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ABSTRACT

The number of clinical applications for nanoparticles has exploded recently. Nanoparticles were
created to circumvent systemic, microenvironmental, and cellular biological obstacles. Precision
medicines, which use tailored ways to improve therapy efficacy, have overcome patient
heterogeneity. Still, one-size-fits-all nanoparticles are produced. In the age of precision medicine,
nanoparticles made of lipids, polymers, and inorganic materials may now be created with greater
precision than ever before. This review focuses on non-personalized and precise nanoparticle
applications. Our research shows that intelligent nanoparticle design can boost efficacy in general
distribution applications while allowing customized designs for precision applications, eventually
improving patient outcomes.

INTRODUCTION

Many promising treatments have failed due to poor delivery systems. The therapeutic landscape has
changed due to changing drug delivery requirements, methodologies, and technology. Small-
molecule medicines were the most popular treatment at the time.1,2 Initially, delivery attempts
aimed to improve drug solubility, release, action, and pharmacokinetics 5,6. Various treatments have
been developed over time. Biological macromolecules include proteins, peptides, monoclonal
antibodies, nucleic acids, and living cells.3,4,5 Other issues arose from novel activities, such as
protein and peptide stability and intracellular transport requirements (especially for nucleic acids).7
New drug delivery systems were required to solve these concerns. There are five therapeutic
classes: nucleic acids, peptides, proteins, and cells. Modifying the drug's microenvironment,
establishing an interface (i.e., a drug delivery system) to manage interactions between the drug and
its microenvironment (Fig. 1).8
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Fig: 1 Class of therapeutic and delivery paradigms
3DP technologies applicable for pharmaceutical development

Various 3DP systems have been produced by altering the energy, material, and mechanical factors.
8 3DP technologies like inkjet, nozzle deposition, and laser writing are widely utilized in the
pharmaceutical industry and categorized into various subtypes based on materials and energy
sources. 3DP technologies have various qualities, which are summarised here.

Printing-based inkjet (1J) system

Inkjet systems (CIJ and DOD) print on demand or continuously (DOD). In CIJ and DOD
technologies, high-pressure pumps create droplets 10-50 m in diameter and 0.5-70 pL in volume.
The drop size, speed, and interval must be adjusted in both 1J systems. Also, fluid viscosity must be
considered. The DOD system supports thermal and piezoelectric printer heads. Thermal DOD
printing is used to heat and expel ink by forming bubbles. An acoustic pulse generated by a
piezoelectric crystal's rapidly changing form is sufficient to produce ink. Thermal DOD is only
suited for volatile liquids, whereas piezoelectric is suitable for a wide range of liquids. Piezoelectric
DOD can be used at room temperature with less volatile and biocompatible liquids than thermal
DOD, which can reach temperatures up to 300 °C.0

Drop-on-solid and drop-on-drop deposition are both DOD technologies. Drop-on-drop deposition
uses drops to build a 3D structure with high precision. This direct writing 1J-printing technology can
manufacture nanoscale drug delivery systems with varied geometries. A droplet's diameter is 100
nanometers.!* To guarantee rapid jetting and solidification, the printed fluid must be flawless. The
printed fluid's viscosity and volatility must be carefully controlled to minimize coffee ringing, fluid
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leakage, and nozzle blockage. The ideal viscosity is found to be between 8 and 14 cps. 13 The drug's
physical, therapeutic, loading, and stability qualities are all examined. It is possible to
pharmacoprint an extensive range of pharmaceuticals using drop on solid deposition, which is more
versatile than drop on a drop. *Powder bed 3DP uses a process called drop-on-solid deposition. It is
also called drop-on-powder or drop-on-bed deposition, binder jetting, plaster printing, or powder
bed 3DP (a liquid ink). After the 3D structure is constructed, the platform is lowered, and a new
powder layer is applied. 2°A 200 microns high ink-binding powder bed with particle sizes of 50 to
100 microns is used to generate 3D objects. Layer thickness and spacing can be changed to
optimize layer adherence. To produce high-quality goods, powder bed reactivity with binder ink and
topological features must be considered.

Nozzle-based deposition systems

The most common printing-based 1J technique lacks hardness, has a rough surface, and has modest
drug loadings. Solid components are mixed with the binder and then placed straight into the build
chamber during 3D printing.!” The method has two subcategories: fusion deposition modeling
(FDM) and microsyringe pressure aided microsyringes (MPAM) (PAM). FDM is also one of the
most extensively used 3DP technologies, with numerous applications. In FDM, an extruded
thermoplastic polymer filament is layered onto a build plate and solidifies instantly. Figure la
shows FDM in operation. The API and thermoplastic polymer are melted together before
extrusion.'®Flexible manufacturing technology (FDM) can produce complicated pharmaceuticals
with complex geometries at a low cost. One of the technology's flaws is the need for biodegradable
thermoplastic polymers with suitable extrusion melt viscosity.*°
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Fig: 2 Graphical illustrations of 3DP processes. A- FDM printer, B- SLA printer, C- DLP
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This study intends to improve patient response to therapy and focuses on biomaterials and
biomedical engineering advances in nanomedicine. 20 The Review's executive summary covers
NNI and PMI aims. 21 Even though this study involves precision diagnostics, we predict that
delivery of precision medicine therapies will significantly impact the future use of NPs in
diagnostics. The limitations of biology and rational NP designs that try to transcend these
limitations are also discussed. Several decades of NP research distribution and administration
patterns are also discussed.22Several developing trends will benefit NP-based precision cancer
therapeutics and immunotherapy, as well as in vivo gene editing (Fig. 3).
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Fig 3: Biological barriers to precision medicine applications.
Therapeutic Approaches

The lack of understanding of the disease's physics and dynamics has made finding a remedy
difficult. Treatment for vitiligo aims to prevent white spot growth, promote repigmentation, and
reduce stress. **The most common treatments for vitiligo are medication and phototherapy.
Corticosteroids, including betamethasone dipropionate, clobetasol dipropionate, and mometasone
furoate, have been used to treat vitiligo. Recent guidelines advocate tacrolimus and pimecrolimus as
first-line treatments for vitiligo. 2> Face leukomas respond well to glucocorticoids and calcineurin
inhibitors in clinical trials. The buildup of ROS in the epidermis also contributes to melanocyte
failure. 26 The oxidation-antioxidant system can be repaired by antioxidants that remove ROS and
hydrogen peroxide. 2 Oral antioxidants such as polypodium leucotomos, vitamin E, and
minocycline are used to cure vitiligo. Phototherapy, such as NB-UVA and PUVA, can be used
without medicine. Phototherapy is very successful in inducing repigmentation, whether used alone
or in combination with the drugs listed above. 28

Vitiligo can take months or years to appear. Long-term use of some medications or therapies may
result in adverse side effects. Skin shrinking, acne, and folliculitis are long-term glucocorticoid use
side effects. 29 Corticosteroids in high amounts may cause side effects. So corticosteroids are not
recommended for vitiligo. Although tacrolimus is clinically similar to glucocorticoids and has
similar therapeutic benefits, a recent study shows it does not affect segmental vitiligo. After two
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weeks, the most common calcineurin inhibitor adverse effect is burning.®® The high cost of
calcineurin inhibitors relative to corticosteroids may cause financial hardship for patients.
Antioxidant medications have no adverse side effects. >'Due to the small number of participants in
most trials, vitiligo patients should not use topical antioxidants. Non-drug treatments like
phototherapy for vitiligo require patients to go twice or three times per week. Despite improved
success rates, recurrence rates remain high. More than half developed white blotches on their tanned
skin within a year of stopping their medicine. Phototherapy can cause hazardous side effects such as
headaches, nausea, and eye and kidney damage. These procedures can cause skin cancer. The NHS
only recommends phototherapy as a last resort when all other methods have failed. Nano-drug
delivery systems have become increasingly popular to improve drug penetration via the skin. Using
nanovesicles provides several advantages over other approaches. 3Examples are nanoparticles,
microemulsions, and lipid carriers. Few nanomedicine research specifically target vitiligo treatment.

Natural product-based nanotechnology and drug delivery

According to the WHO,* traditional medicine meets or exceed the population's basic health needs.
Researchers are studying plant species’ bioactive components, chemical makeup, and
pharmacological potential to create new active chemicals with fewer adverse effects. There is still
much room to develop new and highly effective drugs from natural compounds found in plants.
Finding active chemicals in nature is difficult since the metabolite composition of live organisms
might alter in response to stressful circumstances. 3*A pharmaceutical industry relationship has been
developed. Less synthetic substances on the market mean more research into natural active
molecules. Medicines from higher plants have been developed and commercialized. Among the
commercially available medications containing natural therapeutic agents are Artemotil (derived
from Artemisia annua L.), Reminyl® (an acetylcholinesterase inhibitor obtained from Galanthus
woronowii Losinsk), and Paclitaxel® (derived from Taxus brevifolia plant; v) (silymarin from
Silybum marianum).®*

Many natural substances have already been shown beneficial. Plants include a variety of bioactive
substances such as alkaloids, flavonoids, and phenolic compounds. 3 However, due to their inability
to cross lipid membranes, these chemicals have lower bioavailability and efficacy. Because of their
high systemic clearance, many medicines require frequent or large dosages. Natural product-based
nanomedicine solutions may overcome hurdles like those listed above as nanotechnology improves.
Medical nanotechnology research has been going on for a while. As a result, it is now possible to
combine a large variety of compounds and combinations. They can also change the chemical's
properties and behavior in the body.*® They also increase the solubility and stability by combining
molecules with varying degrees of hydrophilicity and lipophilicity to maximize bioavailability and
activity. In the quest for novel therapeutic options in modern medicine, the combination of release
mechanisms and natural chemicals may help delay the establishment of drug resistance.®’

Natural products are split into two categories: those used mostly for synthesis and those intended to
treat specific illnesses. Cancer, the world's most prominent cause of death, is extensively studied.
Nanomedicine is being used to treat a range of other illnesses and malignant cells. Figure 4 depicts
the extraction of plant-derived biochemicals and their usage in nanomedicine. Pharmaceutical
companies have always sought new and better ways to develop new treatments and improve
existing ones.*® These new formulations have been made possible by nanopharmaceuticals,
nanodiagnostics, and the integration of diagnosis and treatment. The rapid advancement of
nanotechnology has played a role. 3940
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Fig: 4 For example, these are some examples of natural chemicals taken from higher plants used in
nanomedicine. In some cases, these extracts are currently on the market, while others are being
tested in clinical trials, yet scientists are scrutinizing others.

CONCLUSION

This article discusses new nanomedicine developments in medication delivery and diagnostics.
They can diagnose, precisely convey to targets, and sense or activate elements in a live system.
Nanoscale materials are defined. Aiming for better drug absorption, bioavailability, and controlled
release was the initial goal of nanotechnology. For example, nanotechnology has increased the
efficiency of known bioactive chemicals, a common aspect of nanomedicine. There are several
ways to use nanotechnology to treat curcumin, resveratrol, and other compounds. Crystal
nanoparticles, liposomes, micelles, and superparamagnetic dendrimers have all boosted the
efficiency of these natural compounds.

Natural biomaterials are in high demand due to their biodegradability, biocompatibility, renewable
resources, and low toxicity. Crosslinking strategies are improving the stability of polysaccharides
and proteins in industrial processing and biological matrices nowadays. Surfactant-free surfactant
polymerization and evaporate liquids nanoparticles have also been used (nanospheres and
nanocapsules). In recent years, nanomedicine research has focused on combining therapy and
diagnosis (theranostic), using cancer as an example. In cancer therapy, iron oxide-coated hyaluronic
acid as a biopolymeric substance has been employed.

The FDA has approved many more commodities and clinical studies. Nanomedicine has already
changed the creation and administration of medications in biological systems. Thanks to
nanomedicine, we can now identify and treat diseases simultaneously.

REFERENCE

[1] Swamy MK, Sinniah UR. Patchouli (Pogostemon cablin Benth.): botany, agrotechnology, and
biotechnological aspects. Ind Crops Prod. 2016;87:161-76.

[2] Mohanty SK, Swamy MK, Sinniah UR, Anuradha M. Leptadenia reticulata (Retz.) Wight &
Arn. (Jivanti): botanical, agronomical, phytochemical, pharmacological, and biotechnological
aspects. Molecules. 1019;2017:22.

[3] Rodrigues T, Reker D, Schneider P, Schneider G. Counting on natural products for drug design.
Nat Chem. 2016;8:531.



Dr. Harikumar Pallathadkaet al J. of Bio.Pharm. And Chemical Research, 2019,6(1):1:9

[4] Siddiqui AA, Iram F, Siddiqui S, Sahu K. Role of natural products in drug discovery process. Int
J Drug Dev Res. 2014;6(2):172—-204.

[5] Beutler JA. Natural products as a foundation for drug discovery. Curr Prot Pharmacol.
2009;46(1):9-11.

[6] Thilakarathna SH, Rupasinghe H. Flavonoid bioavailability and attempts for bioavailability
enhancement. Nutrients. 2013;5:3367-87.

[7] Bonifacio BV, da Silva PB, dos Santos Ramos MA, Negri KMS, Bauab TM, Chorilli M.
Nanotechnology-based drug delivery systems and herbal medicines: a review. Int J Nanomed.
2014;9:1.

[8] Watkins R, Wu L, Zhang C, Davis RM, Xu B. Natural product-based nanomedicine: recent
advances and issues. Int J Nanomed. 2015;10:6055.

[9] Martinho N, Damgé C, Reis CP. Recent advances in drug delivery systems. J Biomater
Nanobiotechnol. 2011;2:510.

[10] Jahangirian H, Lemraski EG, Webster TJ, Rafee-Moghaddam R, Abdollahi Y. A review of drug
delivery systems based on nanotechnology and green chemistry: green nanomedicine. Int J
Nanomed. 2017;12:2957.

[11] Liu Z, Tabakman S, Welsher K, Dai H. Carbon nanotubes in biology and medicine: in vitro and
in vivo detection, imaging, and drug delivery. Nano Res. 2009;2:85-120.

[12] Orive G, Gascon AR, Hernandez RM, Dominguez-Gil A, Pedraz JL. Techniques: new
approaches to the delivery of biopharmaceuticals. Trends Pharmacol Sci. 2004;25:382-7.

[13] Razzacki Sz, Thwar PK, Yang M, Ugaz VM, Burns MA. Integrated microsystems for
controlled drug delivery. Adv Drug Deliv Rev. 2004;56:185-98.

[14] Arayne MS, Sultana N, Qureshi F. nanoparticles in delivery of cardiovascular drugs. Pak J
Pharm Sci. 2007;20:340-8.

[15] Patra JK, Baek K-H. Green nanobiotechnology: factors affecting synthesis and characterization
techniques. J Nanomater. 2014;2014:2109.

[16] Joseph RR, Venkatraman SS. Drug delivery to the eye: what benefits do nanocarriers offer?
Nanomedicine. 2017;12:683-702.

[17] Mirza AZ, Siddiqui FA. Nanomedicine and drug delivery: a mini-review. Int Nano Lett.
2014:4:94.

[18] Rudramurthy GR, Swamy MK, Sinniah UR, Ghasemzadeh A. Nanoparticles: alternatives
against drug-resistant pathogenic microbes. Molecules. 2016;21:836.

[19] Lam P-L, Wong W-Y, Bian Z, Chui C-H, Gambari R. Recent advances in green nanoparticulate
systems for drug delivery: efficient delivery and safety concern. Nanomedicine. 2017;12:357-85.

[20] Haba Y, Kojima C, Harada A, Ura T, Horinaka H, Kono K. Preparation of poly (ethylene
glycol)-modifed poly (amidoamine) dendrimers encapsulating gold nanoparticles and their heat-
generating ability. Langmuir. 2007;23:5243-6

[21] Shi X, Sun K, Baker JR Jr. Spontaneous formation of functionalized dendrimer-stabilized gold
nanoparticles. J Phys Chem C. 2008;112:8251-8.



Dr. Harikumar Pallathadkaet al J. of Bio.Pharm. And Chemical Research, 2019,6(1):1:9

[22] Park S-H, Oh S-G, Mun J-Y, Han S-S. Loading of gold nanoparticles inside the DPPC bilayers
of liposome and their effects on membrane fluidities. Coll Surf B. 2006;48:112-8.

[23] De Villiers MM, Aramwit P, Kwon GS. Nanotechnology in drug delivery. New York: Springer;
2008.

[24] Kabanov AV, Lemieux P, Vinogradov S, Alakhov V. Pluronic® block copolymers: novel
functional molecules for gene therapy. Adv Drug Deliv Rev. 2002;54:223-33.

[25] Wang N, Feng Y. Elaborating the role of natural products-induced autophagy in cancer
treatment: achievements and artifacts in state of the art. BioMed Res Int. 2015;2015:934207.

[26] Ouattara B, Simard RE, Holley RA. Piette GJ-P, Bégin A: Antibacterial activity of selected
fatty acids and essential oils against six meat spoilage organisms. Int J Food Microbiol.
1997,37:155-62.

[27] Sharma G, Raturi K, Dang S, Gupta S, Gabrani R. Combinatorial antimi microbial effect of
curcumin with selected phytochemicals on Staphylococcus epidermidis. J Asian Nat Prod Res.
2014;16:535-41.

[28] Abdelwahab SI, Sheikh BY, Taha MME, How CW, Abdullah R, Yagoub U, El-Sunousi R, Eid
EE. Thymoquinone-loaded nanostructured lipid carriers: preparation, gastroprotection, in vitro
toxicity, and pharmacokinetic properties after extravascular administration. Int J Nanomed.
2013;8:2163.

[29] Krauel K, Pitaksuteepong T, Davies NM, Rades T. Entrapment of bioactive molecules in poly
(alkyl cyanoacrylate) nanoparticles. Am J Drug Deliv. 2004;2:251-9.

[30] Tan Q, Liu W, Guo C, Zhai G. Preparation and evaluation of quercetin loaded lecithin-chitosan
nanoparticles for topical delivery. Int J Nanomed. 2011;6:1621.

[31] Sanna V, Roggio AM, Siliani S, Piccinini M, Marceddu S, Mariani A, Sechi M. Development
of novel cationic chitosan-and anionic alginate— coated poly (d, I-lactide-co-glycolide)
nanoparticles for controlled release and light protection of resveratrol. Int J Nanomed. 2012;7:5501.

[32] Casettari L, Illum L. Chitosan in nasal delivery systems for therapeutic drugs. J Control
Release. 2014;190:189-200.

[33] Obeid MA, Al Qaraghuli MM, Alsaadi M, Alzahrani AR, Niwasabutra K, Ferro VA. Delivering
natural products and biotherapeutics to improve drug efficacy. Ther Deliv. 2017;8:947-56.

[34] Miele E, Spinelli GP, Miele E, Di Fabrizio E, Ferretti E, Tomao S, Gulino A. Nanoparticle-
based delivery of small interfering RNA: challenges for cancer therapy. Int J Nanomed.
2012;7:3637.

[35] McNamara K, Tofail SA. Nanosystems: the use of nanoalloys, metallic, bimetallic, and
magnetic nanoparticles in biomedical applications. Phys Chem Chem Phys. 2015;17:27981-95.

[36] Saadeh Y, Was D. Nanorobotic applications in medicine: current proposals and designs. Am J
Robot Surg. 2014;1:4-11.

[37] Oliveira ON Jr, lost RM, Siqueira JR Jr, Crespilho FN, Caseli L. Nanomaterials for diagnosis:
challenges and applications in smart devices based on molecular recognition. ACS Appl Mater
Interfaces. 2014;6:14745-66.

[38] De Jong WH, Borm PJ. Drug delivery and nanoparticles: applications and hazards. Int J

8



Dr. Harikumar Pallathadkaet al J. of Bio.Pharm. And Chemical Research, 2019,6(1):1:9

Nanomed. 2008;3:133.

[39] Holzinger M, Le Gof A, Cosnier S. Nanomaterials for biosensing applications: a review. Front
Chem. 2014;2:63.

[40] Golovin Y1, Gribanovsky SL, Golovin DY, Klyachko NL, Majouga AG, Master AM, Sokolsky
M, Kabanov AV. Towards nanomedicines of the future: remote magneto-mechanical actuation of
nanomedicines by alternating magnetic fields. J Control Release. 2015;219:43-60.



