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ABSTRACT
It seems that an ever growing tendency is necessary for the development of a strategy that can not only protect the peptides and proteins
from degradation by the enzymes but also can improve their absorption without affecting biological activity. Delivery of peptides and
proteins into the oral cavity remains an interesting approach, however for its availability some distinctive problems should be addressed.
A wide variety of carriers have been investigated for delivery of peptides and proteins for the protection of their formulation and
structure against the enzymatic environment of the gastrointestinal tract.
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1. INTRODUCTION
During recent years, nanoparticles have been reported and
used as potential systems for delivery of therapeutic peptides and
proteins to specific target through a different route of
administrations. Some groups of nanoparticles have been reported
to increase the peptides and proteins' oral bioavailability.
Nanoparticles can improve the stability of peptides and proteins,
control their release, as well as decrease the toxicity in the
peripheral normal tissues. The peptide or protein can be dissolved,
entrapped, encapsulated, adsorbed, or attached into nanoparticles
for the efficient delivery into the target site. Besides, the surface of
nanoparticles can be modified for opsonization [1-4]. Polymeric
nanoparticles are defined as solid particles with different size
ranging from 10 to 1000 nm, allowing the encapsulation of the
drugs, and protecting them against hydrolytic and enzymatic
degradation [5-8]. It was demonstrated that oral administration of
insulin-loaded nanoparticles can reduce blood glucose level in a
diabetic animal model up to 14 days, stimulating research into
nanoparticulate systems for oral delivery of peptides, potentially
[9]. Over the past few years, not only improvement of oral peptide
bioavailability, but also the development of mucosal vaccines have
become more prominent. Nasal and oral dosage forms increase
patient convenience and facilitate frequent boosting, necessary to
obtain the best immune response. Epithelial surfaces are the
primary port of entry for many bacterial or viral pathogens, and
mucosal immunity can be considered as a major protective barrier.
One limitation for oral delivery by nanoparticles is the
requirement that particles need to be absorbed from the
gastrointestinal tract (GI) with a sufficient extent and rate [10].

Physiological factors that affect the absorption of nanoparticles in
the body and their interdependence with physicochemical
characteristics of the polymeric vehicle are not well understood
and will discuss in more detail below. Since, polymers in colloidal
drug delivery systems are absorbed into the organism, thereby
additional requirements such as biocompatibility and
biodegradability need to be considered. Furthermore, size and
encapsulation efficiency depend on the polymers used in the
formulation of the nanoparticles and thus the use of novel
biomaterials combined with all these considerations might be of
general interest for the development of nanoparticulate carriers for
efficient mucosal peptide delivery [11]. Kafka and co-workers
fabricated
poly
(ethylcyanoacrylate)-based
polymeric
nanoparticles and loaded with sterilant D-Lys6-Gonadotropin
releasing hormone (D-Lys6-GnRH). The simulated gastric juice,
artificial intestinal fluid and brushtail possum plasma were used as
in vitro conditions. In all the three conditions, the D-Lys6-GnRH
was intact, while the percent of bioactive component realeasing
was different, < 5% of the it released after 6 h in simulated gastric
juice and artificial intestinal fluids versus 60% which is released in
brushtail possum plasma over 1 h. In vivo administration of
nanoparticles into the brushtail possums' caecum exhibited that an
adequate amount of the bioactive component is released into the
systemic circulation. Moreover, the luteinized-hormone releasing
supported that an extensive amount of it was available in the
pituitary gland [12].
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2. MUCOADHESIVE NANOPARTICLES
Significant work is being done for the modification of
nanoparticles for a better understanding of all the factors
influencing mucoadhesion capacity along with their subsequent
absorption by the GI tract. Florence et al. have demonstrated the
role of different biodegradable polymers in improving the
bioavailability of nanoparticles. In another study accomplished by
this group, about 10% of invasin-coated latex nanoparticles (at a
size of about 500 nm) reached into the systemic circulation
through the oral administration in rats [13]. They demonstrated the
presence of an optimum emulsion size for an effective
nanoparticles entrapment within the mucosal layer and for
epithelial cells trapping particles to operate endocytic processes
[14]. Nanoparticles prepared from lipophilic polystyrene, PLAPEG and mucoadhesive chitosan were observed within both
epithelial and Peyer’s patches following interduodenal
administration of drug agents [15]. Peyer’s patches are the
follicles of lymphoid tissue containing M-cells, having an
important function in the uptake of particles. The size and surface
charge are the most important factors affecting the uptake of
particles by M-cells [16].
Polymeric nanoparticles have been established extensively to
elevate the biological half-life of therapeutic proteins and peptides
by entrapment and encapsulation. In addition, by encapsulation of
drugs these particles facilitate the target delivery and avoid the
interaction between drug and healthy cells. In this paper recent
examples of the different applied pharmaceutical-based techniques
for effective delivery of therapeutic proteins and peptides will be
discussed. A comprehensive search of the literature was performed
using a selection of various electronic search databases such as
PubMed, Web of Science, google scholar, and Science Direct.
This study enlists a number of search terms and advanced search
by combining all fields (including title, abstract, keywords and
titles). Numerous studies listed in this paper support the beneficial
effects of polymeric-based techniques for delivery of therapeutic
proteins as promising non-toxic drug carriers. It can be smoothly
functionalized for off opsonisation, and therefore has shown
reduced toxicity towards the non-target areas (peripheral tissues)
[17].
Previous in vitro/in vivo studies indicated that gonadotropin
releasing hormone containing Poly (ethylcyanoacrylate) (PECA)
nanoparticles can ease the uptake of sufficient therapeutic levels of
GnRH from the caecum and release it into systemic circulation [6,
12].
The mucoadhesive nanoparticles play a key role as an innovative
drug delivery system which increases the residence time of the
drug at the target site and strongly adhere to the mucous
membrane of gastrointestinal tract. This advantage of
mucoadhesive nanocarriers could reduce clearance and improve
bioavailability of therapeutic protein [18].
There have been reports of prolonged penetration and permeationenhancing properties of Polyelectrolyte complex nanoparticles
(NPs) for the delivery of peptide drugs to oral cavity in
mucoadhesive delivery system [19].

The fast clearance of some drug formulations from gastrointestinal
tract inhibits well absorption of them.
Some drugs remain attached to the mucous membrane for a longer
period because of their mucoadhesive nature, which protects drug
from the mucociliary clearance system and subsequently increases
the bioavailability of the drug.
Absorption of drug via the mucous membranes is faster because of
its high permeability [18].
There are many determining factor for effective delivery of intact
protein/peptide through the gastrointestinal tract including the
interaction between tissue surface and drug and the residence time.
So, implementation of adhesive in drug delivery system might
surge residence time of drug in particular in oral cavity [20]. In
order to enhance the effectiveness of mucoadhesive carriers their
structure could be modified.
In a research report, graft co-polymer networks was utilized as a
promising platform to circumvent barriers of oral protein delivery.
In this regard, Marks and co-workers designed hydrogels with and
without PEG tethers and different aldehyde-modified PEG
percentages (0.06%, 0.6% and 3.3%) for improvement of adhesive
capacity to small intestine. The obtained results are expressed that
increase of PEG percentage in the modified formulation led to
high protein release percentage, approximately 80%. This
phenomena could be attributed to attach aldehyde to the amines of
glycoproteins in the mucous layer, providing PEG more viable for
efficient proteins/peptides delivery [21].
Makhlof and et al evaluated capability of the some permeation
enhancers for the mucoadhesive nanoparticles. Interaction of
spermine and polyacrylic acid lead to form polyelectrolyte
complexes. Fluoroscein isothiocyanate dextran was applied to
investigate the permeation enhancement in caco-2 cell line and
Male Wistar rats conditions. According to the visualized images
by confocal microscopy, a strong as well as prolonged penetration
was illustrated from fluoroscein isothiocyanate dextran-loaded
with spermine-polyacrylic acid nanoparticles (about 5.56-folds), in
comparison with pure fluoroscein isothiocyanate dextran [22].
Caco-2 cell lines were selected to evaluate the cytotoxicity of
delivery system at permeation enhancement concentration . In
aforementioned study, flouresceine-labeled polymer not only was
useful to demonstrate the strong relationship of the polyelectrolyte
complex to the cell lines, but also was efficient for the calcitonin
oral delivery in the treated rats with aim of significant reduction in
blood calcemia. Overall, the obtained data from this study
revealed that calcitonin incorporated in spermine-polyacrylic acid
nanoparticles possessed improved hypocalcemic effects rather
than spermine solution, free drug, and Mg-polyacrylic acid
nanoparticles[22].
Distribution of thiolated mucoadhesive polyacrylic acid and
chitosan nanoparticles on intestinal mucosa was examined by
Dunnhaupta et al. Modification of these nanoparticles was
occurred by their conjugation with cysteine and 2-iminothiolane
via ionic gelation and fluorescent Alexa Fluor 488 dye labeling
and fluorescein diacetate strategy. Diffusion manner for both
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unmodified and modified polymeric nanoparticles was evaluated
in vitro conditions using natural porcine intestinal mucus. In
comparison to unmodified, modified nanoparticles displayed a
considerable increase (about 6-fold) in mucoadhesive properties.
The obtained data suggested that thiolated nanoparticles
mucoadhesion is more than the diffusion into the gut mucosa [23].
In a similar study, it investigated mucoadhesive property of
nanoparticles by trimethyl chitosan–cysteine conjugate, which
fabricated through self-assembly approach. Indeed, employment
of polymeric conjugations in this research displayed a suitable
mucoadhesive activity and subsequently enhancement in the
insulin transport rather than unconjugated formulations owing to

the formation of disulfide bonds between the mucin and trimethyl
chitosan. Furthermore, high biocompatibility of conjugated
formulations has been provided a significant increase in insulin
internalization suggests them as a safe oral delivery system with
improved permeability and mucoahesion features [24].
Quaternization of nanoparticles is another appropriate strategy for
design of the effective peptide/protein delivery systems [25]. In
this case, it has been reported that quaternized amphiphilic
polyallylamine polymers possess the protective role against
proteolytic enzymes with high complexation efficiency, nearly
78–93%. Besides, these quaternized structures are supplied low
cytotoxicity in comparison to naked polymers [26].

3. CONCLUSION AND FUTURE PERSPECTIVE
Recently, there has been a significant progress in the
development
of
noninvasive
delivery
systems
for
biopharmaceuticals. Oral delivery is the far most preferred route
due to related advantages such as easy administration and high
patient compliance. Due to poor plasma concentration of
therapeutic peptides and proteins, oral delivery of them has always
been an important challenge for researchers. Nevertheless, there
are only a few formulations of oral peptide and protein in the
market in recent years but the ongoing investigation in this field
promises a novel avenue that can support the efﬁcient
administration without any physical and chemical modification of
active component. Mucoadhesion-based nanomaterials are focused
more to improve the drug absorption by bonding to the GI tract’
mucosal layers . However, penetration efficiency is increased with
this method but the drug protection from low pH environment and
the proteases is still a problem that needs imperative

consideration. The polymeric nanoparticles based delivery systems
preserve the therapeutic peptide molecule from proteases and
often are based on pH-sensitive release so that peptide is released
in an environment with neutral pH and protected from
degradation. In conclusion, currently, due to progress of oral
delivery systems, in the near future numerous therapeutic
proteins/peptides can be administered orally. Moreover, there are
several factors such as toxicity, individual differences, quality of
protein, targeting delivery to a specific site that is necessary to be
addressed. Among all available delivery systems, it is difficult to
narrow down them to a few delivery approaches that contain all
improved pharmacokinetic properties of the peptides/proteins.
Therefore, combination of the all aformentioned factors in a
single drug delivery system needs to be investigated with efficient
effects and commercial viability .

4. REFERENCES
1. Chan, J.M.; Valencia, P.M.; Zhang, L.; Langer, R.; Farokhzad,
O.C. Polymeric nanoparticles for drug delivery. Methods Mol
Biol. 2010, 624, 163-175. https://doi.org/10.1007/978-1-60761609-2_11
2. Kalimuthu, K.; Lubin, B.R.; Bazylevich, A.; Gellerman, G.;
Shpilberg, O.; Gali, L.; Firer, M. Gold nanoparticles stabilize
peptide-drug-conjugates for sustained targeted drug delivery to
cancer cells. Journal of Nanobiotechnology 2018, 16, 34-35.
https://doi.org/10.1186/s12951-018-0362-1
3. Kim, M.R.; Feng, T.; Zhang, Q.; Chan, H.Y.E.; Chau, Y. CoEncapsulation and Co-Delivery of Peptide Drugs via Polymeric
Nanoparticles.
Polymers,
2019,
11,
288-289.
https://doi.org/10.3390/polym11020288
4. Scaletti, F.; Hardie, J., Lee, Y.Y.;Luther, D.C.; Ray, M.;
Rotello, V.M. Protein delivery into cells using inorganic
nanoparticle–protein supramolecular assemblies. Chemical Society
Reviews,
2018,
47,
3421-3432.
https://doi.org/10.1039/C8CS00008E
5. Samani, A.A.; Yazdani, J. Nanomaterials in Diagnostic
Pathology. Journal of Advanced Chemical and Pharmaceutical
Materials, 2019, 2, 95-96.
6. Risnayanti, C.; Jung, Y.S.; Lee, J.; Ahn, H.J. PLGA
nanoparticles co-delivering MDR1 and BCL2 siRNA for

overcoming resistance of paclitaxel and cisplatin in recurrent or
advanced ovarian cancer. Scientific Reports, 2018, 7498-7499.
https://doi.org/10.1038/s41598-018-25930-7
7.
Ghasemi, R.; Abdollahi, M.; Emamgholi Zadeh, E.;
Khodabakhsh, Kh.; Badeli, A.; Bagheri, H.; Hosseinkhani, S.
mPEG-PLA and PLA-PEG-PLA nanoparticles as new carriers for
delivery of recombinant human Growth Hormone (rhGH).
Scientific Reports, 2018, 8, 9854-9860.
https://doi.org/10.1038/s41598-018-28092-8
8. Lu, B.; Lv, X.; Le, Y.Chitosan-Modified PLGA Nanoparticles
for Control-Released Drug Delivery. Polymers, 2019, 11, 34-38.
https://doi.org/10.3390/polym11020304
9. Salatin, S. Nanoparticles as potential tools for improved
antioxidant enzyme delivery. Journal of Advanced Chemical and
Pharmaceutical Materials, 2018, 1, 65-66.
10. Salatin, S.; Alami-Milani, M.; Daneshgar, R.; Jelvehgari, M.
Box–Behnken experimental design for preparation and
optimization of the intranasal gels of selegiline hydrochloride.
Drug development and industrial pharmacy, 2018, 44, 1613-1621.
https://doi.org/10.1080/03639045.2018.1483387
11. Jung, T.; Kamm, W.; Breitenbach, A.; Kaiserling, E.; Xiao,
J.X.; Kissel, T. Biodegradable nanoparticles for oral delivery of
peptides:is there a role for polymers to affect mucosal uptake?.
European Journal of Pharmaceutics and Biopharmaceutics, 2000,
50, 147-160.

Page | 3851

Simin Sharifi, Amir Abbas Samani, Elham Ahmadian, Aziz Eftekhari, Hossein Derakhshankhah, Samira Jafari, Masumeh
Mokhtarpour, Sepideh Zununi Vahed, Sara Salatin, Solmaz Maleki Dizaj
12. Kafka, A.P.; McLeod, B.J.; Rades, T.; McDowell, A. Release 20. Peppas, N.A.; Robinson, J.R. Bioadhesives for optimization of
and bioactivity of PACA nanoparticles containing D-Lys-GnRH drug delivery. J Drug Target. 1995, 3, 183-184.
for brushtail possumfertilitycontrol. Journal of Controlled https://doi.org/10.3109/10611869509015943.
Release,
2011,
149,
307-313. 21. Marks, F.M.; Lowman, A. Enhanced mucoadhesive capacity
https://doi.org/10.1016/j.jconrel.2010.10.029
of novel co-polymers for oral protein delivery. Journal of
13. Hussain, N.; Florence, A.T. Pharm Res, 1998, 15, 153-156,
Biomaterials Science, Polymer Edition, 2011, 22, 2079-95.
14. Florence, A.T.; Hussain, N. Transcytosis of nanoparticles and https://dx.doi.org/10.1163%2F092050610X533619.
dendrimer delivery systems:evolving vistas. Advanced Drug 22. Makhlof, A.; Fujimoto, S.; Tozuka, Y.; Takeuchi, H. In vitro
Delivery Reviews, 2001, 1, 69-89.
and in vivo evaluation of WGA–carbopol modified liposomes as
https://doi.org/10.1016/S0169-409X(01)00184-3
carriers for oral peptide delivery. European journal of
15. Sakuma, S.; Hayashi. M.; Akashi, M. Design of nanoparticles pharmaceutics and biopharmaceutics, 2011, 77, 216-24.
composed of graft copolymers for oral peptide delivery. Advanced https://doi.org/10.1016/j.ejpb.2010.12.008.
Drug Delivery Review, 2001, 47, 21-37.
23. Dünnhaupt, S.; Barthelmes, J.; Hombach, J.; Sakloetsakun, D.;
https://doi.org/10.1016/S0169-409X(00)00119-8
Arkhipova, V.; Bernkop-Schnürch, A. Distribution of thiolated
16. Salatin, S.; Jelvehgari, M. Natural Polysaccharidebased mucoadhesive nanoparticles on intestinal mucosa. International
Nanoparticles forDrug/Gene Delivery. Pharmaceutical Sciences, journal
of
pharmaceutics,
2011,
408,
191-199.
2017, 23, 84-94.
https://doi.org/10.1016/j.ijpharm.2011.01.060.
https://doi.org/ 10.15171/PS.2017.14
24.Yin, L.; Ding, J.; He, C.; Cui, L.; Tang, C.; Yin, C. Drug
17. Yang, Y.; Qin, Zh.; Zeng, W.;Yang, T.; Cao, Y.; Mei, Ch.; permeability and mucoadhesion properties of thiolated trimethyl
Kuang, Y.Toxicity assessment of nanoparticles in various systems chitosan nanoparticles in oral insulin delivery. Biomaterials, 2009,
and organs, Nanotechnology Reviews, 2016, 6, 12-15.
30, 5691-700. https://doi.org/10.1016/j.biomaterials.2009.06.055.
https://doi.org/10.1515/ntrev-2016-0047
25. Zhao, K.; Li, S.; Li, E.;Yu, L.; Duan, X.; Han, J.; Wang, X.;
18. Carvalho, F.C.; Bruschi, M.L.; Evangelista, R.C.; Gremião, Jin, Z.; Quaternized chitosan nanoparticles loaded with the
M.P.D. Mucoadhesive drug delivery systems. Brazilian Journal of combined attenuated live vaccine against Newcastle disease and
Pharmaceutical Sciences, 2010, 46, 1-17.
infectious bronchitis elicit immune response in chicken after
19. Makhlof, A.; Werle, M.; Takeuchi, H. A mucoadhesive intranasal administration. Drug Delivery, 2017, 24, 1574-86.
nanoparticulate system for the simultaneous delivery of https://doi.org/10.1080/10717544.2017.1388450
macromolecules and permeation enhancers to the intestinal 26.Thompson, C.; Tetley, L.; Uchegbu, I.; Cheng, W. The
mucosa. Journal of controlled release, 2011, 149, 81-88. complexation between novel comb shaped amphiphilic
https://doi.org/10.1016/j.jconrel.2010.02.001.
polyallylamine and insulin—towards oral insulin delivery.
International journal of pharmaceutics, 2009, 376, 46-55.
https://doi.org/10.1016/j.ijpharm.2009.04.014.

5. ACKNOWLEDGEMENTS
The authors have no conflict of interest in the availability of data and material, competing interests, authors information and authors
contributions. The authors also clarify that there is no funding source for this paper.
© 2019 by the authors. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

Page | 3852

