanov, D.; Kashapova, N.; Burilova, E.; Zakharova, L.; Sinyashin, O.
Nanocarriers for biomedicine: From lipid formulations to inorganic and hybrid nanoparticles. Int. ]. Mol. Sci. 2021, 22, 7055.
[CrossRef] [PubMed]

5. MWays, TM.; Lau, W.M.; Khutoryanskiy, V.V. Chitosan and its derivatives for application in mucoadhesive drug delivery systems.
Polymers 2018, 10, 267. [CrossRef] [PubMed]

6. Varum, F; Freire, A.C.; Fadda, H.M.; Bravo, R.; Basit, A.W. A dual pH and microbiota-triggered coating (Phloral™) for fail-safe
colonic drug release. Int. |. Pharm. 2020, 583, 119379. [CrossRef] [PubMed]

7. Al Tahan, M.A. Engineering a Novel Mesoporous Silica-Lipid Hybrid Carrier for Oral Peptide Delivery. Ph.D. Thesis, Aston
University, Birmingham, UK, 2023.

8.  Dan, N,; Samanta, K.; Almoazen, H. An update on pharmaceutical strategies for oral delivery of therapeutic peptides and proteins
in adults and pediatrics. Children 2020, 7, 307. [CrossRef] [PubMed]

9. Yang, B.; Gomes Dos Santos, A.; Puri, S.; Bak, A.; Zhou, L. The industrial design, translation, and development strategies for

long-acting peptide delivery. Expert Opin. Drug Deliv. 2022, 19, 1233-1245. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2174/1567201819666220427132734
https://www.ncbi.nlm.nih.gov/pubmed/35490321
https://doi.org/10.7150/thno.61747
https://www.ncbi.nlm.nih.gov/pubmed/35154498
https://doi.org/10.3390/ijms25020815
https://www.ncbi.nlm.nih.gov/pubmed/38255888
https://doi.org/10.3390/ijms22137055
https://www.ncbi.nlm.nih.gov/pubmed/34209023
https://doi.org/10.3390/polym10030267
https://www.ncbi.nlm.nih.gov/pubmed/30966302
https://doi.org/10.1016/j.ijpharm.2020.119379
https://www.ncbi.nlm.nih.gov/pubmed/32360546
https://doi.org/10.3390/children7120307
https://www.ncbi.nlm.nih.gov/pubmed/33352795
https://doi.org/10.1080/17425247.2022.2098276
https://www.ncbi.nlm.nih.gov/pubmed/35787229

	References

